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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



Ve
dlcconsumng BIBM EC2 project - calculation report 1

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

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:

M g w w U

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:

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
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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
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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.

Straus? R2.4.6 [Licenced to:DLC Consulting i - MILANO]
Moded fie: C: Tenti\Dic\2023_
10 agosto 2073 6:05 pa
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Mods fie: ;) Users|Francesco\ Documents!Chent/\DIc\2023_BIEM felaio 0517

Model file: C:\Users) Francesco) Dacuments! Client!DIc\2023_BIBM eiaio 057
10 agosta BT 6:12 pm

10agosto 2023 6:08 pen.

Straus? R2.4.6 [Licenced to:0LC Consulting sl - MILAND]
Straus? R2.4.6 [Licenced to:DLC Consulting srl - MILANDY]
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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.

LT ] e #% & 9|5 a@

ie s 8 L a8 & 888 ap ‘

Ee o 0| @ |ee L CAEAY | ‘

ke o 6| o |oo w8 & He|e e

hg hE
ictuiral Dead Load (0,0,0) L—x &: Wind Y+ (0,0,0) L—x

[Licenced o:DLC Consulting sri - MILANC]
L Users| Francescol Documents\Chentl\Dic\2023_BIEM\peisi_0.5t7
10 2gosto 2023 4:12 pen

16



. , e
d Ic consulting BIBM EC2 project - calculation report 1lorm

ae 0 @ LN ] e e (ar ] o % e [ AN A ] AR BE AN BN ] LAE AR BF 3N ] LN BE BN

a9 o 9 L] L] LA S 1 L 8 & 0
a0 & @ ] ] LA ] ] L “ & 8
e o @ LAR e e LAE ] ® e 08 e e 0 0 LR BE BN BN o8 0 00 LAE SR 2R

s o @ LN LK ] LEE ] e 8 ap LR BN BN e ® 8 00 e s 0 00 e s 80

¥ ¥
4: Live Load Distribution 1 (0,0,0) L—I 5: Live Load Distribution 2 (0,0,0) L_K

Straus? R2.4.5 [Licancest to:DLC Consulting srl - MILAND]
Mioded fie: C:\Users\ Francescol DocumentsChent\Dic\2023_BIEM\teisis 0.5t7
10 agosto 2071 4210 pm

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:
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Selected beam element ! L aeh
gross span 8.1 m : .

sy v v \
Selected floor element ST = i
gross span 9.45 m e ! " ¢
¢ | ! : Selected column element
N $ 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:
Model
Model\fondazions
Model\1 solaio
Model\1 vano scala
Model\2 solaic
Model\2 vana scala
Model\3 solaic
Model\3 vano scala
Model\4 solaio
Model\@ vano scala
Model\5 solaic
Model\S vano scala

Included mass:
Structural Mass

Mass Volume Length Area Count Material Type Section
kg m m m

Grand total: B482556,521 3441,023 9459,500 15075,000
Beam properties:
1: Column 675000,000 270,000 1080,000 360 Bsam Solid Rectangle
2: Bracket 227500,000 91,000 364,000 845 Beam Solid Rectangle
3: L-Shaped Beam 512550,000 205,020 03,000 835 Beam Angle
4: Stair Core 1098000,000 439,200 36,000 12 Beam Hollow Rectangle
5: Fictitious Column 0,000 13,125 210,000 60 Beam Solid Rectangle
&: Fictitious Beam 0,000 34,875 558,000 160 Beam Solid Rectangle
7: Inverted-T Beam 1171950,000 468,780 1202,000 1425 Beam T-Section
8: TT Slab Element 720879,013 288,352 997,200 432 Beam User Section
9: Slab-to-Beam Connection 0,000 0,000 288,500 2885 Connection
10: Slab-to-Slab Connection 0,000 0,000 132,000 1320 Connection
11: Hollow Core Slab Element 2281717,508 912,687 2991,600 1296 Beam User Section
12: Solid Slab 1794560,000 717,984 997,200 432 Beam Solid Rectengle
Total 8482556,521 3441,023 9459,500 10062
Plate properties:
1: sokaio 0,000 0,000 11389,500 770 Load Patch
2: vano scala 0,000 0,000 1134,000 20 Load Patch

Straiis7 R2:4.6 [Lrsnosd iDL Consuling s - MILANO]
Model fls: C:\Users| Francesco| Documents|ChentDIcl2023_BIBM s 0.5t7
10 agosto 2023 6:01 pm
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3: facciata 0,000 0,000 2551,500 0 Load Patch
Total 0,000 0,000 15075,000 880
Centre of mass
Mass cM(x) cM(y) m(z)
kg m m m
fondazione 49250,000 36,450 22,950 -0,250
Model 0,000
1 vano scala 213500,000 36,450 22,950 1,750
1 solaio 1274222,503 36,532 22,950 3,320
2 vano scala 213500,000 36,450 22,950 5,250
2 solaio 1274222,503 36,532 22,950 6,620
3 vano scala 213500,000 36,450 22,950 8,750
3 solaio 2308610,000 36,556 22,950 10,401
4 vano scala 213500,000 36,450 22,950 12,250
4 solaio 1234529,013 36,530 22,950 13,814
5 vano scala 213500,000 36,450 22,950 15,750
5 solaio 1274222,503 36,532 22,950 17,320
Total: 8482556,521 36,527 22,950 10,066
Local inertia
Ixx Tyy Izz Ixy Iyz Izx
kg.m * kg.m ? kam?  kgm? kgm? kg.m *
fondazione 5379679,167 29832071,667 35209698,750 0,000 0,000 0,000
Madel 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
1 solaio 321419141,907 §63742114,212 984172186,669 0,000 0,000 18721,122
2 vano scala 217947,917 137417851,667 137199903,750 0,000 0,000 0,000
2 solsio 321419141,907 663742114,212 984172186,569 0,000 0,000 18721,122
3 vano scala 217947,817 137417851,667 137199903,750 0,000 0,000 0,000
3 solaio 560801460,266 1231153689,448 1790928578,707 0,000 0,000 24386,009
4 vano scala 217947,917 137417851,667 137199903,750 0,000 0,000 0,000
4 solaio 312232467,617 641967637,604 953213718,396 0,000 0,000 18314,607
5 vane scala 217947,917 137417851,667 137199903,750 0,000 0,000 0,000
5 solaio 321419141,907 663742114,212 984172186,669 0,000 0,000 18721,122
Total: 2033070242,017 4770587121,626 6417877146,685 0,000 0,000 265620,332
Straus? R2.4.6 [Licenced) 19.DLL Consulting sr - MILAND]
Model ke Ct\Uisers!FrancescolDocuments|Chanti\DIc\2023_BIEM\ ez _0.547
1020090 2023 6:01 pen
3: facciata 0,000 0,000 2551,500 0 Load Patch
Total 0,000 0,000 15075,000 880
Centre of mass
Mass CM(X) CM(Y) cM(Z)
kg m m m
fondazione 45250,000 35,450 22,850 -0,250
Model 0,000
1 vano scala 213500,000 36,450 22,050 1,750
1 solaio 1274222,503 36,532 22,350 3,320
2 vano scala 213500,000 36,450 22,850 5,250
2 solaio 1274222,503 36,532 22,550 6,820
3 vano scala 213500,000 36,450 22,050 8,750
3 salaio 2308610,000 36,556 22,850 10,401
4 vano scala 213500,000 36,450 22,850 12,250
4 solaio 1234529,013 36,530 22,850 13,814
5 vano scala 213500,000 36,450 22,950 15,750
5 solaio 1274222,503 36,532 22,850 17,320
Total: B482556,521 36,527 22,950 10,066
Local inertia
Ixx Iyy Izz Ixy Iyz Izx
kg.m ? kg.m * kg.m?  kgm? kg.m? kg.m *
fondazione 5379679,167 29832071667 35209698,750 0,000 0,000 0,000
Model 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
1 solaio 321419141,507 663742114212 9841721B6,669 0,000 0,000 18721122
2 vano scala 217947,917 137417851,667 137199903,750 0,000 0,000 0,000
2 solaio 321419141,907 663742114,212 984172186,669 0,000 0,000 18721122
3 vano scala 217547,917 137417851667 137199903,750 0,000 0,000 0,000
3 solaio 560801460,266 1231153689448 1790928978,707 0,000 0,000 24386,009
4 vano scala 217947,917 137417851,667 137199903,750 0,000 0,000 0,000
4 solaio 312232487,617 641967637 804 953213718,396 0,000 0,000 18314,607
5 vano scala 217947,917 137417851,667 137199903,750 0,000 0,000 0,000
5 solaio 321419141,907 663742114,212 984172186,669 0,000 0,000 18721,122
Total: 2033070242,017 4770587121,626 6417877146,685 0,000 0,000 265620,332

Straus? R2.4.6 [Licenced to:DLT Consulting si - MILAKO)]

Moded
10 3gosn 2073 &:01 pm

sers| Francescol Documents) Chenti\Dic\ 20123 BIEM tatsia_0.st7

19




. , e
d Ic consulting BIBM EC2 project - calculation report 1brm

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
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MIN MAX
BM1(kN.m} ¢ 281

[Bm:4705] [Bm:B861]

10: ULS Nmax [Combination 4]

1: Freedom Case 1

Scale: 0,0 %

Bending Moment on Slab Elements

Straus? RZ.4.5 [Licenced to:DLC Consulting sl - MILAND]
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10: ULS Nmax [Combination 4]
1: Freedom Case 1

Scale: 0,0 %
Shear on Slab Elements

Straus? R2.4.6 [Licenced t:DLE Consulting =il - MILANG]
Piodel fie: C:\lisers\Francesco| Documents\Chenti\Dic\2023_IEM\tsiaio_0.s17
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MIN MAX
BM1(kN.m) 16 356
[Bm:4488] [Bm:7596]

BM2(kN.m) 1130 236
[Bm:7696] [Em:3376]

-
a7 124

P

10: ULS Nmax [Combination 4]
1: Freedom Case 1
Scale: 0,0 %

Bending Moment on Beam Elements

Straus? RZ4.6 [Licenced io:DLC Consulting srl - MILAND]

Moded fife: C:\Users\Francescol Documents\Chentl\Dic\2023_BIBM\felsio 0 517
10 agosto 2023 6120 pen

MIN MAX
SFI(kN) -257 247
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10: ULS Nmax [Combination 4]
1: Freedom Case 1
Scale; 0,0 %
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Straus? R2.4.6 [Licenced tn:DLC Consulting sr - MILAND]

Moded fil2: C\Users\Francescol\Dacuments\ClieniDic\2023_ BIEM\feia 0517
10 agostn 2023 6:21 pn
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MIN MAX
AxForce(kN) -4101 -119
[Bm:191] [Bm:2438]
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10: ULS Nmax [Combination 4]
1: Freedom Case 1
Scaler 0,0 %

Axial Load on Column Elements

StrausT R2.4.6 [Licaneed t0:DLC Consuling £ - MILAND]
Model file: C:\Lisers! Francesco\ Documents\Chent\Dic\2023_BIBM jelzio .57
10 agostn 2023 6:26 pm

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 (Y1860), 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)

Rck = -95 MPa
fck = -80 MPa

fom = fck — 8§ = -88

cubic characteristic compressive resistance
cylindric characteristic compressive resistance

MPa mean cylindric compressive resistance

e =15 material safety coefficient for concrete
~cpered = 1.4 due to fulfillment of the conditions in A.2.1
—— G, = ~epered = 1.4

Cylindrical design strength:

acc

fed = fck- fed = -57.143 MPa

design cylindric compressive resistance
~cpered

1
gcl = malj:—0.0028.—0.001-0.7(—fcm) ’] =-28x10 °

(98 + fom ) _3
coul = i fek < ~50.-0.001 28 + 27{ T) ,—0.0035 | = ~2.803 x 10

-~

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

4 .
gcul = if|:fck < -50.-0.001-[2.6 + 35-[%} :l.-0.0035i| =-2603x 10~

-~

€c3 = if[fck < —50.—0.001-[1.75 + 0.55-(4‘%0_50)-]—0.00175] =-2163x10 °

-~

gcud = ccu2 = -2.603 x 10 °

{ —fem i 4
Ecm = 22000\7] =4224x 10 MPa

4
n= ifl:fck <-50,14 + 23.4{%} .1.4} = 1.402

Ec =Ecm  Young (elastic) modulus
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CONSTITUTIVE LAW OF CONCRETE IN COMPRESSION
Non linear EN1992-1-1:2004

¥ = 105-Ecm- = = 1411

fem
2
()2
ac_nlsa(e) = if| € > ecul fem- o i Jf[(g > 0).0,0]
1+ (k- 2)-[i
gcl

Parabola-rectangle

-~

oc_pr(€) = if[e > ed.fcd-[l - [1 - i) }.if[(e > geud) fed .0]:|
C

Triangle-rectangle

ac_tr(€) = if[e > ec3.fc—{-£ JAf[(€ > ecul).fed .0]]
g¢Cs

Stress block

(~fck — 50)

A= if|:fck < —45,08 - .0.8} = 0.725

N = if[fck <=5 - %.;50).1} =085

ac_sb(e) = if[e > (1 = N)-€c3,0.1f[(¢ > ecu3),n-fcd .0]]
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CONSTITUTIVE LAW OF CONCRETE IN TENSION

Linear elastic

w |t

fetm = if| fck < -50.2.12-1:{1 - %).03-(—&1:) = 43839 MPa mean tension strength

Citm cct=1.145x 107
Ecm
act(e) = if(0 < € < ect,Ecm-€,0)
fctk = 0.7-fctm = 3.387 MPa characteristic tension strength
act =1
fetk : :
fetd = act— =2419  MPa design tension strength
~e
ot oF o= fetd
e Ecm
act_pr(e) =1if(0 < € < ect_pr Ecm-€ ,0)
Linear elastic with softening
1
oc_traz_soft(e) = fctm- -
E N -
—-1
gct
1+
gct + 0.00005 1
gct

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

me) = if (¢ < 0,0c_nlsa(e),octs(€))

ge pi(e) = if(e < 0,0c_pr(e).octs(€))

g trf(e) = if(e < 0.0c_tr(e).0)

31




VD
consulting projecrt - calculdrion repor 7}
BIBM EC?2 project lculati t 1bm

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

Constitutive Law - Concrete Class C80/95

5
-5
oc_nlsa(ec} 15

oc_pr(ec) ~ 25

-~

ac_tr(ec) -
ac_sb(ee) _ 55 |___,A/
Ecmec -65
-75
-85
-95
- 4x10"2 3.45x1022.9x1022.35x102 1.8x102 1.25x1072 7x107*- 1.5x107* 4x107*
€c
Constitutive Law - Concrete Class C45/55
5
-1
oc_nlsa(ec) -7
ac_pr(ec) ~ 13
ac_tr(ec) -

- &

oc_sb(ec) _ 31

Eemec =37
-43
-49
-55
- 4x10" 2 3.45%1022.9x10-32.35%x10-2 1.8x10-2 1.25%10"2 7x10™*- 1.5x10™* 4x10™*
&C
Constitutive Law - Concrete Class C25/30
5
1
ac_nlsa(ec) -3
ac_pr(ec) =%
ac_tr(ec) B
ac_sb(ec) _ 19
Eemec -23
-7
=)
-35
- 4x10" 2 3.45x1022.9x1022.35%102 1.8x102 1.25%1072 7x10™*- 1.5x10™* 4x107*

£C
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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)

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

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

A

ktc =1

( 4
nee = | —0) = 0.794
l\ —fCl\'

Cylindrical design strength:

fed = 1|c<:-f<:lc-E fed = —45.354 MPa  design cylindric compressive resistance
~e

3

1
gcl = mai-o.oozs.-o.ooro.?(-fm) ’} =-28x10"

4
£ |
ecul = mm{—0.00l-[Z.S w181+ ﬂ) ].-0.0035] =-2816x 10~
\ 108 strain defining constitutive law

€c2 = -0.002
€cu = -0.0035
2
Ecm = 9500-(—fem) ~ = 4226 x 10* MPa Young (elastic) modulus

CONSTITUTIVE LAW OF CONCRETE IN COMPRESSION
Non linear EN1992-1-1:2004
k = 1.05-Eem- =5 = 1412

fem

-

k.{e_) . fi)

ecl L ecl
oc_nlsa(e) = if| € > ecul .fom- ot MY

Af[(e > 0).0.0]

{ €
1+(k-2)-§a)
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Parabola-rectangle

-~
-

oc_pr(e) = if[e > ecz.fcd-{l . [1 = %) ].if[(e > Ecu).fcd.O]]
C

Stress block

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

Linear elastic

b)lu—-
w |

fetm = if[fck < =50, 1.1-(—fck) = ,0.3-(-fck) ] =474 MPa mean tension strength

gct = — 4

Reis gct=112x 10

oct(e) = 1f(0 £ € < €ct.Ecm-€,0)

fctk = 0.7-fctm
characteristic tension strength
ktt = 0.8
fetk : ]
fetd = ktt-—— = 1.896 MPa design tension strength
~Ne

Ect_pr = e = 4487 x 10--5
Ecm

act_pr(e) = if(0 < € < ect_pr Ecm-€ ,0)
Linear elastic with softening

ac_traz_soft(e) = fctm- A

= LF
gct
ect + 0.00005 _

1
gct

1+

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

acts(€) = if (0 £ € < ect,Ecm-€ ,if (€ > ect,oc_traz_soft(g).0))

ge nlsa(e) = if (€ < 0.0c_nlsa(e).oets(€))
ge. pr(e) = if(e < 0.0c_pr(€).octs(€))
ge.sb(e) = if(e < 0.0c_sb(e).0)
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EFFECT OF CONFINEMENT REINFORCEMENT - EXAMPLE OF APPLICATION FOR

STANDARD COLUMNS

Dlower =16 mm

~
60 -
ddg = f[—fck > 60,16 + Dlowet-{ﬁ) ,16 + Dlower:| =25
- c E

ddg = min(ddg.40) = 25

.
10
As_conf = =- 2

s = 200 mm
g

500
fy“d = ﬁ = 454 .545

bes = 400 - 50
ol O s
s-bes

1

| w

Afed = if[o-dd > 0.6-—fcd .3.5-0c2d

R
keonf b = l{ﬁ) = 0255
=77 3 400

/ < 2
keonf s = Ll— ) =051
- 2-bes

fcd_c = fcd — kconf_b-kconf s-Afcd = —45.886

€c2 ¢ = Ec2~(l - Af“'] =-29x10 "
- fed

gcu c=¢ccu+ 02 o =-7998x 10 °
- fed

-(—fcd) 4 J4-ac2

1=

d] =40 aged

—fcd
— =0.714
bes
fed ¢ 1012
fcd
€c2_c - 145
£cl
gcuc _ 285
€cu
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Constitutive Law - Concrete Class C80/95

A0 3451072 2910722 35 1072 181072 1. 2% 1072 T 107 4= 15007 Y 4107t

0

Constitutive Law - Concrete Class C43/55

3
-3
—15
ac_nlsa(ge) 55
oc_priee) — 35
oc_sh(ec) ~ 43
Eem-se 2
o — 63
—175
—85
—-43
3
-1
oc_nlsalee) 1-3
oc_priee) — 19
oc_shb(ec) ~ 23
-31

Ecm.-gc
—43
— 48
-33

10 3.45x1073 2910732 35x1072 1 821072 1.25x107 2 7107 4= 1.5x107* 4x1074

36
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Constitutive Law - Coticrete Class C23/730

5
1
3
7

oc_nlsa(se)

oc_pr(ec) —11
ac_sh(ec) ~ 15
. —19
— 99
=97
3
-35— - - - - -
— 41071 34521072 2010722 351072 1821072 12521072 7107 15107 4x10”

EC

Ecm-gc

4

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

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

Mild reinforcement bar steel

~s = 115 Initial safety coefficient of mild steel
g 35,= yspered = 1.1 reduced safety coefficient of steel
fsk = 500 MPa characteristic axial yield strength of mild steel
fsd = . = 454545 MPa design axial yield strength of mild steel
~spcred
R . :

fouk = fsk-1.15 = 575 MPa characteristic axial ultimate strength of mild steel

fsuk . . . .
il e -s277 MPa design axial ultimate strength of mild steel

~spcred

Es = 200000 MPa Young (elastic) modulus
€s y = f;—d €s_y=227273x 10~ yield strain

S
€uk = 0.075 strain at stress peak (conventional)
€ud = 0.9-cuk = 0.068 design strain at stress peak

Elastic-hardening

Es ek - fs_k Es Es
Es

fsk fsuk — fsk ‘ -
os_nlsa(e) = if|€ > — A € < cuk.fsk + s—m-[e - EJ.if(e <™ e .o)

Elastic-perfect-plastic

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

Elastic-hardening

fsud - fsd

as_eh(e) = if[e >€s_y A€ <¢eud.fsd +
€ud - €s_y

‘(€ — es_y).ff (€ < es_y.Es-E.l)]
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Mild steel B500C

600

500

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 BSOOA
600
500 r/’/
“_——‘-_—-
400
os_nlsa(es)
os_epp(e 5)300
os_eh(es)
200
100]
0

0 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)

~ap =115

R.= 1.1
Ep = 195000 MPa Young (elastic) modulus

fptk = 1860  MPa

fptd = fpm-l
P
epud = 0.2 design ultimate strain
epuk = e 0.022 characteristic ultimate strain
fp0lk = 0.9-fptk
fp01d = POk _ 523 10° MPa
P

-
3

epy = % =7804x 10 design equivalent yield strain
P

Non-linear structural analysis

op_nlsa(e) = if|€ > c

Material safety coefficient for mild steel

due to fulfillment of the conditions in A.2.1

Characteristic ultimate strength of prestressing steel in tension/compression

Design ultimate strength of prestressing steel in tension/compression

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

: A € < epuk. fp0lk +
Ep puk.fp _ fp0lk |

gpud
p Ep

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

Elastic-hardening

fptd — fp0ld

op_eh(e) = ifl:s > Epy A € < epud.fplld +
epud - epy

41

e s, (E - fpmk).if[s < —fpglk Epe ,0)
P

Ep
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Prestressing steel Y1860

210°

1.5%10°
op_nlsa(ep)
op_epp(ep)  1,.10°
op_eh(ep)

0 5%107° 001 0015 002 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 = L15 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 = fptk-L =1691x 10° MPa Design ultimate strength of prestressing steel in tension/compression
iy

epuk = 0.035 design ultimate strain

epud = 09-cpuk = 0032  characteristic ultimate strain

fp0lk = 1640 MPa Characteristic strength of prestressing steel in tension/compression at 0.1% of residual strain
fpOlk 3 . : : : . " : :
fp0ld = —— =1491x 10 MPa  Design strength of prestressing steel in tension/compression at 0.1% of residual strain
P
epy = o 7646x 10 design equivalent yield strain

Non-linear structural analysis

op_nlsa(e) = if| € > fpOIk | ¢ < epuk fp0lk + fptk - fpOIk -(s = fpmk).if(s < m.Ep-e.O
Ep fpOlk Ep Ep
epud - ——
Ep

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

Elastic-hardening

fptd — fp01d

ap_eh(g) = if|:€ > Epy A € < €pud.fplld +
epud - epy

(€ — epy).if(e < epy.Ep-€ .O)jl

€p = 0,0.0001..epud-2
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Mild steel B500C
600
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
3
Mild steel BSO0OA
600
500 r/”
\‘_——'_—'_———
400
os_nlsa(es)
os_epp(es) 300
os_eh(es)
200
100
0

0 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 = 115 Material safety coefficient for mild steel

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

Ep = 185000 MPa Elastic modulus

fptk = 1360 MPa Characteristic ultimate strength of prestressing steel in tension/compression

fptd = fptk-— = 1.691 » 1|]3 MPa  Design ultimate strength of prestressing steel in tensionfcompression
iy

gpuk = 0.033 design ultimate strain

gpud = 09.gpuk = 0.032  characteristic ultimate strain

fp0lk = 1640 MPa Characteristic strength of prestressing steel in tension/compression at 0.1% of residual strain
fp0id = e 1491 x 1&3 MPa  Design strength of prestressing steel in tension/compression at 0.1% of residual strain
i
epy = % = 7646 x 14}_3 design equivalent yield strain
P

Mon-linear structural analysis

fp0lk

: tk — fp0lk [ 01k f 01k
S e < epuk fpOlk + wlael ol GO, il W BORR. oL
p

ki
p-e.0}
J

_ fpOtk | Ep /| Ep
Ep

op_nlsa(g) = if| € >
pud

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

Elastic-hardening

fptd — fp01d

op eh(g) =if|e > epy A € < epud . fplld +
gpud - £py

(e —epy).if(e < epy.Ep-e -D}}

45




o
consulting projecrt - calculdrion repor 7
I BIBM EC?2 project - calculati t bm

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

Prestressing steel Y1860

2m10°
1.5%x10°
op_nlsa(ep)
op_epp(ep)  1.10°
op_eh(ep)
500)
0

0 5%10° 001 0015 002 0025 003 0035 004
Ep

3.5 Concrete time-dependent behaviour following EN1992-1-1:2004
CONCRETE STRENGTH DEVELOPMENT THROUGH TIME

5.=02 for class 52.5R cement

2
L
Bee(t) = e tJ

-

3

ro |

Eci(f) = Ecm-Boc(f)

femj(t) = Bee(t)-fem
fekj(t) = femj(t) — 8

(

\
fetmj(t) = if\ t < 28, Bee(t)-fetm . Bee(t) ~ -fetm

o | vo

_acc-fetmj(t)

~Ne

fetdj(t) = 0.7
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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 > 60.0.1,0.2)) = 0.2 for class CR cement
[ [wef) {28
se| 1- |— |- ’—f
Bee(t) = if| t < tref e SR

1
3

Ecj(t) = Ecm-[Bcc(t)
femy(t) = Bec(t)-fem

fetmy(t) = ;}cc(t)o'6-fctm
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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 0.5
cmin b _s = 10 max diametre of rebar 1524 mm 0.6
cmin_b_p = 2.5-1524 = 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 v =0

Acdur_st:=0

Acdur_add =5

Ac_dev =5 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=431 mm 1524

cnom_p + = 50.72
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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 0.6
cmin_b_p = 2.5-1524 = 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 v =0

Acdur st:=0

Acdur add =35

Ac_dev =5 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 ~v — Acdur st — Acdur add.10) = 38.1 mm
_p ax(cmin_b_p _dur_p #y * 4

cnom_s = cmin_s + Ac_dev = 20 mm

cnom_p = cmin_p + Ac_dev=431 mm 1524

cnom_p + T = 50.72
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5 TT element - EN1992-1:2004

5.1 Shop drawings

2400
1
=
3 | o i
2z
RrI
R2 1> o
ST half inche” L= 9030, ] ENDVIEW [1:7)
395 120 85 160 85 120 783
& ;@
|
Qﬁ%&
yr 7
&
8
5T half inche” L= 9030
L}
q
END DETAIL {15
9030
END DETAL 150 o0
T T =
‘!'J'!"ii|‘| I e i e s e e
SIDEVIEW {1:25)
bt BIBM  Federofion of the Furopsan Frecast Concrate Indusiry
aD VIEW (175) i Code TTSLAB EN 1992-1:2004
M 3 sheet
dle....... ‘blbm‘ X | o, 1of2
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Thurmbnall Part Number QN Mass Tolal moss
"

1
@_ @ lengliudingl poftern.T @ _fransverse pottern_L

CODE [

DESCRIPTION

[ voLume

061 CONCRETE |

T 5LAB 001 CONCRETE

| ]

; I| | 1 4208 e bmm
12 24| 572 12528 &mm
r
21 & 2026 14208 16 mm
Total mass rebars [kg) 2957 Incidence kg/m* na
Rl 2 41610 832 amm 200 mim & mirm 300 mm
R2 2 |18483 37346 &mm 200 mm &mm 190 mm
.
Tolol mass welded-wire-meshes [kg]| 120,59 Incidence kg/m* 46,20
SThalfinche” L=7030 8 &5%9 52792 127 mm
Total mass sirands {k'g}-l 52792 Incidence kg/im?* 20.23 | |
Tntal mess of stesl [kgl] | 20295 Tatel concrete valume [m7 | 2,41

Project
nome

BIBM Federafion of the European Precast C

norete Industry

Code

TT SLAB EN 1992-1:2004

dle....... ‘bfbm‘ e

shest
number

2of 2
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5.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr=(0 7999 80 130 330)

Htot = max(y_tr) maximum depth

Width of corresponding chord:

b_tr = (2400 2400 1566 354 320)T
r_circ =0 radius of central void pipe
2
x_cire(y) = 2\]1'_<:irc2 - ( y- E)
\ 2
b_lin(y) = linterp(y_tr.b_tr.y)

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

(
b(y) = if|:y < |\ % - r_circ) Ay ? - r_cixc.b_cixc(y).b_lin(y)jl

m:= 0.. Htot

Geometry

yd 132
— condensed 1D geometry plot
¥4 108

264

-2x10° -1x10° 0  1x10° 2x10°
~b(yd) byd)

> ¥ J
~ -

u = 2400 + 1800 + 320 + 300-4 = 5.72 x 10° mm exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-
-

¢
4

Al =

Distance of rebars from upper chord
ds = (25 300)T
Area of reinforcement at each depth

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

5, = rows(As) js =2
dsmax = max(ds) dsmax = 300
Js
As_tot = Zl As; = 395.841
j=
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Prestressing reinforcement

Area of a single strand:

nominal strand diameter
Ap0 = 93 ¢p =127 mm  nominal strand diameter 127 mm 05

1524 mm 0.6
Depth of prestressing strands from upper chord:

dp = (180 230 280)T

Area of strands at each depth:
Ap = (0-Ap0 4-Ap0 4~.-\.p0)T

op0 = 1400 MPa

oprec = (04-0p0 1-ap0 O’pO)T initial prestressing
losses = 0-(1 1 1).r in percentual % (losses are introduced later)
jp = rows(Ap) p=3
k=1.jp
[ 100 - lossesk):| (560
go, = aprec, | —————— .
. ck . 14x 10°
P \14x 10°
Spts Z APy Ap tot= 744
k=1
ypmax = max(dp) ypmax = 280
P
Np_tot = 3 ((Apgooy)) 6 N
k=1 ' Np_tot = 1.042 x 10 total prestressing initial force

z (dp-Ap ooy |

=255 mm  centre of gravity of prestressing

Yp:

.-\.pk ao,.

v M-c
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5.3 Material constitutive laws employed in the calculation

1
0._
ac(e)- 10
acc(e)
et - 0
0 ‘.0
-30r
_40 1 - 1 - 1
—4x107° -2x107° 0
4
500
os(e) 0
-500
-0.05 0 0.05
€

2.046x 103 T T T T T

1.023x10° B

cp(g) o— L

- 1.023x10° ' .

=t 2 3 L 1 1 1 1
i S ~0.01 0 0.01 0.02
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=
1

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) dy Ac=3074x10
0

As_tot —3 3 2 _— : :

ps=——— =1288x 10 geometric ratio for longitudinal mild reinforcement

AC
= e AL 242x 10 ° geometric ratio for longitudinal prestressing tendons

Ac

ptot = M =3708x 10~ total geometric ratio for longitudinal reinforcement

Ac

First moment of the concrete area
Htot .
Syc = J b(y)-vdy Syc=2785x 10
0

Centre of mass of the concrete area

sl ¥G = 90.619
Ac

Second moment of the concrete area

Hitot .

Ixo_cls = J b(y)-(y - vG)“dy Ixo_cls = 2.109 x 109
0

Global area of all prestressing reinforcement

~J

Area tr = |s« 0 Area tr=T744

for x= 1..jp

s Ap +5s

First moment of the area referred to prestressing reinforcement only

jp
Sxp = Z (Ap;dp)) Sxp = 1.897 x 10°

i=1

Centre of gravity of prestressing

Yp = 255

Idealisation coefficients (elastic)

E

np = =2 np = 5374
Ecm

ns = L ns = 5512
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Area of ideal cross-section
P Js 5
Aid = Ac + (np - 1)- Z Ap; + (ns - 1)- Z As, Aid = 3.124 x 10
J=i =
First moment of the reinforced concrete area
Js .
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) + (ns — 1)- Z (.-\.sj-dsj) Sxid = 2.88 x 10
j=1
Centre of mass of the reinforced concrete area
Yid = Slid Yid = 92.181
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot Jp js
S g ol -
Ixoidcls = J b(y)-(y - Yid)“ dy - Z |:Api-(dpi- Yid) ] - Z l:.-\sj-{dsj - hd)j|
0 . -
1=1 1=1

Second moment of the prestressing reinforcement area

P 5
Ixoidprec = np‘z |:.-\.1;;i-(dpi - hd) ]

i=1
Second moment of the mild reinforcement area

Js r
Ixoidlenta = ns- Z |:.'-\.sj-(dsj - hd) j|

=l
Second moment of the idealised reinforced concrete area

; . - : . 9 Ixo_id
Ixo_id = Ixoidcls + Ixoidprec + Ixoidlenta Ixo_id = 2216 x 10 mm*4 = _cl = 1.051
o_cls
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5.5 Loads

interaxis = 2400 mm

gl == Ac-0.000025 = 7685 kN/m dead load from self-weight
g2 =2 PRS-l kN/m nonstructural dead load
1000

g =3 TS g9 KN/m live load

1000
L =28850 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

-

Mgq_SLSgl(x) = (gl)- (— X - x—] SLS bending moment distribution from self-weight load
Mq SLSg2(x) = (g2) —x- %] SLS bending moment distribution from nonstructural dead load

Mq_SLSq(x) = (q)2)- [— X - ?J SLS bending moment distribution from live load

5.6 Prestressing transfer and time-dependent behaviour

FRANSFER OF PRESTRESS (§8.10.2.2)

al =1 gradual release of prestressing

o2 =0.19 for 7-wire strands

opm0 = op0 = 1.4 x 103 MPa initial prestressing

npl =32 for 7-wire strands

nl=1 in favourable position

fopt = mpl-n1-fetdj(2) = 3.51 MPa equivalent constant bond stress at prestress realease following §(8.15)
Ipt = %(ﬁp = 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 = 12-lpt = 1.155 x 103 mm upper-bound transfer length following §(8.18)
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hn = 2E = 107.477 mm

u
gcs = ?(')—2) = 6.5 x 10'4 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=50365=1825x 10" days Life span

—Np_tot  [Mq_SLSgl(x) - Np_tot-(Yp — Yid)]-(Yp - Yid) {L)
ocpQP(x) = = + = ocpQP2! — | = -10.265
G Aid Ixo_id °PQ 2&2
stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)
N Ve Y
ocpQP23(x) = aSLSg2n) (Vp - Yid) ochms( 5) = 3452
Ixo_id 2
stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)
Ma SLSa(x)-(Yp — Yid) 7T
oepQPII(x) = —=o2dW- (TP — TiQ) oepQPolf = | = 1.553
Ixo_id (2

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

E [ 244\
Aopr(x.t) = I:opo + =2 (cpQPA(x) + ccpQP23(x) + o-chP91(x))j|-p1000-; —)
Ecm \ 1000
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

h0 = 2E = 107477 mm notional size of the member
u

RH =50 % relative humidity

t0_T(t0) = t0

a=1 for cement class R

(8} - " L
€0_mod(t0) = mb{ 0_T¢ tO)-[ 9 + 1] . 0.5} time modification due to type of cement §B.9

12
2 + t0_T(t0) t0_mod(2) = 6.189

Bh = ifl:—fcm > 35.min[l.5~|:l & (0.012~RH)18:|~h0 +250-c3, lSOO-acS:l.min[l.S-l:l + (0.012-RH)18:|-h0 + 250, 1500]] = 364.39
1
pBto(t0) =

02
0.1 + t0_mod(t0)

03
Be(t.10) :=( t — t0_mod(t0) )
B3h + t — t0_mod(t0)
fBfcm = 188 2308
—fem
- B - M
@RH = if| -fem > 35| 1 + 5100 -acl |-ac2, 1+ }00 = 1.644
0.1-h0 0.1-/h0
p0(t0) = RH-3fcm-3t0(t0)
@(t.10) = p0(t0)-Be(t. t0)
o(t.2) = 245 (t.91) = 1.46

ﬁays'z) 2ﬁ ........... 7]

p(days,23) |
LR e
p(days.91)1

T
1

0 1 1 1
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) + E—p~(<J'chP2(x)wp(t.2) + acpQP23(x)-p(t,23) + acpQPI1(x)-p(t.91))
Acp_csr(x.t) = e

3 Ep .-\.l:a_tot_[1 3 .-?.c (Yp- Yid)z:lu(l + {8 w(t.2)-acpQP2(x) + p(t,23)-ocpQP23(x) + up(t.9l).o-chP91(x))
Ecm Ac Ixoidcls \ acpQP2(x) + ocpQP23(x) + ocpQP91(x)

prestress losses following §(5.46)

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

apm(x.t) = apl — EE—p-(O'chPZ(x) + acpQP23(x) + ocpQP91(x)) + Aop_csr(x.t) prestress considering immediate and delayed losses
cm

opm(g .365-50)

\—0 = 0.852 expected residual prestress ratio after 50 years of life with respect to initial
ap

apm{% .365-50)

€pm = —0~Ep0 expected residual strain after 50 years of life with respect to initial
ap

5

O'pmi[ % .365~50)-Ap_tot = 8.876 x 10 N residual prestress force after 50 years of life

6

Np_tot = 1.042 x 10 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)

Htot ip is

N(e_sup.0) = Z (o‘c(e(yi.e_sup.9))-b‘yi)vAyv) + Z (op(eldpj.s_sup.()) + Epmj)-.-\pj) - z ‘o‘s(s‘dsj.E_sup.()”-.-\sj]
i=1 j=1 j=1
Htot ‘ P s .

M(e_sup.0) = Z [cc{E(yi.E_sup.G))vb(yi]-Ay-(yi - y‘G[l + Z [op(s(dpj.s_sup.e) - Epmj)-.-\pj~(dpj - yG[| + Z [o‘s(e‘dsj.E_sup.()”-.-“sj-(dsj - yG[l

i=1 j=1 j=1

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

!
|
] r L
0
0 21073 4x10~° 6x10~°
eC
0
'I —'_'_'__,_—F‘
— 100F -
=
>
.. 8 200+ ]
-s0r ]
-20 -10 0 10 20 30 40

—ocle(¥i-€_sUPenea- Bemea) ) . — o0c{€( ¥i-€_sUPeanea- Bemea) ) (- €[ Yi-€_5UPemaa. Bimea) - 1000)

Condition at resisting (peak) moment
(stress and strain)
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0 ,
- 100F R
o
—Yi
AP -
- 3000 -
-30 =20 -10 0 10 20

- ocleyi.&_SUPcmug- emua) | -~ 00c{ € ¥i-E_SUPeamus. Bemug) ) - (— €[ ¥i-E_sUPeaus. Bemug)-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 =135 partial safety coefficient for live loads or non-structural uncertain dead loads
( 2
Mq ULS(x) = (gl-ygl + g2vg2 + q-"{q)-lké»x - %) moment distribution at Ultimate Limit State (ULS) fundamental load combination following a uniformally distributed load q
2
Mq SLSt(x) = (gl + g2 + q)-(%-x - 52-) moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q
\
Mg SLSEG) = (g1 + g2+ ‘H‘q)'!(%x _ x;J moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q
f: 2 pt=1
Mq_SLSqp(x) = (gl + g2 + |1v2~q).]\§~x - %) moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q
( 2
Mg, _SLSe(x) = (gl + gl)-]\%-x - %J moment distribution at Serviceability Limit State (SLS) permanent load combination following a uniformally distributed load q

Mp_SLS(x) = ifl:x < Ipt.opm(x,365-50)-Ap_tot-(Yp — \"id)-‘i .if[x > L - Ipt.opm(x.365-50)-Ap_tot-(Yp — \'id)-% .opm(x.365-50)-Ap_tot-(Yp — Yid):l]
pt t

o contribution of prestressing equivalent load in SLS (without modification factors)
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ACTING MOMENT [kNm]
200
-Mq ULSG@) 100
10°
- Mq_SLSt(i)
—— 0
10
— Mq_SLSqp(i)
1 _i00
Mp_SLS(i)
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) — @(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)-((365-50.2) — p(365-50.23)) + v_SLSg2(x)-(1p(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_SLSg1(x)-(p(365-50.2) — ©(365-50.23)) + v_SLSg2(x)-((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
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DEFORMED SHAPE

40

=

£ —v_inst ULSG)
g —vinfr(d)
£ - v_inf qp(i)
= —v_inf p(i)
2 -

3

-40

0 2x10° 4x10° 6x10° 8x10°
i

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)

v_inf /5) =-12301 < L 354 [EHECK maximum deflection
-7 LZ 250

values calculated from differential equations above

v_inf _p{%) =-24348 > 2_—51;) =-354 |[EHEGH maximum camber
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cnom_p = cmin_p + Ac_dev= 3675 mm —— % - 131
SLS STRESS CONTROL (§7.2)
k1 =06 rsup = 1.05
O = 045 prestressing modification coefficients
13 =08 nnf = 0.95
k=1
k5 =0.75

_ —Np_tot-rsup M [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

acpgl_top(x) =

Es |-Np_tot-rsup [Mq_SLSgl(x) — rsup-Np_tot-(Yp - Yid)]-(dsl - Yid)
acpgl_tops(x) = Ecm' +

Aid Ixo_id

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

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

acpf_bot(x) = aid oo i <
elastic stress of bottom concrete chord for frequent load combination
-N , M = N -(Yp - Yid)]- - Yi
e p__;c::l rsup [Mq_SLSr(x) — rsup pl;t:tic(l\p Yid)]-(Htot — Yid) .
elastic stress of bottom concrete chord for rare load combination ¢
-Ni 1 2 — ginf -N (Yp — Yid)]-(-Yi
ol S 5 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_tot-rsup . [Mq_SLSr(x) — rsup-Np_tot-(Yp - Yid)]-(dpjp - Yid)
Aid Ixo_id
creep stress of bottom prestressing steel for rare load combination
~Np_tot-rsup N [Mq_SLSr(x) — rsup-Np_tot-(Yp - Yid)]-(dsjs - Yid)
Aid Ixo_id

acpr_p(x) = opm(x.t)-rsup + 15'[

acpr_s(x) = 15-|:

creep stress of bottom mild steel for rare load combination
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cepgl_bot(lptl) = —20.042 > Kl(femj(2) + 8) = -13.57s [EHECH

> K2-fck = -2025 MPa

ocpgl_top(iptl) = 2.911 < fetmj(2) = 2.193 MPa

not compulsory in environment XC

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

ocpgl_tops(lptl) = 6.461 < K3fsk =400 MPa
L a
ccpf_bo{;) = -5.711 < fetm = 3.795 MPa
- .
ccpt_bo({;) =-1.929 < fetm = 3.795 MPa
aecpr_bot(lptl) = —16.036 > klfck =-27 MPa

2 04fem =-212 MPa

L
ccpr_top(;) = —4482 > kl-fck = =27
> 04-fcm = =212

ccpr_p[%] = 1219 x 103 < kS5-fptk = 1.395 x 103
- . n

ccpr_s[;) = -31.91 < k3-fsk = 400

SLS CRACK CONTROL (§7.3)

c_act = Htot — dsj -10=20

onuiill e mm(lS C ot )=1

10 + cmin_dur_s

whim_cal = 0.2 mm

w_freq=0 < wim_cal =02  [CHECK
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5.10 ULS checks

ULS BENDING-AXIAL CONTROL (§6.1)

Mrd = 311.571

.\-Iq_ULS{%)
———— = 270743 EHECK

10

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§6.2)

Vo VLS = [(glvel + 2182 + )| £ -3

= Yp = 255 mm

VEd = Vq ULS(d) = 1.153x 10° N

bw = 320 mm

z:=09-d=2295 mm

shear distribution at Ultimate Limit State (ULS)

2
effective depth

maximum shear at effective depth from support
web width

conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§6.2.2)

Js
Ap_tot + Z .-\.sj

j=1

1 == min! 0.02,
P \ bw-d

Ap_tot
acp(x) = crpn’t(x.t)"i\‘éc

kv = mm.(l + @2) = 1784
\ d
klv = 0.15
Crdc = a5 =0.129
~cpered
3 1
3 5

=
vmin = 0.035-k “-(-fck) © = 0.61

reinforcement ratio

= 0.014 NOTE: the reinforcement ratio is assumed constant due to the introduction of additional
support reinforcement which compensates the progressive anchorage of strands

MPa axial stress induced by prestressing

ocp(lpt2) = 2.821 MPa  after full transfer

o | e

§6.3N bw-d-’VCrdc-kv-(IOO-pl-—fck) + klv-a’cp(lpt2)j| =
(vmin + klv-ocp(pt2))-bw-d = 8431 x 10°

5|

VRdc(x) = mzﬂCrdc‘k\"(IOO' pl-—fek) ™ + klv~o‘cp(x):|~bw~d.(\1nin - klv~o‘cp(x))~bw~d} §6.2.a+§6.2.b AFTER PRESTRESSING
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l.5><105 T T T T

5
Vq ULS() Ix10

th( D 5x10%

MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§6.2.3)

fywd = fsd = 454.545 MPa design yield stress of transverse reinforcement

2
Asw =4 Y 113.097 mm2 area of transverse reinforcement (pseudo-vertical stirrups)

4
v = atan{ %) = 0.381 rad angle of inclination of concrete compressed strut
sl =190 mm spacing of transverse reinforcement (constant throughout the member)
Vrds = A—slw-z-f)wd-cot(ev) -152x10° N > Vq ULS(0) = 1224 x 10° [ EHIEGH shear resistance on steel side (§6.8)

S
it = 1= == | moum §6.10 Vq ULS(d) ...
250 ——==0.743
Vrds
aew(x) = if[acp(x) < 025—fcd, 1+ ZPD il oep(x) > 05.—fcd 2s{1- m).l.zs §6.11
—fed N —fed
Vrdmax(x) = acw(x)-bw-z-ul-$ shear resistance on concrete side (§6.9)
cot(0v) + tan(Bv)

Vrdmax(0) = 435x 100 N >  Vq ULS(0)=1224x 10° |BHEGH
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MOMENT DIAGRAM ACCOUNTING DUE TO SHEAR RESISTING MECHANISM (§9.2.1.3)
np2 =12

fopd = np2-nl-fetd = 2277 MPa given fck < 60 MPa

S

Ibpd = Ipt2 + ~ -p = 1.683 x 10°
MRA() = if|x < tpt2, Mrd. TPRIPL2.36550) X o o thpd Mrd, Mrg. SPRCPE.36550) | (- 1ptD) -(Mrd * .\MM)
fptd 2 fptd (lbpd - Ipt2) fotd
il °°t(°")) = 286.875
L 2
( MLULSG) Mq UL d
.\Ed(x):=if[x>5-al. ; Mg ] S(x+6roun ()
10 10
400 T T T T
MEd()
S— bl
.\md(i)‘oo
100
0 1 1 1 1
0 1x10° 2x10° 3x10° 4x10°

MINIMUM REINFORCEMENT

bt = b(Htot) = 320 mm §9.1N §9.2.1.1(3)

Asmin = ma:{Ol&?—T~bt-d.0.0013-bt~d) -161048 mm2 >  plAc=4204x100 mm2 |[BHEGH < 004Ac=123x10° |EHECH
S.
for longitudinal reinforcement

s2:=190 mm < d.075=19125 mm - for shear reinforcement §9.6N
pw_min = '2“:; =186x10° > 0.08- Jf'f;k =1073x 10" EHEECH s9sn
sZ-bw S.

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

2x10° T r T ;
1.5x10°
Vq_ULS()
e 1x10°
Vrd(i)
S s1=190
$2=190

0 1x10° 2x10 3x10° 4x10°
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CHECK OF SUPPORT MILD REBARS (§9.2.1.4(1))

0.25-Mrd = 77.893 Nmm < (4-1:-5 £5d-09-3 = 83808
U4 6
10
area of support mild steel
( 2
MRA(x) = if| x < 500 09-4- %4 | 4 2.3 |1 MRa) MR
)\ 3 ,0. p ( 7 )\ B,
10
400 Ll T T T
300
ME4()
— |
MR e
100F"
0 1 1 1 1
0 1x10° 2x10° 3x10° 4x10°

ANCHORAGE (§8.4)
nl=1

n2 =1

fbd = 225-n1-1m2-fctd = 4.27 MPa §8.2

torad(9) = 222 §8.3

alb =1

aZb =1

adb =1

adb =1

asb =1

Ibd(¢) = alb-o2b-a3b-adb-asb-brqd(¢h) §84
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Ay avy

SHEAR AT THE WEB-FLANGE INTERFACE (§6.2.4) 2.155
nl=1
A% 1
. " Mq ULS —] = 2,031 x 10 M, = 2.001 x 10
Ax=:=2212x103 \4
80 1 .
AFd = Z (cc{e(yi.e_supg.()g”-uoo-;iy) - Z (cs(e(dsj.s_sup9.99”-.‘-\sj) = -8.002 x 10
i=1 j=1
of == 0.462
-AFd . .
VEd = == = 102 < v1-—fed -sin(0f)-cos(0f) = 631 EBBECR 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
At o078 mm2mm > vE4—T - 150087 EHECK

sf cot(bf)

5.11 Fire checks

Xr::_if/

~| ° j
i
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& ¢ e 1% e 5 & ¥ e 1% B’
g &8 8 &8 & &8 &8 g §&§ 8§ °
T(°C)
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347
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67
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81

100
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468

585

100

168
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226

100

100

159

271

100

100

177

300

119

119

190

319

138
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205

336

165
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205
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389

269

269
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439

377

377
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72 \
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\ 1Y

= o
P il

A\

K

N: 1 sp=380.00 kN;

Nz =
Myt =
My-=

0.00 kN
103.02 kN'm
-11.79 kKN'm

M: 1 sp=22.00 kN'm

75




dlcconsulting

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

. : )
BIBM EC2 project - calculation report 21

6 TT element - FprEN1992-1:2022

6.1 Shop drawings

2400

3915

] T® END VIEW [ 1:7)

2
120 85 160 835 120

782

= PR
e

/

T half inche™ L= 9030}

330

END DETAIL (135}

2030

SIDEVIEW (1:25)

Froject 3 — = -
kil BIBM  rederofion of the Furopean Frecost Concrete Industry

Code TT SLAB FprEN 1992-1:2022

—
dic...... ‘blbm‘ T s ‘,,f,",f,ﬁ;, 10of2
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1
Thumbnail Part Number QTY Mass Total mass @_ @ _longitudinal pattern_T @_transverse pattern_L

7
-1 I 3
‘ 1 4 208 832 & mm
L
i
12 24 522 12528 &mm
r
2 8 2026 16208 Témm
fotal mass rebars [kg] ; 27,57 Incidence kg/m* 11,33
R1 2 414610 83220 4 mm 200 mm &mm 300 mm
R2 2 18683 3r3ds 4 mim 200 mm 6mm 120 mm
v
Total mass welded-wire-meshes [kg] 120,59 Incidence kg/m* 46,20

SThalfinche” L=9030 8 4599 | 52792 127 mm

Total mass sfrands [kg]l 52,792 | Incidence kg/m® 2023 |

Total mass of steel [kg]\ | 202,95 | [otal concrete volume [d 2,61

PS BIBM

name

Code TT SLAB FprEN 1992-1:2022

dic...... ‘bl\'bm‘ iz

Shedl 2682
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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

=
- -
x_circ(y) = 2Jr_cixc" - (y - @)

2
b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

b(y) = if[y < {HL;“ - r_circ) Ay ? - r_circ.b_circ(y).b_lin(y)}

m: 0.. Htot

Geometry

vd 132
e condensed 1D geometry plot
¥4 108

264

-2x10° -1x10° 0  1x10° 2x10°
~b(yd) b(yd)

p) y
- -

u = 2400 + 1800 + 320 + 300-4 = 5.72x 10° mm exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-
-

¢
4

Al =

Distance of rebars from upper chord
ds = (25 300)T
Area of reinforcement at each depth

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

5, = rows(As) js =2
dsmax = max(ds) dsmax = 300
Js
As_tot = Zl As; = 395.841
j=
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Prestressing reinforcement

Area of a single strand:

nominal strand diameter
Ap0 = 93 ¢p =127 mm  nominal strand diameter 127 mm 05

1524 mm 0.6
Depth of prestressing strands from upper chord:

dp = (180 230 280)T

Area of strands at each depth:
Ap = (0-Ap0 4-Ap0 4~.-\.p0)T

op0 = 1400 MPa
aprec = (0.4-0p0 opl <:rpO)-r initial prestressing
perdite = 0-(1 1 1)T in percentual % (losses are introduced later)
jp = rows(Ap) p=3
k=1.jp
[‘ 100 - perditek):| (560
oo, = aprec, | ———————— \
. * e 14x 10°
p \14x 10°
Spts Z APy Ap tot= 744
k=1
ypmax = max(dp) ypmax = 280
P
Np.tot= 3 ((Angon)) Np_tot = 1082x 10° N
k=1 P B total prestressing initial force

z (dp-Ap ooy |

= 255 mm

¥p: centre of gravity of prestressing

.-\.pk ao,.

v M-c

80




_ , ve )
C.....ing BIBM EC2 project - calculation report 1
6.3 Material constitutive laws employed in the calculation
_40 1 1 1 1
-4x107° -3x107° -2x107° -1x1072 0 1x10~
500 {’// =]
i
- 500 =
-0.05 0.05
2.046x10° . . .
1.023x10°F -
op(e) 0 S—
- 1.023x10°F o
—2.046x 3 1 1 1
S -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

Ac=3.074x 105

Htot
Ac:= J b(y) dy
0
Astot _  288x 107
Ac
Ap_tot -3 : - o :
= =A% '10 geometric ratio for longitudinal prestressing tendons

J
Ac
ptot = M =3708x 10~ total geometric ratio for longitudinal reinforcement
Ac

-

geometric ratio for longitudinal mild reinforcement

PP =

First moment of the concrete area

Htot .
Syc = J b(y)-ydy Syc=2.785x 10

0

Centre of mass of the concrete area
vG = 90.619

_ Syc
o Ac
Second moment of the concrete area

Hitot N
b(y)-(y - yG)“ dy Ixo_cls = 2.109 x 10°

Ixo_cls = J
0
Global area of all prestressing reinforcement
Area tr = |[s« 0 Area_tr= 744
for xe 1.jp
s « ‘A‘px +s

First moment of the area referred to prestressing reinforcement only

P

Sxp = Z (Ap;dp,) Sxp = 1.897 x 10°
i=1

Centre of gravity of prestressing
P Yp = 255

Yp =
oo Area_tr

Idealisation coefficients (elastic)

—— np = 5.465
Ecm

ns = E_s ns = 5.605

NI Em
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Area of ideal cross-section
P Js 5
Aid = Ac + (np - 1)- Z Ap; + (ns - 1)- Z As, Aid = 3.125 x 10
J=i =
First moment of the reinforced concrete area
Js ’
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) + (ns — 1)- Z (.—\sj-dsj) Sxid = 2.882 x 10’
j=1
Centre of mass of the reinforced concrete area
Yid = SLid Yid = 92.213
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot Jp js
S el and i
Ixoidcls = J b(y)-(y - Yid)“ dy - Z |:Api-(dpi- Yid) ] - Z l:.-\sj-{dsj - hd)j|
0 - e
1=1 1=1
Second moment of the prestressing reinforcement area
P 5
Ixoidprec = np‘z |:.-\.1;;i-(dpi - hd) ]
i=1
Second moment of the mild reinforcement area
Js r
Ixoidlenta = ns- Z |:.'-\.sj-(dsj - hd) j|
=l
Second moment of the idealised reinforced concrete area
; . - : . 9 Ixo_id
Ixo_id = Ixoidcls + Ixoidprec + Ixoidlenta Ixo_id = 2219 x 10 mm*4 = _cl = 1.052
o_cls
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6.5 Loads
interaxis = 2400 mm
gl = Ac-0.000025 = 7.685 kN/m dead load from self-weight
g2 =2 mterads _48  kN/m nonstructural dead load
1000
g =3 TS g9 KN/m live load
1000
L =28850 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 - %J SLS bending moment distribution from self-weight load
( 2
Mq SLSg2(x) = (g2)-,\ %-x - %J SLS bending moment distribution from nonstructural dead load
2
Mq _SLSq(x) = (q-l[‘Z)-(%-x - %] SLS bending moment distribution from live load

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=14x 10" MPa

nl =1 in favourable position
_nc al-o2-cpm0 _
- 15 n1{(—femj(2) - 9) PHhp= SR i basic value of the transmission length following §(13.4)
Iptl = 0.8lpt = 725.597 mm lower-bound transfer length following §(13.6)
Ipt2 == 1.2-1pt = 1.088 x 103 mm upper-bound transfer length following §(13.7)
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Prestress losses

hn = 2~A—C = 107477 mm
u
hn — 200
A=079+ g-(ms - 0.79) = 0.802
oo (500 — 200)
085 _ o ot
ges = w0 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

-Ni , _ Ve — Vi (Ve — Vi
§prtot 2 [Mq_SLSgl(x) — Np_tot-(Yp — Yid)]-(Yp — Yid) /L) = 10254

oPQPAY = e Iro_id s T

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

I = ARy g T ocpQP23| = | = 3.448
Ixo_id 2
stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)
.\, Y — V2
oepQpi(y = LSO Cp = B0 ocpowl(g) - 1552
0_1

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

E ( 14\
Acpr(x.t) = [opo + —p‘(achPz(x) + ocpQP23(x) + ochP91(x))j|-p1000~ —)
Ecm { 1000

&5
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

RH = 50
t0_ady(t0) = t0
Bbc_fem = & o= 0.112
(~fem)
30 2
J
Bbc_t_t0(t,t0) = +0035) (t-t0) + 1
S "'[(to_adj(to) ’ ] s J
Bdc_fem = s 2 = 1.588
(—fcm)l'
B3dc_RH = — = 1.052
J
1 =
100
Bdc_t0(t0) = : 03
0.1 + t0_adj(t0)
1
y(t0) = 33
234+ ——
\J10_adj(t0)
ac 105
acm = {i) = 0.813
\ —fem

Bh = min(1.5-hn + 250-acm. 1500-acm) = 364374
(t0)
-1 T

d ) = ———
Rde_t 110 |:;3h - w)}
pde(t.t0) = Bdc_fom-Bde_RH-Bdc_t0(t0)-Bdc_t_t0(t.t0)
pbe(t,t0) = Bbc_fem-Bbe_t_t0(t,t0)
@(t.10) = pbe(t.t0) + pdc(t.t0)

3 . l
o

pldays.23) [
p(days OD1F -

@(t.2) = 3.034

0 1 1 1
0 5x10° 1x10* 1.5x10°
days




S
consulting projecrt - calculdrion repor 74
I BIBM EC2 project - calculati t 1bm

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

[IME-DEPENDENT LOSSES OF PRESTRESS (§7.6.4) |

—€cs-Ep — 0.8-Aopr(x.t) + 1:':—P-(o-chPZ(x)-\p(t.l) + acpQP23(x)- p(t.23) + acpQP91(x)-p(t,91))
Aop_csr(x.t) = e

L Ep _.-\p_tot_[l . .-?.c (¥p - i d)z}( 1+ 0.8 P&:2-TPQPAR) + ¢(t.23)-0cpQP(x) + Lp(t.9l).o'chP91(x))
Eecm Ac Ixoidcls \ acpQP2(x) + acpQP23(x) + acpQP91(x)

prestress losses following §(7.35)
NOTE: a weighed creep coefficient was considered accounting for the 3 load phases previously introduced
opm(x.t) = op0 — ;_p.(cchpz(x) + ocpQP23(x) + ocpQP1(x)) + Acp_csr(x.t) prestress considering immediate and delayed losses
cm
apm.(%.365~50)
\—0 =0.843 expected residual prestress ratio after 50 years of life with respect to initial
ap

L
crpm{i .365-50)
epm = opd . expected residual strain after 50 years of life with respect to initial

/L - - 5
- - '50)"'\‘9—t°t =878 10" 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)

Htot P s
N(e_sup.0) = Z (oc(e(y;.e_sup.0))b(y;)-Ay) + Z (op(e(dpj.e_sup.e) +Epmj)<.-\pj) - Z (o‘s‘i(dsj.E_sup,en-.-\sj]
i=1 j=1 i=1
Htot P Js
M(e_sup.0) = Z I:crc{E(yi.E_sup.0))~b()'i"-A)'-()'i - yG]] - Z [op(e‘dpj.s_sup.()) + Epmj)-.-\pj<(dpj - yG):l - Z [o‘s‘s‘dsj.E_sup,()”.-\.sj-(dsj - yG[l
i=1 j=1 jm1
Design external axial load
NS =-0
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Moment-curvature [kNm]

|
ﬂw ‘. __?d—ﬁ—‘-'-'-—‘_—-\
3001
: \
M, I
10°
M ] 200} f
. |
M_EI p, .l
6 {
10 1001
|
|
|
o=
0 5%107° 1x10~*
B,
0 7 —
—100F 4
—
s
“Y_ a0t ]
- 300F ._
-40 -20 0 20 40

—oc|&(¥;.&_SUPemed- Oemea) ) - — Tc| € Vi -€_SUPcmeg - Ocmmea) ) - (— €( Vi €_SUP s - Oemea)- 1000)

Condition at resisting (peak) moment
(stress and strain)
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0 . -
e ————
- 100f : _
-Yi
i
RPN S -
- 3001 -
-40 -20 0 20 40

—od|&( y;.€_sUPcmua- Ocmua) ) - — occ| €( ¥i-E_SUPemug- Oemua) ) - (= €[ Vi- €_SUPconua - Ocmua) - 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
~Nq =15 partial safety coefficient for live loads or non-structural uncertain dead loads
( 2
Mq ULS(x) = (gl-ygl + g2vg2 + q--,q)-% %-x - x?) moment distribution at Ultimate Limit State (ULS) fundamental load combination following a uniformally distributed load q
\
( 2
Maq_SLSt(x) = (gl + g2 + Q)| E»x -~ moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q
22 Ipt = 906.996
Mg SLSEGR) = (g1 + &2+ llvl»q)»I\;x _ x?] moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q
( 2
Mgq SLSqp(x) = (gl + g2 + ¢2-q)-:‘( %-x - %) moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q
2
|L i
Ma LR = (el + 52)']\;" - 7) moment distribution at Serviceability Limit State (SLS) permanent load combination following a uniformally distributed load q

Mp_SLS(x) = if|:x < Ipt.opm(x.t)-Ap_tot-(Yp — \'id)-ﬁ .if|:x > L - Ipt.opm(x.t)-Ap_tot-(Yp - Yid)-%‘iL .opm(x.t)-Ap_tot-(Yp — \'id):|:|

contribution of prestressing equivalent load in SLS (without modification factors)
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ACTING MOMENT [kNm]

-Mq ULSG@) 100
10°

— Mq_SLSt(i)
10°

- Mq_SLSqp(i)

6
10 —-100

Mp_SLS(i)
10°

4x10° 6x10° 8x10°
i

distance from support [mm]

6.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:
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v_SLSgl(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

p— v_SLSgl(x)-(1p(t.2) — (t.23)) + v_SLSg2(x)-(@(t.23) — p(t.91)) + v_SLSqp(x)-(1 + (t.91))

Sl S 1.05

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

N v_SLSgl(x)-(p(t.2) — (t,23)) + v_SLSg2(x)-(1p(t.23) — @(t,91)) + v_SLSqp(x)-p(t.91) + v_SLSr(x)

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

v_inf p(x) =

DEFORMED SHAPE

40

=

£ —v_inst_ULSG)
5 —vinfr()
£ —v_inf gp()
= —vinf p(i)
g -

2

-40

4x10° 6x10° 8x10°
i

distance from support [mm]

S5LS DEFLECTION CONTROL - RIGOROUS METHOD (§9.3.4)

x’_ﬁlf_r[g] 17037 < T EHECH maximum deflection

250
values calculated from differential equations above
v fnf_p{l—‘] -1 > < _ 354 |EEECH maximum camber
i T 250
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SLS STRESS CONTROL (89.2.1)

k1
K2

k3
4 -
k5 -

0.4 rsup = 1.03
0.43 prestressing modification coefficients
rinf = 093
nE Np_tot = 1.042 = 106
1
0.8 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

acpgl bot(x) =
acpzl_top(x) =
aopgl tops(x) =

aopf bot(x) =

aopt bot(x) =

aopt_top(x) =
aopt pix) = opm{x.t)-rsup + li-|:

acpr_s(x) = 13-|:

—Np tot-rsup 3 [Mg 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 4 [Mg_SLSg1{x) — rsup-Np_tot-{Tp — Yid)]-(—¥id)
Aid ko _id
elastic stress of top concrete chord for selfweight loads only

[Mg SLSgl(x) — rsup-Np_tot-{Yp — Yid}]-[ dsl = Yid':.:|

Es | -Np_tot-rsup 5
Ecm Aid Lno_id

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

—Np_tot-rsup s [Mg SLEf(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
Aid Ixo_id

elastic stress of bottom concrete chord for frequent load combination

—Np_tot-rsup s [Mg SLSr(x) — rsup-Np_tot-{Tp — Yid)]-(Htot — Yid)
Aid Lxo_id

elastic stress of bottom concrete chord for rare load combination

Np_tot-sinf | [Mq SLSr(s) — rinf -Np_tot-(¥p — Yid)]-(-Yid)
Aid xo_id
elastic stress of top concrete chord for rare load combination

—Np_tot-rsup i

[Mq SLSr(x) — rsup-Np_tot-(Yp — Yid)]| dp].p = 11"id':|

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

—Np_tot-rsup 2

[Mq SL5r(x) — rsup-Np_tot-(Yp — Yid)]| dsjs. = -Yid..:l
Aid Ino_id

creep stress of bottom mild steel for rare load combination

92

acpzl_bot(lptl) = -

acpzl_top{lptl) =

aopgl tops(lptl) =

[y
cru:pf_bnti = | =-3.
[y
ocpr boti — | = 1.
v2f

acpr_bot{lptl) = -1

LY
aepr_top! = {=—4.
L)
acpt_pf — | = 1203
V2
FLX
ocpr_s{ — | = —51.8

—2)
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LINIJIL~ 17 1.4VVL

acpgl_bot(lptl) = -20.153

acpgl_top(lptl) = 2.959
acpgl_tops(lptl) = 6.77

L
ocpf bot(— = -5.703
. \2) ’
L
acpr bot{— =-1926
P \2)
acpr_bot(lptl) = —16.362

ocpr_top{%) = —4481

-

3

( L)
—1=1205x 10
ocpt_pk2 x

crcpr_s[ %] = -31.868

SLS CRACK CONTROL (§9.2.3)

c_act = Htot - dsjs -10=20

c_act
ksuff =min} 1.5, ——————
\ 10 + cmin_dur_s

whim_cal = 0.2-ksurf = 0.2

vV vV VvV

)

mm

w | o

kl-Bec(2)” fek = -18.733 [CHECK]

k2-fck = -20.25

fetmj(2) = 2.731

k3-fsk = 400
fctm = 3.795
fctm = 3.795
kl-fck = =27
0.4-fom = =212
kl-fck = =27
0.4-fcm = =212

Kk5-fptk = 1.488 x 10°

k3-fsk = 400

=1

w freqg=0 < wlm_cal=02  [CHECK

93
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6.10 ULS checks
ULS BENDING-AXIAL CONTROL (§8.1)
.\Iq_UI.S{%]
Mrd = 3136 kNm > ———=> =207 EHECK]
10

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§8.2)

shear action distribution at Ultimate Limit State (ULS)

L
Vq ULS(x) = |(gl~gl + g2yg2 + q-*rq)-{; - x)

d = Yp = 255 mm effective depth of cross-section

VEd = Vq ULS(d) = 1.153 x 105 N design shear action at control section at distance d from support
v =13 safety factor for initial shear check

bw =320 mm design web width

z:=09-d = 2295 conventional lever arm of internal stress resultants

7Ed = ;%_dz = 1.57 MPa equivalent mean acting shear stress on control cross-section
Dlower == 16 mm maximum aggregate diameter following assumed mix design

-
ddg = mir{if[—fck > 60,16 + Dlower-{%) ,16 + Dlower:|.40:| =32 size parameter
—fck
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MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§8.2.2)

. 11 —fck ddg
Rd = .= §(8.20

R NV J (fptd — opm(x.t)) d ( )

TRdc_min(d) = 0.841 MPa not checked with TEd -> detailed evaluation is mandatory following §8.2.1
s Ap tot x . Ap tot —x+L Ap_tot o T s

pl(x) = if| x < Ipt2, ———-— .if| x> L - Ipt2, - " longitudinal geometric reinforcement ratio §(8.28)

bw-d Ipt2 bw-d Ipt2 bw-d
ep = Yp - Yid = 162.787 mm eccentricity of prestressing
acs_0(x) = max{M .d) §(8.30) accounting for comments in §8.2.2(5)
- Vq_ULS(x)

0.5 d) Ac Ac
. Sas . — |-— 018 — 8.34
LS m“{acs_O(x) {ep+ 3) bw-z W bw"z} X )

av_0(x) = ’%O(x)'d §(8.29) accounting for comments in §8.2.2(5)

1

3
TRde_0(x) = M.(100~p1(x)--fc1:- ddg ) §(8.33)
NV av_0(d)
2
RN
TRdemax(x) = mi 2.15v‘erc_0(x)-(%x)) ,2.7-TRdc_0(x) §(8.35)
Ap_tot
oop(s) >= ape(x,Q-— === §(8.33)

TRde(x) = max(min(TRdc_0(x) + k1(x)-ocp(x) . TRdcmax(x)) . TRdc_min(x)) §(8.32)

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

SHEAR RESISTANCE FROM SUPPORT WITHOUT SHEAR REINFORCEMENT

2x10° — - : .

z 15x10°F .
_§ Vq ULS(1) 05
§ Vrd() 1x1
g - o
= 5x10

o - -

0 1x10° 2x10° 3x10° ax10°

1
distance from support [mm]
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MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§8.2.3)

Ov = atan(%) = 0.464 rad angle of inclination of concrete compressed strut
V=05 §8.2.3(6) NOTE: steel grade B500A is used
oed = TEd-(cot(8v) + tan(Bv)) = 3926 MPa < v.—fed = 15453 MPa EHECK §(8.44)
fywd = fsd = 454.545 MPa design yield stress of shear reinforcement steel
2
Asw =4 6:‘ = 113.097 mm2 area of transverse shear reinforcement
sl =190 mm spacing of transverse reinforcement (constant throughout the member)
TRd_sy = — swl fywd-cot(Bv) = 1.691 MPa > 1Ed =157 MPa - §(8.42)
il

MOMENT DIAGRAM ACCOUNTING DUE TO SHEAR RESISTING MECHANISM (§12.3.2)

-

oa3=1 fatigue check not required

2'02'03'(fptd - o'pm(L t))
lbpd = Ipt2 + = -
L5 1]1-\f(-fck)

MRA(x) = ifi} < 1pt2, Mrd. ER0P2.) X .if|:x > tbpd, Mrd, Mrd. 22020 | _(x- 1pt2) -(Mrd L .\ﬁd-mm
fotd  1p2 fptd (lbpd - Ipt2) fptd
al = z-[%‘m) =2295

-pp = 1.558 x 10’ mm §135.2

L Mq‘ULS(%) Mq UL d
MEd(x) = if| x> — — al, - e & S(x + round(z))
2 10 106
400 . . : l
300
MEd(1)

.
md(i)‘oo
100

0 1 1 1 1
0 1x10° 2x10° 3x10° 4x10°
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MINIMUM REINFORCEMENT (§12.2)

kh = i[0.8 - 0.6-(min(bw ,Htot) - 0.3) < 0.5,0.5i#[0.8 — 0.6-(min(bw ,Htot) - 03) > 0.8.08,0.8 - 0.6-(min(bw Htot) - 03)]] =05 §9.2.2(2)
fet_eff = fctm
As_min_wl = 0.2-kh-fct_eﬂ°-:‘—: =233331  mm2 Ap_tot+As tot- As =300549 ~ mm2  [HEGK  §0.2)
B
e S s ;
esup-Np_tot L2 YD) (fctm + P—‘;‘d's“" ) boid  _jsi2 < Md=3136 kim [CHEGH §(12.1)
10 ‘ (Hitot - Yid)-10
$2:=10 < 075d=19125 [EHECK §12.1
. ';‘1“' - 186x 10~ > o.os-—“f'id‘ -1omx10°  [HEGH  §(124)
SZ-bw SK

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

2x10° — T . .
1.5x10°

Vq ULS()
= 1x10°
Ved(i)

5x10°

0 2 - -
0 1x10° 2x10° 3x10° 4x10°
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CHECK OF SUPPORT MILD REBARS

MEd(0) = 27.414 Nmm 3
’ < [4-«~£ £5d-09--% = 83808 EHECK
0.25-.\ﬂ=.d(—) = 67.686 Nmm §12.1(4) ¥ 10°
2 area of support mild steel
MRd(x) = if| x < 400 09-d~m~(4~w-ﬁJ + MRd(x). MRd(x)
MRA() - = )+ b

o 3x10° 4x10°

cy =40

S4(®) = min(05cs.cx.cy.3750)  _yyn _ s

U)Ib—n
[N I

0o | v

£sd " [ 25
bd($) = m klb-kcp-d)-(;Ts) [H)

(£)(22) e
20) \cd(d)

1bd(16) = 579.319
=52 - 2sam9
length of straight part for 90° bent bars

1b90(¢p) = max(70.1bd(¢) — 15-¢b.10-¢b)
1b90(12) = 161872 1b90(16) = 339.319

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

1b135(cp) = max(50.1bd(d) — 15-¢.5-¢b)
1b135(12) = 161.872  1b135(8) = 50
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SHEAR AT THE WEB-FLANGE INTERFACE (§8.2.5)

hf = 354
L - NILULS(E) = 2.031 x 108 J\ 17 = 2.118 x 108
Ax= < =221 10° L4
80 1 5
AFd = Z 1oc{e{yi.e_sup7.97))-2400-Ay) + z {os{e(dsj.s_sup7.07))-.-\sj) =-8.64x 10
i=1 j=1
of = 0.462
B e s 3
hf-
acdfl_we = TEdfl_we-(cot(0f) + tan(bf)) = 2.765 <

v-—fed = 15453 - compressed strut

) )
Asf = Z-W-% + 7\'-67 =84823 mm*2

transverse horizontal reinforcement
sf =200 mm

spacing of transverse horizontal reinforcement
.-\sf-fs—: = 192.78 > i
S

hf
-TEdfl_we- = 186.474 -
2.118 ~  cot(bf)
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6.11 Fire checks

O Q @]

o o o

= =3 o

=] S =1

S =3 )
T(°C)

700 °C

600 °C

500 °C

100

400 °C

300 °C

200 °C

100 °C
0°C
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41

41

50

79 | 90 | 100

100

119

138

151

159

16

30

50

58

96 (100130

153

176

201

219

230

23

55

35

61

71

131|162|201

299

346

374

388

39

75

67

67

75

88

206271343

427

323

622

667

681

68

10

91

81

B1

91

110

354|463 | 581

32

100

95

95

100

162| 268|432

'0

139

100

100

139

220(398

7

161

111

111

161

267 4EI"T+

B

180

132

132

180

298

20

197

148

148

197

320

i9

215

163

163

215

339

238

185

185

362

E

273

220

220

273

394

329

280

280

329

427

384

384

427

528

rd

601

271

a7l

601

672

19

811

811

849

101

o B

708
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+N

+My

A

7

X

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

7.6
+f [ ®
ST half inche™ L= 9030, ! _1') | ;'}
379 T
7o
END DETAIL [ 1:5)
END DETALL 9030
END VIEW w
dg——————————————————————
SIDE VIEW (1:30)
560
< { 1
Y i 1= -
g 1992-1:2004 |
TOP VIEW (1:30)
END DETALL 3D i
5 BIBM  Feceration of the European Frecast Conarete Industry
Code  HOLLOW CORE SLAB EN 1992-1:2004
e . sheet
areves
END DETAIL3D [1:15) dlc consuliing b'b"" I S8R | pomser 1 Of 2
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v
1

Thurmbncil Part Humber Qry Mass lotal mcss @
/ 01 4 884 3536 1émm
Tatal mass rebars [kg) 354 Incidence kg/m?® 1,65
-
SThalfinche” L= %030 6 56599 39594 27 mm
Tatal mass stronds [kg]l 39,594 |\nc|der{e kgdm* 1847
Total mass of steel [kg] 4313 | |Concrete volume [m¥

[€ast in situ [m4

|T01 al concrete [m?]

Project BIBM Federation of the European Frecast Concrete industry

name

Code HOLLOW CORE SLAB EN 1992-1:2004

A
dle..... - ‘blbm‘ i

2 of 2
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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)F

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

2 2
x_cire(y) = 2\{ r_circ” — (y — 160)

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

b(y) = f(y £ 106.1 A y 2 42.5,b_circ(y).b_lin(y))

¥d,:= 0. Htot b(0) = 2328 x 10°
Geometry
1T 1
TN/
yd 106
— condensed 1D geometry plot
¥ 150

212 _/) K\_

[ i

-2x10° -1x10° 0  1x10° 2x10°
~b(yd) byd)

¥ s
- -

u = 2400-2 + Htot-2 + 10-160-7 = 1.036 x 10'4 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 127 mm 05

1524 mm 0.6
Depth of prestressing strands from upper chord:

dp = (180 230 220)T

Area of strands at each depth:

— (0. i ) § o -
p=gha et Raeh 0.75-1860 = 1.395 x 10° 0.9-0.9-1860 = 1.507 x 10°

op0 = 1400 MPa
oprec = (0.4-0p0 1-ap0 O’pO)T initial prestressing
perdite = 0-(1 1 1)T in percentual % (losses are introduced later)
jp = rows(Ap) p=3
k=1.jp
[‘ 100 - perditek):| (560
oo, = aprec, | ———————— .
. * 100 14x 10°

p \14x10°

Apsot= 3 Apy Ap_tot= 1.116 x 10°
k=1

ypmax = max(dp) ypmax = 230

P
Np_tot = Z “.‘-\pk-cok)) 6

k=1 Np_tot =1562x 100 N total prestressing initial force

z (dp-Ap ooy |

= 220 mm centre of gravity of prestressing

Yp:
.-\.pk ao,.

v M-c
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7.3 Material constitutive laws employed in the calculation

T T
oF i
ac(e)- 10 -
acc(e)
et - 0 -
. 20
-30F R
-40 . :
-4x1073 -2x10~3
£
2.046x 103 T T T T T
1.023x10°F -
op(e) 0
-1.023x10°F -
- 2.046x10°—— : ' ' '
-0.02 -0.01 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
pp = '*’km =3520%x10 ° geometric ratio for longitudinal prestressing tendons
AcC
ptot = % =3529x10 ° 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

vG = % vG = 122619
AcC

Second moment of the concrete area

Htot .

Ixo_cls = J b(y)-(y - yG)“ dy Ixo_cls = 2.799 x 10°
0

Global area of all prestressing reinforcement

Area tr= |s« 0 Area_tr = 1.116 x 10°
for xe 1..jp

s « .-\.px +s
First moment of the area referred to prestressing reinforcement only

P
Sxp = Z (.—\pi-dpi) Sxp = 2.455 x 10°

i=1

Centre of gravity of prestressing

Sxp
Area_tr

Yp =

Yp =220

Idealisation coefficients (elastic)

E
np = e 2 np = 5374
Ecm
E
ns = — ns = 5.512
M Ecm
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Area of ideal cross-section
P 5
Aid = Ac + (np - 1)- Z Ap. Aid = 3212 x 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 = SLid Yid = 124.099
Al
Second moment of the concrete area subtracting the effect of reinforcement
Htot Jp
2 . x D
Ixoidcls = J b(y)-(y - Yid) dy - Z I:Api-(dpi - hd) ]
0 - '
1=1
Second moment of the prestressing reinforcement area
P A
Ixoidprec = np-z |-.-'l.pi-(dpi - Yid)‘_l
i=1
Second moment of the idealised reinforced concrete area
Ixo_id
Ixo_id = Ixoidcls + Ixoidprec o id=2844x 100 mmM k°—; = 1.016
(o] S
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7.5 Loads

interaxis = 2400 mm

gl = Ac-0.000025 = 7.907 kN/m

g2 =2 IS _ 48 KN/m
1000

q=3 interaxis _ .. \/m
1000

L=8850 mm

dead load from self-weight

nonstructural dead load

live load

calculation length (span between supports)

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

Pl =05 non-contemporaneity factor for frequent load combination

Mq_SLSg2(x) = (g2) S =

Mq_SLSq(x) = (g1)2)- [— X - 7}

-

X

3

Mq_SLSgl(x) = (gl)- (— X - —

]
2
<

SLS bending moment distribution from self-weight load

SLS bending moment distribution from nonstructural dead load

SLS bending moment distribution from live load

7.6 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 = op0 = 1.4 x 10° MPa

initial prestressing

npl =32 for 7-wire strands

nl=1 in favourable position

fopt = npl-n1-fetdj(2) = 3.51 MPa

Ipt = M.w = 962.587 mm
fopt

Ipt1 = 0.8Ipt = 770.069 mm

Ipt2 = 12Ipt = 1.155 x 10° mm

equivalent constant bond stress at prestress realease following §(8.15)

basic value of the transmission length following §(8.16)

lower-bound transfer length following §(8.17)

upper-bound transfer length following §(8.18)
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Prestress losses

hn = 2""‘—C = 61.076 mm
u
gcs = % = 6.5 x 10_4 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=50365=1825x 10" days Life span
‘N .\ -N AV — Vil Ve — Y
epQPYx) = p._tot . [Mg SLSgi(x) - Np_tot (.Xp Yid)]-(Yp - Yid) i me( E) . MPa
Aid Ixo_id 2
stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)
Mq _SLS -(Yp - Yid L
P = TSN (Tp— Tdl) chQP23( -) = 1585 MPa
Ixo_id k 2
stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)
N Ve — Vi
cpQPIL(a) = fq_SLSq(x) (Vp - Yid) cchwl( 5) -073 MPa
Ixo_id N2
stress in quasi-permanent load combination at 91 days
(conventional time for enter in use of the structure)
E 244 \*P
Acpr(x.t) = l:cpo + E—p-(crchPZ(x) + acpQP23(x) + crchPQl(x))}plOOO-(m)
cm
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

h0 = 2E =61076 mm notional size of the member
u

RH = 50 % relative humidity
t0_T(t0) = t0

a=1 for cement class R

(a3
t0_mod(t0) = max| t0_T(t0)- ;ﬁ +1| .05
2+ 10_T(t0) t0_mod(2) = 6.189

Bh = if[—fcm > 35.minl:l.5-[l + (0.012-&}1)18]-1:0 # 250~ac3.1500~cxc3].mi1{1.5-[l + (0.012-Ru)'s]-ho & 250.1500]] = 294783
1

3t0(t0) = =
0.1 + t0_mod(t0)

03
Be(t.10) :=[ £ 9 mod(t0) )
Bh + t — t0_mod(t0)
Bl = 08 . 2308
\f—fcm
@RH = if| fom > 35.| 1+ ——— el [ae2,1+ —— | = 1794
0.1-3/h0 0.1-3/h0
0(t0) = RH:Bfem-3t0(t0)
(t.10) = 0(t0)-Be(t, t0)
P(t.2) = 2676 =R
T T !
p(days.2) 5r _________________ <)
odays. ) b, — — — — — —
ssaw {
pldays. 9DIf T
0 el
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) + ;—p-(ochPZ(x)-kp(t.Z) + acpQP23(x)-p(t.23) + acpQP91(x)-p(t.91))
Acp_csr(x.t) = =

b E_p..-\p_tot.[l & -\c (Yp- Yid)z](l 08 (t.2)-ocpQP2(x) + p(t,23)-acpQP23(x) + \p(t.9l)40'chP91(x))
Eem Ac Ixoidcls acpQP2(x) + acpQP23(x) + ocpQP91(x)

prestress losses following §(5.46)

NOTE: a weighed creep coefficient was considered accounting for the 3 load phases previously introduced
opm(x.t) = op0 — ;_P.(Uchpl(x) + ocpQP23(x) + ocpQP91(x)) + Acp_csr(x.t)  prestress considering immediate and delayed losses
cm
(L )
m! —,365-50
opm 5.3

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

opm.(% .365~50J
€pm = \—O-SPO expected residual strain after 50 years of life with respect to initial
ap

Np_tot = 1.562 x 10°

cpm{% .365~50)r.-\p_t0t = 1315 x 10° residual prestress force after 50 years of life

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 (cc{e(yi.s_sup.9))-b(yi)-Ay) - Z (cp{e(dpj.s_sup.()} - Epmj)-.‘-\pj}
i=1 j=1
Htot P
M(e_sup.0) = Z [crc{s(yi.e_sup.0”-b(yi)-Ay-(yi - yG)] - Z [op(e(dpj.e_sup.()) + spmj)-.a\pj-‘dpj - yG)]
i=1 i

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

400
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/ SR
—:‘-'—‘_'——'_F
-y 1008 / | 1
=Yi
— Vi
-200r / | -
-20 -10 0 10 20 30 40

- 0| &( ¥;i.€_SUPemeg. Bemes) ) . — Oc| € Vi €_SUPcenes. Bemeg) ) - (— €[ ¥i- €_SUPcenes. Bemes) - 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
~Nq =15

partial safety coefficient for live loads or non-structural uncertain dead loads

( 2
Mgq ULS(x) = (gl-ygl + g2vg2 + q'xq){;x o moment distribution at Ultimate Limit State (ULS) fundamental load combination following a uniformally distributed load q
f L x2
Mq SLSr(x) = (gl + g2 + q).‘ E.x_ ?
%
(

moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q
|L
Mq SLSf(x) = (gl + g2 + 1‘vl-q)~;\;.x =

Ipt = 962.587
moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q

] Hy
o, N

X -

(
Mq SLSgp(x) = (gl + g2 + qu.q).l

Sl el
o | #

) moment distribution at Serviceability Limit State (SLS) quasi permanent load combi

lly distributed load q
Mq, SLSg2(x) = (gl + 52)-(-12:-:(—

(%)
A
"
«
o
3

X
2 moment distribution at Serviceability Limit State (SLS) permanent load combination following a uniformally distributed load q
Mp_SLS(x) = if|:x < Ipt.opm(x.365-50)- Ap_tot-(Yp — Yid)ﬁ .if|:x > L - Ipt.opm(x.365-50)-Ap_tot-(Yp — Yid)-

-x+L

o .opm(x,365-50)-Ap_tot-(Yp — Yid):|:|
t

il contribution of prestressing equivalent load in SLS (without modification factors)
i=
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ACTING MOMENT [kNm]

-Mq ULSG@) 100
10°

— Mq_SLSt(i)
10°

- Mq_SLSqp(i)

6
10 —-100

Mp_SLS(i)
10°

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_SLSgl(x)-((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_gp(x) = v_SLSgl(x)-(p(365-50.2) — p(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_SLSg1(x)-(p(365-50.2) — (363-50.23)) + v_SLSg2(x)-(p(363-50.23) — (363-50.91)) + v_SLSqp(x)-(363-50.91) + v_SLSr(x)

deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE

T

E —v inst_ULSG)
g —v inf ()

g Vvt

£ -v_inf gp(d
N

= - v_inf p(i)

[ 1 J—

z

g

-10

4x10° 6x10° 8x10°
i

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)

v_inf_r(%] =-2.185 < % = 354 - maximum deflection
. [L L ;
v_mf_pki = -12.06 > i -354 - maximum camber
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cnom_p = cmin_p + Ac_dev= 3675 mm —— % - 131
SLS STRESS CONTROL (§7.2)
k1 =06 rsup = 1.05
K2 = 045 prestressing modification coefficients
13 =08 nnf = 0.95
ki=1
k5 =0.75

~Np_tot-rsup _ [Mq_SLSgl(x) - rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
Aid Ino_id

acpgl_bot(x) =

elastic stress of bottom concrete chord for selfweight loads only

=N . N - -Ni AV — Vi Vi
oepgl_top(x) = p_::; rsup  [Mq SLSgl(x) rsupkopi_;ot (Yp - Yid)]-(-Yid)
elastic stress of top concrete chord for selfweight loads only

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

acpf_bot(x) = aid ——p
elastic stress of bottom concrete chord for frequent load combination
_N “ .\, s N’ sfWes — Y i X
atge i) = p_::l sup | [Mq_SLSr(x) — rsup pl;t:ti‘(i\p Yid)]-(Htot — Yid)
elastic stress of bottom concrete chord for rare load combination
=N -1i N — ninf -N (Yp - Yid)]-(-Yi
——— p_tot-ninf . [Mq_SLSr(x) — ninf -Np_tot-(Yp — Yid)]-(-Yid)

Aid Ixo_id
elastic stress of top concrete chord for rare load combination
~Np_tot-rsup _ [Mq_SLSt(x) — rsup-Np_tot-(Yp - Yid)]-(dpjp - Yid)
Aid Ixo_id
creep stress of bottom prestressing steel for rare load combination

acpr_p(x) = opm(x.t)-rsup + 15'[
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acpgl_bot(lptl) = —11.684

acpgl_top(lptl) = 0.683

ccpf_bot( E) = —4993
2
L
acpr bot(— = -3247
e \2) ’

ccpr_top(%) = —6.915

ccpr_p[%] =118 x 10°

oepgl_bot(Iptl) = —11.684

acpgl_top(lptl) = 0.683

g
=Y
l"
Q
o
i
to |

>

>

<

kl-(femj(2) + 8) = -13.578 [CHECHK

K2-fck = -20.25 not compulsory in environment XC

fotmj(2) = 2.193

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

<

=<

fotm = 3.795 EHECK
fetm = 3.795

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

[EHECK
k1-(femj(2) + 8) = -13.573 [EHECK

K2-fck = -20.25 not compulsory in environment XC

K5-fptk = 1.395 x 10°

fotmj(2) = 2.193

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

K5-fptk = 1.395 x 10°
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SLS CRACK CONTROL (§7.3)

c_act = Htot— dp. - 10= 35
p

ksurf = mm./lﬁc‘—m) =15
10 + cmin_dur_s

whim_cal = 0.2 mm

w freq=0 < whim_cal = 02 EHECK

7.10 ULS checks
ULS BENDING-AXIAL CONTROL (§6.1)
Mq uLs %)
Mrd = 387.63 > —6'\ = 273.68 [EHECK
10

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

shear distribution at Ultimate Limit State (ULS)

L
Vg ULS(x) = |(g1"‘rg1 +gng+ q-~,q>-(3 . x)

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

2o 00-d'= 108 N conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§6.2.2)

o 5 Ap tot x . Ap_tot —x+ L Ap_tot
pl(x) = mn{0.02.1f(x < m&.m.ﬁ .lf[x >L - 1pt2, i . &0 wd ]]) reinforcement ratio

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

(. 200 ocp(lpt2) = 4.102 MPa  after full transfer
kv = min.\l - 72) = 1.909

klv = 0.15
Crde = L = 0.129
~cpered
3 1
2 3
vmin = 0.035-k ~-(-fck) ~ = 0.61 §6.3N bw-d-| Crdec-kv-{

(vmin + klv-o¢

3 | v

VRdc(x) = maﬂCrdc-kv-(100~pl(x)-—fck) - klv-ccp(x)]-bw'd.(vmin + klv-ccp(x))-bw-djl §6.2.a+§6.2.b
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WYY U1 HUIUWLUISS Uiy 1 GUUILIVIGE SUPPUIL T TSHIVILSITIGHL 19 SHIpIvY Su)
id-bw B
VRdc_HC(z) = 204b%, chtd‘ + mm(L : l)o‘cp(x)»fctd P
Sxid ip2 VRdc_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

fetd_C30.37 = 1443 MPa design tensile strength of class C30_37 concrete

Ixo_id-(bw_add) 2 alfl X . . . .
VRde_HC_mod(x) := VRdc_HC(x) + # fetd_C30_37" + E ; 1)~o‘cp(x)~fctd_C30_37 modified shear resistance formula accounting for the hole filling
X1
VRde HC(x) := if (x < 1100, VRde_HC_mod(x). VRdc_HC(x)) actual shear resistance distribution assuming the filling stops at 1.1 m
3X10$ T T T T

Vq ULS(@ R
YoUB0 et - ‘ -
Vrd(i) - :
_ = e B S A G AR RS R 1
VRde HC() 1x10°F e e e e N e e e e -
_ 3 v

""" thl<:~1r:v<(lOO»pl(d)»—fclv:)J .vmin| + w — max Crde-kv-(1

w-
0 1
0 1x10° 210° 3x10° 4x10°

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-nl-fetd = 2277 MPa given fck < 60 MPa
a2 -rn{2.)

fbpd

-

-p = 1.698 x 10° mm

lbpd = Ipt2 +

MRA(x) = if[x PRI e .if{x > Sl Ml gy TR 36550 (= D) (.\-lrd - M«LMW
fptd Ipt2 fptd (tbpd - Ipt2) fptd

.\»Ed(x) = w
10
400 T ETIIEET Jo S asa e ae e s n e e a s e e aeuses T
300 -
ME4(®i)
] i
MR
00 i
0 1 1 L L
0 1x10° 2x10° 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) = 2.4 x 10°
( S §9.211(3)
fetm

- ( -
Asmin = max:,\Ol&W-bt-d.0.0013-bt~d) =1042x10° mm2 < pl:\ %)-Ac =4011x10° mm2 BHEGH < o0sac-1265x 10* EHECK
78

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

(.2
025-Mrd = 96.907 kNm < H»ﬂ-% £5d-09- 20 = 180956 EHECK
\ 10
area of support mild steel
ANCHORAGE (§8.4)
nl=1
n=1 5

Vq ULS(0) = 1237 x 10
fbd = 225-n1-12-fetd_C30_37 = 3258

torad(@) = .22
alb =1
a2b =1
adb =1
adb =1
aSb =1

1bd() = alb-a2b-a3b-adb-asb-1brqd ()

= 34879

1bd(16) = 558.067 %
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7.11 Fire checks

I
v
>

1000°C
900 °C

T(°C)
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-
&

9|88\
TR

=2
=

X
8
g|2|s(s|=|s([s|8([8|2]=

ii

8
ElE(ES(2|2| 8| 8|8 |E|(S
%%1;::1:.::3

5152|147 14544

aa|170 165 16ad61

lﬂ]ﬂlﬂlqﬂ

[nl!llmmﬂq”_

mﬂ!ﬂ!mm!ﬁﬂ

I3 26T | 26X (257 | 252 | 248 | 24TRAT

302 398 293 | 268 | 284 280|277 | 176475

334|331 328 324 [ 320 316313310 | 080

369|369 366 363 360 [356 353 [350 348 [347ia7

409]410{ 409|508 405] 202 [399 | 396|394 |92 [ 39130

54| a57| a5 45| ass| 454|452 |44 407 |4aa 403 |saniez

508 508 08 | 08 | 08 | 07 507 506 505 | 504 508 513|513 516|513 514 512] 509 | 07| 305 | 303 | 302 | 301900
581|381 581 |80 s8] 380|579 | 578 578 | 578 579 381 | sw2 | suz | k2| sw0) 59| 577 |57 | 573 572 | 571 | st
661|661 | 661 | 661 | 660 | 660 | 660 | 639 | 68 | 658 659 639 660 659 69| 658 656 653 [ 653 652|651 |50 | 64sdas
751|751 [751 751|750 750 750 748|740 | 740 48 740 740 748 748 747 746 748 [ 144 |43 |42 |41 [
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N:1sp=81.00kN; M:1sp=5.00kN'm

Nz = 0.00kN
My+= 2486 kN-m
My-=  -1L69kN'm
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8 Hollowcore element - FprEN1992-1:2022

8.1 Shop drawings

ST haf inche " L= 9030

37.4

END DETAIL (15

s SNOVEW (15

END DETAIL 2030

el |
— 0
o™

SIDEVIEW (1:30)

FprEN 1992-1:2022

TOPVIEW [1:30)

ST haif inche” L= 9030,

e BIBM

Federafion of the European Frecast Concrete Industy

Code  HOLLOW CORE SLAB FprEN 1992-1:2022

dic....... ‘bf’bm‘ I i ‘

re: 10f2
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Thumbnail Part Mumber QY Mess  Totalmass | @_
v
/ o1 4 947 3788 14 mm
~
Total mass rebars [kg] 377 Incidence kg/m* 177
SThalfinche" L= 9030 4 4599 35594 127 mm
Tetal mass strands Lkg]l 39.5%4 |Iﬂcadence ka/m* 18,47 | |

Total mass of steel [kg]‘ 4338

|Concrete wolume [

[ 1224 |

[Sastin sitw im?]

[ oez |

|Totul concrete [mi]

| 2144 |

Project

=< __BIBM

Federafion of the European Precast Concrefe Indusiy

Code HOLLOW CORE SLAB FprEN 1992-1:2022

AUTEDE S
INVENTOR

dic..... \brbm\

sheet
number

20f 2
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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)F

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

Width of corresponding chord:

b tr = 4(582 578 308 1128 1243 378 598 600)°
r_circ = 126 radius of central void pipe

3 3
x_cire(y) = 2Jr_circ” - (y - 160)”

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 42.5,b_circ(y).b_lin(y))

¥d,:= 0.. Htot b(0) = 2328 x 10°

Geometry

TN/
yd 106
— condensed 1D geometry plot
¥ 159

212 _/) \\_

[ i

-2x10° -1x10° 0  1x10° 2x10°
—-b(yd) b(yd)

> ¥ J
~ -

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

129




vy D
consulting projecrt - calculdrion repor 7
I BIBM EC2 project - calculati t 1bm
GEOMETRY
Concrete

Depth from upper chord

y tr=(0 425 1061 106.11 189.41 240 240.1 265)%
Htot = max(y_tr)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b tr = 4(582 578 308 1128 1243 378 598 600)°
r_circ = 126 radius of central void pipe

x_cire(y) = 2Jr_circ2 -(y- 160)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) = 1f(y < 106.1 A y 2 42.5,b_circ(y).b_lin(y))

yd,= 0.. Htot b(0) = 2328 x 10°
Geometry
1T 1
T N\/
yd 106
— condensed 1D geometry plot
¥ 159

AN

212 _/ \_

-2x10° -1x10° 0  1x10° 2x10°
—-b(yd) b(yd)
2 2

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

ac(e)-10 -

acc(e)
ceee ol i
0 20

-4x1073 -3x1073 -2x1073 -1x1073 0 1x10~3

2.046x10° ; . :

T

1.023x10°
op(e) 0

- 1.023x10° .

—2.046x10° !
R -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

Htot 5
Ac = J b(y) dy Ac=3.163x 10
0
pp = Ai-m =3529x10 ° geometric ratio for longitudinal prestressing tendons
AcC
ptot = Ai— 5 3520% 10 ° total geometric ratio for longitudinal reinforcement
Ac

First moment of the concrete area

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

vG = — yG = 122,619
Ac

Second moment of the concrete area

Htot N

Ixo_cls = '[ b(y)(y-y6) dy  Ixo_cls=2.799 x 10°
0

Global area of all prestressing reinforcement

Area tr= |s« 0 Area tr= 1.116 x 10°
for xe 1..jp

S(—.-\.px+s

First moment of the area referred to prestressing reinforcement only

P
5
Sxp = Z (Ap;dp;) Sxp = 2455 x 10

i=1

Centre of gravity of prestressing

Yp =220

—— 1 np = 5.465
Ecm

ns = E_s ns = 5.605

W Ecm

132



_ , Ve
C.....ing BIBM EC2 project - calculation report 1
Area of ideal cross-section
P 5
Aid = Ac + (np - 1)- Z Ap, Aid = 3213 x 10
j=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
Yid = SLid Yid = 124.129
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot Jp
2 e
Ixoidcls = J b(y)-(y - Yid)“dy - z [.-\pi-|dpi - Yid) }
0 =
1=1
Second moment of the prestressing reinforcement area
jp ;
Ixoidprec = npz |:.-\.pi-(dpi - Yid) il
i=1
Second moment of the idealised reinforced concrete area
Ixo_id = Ixoidcls + Ixoidprec Ixo_id = 2.845 x 109 mm*4 5 18 =101
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 10°

nl =1 in favourable position
o o, OIORCIN _ fa 906.996 mm  basic value of the transmission length following §(13.4)
L3 m1f(-femi(2) - 3)
Iptl = 0.8lpt = 725.597 mm lower-bound transfer length following §(13.6)
Ipt2 = 12-lpt = 1.088 x 103 mm upper-bound transfer length following §(13.7)

Prestress losses

hn = 2..-\_c = 61.076
u
A =079+ (h“'—m.(o.n - 0.79) = 0.809
o (500 - 200)
065 o ot
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 100 days Life span
N N N Ve — VidV (Ve — Vi
epQP) = p-_tot . [Ma SLSgl(x) - Np_tot (‘\p Yid)]-(Yp - Yid) QPZJ( L ) - 7300
Aid Ixo_id L2
stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)
Mq SLS -(Yp - Yid L
oepQP23(x) = aSL92() (Yp - Yid) cchP23( = |=1584
Ixo_id 2
stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)
.\l A¥n — Vi
aepQPII() = “‘-SLS‘::") Sp T chQPSH{E) = 0713
o_1

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

E (24\
Acpr(x.t) = [opo + =2 (cepQPAx) + cpQP23(x) + ochP91(x))j|-p1000- —)
Ecm {1000
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

RH =50
t0_adj(t0) = t0

-~

18 30 "
Bbe_fem = (-fcm)°‘7 =0112  Bbc_t_t0(t.t0) = h{[ O D) - 0.0:5] (t-t0) + 1}

412

3dc_fem = = 1.588

(~fem) 14
RH

- —

3dc_RH = i

=127

-~

k-

0.1-—
100

Bdc_t0(t0) = -

02
0.1 + t0_ady(t0)

B3h = min(1.5-hn + 250-acm, 1500-ccm) = 294.774

(t0)
[ -0 T
Bdc_t_t0(t.t0) = |:—Bh v w)}

pdc(t,t0) == Bdc_fem-Bde_RH-Bdc_t0(t0)-Bdc_t_t0(t,t0)

wbe(t,t0) = Bbc_fem-Bbe_t_t0(t,t0)

p(t.t0) = pbe(t,t0) + pdc(t,t0)

" w(t,91) = 1.652

v

P(t.2) = 3.

3_ -
p(days.2) f,‘

p(days, 23)2[ .- T ]
pldays. 1), ;{“

0 1 1 1
0 5x10° 1x10* 1.5x10*
days
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[MME-DEPENDENT LOSSES OF PRESTRESS (§7.6.4) |

—-€cs-Ep - 0.8-Aopr(x.t) + E—p-(achPZ(x)-sp(tJ) + acpQP23(x)-p(t,23) + acpQPII(x)-p(t.91))
Acp_csr(x.t) = .

3 Ep Ap_tot - Ac (Yp - Yid)2 -'(l £ 08 @(t,2)-acpQP2(624) + p(t.23)-ccpQP23(624) + up(t.91)-0'chP91(624))
Eem Ac Ixoidcls d k ’ acpQP2(624) + acpQP23(624) + acpQP91(624)
prestress losses following §(7.35)

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

. Ep 3 .
Y e Pl =~ E'(GCPQPZ(X) + CEpFANy - RpRRLg) + Aoy Bl prestress considering immediate and delayed losses

(L J
opm — .t
— W 8 g = 0829
op0 e expected residual prestress ratio after 50 years of life with respect to initial
(L
Gpm!kg 4 -
epm = op0 €pd expected residual strain after 50 years of life with respect to initial

opm:(% .t)-.-\.p_tot = 1295 x 106

Np_tot = 1.562 x 106 N initial prestress force

N  residual prestress force after 50 years of life
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8.7 Non-linear moment-curvature diagram

Moment-curvature [kNm]

.- - .

400

0 5%107°
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0 ,_,,——J
7
—y;- 100" o .
-¥i
— ¥4 ,
- 200 .
-40 -20 0 20 40

— 0o €(¥i.€_SUPcmed- Oemeg) ) . — Occ| €( Vi €_SUPemed- Ocmea) ) -(— €[ Vi- €_SUPcrmed. Bcmea)- 1000)

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

8.8 Bending moment distribution

~gl =135 partial safety coefficient for self-weight structural loads
~g2 =135 partial safety coefficient for non-structural certain dead loads
g =15 partial safety coefficient for live loads or non-structural uncertain dead loads
(L 2
Mq ULS(x) = (gl-ygl + g2vg2 + q»“tq}!\z-x - %) moment distribution at Ultimate Limit State (ULS) fundamental load combination following a uniformally distributed load q
( )

Mg SLSt(x) = (g1 + 22 + Q)'Lg"‘ _ %J moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q

{ 2 moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q
Mq_SLSEG) = (g1 + g2+ 1.9 x- =

2 2 Ipt=1

/
Mq_SLSqp(x) = (g1 + g2 + 2- q)‘i\;x _ x; ] moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q
JE X moment distribution at Serviceability Limit State (SLS) permanent load combination following a uniformally distributed load q

Mg SLSg2(x) = (gl + g2)-| = x- —
MalL8e = (el + )| x- 5

Mp_SLS(x) = ifl:x < Ipt.opm(x.t)-Ap_tot-(Yp — Yid)-ﬁ jf[x 2 L - Ipt.opm(x.t)-Ap_tot-(Yp - Yid)-_xT‘:L .opm(x.t)-Ap_tot-(Yp — \'id):|:|

contribution of prestressing equivalent load in SLS (without modification factors)
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ACTING MOMENT [kNm]
200
-Mq ULSG@) 100
10°
- Mq_SLSt(i)
—— 0
10
— Mq_SLSqp(i)
10° 00
Mp_SLS(i)
10°
-200
-300
10° 4x10° 6x10° 8x10°

8.9 SLS checks

i

distance from support [mm]

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:
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v_SLSg1(x)-(1p(t.2) — (t.23)) + v_SLSg2(x)-(1 + (t.23))
1.05
deflection profile at 50 years including creep for permanent load combination
. y SLSgl(x)-(p(t.2) — (t,23)) + v_SLS -(p(t.23) = p(t.91)) + v_SLS -(1+ (t,91
¢ inf qp(s) = Y=SLSEI®-(e(t.2) = (t.23)) + v_ @(x)l(é( 3) - @(t.91)) + v_SLSqp(x)-(1 + ¢(t.91)

v_inf p(x) =

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

e v_SLSgl(x)-(@(t.2) — ¢(t.23)) + v_SLSg2(x)-(p(t.23) — @(t.91)) + v_SLSqp(x)-p(t.91) + v_SLSr(x)
- = 1.05

deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE

=

£ v inst ULSG)
5 v infr()
£ -v_inf gp(d)
= —v_inf p(i)
g -

2

- 10

0 2x10° 4x10° 6x10° 8x10°
i

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

k1 =06 rsup = 1.05
k2 =045

13 = 08 nnf = 0.95
kd=1

K5 =08 0.75 in EN1992-1-1:2002

prestressing modification coefficients

Np_tot = 1.562 x 10

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)

acpgl_bot(x) = aid

elastic stress of bottom concrete chord for selfweight loads only

Ixo_id

—Np_tot-rsup & [Mq_SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-(-Yid)

acpgl_top(x) = aid

Ixo_id
elastic stress of top concrete chord for selfweight loads only

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

ocpf bot(x) =
Pf_bot() Aid Ixo_id
elastic stress of bottom concrete chord for frequent load combination
N ! N _ N (Vo — Vid)1. v
G B = p_tt?t sup [Mq_SLSr(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
Aid Ixo_id
elastic stress of bottom concrete chord for rare load combination
-~ x N — tinf N e e
R = 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

[Mq_SLSt(x) — rsup-Np_tot-(Yp - Yid)]"dpjp - Yid)

acpr_p(x) = opm(x.t)-rsup + 15-|:

creep stress of bottom prestressing steel for rare load combination

acpgl_bot(lptl) = -11.74 >

>

acpgl_top(lptl) = 0.739 <

ccpf_bor( L) = -4989 <
\2

crcpr_bot( E) =-3244 <
\2

aepr, top{ E) = -6.915 2%
i

>

ccpr_p:(%) = 1.161 x 10° <

—Np_tot-rsup .

Aid

o | ro

k1-Bec(2) ” fek = —18.733

k2-fck = -20.25

fotmj(2) = 2.731

fctm = 3.795

fctm = 3.795

kl-fck = =27
04-fcm = =212

Kk5-fptk = 1.488 x 10°

141
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SLS CRACK CONTROL (§9.2.3)
=Htot—dp. - 10=3
c_act tot dp_]p 0=35

ksurf = min] 1.5, —°=2¢t

10+ cmin_dur s

-1

whim_cal = 0.2-ksurf = 0.3 mm

wfreq=0 < wlim_cal=03  [CHECH

8.10 ULS checks

ULS BENDING-AXIAL CONTROL (§8.1)

.\-IcLULS{g)

= 27368 EHECK

106

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§8.2)

Vq ULS(x) = |(gl-vgl + g2-vg2 + q-*:q)(- - )

d=Yp=220 mm

VEd = Vq ULS(d) = 1.175x 10° N

-

Nv =13

bw =400 mm

z:=09-d=198
\,

s 0 e MPa
wW-Z

Dlower = 16 mm

ddg = min if| -fck > 60,16 + Dlower-( o
fck

—) 16 + Dloweri|.40:| =32 size parameter

. shear action distribution at Ultimate Limit State (ULS)

2

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
5
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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

—fck ~ddg

Rd = §(8.20
o J (fptd — opm(x.t)) d ( )
TRdc_min(d) = 0.913 MPa not checked with TEd -> detailed evaluation is mandatory following §8.2.1
pl(x) = if [x < lpt2 PR » f(x >L-1pt2, i i Bl : Ap-m)) longitudinal geometric reinforcement ratio §(8.28)

b -d lptl bw-d Ipt2 bw-d
ep=Yp-Yid =95871 mm eccentricity of prestressing
acs_0(x) = max( Mg U d) §(8.30) accounting for comments in §8.2.2(5)
B \ Vq_ULS(x)

TR 0.5 { d) Ac Ac
"]'L"!’gx) a m“{acs_O(x) ‘\ep N 3) bw'z'o-18 bw~J §6.34)

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

1
3
TRdc_0(x) = wv(loovpl(x)_fckv ddg ) §(8.33)
NV av_0(d)
1
o)\
TRdemax(x) = mi 2.15-7Rdc_0(x)-[%x)) .2.7-TRde_0(x) §(8.35)
oep(x) = opm(x,y- 221 §(8.33)
Ac

TRde(x) = max(min(TRdc_0(x) + k1(x)-cep(x) , TRdemax(x)) . TRdc_min(x)) §(8.32)

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

acs(x) = acs 0(x) av(:

kvp(x) = mm.kl + GPTSXL:J)I

3X105 T T T T

5 i
\'q_U-LS(l) 2107 _.-" "--,-.._._.

b T 5 0.66
Vrd_2(x) = max bw-z{ —-
W

0 1x10° 2x10 3x10° 4x10°
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SHEAR RESISTANCE OF PRECAST MEMBERS WITHOUT SHEAR REINFORCEMENT (§13.5.5)

- Sxid
TEAHCE) =V US® {0 TEAHC(O) = 433 MPa

-
Ap_tot { Ap_tot”
opm(O‘l)»iéc ;\opm(o‘t)-pécJ R
clEd(x) = = + = + 1Ed_HC(x)"
2 2 <1Ed(1000) = 6359 MPa < fetd = 1518 MPa
_ Ap_tot hollow core members only
acpx(d) = opm(x,§-— == oepx(0) = 397

-.\:p_:onsupia l:Mq_ULS(x) = tsup-.\’p_to!-%-(\'p = Yid):|-(y - Yid)
oxEd(x,y) = if| x < Ipt2, p + fp

Aid Ixo_id Aid

y y
f b(y) dy f b(y)(yG - y) dy-(yG - Yp)
1 |70 0 (L )Aptot 1

y: ¥
J b(y) dy f b(y)-(¥G - y) dy-(yG - Yp)
0 0

—-Np_tot-rsup " [Mq_ULS(x) — rsup-Np_tot-(Yp — Yid)]-(y - \'id):|

Tep(x.y) = if| x < Iptl if| y < Yp,——- - + —1|-rsup-opm — .t ‘ 4
P ¥ ks b(y) Ac Ixo_cls = \2 ) Iptl  b(y) Ac

j b(y)-(yG - y) dy

0
TEd HC(x.y) = Tep(x.y) + Vq_ULS(x)-
JAEd HC(x.y) = Tep(x.y) + Vq_ULS(x) T

o1Ed_HC(x.y) = @ + J{ W)‘ +1Ed_HC(x.y)° §(13.12)

144

-rsup-
Ixo_cls B

from EN116800:2005+A3:2011

f1L
m| —

2’

)

Ap_tot
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0 0.6 12 18 24 3
o1Ed_HC(d.y).o1E4_HC(Iptl.y).o1E4_HC(0.y)

3 T T T T
fctd 2k -
s \
RO BB | 0 cmrmsn oo il Bs o s b
o1Ed HC(i.220) \ fctd = 1.518
i = l -
i |
4x10°
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L
-
-
-
-

fetd 2k
(c1Ed_HC(i.108)) |. Nrsssessssssessssscassssssassssssassass

olEd_HC(i.220) i fetd = 1.518

= |
0 1x10°0 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

Vrdt(x) = of {x < 600, Vrd(x) + %-bw_add-d-fctd_CSO_S? .\'rd(x))
3

4x105 » T T T T
Vq ULS®) 3x10°F 7 d
VD ggqett TS .
Vrdt(D) B

MINIMUM REINFORCEMENT (§12.2)

kh = if [0.8 — 0.6-(min(bw Htot) — 0.3) < 0.5,0.5.1f[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_w1 = Ol-kh-fct_eﬂ'-?—: =240078 mm2 Ap_tot = 1.116 x 10° mm2  [CHECK §(9.2)
S
i s .
rsup-Np_tot-(\p—;ld) + {fctm " —':i‘d““p)- boid  _i707 < Mrd=380537 kNm  [HECH  §(12.1)
10 :

(Htot - Yid)-10°
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ANCHORAGE (§11.4)
kb = 50
kep =1 for good bond conditions

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

l\Jl.—a
[ I
[

no
bd() = max Kb-kep-&| E) (i]

(&) [15¢ :
\ 435 —fck (20) kcd(cb)) 104

1bd(16) =

length of straight part for 90° bent bars

1690(ch) = max(70.1bd(dp) — 15-¢p.10-¢p)
1b90(12) = 161.872  1b90(16) = 339319

length of straight part for 135° bent bars (stirrups)
1b135(¢) = max(50.1bd(¢p) — 15-¢p.5-¢)
b135(12) = 161.872  1b135(8) = 50
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8.11 Fire checks

1000 °C
900°C

1)
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+My
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NPy

%

kY

p=

N

A

RS S

L

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

o

455.6

—

LY

@
@
@

L 1

et Il

 d—
@D/END DH’”[(%: el @ END VIEW { 1-10)

END DETAL ! ;:.j %]
EN 1992-1:2004

9030

TOP VIEW [ 1-25)

END DETAIL 30

Pt BIBM Federafion of #he European Pracast Concrate Industy

Cede | ATTICE GIRDER EN 1992-1:2004
Aoy
dle....... ‘bfbm‘ Elomns

sheet

END DETAIL3D ( 1 :25)
number lof2
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1

Thumbnail Part Number Qn Mass Totalmass. @_ @ _longitudinal  pattem_T  @_trarsverse pottem_L
01 20 31713 634260 24mm
r
0 45 042 71890 12mm
r
21 48 77 372%6  12mm
T
Total mass rebars [«gl 763,45 Incidenece kg/m® 106,78
MEIS 62355 62356 & mm 150 mm & mm 160 mm
14
Total mass welded-wire-meshes [eg| 4234 Incldence kg/m® 87
TR_B750 4 28743 114972
Total mass srands [+al] 14972 | ncicencekgimt 1608 |
Total mass of steel [«g] 740,77 | \Cor\crere walume [m?] | 141
[Castin sty 0] | 5.74
‘I’ntul concrete [m?) | 7,15

Foct — BIBM  Federafion of the European Freca

nams

“oncrete Industry

Code | ATTICE GIRDER EN 1992-1:2004

dle...... ‘bt"bm‘ E L

sheet
number 20f2
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9.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y_tr = (0 330)7
Htot = max(y_tr)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b tr = (2400 2400)"

r_circ =0 radius of central void pipe
; 2 ( Hiot)

x_cire(y) = 2Jr_c1rc - 1\ y- T)

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

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

(
b(y) = if|:y < ‘ ? - r_circ) Ay ? - r_cixc.b_cixc(y).b_lin(y)jl

\

,):&F 0.. Htot

Geometry

yd 132
— condensed 1D geometry plot

¥ 108

264

-2x10° -1x10° 0  1x10° 2x10°
~b(yd) byd)

> ¥ J
~ -

u = 2400-2 = 48 x 103 exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-~
-

¢
4

D) =
Distance of rebars from upper chord
ds = (30 255 280 295)T

As = (4-A(10) 0-A(10) S-A(10) 20-A(24))T =

5, = rows(As) js=4
dsmax = max(ds) dsmax = 295
Js 3
As_tot = 'Zl .-\sj =999 x 10 mm2
j=

Niarraticatinn nf the rrnce_certinn

(314159
0
628.319

L 9.048 x 10°

total mild reinforcement area

As_tot
2400-300

=0.014
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9.3 Material constitutive laws employed in the calculation

10 1 1 1
0_
acl(e)
- 10
ac2(e)
0 -20r
-30r
-40 | 1 1
-4x1073 -2x1073 0
(A
500 —
ose) 0
- 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 5
Ac = J b(y) dy Ac=792x10
0
As_tot - . . N . .
ps = —;— = 0.013 geometric ratio for longitudinal mild reinforcement
AcC
As_tot i : < - g
ptot = ; = 0.013 total geometric ratio for longitudinal reinforcement
Ac
First moment of the concrete area
Hitot g
Syc = J b(y)-ydy Syc = 1.307 x 10

0

Centre of mass of the concrete area

Syc

vG =
Ac

¥G = 165

Second moment of the concrete area

Htot .
Ixo_cls = J b(y)-(y - yG)“ dy Ixo_cls = 7.187 x 109
0

Idealisation coefficients (elastic)

ns = Es ns = 5512 ne = % = 0.868
MW Eeml Ecml
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Area of ideal cross-section
265 Hitot Js 5
Aid = J nc-b(y) dy + J b(y)dy + (ns - 1)- Z As. Aid = 7.504 x 10
0 266 )
- = = l
]
First moment of the reinforced concrete area

265 Js
Sxid = Ac-yG + (nc - l)-J’ b(y)-ydy + (ns - 1)- Z (Asj-dsj) = 1324 x 10° Sxid = 1324 x 10°
Centre of mass of the reinforced concrete area
Yid = 'S.’%i Yid = 176.429

Second moment of the concrete area subtracting the effect of reinforcement

Htot . 265 . js ;
Ixoidcls = J b(y)-(y - Yid)“ dy - I b(y)-(y - Yid)“ dy - Z |:.'-\.sj-(dsj - Yid)‘] =2201x 10°
0 0 ek
J =
Second moment of the mild reinforcement area
Js 5 265 .
Ixoidlenta = ns- Z |:Asj-(dsj - Yid)":| Ixoidcls2 = “C'J b(y)-(y - Yid)“ dy
- ‘ 0
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 = _cl = 1011
0 S
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9.5 Loads
LOADS

interaxis = 2400 mm

gl = Ac-0.000025 = 19.8 kN/m dead load from self-weight
g2=2 eV kN/m nonstructural dead load
1000
q= g e kN/m live load
1000

L =885 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 - %J SLS bending moment distribution from self-weight load
2

Mq SLSg2(x) = (gZ)-(%-x - %] SLS bending moment distribution from nonstructural dead load

2
Mgq _SLSq(x) = (q-1[v2)-(%-x - %J SLS bending moment distribution from live load
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9.6 Time-dependent behaviour

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

h0 = 2~;\—c = 165 mm notional size of the member
-u
RH =50 % relative humidity
t0_T(t0) = t0
a=1 for cement class R
9 [a 4
t0_mod(t0) := max| t0_T(t0)- —_— il .05
2+ 10 T(t0) t0_mod(2) = 6.189
n 0.7
ocl =[ 5 ) =0.748
—feml
- 02
o:c2:=( — ) =092
—feml
. 0.5
ocl = [i) = 03813
—feml

Bh = ifl:—fcml > 35.m.inl:l.5-|:l - (0.012-RH)18:|-h0 + 250-&(:3.150011(:3].!11&{1.54[1 + (0.012-RH)18:|-h0 + 250, lSOO:D = 450.684

1
BtO(t0) = =
0.1 + t0_mod(t0) ~

Be(t.t0) = { t-t0_mod(t0) )0'3
77 Bh + t - t0_mod(t0)
Bfem = e = 2308
\f—fcml
[ .M M
100

@RH = ff| -feml > 35| 1 + -acl [-ac2,1 +

L 01dmo 0.1-3/R0
P0(t0) = PRE: Bfcm-Bt0(t0)

P(t,10) = ©0(t0)-Bc(t, 0)
t = 50-365 = 1.825 x 107

= 1.548

wit:2) =230 @(£.91) = 1372

p(days.2) . =
p(days.23) r o

p(days, 91 -

0 1 1 1
0 5x10° 1x10* 1.5x10*
days
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Shrinkage
3
BRH = 1.55-[1 - (E) ] = 1356
{100

femo =10 MPa

adsl_2:=4 adsl_1=6
for cement class N for cement class R
ads2 2 =012 ads2_1:=0.11
%)
—ads2_2- :cuu . R - cnds2_l«ﬂ ¥ .
€cd_0_2 = 0.85[(220 + 110-ads1_2)-e 0 1107 *BRE = 1.131x 10 ° €cd_0_1:=0.85[(220 + 110-ads1_1)-e 0 | 10" -BRH = 1.817x 10 °

kh =089 for h0=175 mm :
. gcdl = kh-eed 0_1=1617x 107~
€cd2 = kheed_0_2=1006x 10~ - .
e - €cal = 2.5-(-fckl - 10)-107 = 8.75x 10
€cal = 2.5-(-fck2 - 10)-10 "=3.75x 10 N
gesl = ecdl + ecal = 1.705x 10~

3

€cs2 = ccd2 + eca2 = 1.044 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 Htot Js
N(e_sup.0) = Z (oc2(e(y;.€_sup.6))b(y;)-Ay) + Z [oc](s(yi.s_supA9”.(b{yi”..§y] + Z (cs(e(dsj.e_sup.o))u-\sj)
i=1 i=266 Ji=il
265 Htot s
M(e_sup.0) = Z |:crc2(€{yi.i-:_sup_9)',.b(yi).A_v.‘yi - yG)] + Z [crcl(s(yi.e_sup_9)].(b()ri")-Ay-(yi - yG"J + Z [cs'e(dsj.s_sup,()”..-\sj.(dsj - yG]]
i=1 i=266 i=1

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

1x10° v aaill
]
10°
M_EL
10°
MEp N !
!
10° -
J
!
0
0 1x10~° 2x10™° 3x10™°
0C
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- 100} S __M_F_,.-f -
=

—_ y’x I"
— 200F { N
- 300F , _
-10 0 10 20 30 40

- ocl(&(y;.&_SUPemed- Oemea) ) - — €2 €[ ¥i.€_SUPemes - Ocmea) ) - (— & Vi-E_SUPeaned - Oemea)- 1000)

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

partial safety coefficient for self-weight structural loads

~gl =135
~g2 =135 partial safety coefficient for non-structural certain dead loads
~q =135 partial safety coefficient for live loads or non-structural uncertain dead loads
( 2
Mq _ULS(x) = (gl-ygl + g2yg2 + q-~,q)-]\%-x - %) moment distribution at Ultimate Limit State (ULS) fund: | load ¢ ion following a uniformally distributed load q
( 2}
Mgq_SLSr(x) = (gl + g2 + q)\%-x - %] moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q
Mq_SLSE(9) = (gl + €2 + 1-0) %.x _ XT) moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q
\2 2
( 2
Mgq_SLSqp(x) = (gl + g2 + 1"2-@-1\%1 - x?] moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q
( 2
Mg, SLSg2(x) = (g1 + gZ)-I\ %»x - %] moment distribution at Serviceability Limit State (SLS) permanent load combination following a uniformally distributed load q
i=0.L
ACTING MOMENT [kNm]
0
- 100)
—Mgq ULSG)
10°
— -200)
—Mq SLSt(i)
10°
—Maq_SLSqp(iX- 300)
10°
—400)
- 500 N -
0 210° 4x10° 6x10° 8x10°

1
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)-((365-50.14) — (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)-((365-50.14) — p(365-50.23)) + v_SLSg2(x)-({(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(365-50.14) — p(3635-50.23)) + v_SLSg2(x)-((365-50.23) — 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
20
0
E -_\_ inst_ULS(1) N
B -vinfr®
2 -t g
S —vinfp( _ g
g -
-60
- 80
0 2x10° 4x10° 6x10° 8x10°
i
distance from support [mm)]
SLS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)
camber = 35 mm > ;TI;) =-354 - maximum camber
imposed camber by mould shaping
v_inf_r(%) ~ camber = 32208 < % =354 EHECR  maximum deflection

value calculated from differential equations above
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SLS STRESS CONTROL (§7.2)
k1 =06

K2 =045

k3:=108

k=1

k5 =0.75

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

acpf_bot(x) =

ccpf_bot{ %) =353832

Mq_SLSf(x)~(dsjs - Yid)j|

asf_bot(x) = 15 -
- Ixo_id

asf boti(E) = 67.544
it )

creep stress of bottom reinforcement layer for frequent load combination

acpr_bot(x) = McLSLS’i:i (::mt = ccpr_bot(%) = 6.577

elastic stress of bottom concrete chord for rare load combination

nc-Mq_SLSt.(x)-(-\'td) ocpr_top( E) - 6554
Ixo_id k 2

elastic stress of top concrete chord for rare load combination

acpr_top(x) =

Mgq SLSr(x)-(ds. - Yid
{. L. ) crcpt_s(EJ = 76.167
Ixo_id K2

creep stress of bottom mild steel for rare load combination

acpr_s(x) = 15-|:

165

<

A

A

fetml = 3.795 EHECK

if not -> cracked

fetml = 3.795

K1-fek2 = -15 EHECK
0.4-fem2 = -132

13-fsk = 400 EHECK
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SLS CRACK CONTROL (§7.3)
c_act = Htot — dsjs -10=25
ksurf = min| 1.5.°——a°t) - 125
10+ cmin_dur s
wlim_cal = 0.2 mm
klc =08 b=24
kK2c =05
k3c =34
kdc = 0425

cover = Htot — % —-ds. =23

Js
Aceff = b(Htot) min| 2.5-{Htot — ds, ).Hm' L P
Js) 3 2
Asjs - .'-\.sjs_l

eff = ——— = 0.051
h Aceff
smmax = k3c-cover + M = 158.595

ppeff

kt=04 NOTE : 0.6 for sustained loading

fcteff = fctml = 3.795

t
osf_bot:fE) - It- ] ( 1+ = 1 'ppeﬁ') crsf_bo{E)

£sm_gcm = m 32 PP e 06 =2026x 10

Es Es

4

wk = smax-esm_gcm = 0.032 < wlim_cal = 0.2 -

9.10 ULS checks

ULS BENDING-AXIAL CONTROL (§6.1)

.\-Iq_U'LS(E)

2 sn [EHECK

106
resisting moment calculated from moment-curvature diagram above

Mrd = 1.077 x 10° >
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ULS SHEAR CONTROL (§6.2)

, L (L
Y Nl |(g" gl + gng2+q X‘D'(; - ") shear distribution at Ultimate Limit State (ULS)

d= dsjs =295 mm effective depth

-V _ 5
VEd = Vq_ULS(d) = 1.818x 10" N maximum shear at effective depth from support

o 2 000 MDD web width

2= 09-d = 265.5 conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT

s
Z .'-\.sj

pl = i = 0.014 reinforcement ratio
bw-d
aep(x) =0 MPa axial load induced by prestressing

kv = min,(l + L, .2] = 1678
\ d

klv = 0.15
Crdc = L = 0.129
~ycpered
3 1 [
“ ‘T - - '
vinin = 0.035-kv > -(—£ck2) 2 = 038 §6.3N bw-d-{ Crdeky

(vmin + klv-o

UJI.—-

VRdc(x) = mzﬂCrdc-kv-(lO& pl-—fck2) ™ + klv-ccp(x)]bw-d.(vnﬁn - klv~0'cp(x))-bw-d:| §6.2.a+§6.2.b

Vrd(x) = VRdc(x)

6x10° ; . ; .

5
Vq ULS() 4107 1

VO a0 A

0 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

MEd(x) = Mq ULS()

10

MRA(x) = if{x < 639, Mrd-— .de)
639

1.5x10° : : ;

3 d
MEd(®i) 1x10° N

b 500F i

o

MINIMUM REINFORCEMENT

bt = b(Htot) = 2.4 x 10°

§9.1N §9.21.1(3)
Asmin = max(0.26~ fcf";a -bt~d.0.0013-bt-d) -944317 mm2 < plAc=1118x10° mm2  |[BHEGH < 004Ac=3.168x 10°
MINIMUM TRANSVERSE REINFORCEMENT (§9.3.1.1(2) AR .
02-AQH) _ AD) L AG)
o = 07 < o+ 1o = 075 EHECK
CHECK OF SUPPORT MILD REBARS (§9.2.1.4(1))
.
12° 250
0.25-Mrd = 269.296 Nmm < [24-ﬂ-T]-fsd-0.9-—6 = 277.603 [EHECK
10
ANCHORAGE (§8.4) area of support mild steel
nl =1
n2 =1

fod = 225-m1-12-fetd2 = 2.886

trad () = 222
alb =1
a2b =1
a3b =1
adb =1
aSb =1

1bd($) = adb-o2b-03b-adb-adb-Ibrqd(¢)

4 asmoan e am- s s sams i~

168




S
consulting projecrt - calculdrion repor 74
I BIBM EC2 project - calculati t 1bm

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

INTERFACE BETWEEN CONCRETES CAST AT DIFFERENT TIME (§6.2.5)
Binter =1
bi :=2400 mm
VEdi(x) = aanm-L:'iS(‘) VvEdi(0) = 0.306
=
c_inter = 0.4

n=204

cinter = 75-—— = 1309  rad
180

c_inter-fetd2 = 0.513

on:=0
Ainter = bi-265 = 6.36 x 105

= M =su6x 10 ?
Ainter

v= 0.6-:(1 - ﬂ) =054
\ 250

vRdi := min[c_inter-fctd2 + p-on + p-fsd-(j-sin(adnter) + cos(adnter)).0.5-v-—fcd2] = 0.643 MPa > vEdi(0) = 0.306 MPa -

0.6 T T T T

vEdi() 04

c_inter-fctd2
v 02+

v

0 1x10° 2x10° 3x10° 4x10°
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9.11 Fire checks
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10 Lattice girder element - FprEN1992-1:2022

10.1 Shop drawings

W ©
@+t @—]
53048 1
@E DDERARL210) @ END VIEW [ 1:10)
END DETAIL
| EE
[ | 9 ]
SIDEVIEW [ 1:25)
FprEN 1992-1:2022 g
: 3
203(
TOP VIEW (1:25)
Pt BIBM  r=cercton of the Europsan Frecast Concrete Indusiny
- Code | ATTICE GIRDER FprEN 1992-1:2022
END DETAIL 3D 1 :25) = -
1 dle........ ‘blbm‘ T s | e 1 of2
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|
Thumbricil Part Number o Moss Totol mass @
"
01 18 31713 570834 24 mm
r
03 43 2042 87806 12 mm
21 2 77 15540 12 mm
v
Total mass rebars [kaj 474,18 |Incidence ka/m* 4,29
NETS 62356 62356
>
Totel mass welded-wire-meshes [kail 6236 |Incidence kgim?® 872
VIEWS(1:60)
TR_8750 4 28743 114972
Total mass strands U(g§| 114972 |Incidence kg/m? 16,08 | |
Total mass of steel [kgl 85151 I ‘ Total concrete volume [rn’]l 1.41 I
‘kﬂnl castin situ [m?] | 574 |
\1010" concrefs m!] | 7.15 |

e BIBM Fedsrotion of the European Fr

Cede  LATTICE GIRDER FprEN 1992-1:2022

dle...... ‘bt‘bm‘ e

Concrete Industy

hest
rmber 2 0f 2
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10.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y_tr = (0 330)7
Htot = max(y_tr)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b tr = (2400 2400)"

r_circ =0 radius of central void pipe
; 2 ( Hiot)

x_cire(y) = 2Jr_c1rc - 1\ y- T)

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

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

(
b(y) = if|:y < ‘ ? - r_circ) Ay ? - r_cixc.b_cixc(y).b_lin(y)jl

\

,):&F 0.. Htot

Geometry

yd 132
— condensed 1D geometry plot

¥ 108

264

-2x10° -1x10° 0  1x10° 2x10°
~b(yd) byd)

> ¥ J
~ -

u = 2400-2 = 48 x 103 exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-~
-

¢
4

D) =
Distance of rebars from upper chord
ds = (30 255 280 295)T

[ 314159
- 0
As = (4-A(10) 0-A(10) 8-A(10) 18-A(29))" = 628319
‘i’gw:= rows(As) js=4 \ 8.143 x 10J
dsmax = max(ds) dsmax = 295
Js X
As_tot = Z As; = 9.085 x 10° As_tot _
j=1 2400-300
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10.3 Material constitutive laws employed in the calculation

T

acl(ex 10

ac2(e)

-40 1

| | 1 |

-4x10 -3x10 -2x10 -1x107? 0 1x10”>

500,

o0 0

- 500

-0.05 0 0.05

177
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10.4 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=792x10
0
As_tot . . N . .
ps = ; = 0.011 geometric ratio for longitudinal mild reinforcement
AcC
As_tot : < - g
ptot = ; = 0.011 total geometric ratio for longitudinal reinforcement
Ac
First moment of the concrete area
Hitot g
Syc = J b(y)-ydy Syc = 1.307 x 10

0

Centre of mass of the concrete area

Syc

vG =
Ac

¥G = 165

Second moment of the concrete area

Htot .
Ixo_cls = J b(y)-(y - yG)“ dy Ixo_cls = 7.187 x 109
0

Idealisation coefficients (elastic)

ns = Es ns = 5.605 ne = % = 0.854
MW Eeml Ecml
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Area of ideal cross-section
265 Hitot Js 5
Aid = J ne-b(y) dy + J b(y) dy + (ns - 1)- Z As. Aid = 7.385 x 10
. J
0 266 il
J =
First moment of the reinforced concrete area

265 js

Sxid = AcyG + (nc - l)-J’ b(y)ydy + (ns—1)-Y" (As;-ds;) = 1303 100 Sxid = 1303 x 10°
Centre of mass of the reinforced concrete area

Yid = 'S.%‘: Yid = 176.411

Second moment of the concrete area subtracting the effect of reinforcement

Htot . 265 . js ;
Ixoidcls = J b(y)-(y - Yid)“ dy - I b(y)-(y - Yid)“ dy - Z |:.'-\.sj-(dsj - Yid)‘] =2214x10°
0 0 ek
J =
Second moment of the mild reinforcement area
Js 5 265 .
Ixoidlenta = ns- Z |:Asj-(dsj - Yid)":| Ixoidcls2 = “C'J b(y)-(y - Yid)“ dy
- ‘ 0
j=1
Second moment of the idealised reinforced concrete area
’ " : : . 9 Ixo id
Ixo_id = Ixoidcls + Ixoidlenta + Ixoidcls2 Ixo_id = 7.157 x 10 mm*4 = _cl = 0.996
0 S
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10.5 Loads
OADS

interaxis = 2400 mm

gl == Ac-0.000025 = 19.8 kN/m dead load from self-weight
g2=2 mierars _ 48 kN/m nonstructural dead load
1000

q=3 S kN/m live load

1000
L =18850 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

Mq SLSgl(x) = (gl)-[£~x _ X ] SLS bending moment distribution from self-weight load

2 2
Mq_SLSg2(x) = ( y)-{%m B % ] SLS bending moment distribution from nonstructural dead load

Mq SLSq(x) = (q-ll'Z)-[%‘x _ % ] SLS bending moment distribution from live load
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10.6 Time-dependent behaviour

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

i 22 w3
u

RH = 50
t0_adj(t0) = t0
=
18 {30 X"
Bbc_fcml = —07 = 0.112 Bbc_t_tO(t.tO) = i H + 0.035 '(t = tO) +1
(femt)® \ €0_ad(t0)
Bdc_feml = 4—12 = 1.588
(—feml)
- M
Bdc_RH = — i =0.724
k- |
0112
100
1
Bdc_t0(t0) = v
0.1 + t0_adj(t0)
1
~(t0) = T
23 + ——
\/t0_adj(t0)
» 0.5
acml =( 33 ) = 03813
k —feml

Bh = min(1.5-hn + 250-acm1,1500-accm1) = 698.159

€0 (t0)
Bdc_t_t0(t.t0) = [Bh o J

\pde(t.t0) = Bde_feml-Bdc_RH-Bdc_t0(t0)-Bde_t_t0(t.t0)
be(t.t0) = Bbe_feml-Bbe_t_t0(t.t0)
@(t.10) = wbe(t.t0) + wde(t. t0)

— 4 i
t = 50-365 = 1.825 x 10 o(t.2) = 2615 @(t.91) = 1312

3 T T T
pldays.2)
;ays.ﬁ)‘ .
”ﬁ.c'lays.Ql)l / £

0 1 1 1
0 5x10° 1x10* 1.5x10°
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 Htot s
N(e_sup.0) = Z (o‘cZ{E(yi.e_sup.()n-b‘yi)-.’&y" + Z [ccl(e(yi.e_sup.e]’.(b(yi”.,ﬁy] + Z (os(e{dsj.e_sup.()))-.-\sj)
i=1 i=266 j=4
265 Htot s
M(e_sup.0) = Z I:crc2{£(yi.s_sup.G‘H-b(yi)-Ayv‘yi - yGU + Z I:ccl(e(yi.e_sup.0)"-(b(yi”-Ay-‘yi - yG]] + z [crs's(dsj.E_sup.()n-.-\sj-(dsj - yG]]
i=1 i=266 y=i

Design external axial load
NS = -0

Moment-curvature [kNm]

1x10° !

M, !
10° |
M_EL ¥
1 06 !

M_EI_p,

10

0 1x10~° 2x107° 3x1073

-V
-Yi g" '
=i

-10 0 10 20 30 40

—acl(e(y;.€_SUPcmed- Oemea) ) . — T2 €{ ¥i.€_SUPmed - Oemeg) ) - | — € Vi- €_SUPcmeg - Bemea)- 1000)

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

~gl =135
~g2 =135
~q =15

( 2
L
Mq ULS(x) = (gl-ygl + g2-vg2 + qm,q).;k?x = "_]

( 2
Mq SLSr(x) = (gl + g2 + q).éki.x _ "_)

Mq SLSf(x) = (gl + g2 + lJ,dq)J\ B

partial safety coefficient for self-weight structural loads
partial safety coefficient for non-structural certain dead loads

partial safety coefficient for live loads or non-structural uncertain dead loads

moment distribution at Ultimate Limit State (ULS) fund: al load combination following a uniformally distributed load q

2

5 5 moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q

Ve
| L x_z) moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q
2 2

/
|

o
Mq SLSgp(x) = (gl + g2 + |]‘2-q)«; %»x - x?] moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q
\

Mo 88200 = @1+ )| 55 7)

f]_ X

(%)

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

i=0.L
ACTING MOMENT [kNm]
0
- 100
—Mq ULS()
10°
pr— -2
=Mq SLSe()
10°
—Mq_SLSqp(i)- 300|
10°
- 400
=W ” N
0 210° 4x10° 6x10° 8x10°
i
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) — (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)-(p(365-50,14) — (365-50,23)) + v_SLSg2(x)-(p(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_r(x) = v_SLSg1(x)-(p(365-50.14) — (365-50.23)) + v_SLSg2(x)-(4p(365-50.23) — 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

0
=
£ -v_inst_ ULS(GD)
s — -2
2 —v_inf r(d)
R,
£ —v_inf gp(i)
S -vinfpd _g
g --
g

- 60

-0

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

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§9.3.4)

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

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

kl =06 rsup = 1.05
k2 =045

3 = 08 ninf = 0.95
k=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

Mq_SLSf(x)-(Htot — Yid)
Ixo_id
elastic stress of bottom concrete chord for frequent load combination
.\‘Iq_SLSf(x)-(dsjs - Yid)
Ixo_id

acpf_bot(x) =

o-cpf_bot{ %) = 5925

ety = '5'[ st bof| E) = 6862
-3

elastic stress of bottom mild steel layer for frequent load combination

Mgq_SLSr(x)-(Htot — Yid)
Ixo_id

elastic stress of bottom concrete chord for rare load combination

nc-Mq_SLSr(x)-(-Yid)

Ixo_id

acpr_bot(x) = ocpr_bot{gj = 6.681

acpr_top(x) = ccpr_top{ %) = —6.553

elastic stress of top concrete chord for rare load combination
Mq_SLSr(x)-{dsjs - Yid) i )
- ocpr_s| — | = 77.38

Ixo_id 2

creep stress of bottom mild steel for rare load combination

acpr_s(x) = 15{

185
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fetm1 = 3.795 [EHECK

if not -> cracked

fctml = 3.795

K1-fck2 = 15 ERECK

0.4-fem2 = -132

13-fsk = 400 [EHECK
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SLS CRACK CONTROL (§9.2.3)

c_act := Htot — dsjs -10=25

ksurf = m{Ls.—C-@—) - 13
10+ cmin_dur s

wlim_cal = 0.2-ksurf = 0.25 mm

kw =17
ayi = Htot — dsjs = 35 b =2
Kl o= Htot — Yn_n - 117
- Htot — ayi — Yn_n
il = Htot — min(ayi + 5-¢,ay1-3.5) - 0.629
Htot
kb=12
Aceff = 0.5-b(Htot)-min(ayi + 5-.ayi-3.5) = 1.47 x 10°
.-\.sjs -~ Asjs-l
eoff = —— =0.06
i Aceff
smmcal = mi 1.5-(Htot —-ds. + 2) - M’-L_E‘(Htot - Yn_n)|= 112652
322 72 ppeff kw
kt=04 NOTE : 0.6 for sustained loading
fcteff = fctml = 3.795
orsf_bot{ %) - kt- fcteg -(1 + EES : -ppeﬁ') crsf_bot{ E)
£sm_gem =m L o (1= k) ———=2 | = 2059 x 10~
Es Es
wkeal = kw-k1_r-smmeal-€sm_gcm = 0.046 < whim_cal =025  [CHECK]

10.10 ULS checks

ULS BENDING-AXIAL CONTROL (§8.1)

) .\-Iq_ULS{%]
Mrd = 1.026 x 10° > — %/ _si0s2  |CHEGH

106
resisting moment calculated from moment-curvature diagram above

186
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ULS SHEAR CONTROL (§8.2)

L
Vq ULS(x) = ’(sl'“rgl +gingl+ q~"rq)-{5 - x)

d=ds. =295 mm
Js

5

VEd = Vq ULS(d) = 1.818x 10 N Dlower = 16 mm
v =13
bw = 2400 mm
z:=09-d = 2655 2

VEd ddg = mh{if[—fckl > 60,16 + Dlower-{i) 16 + Dlower].-w:l =32
TEd = = 0285 MPa \ —fekl

bw-z
MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT
*Rde_gin = - %-% -065¢ MPa < TEd = 0285 [EHECK]

v fs

no more refined analysis required

Vrd(x) = bw-z-TRdc_min

5x10° : : . :
R -
VQULSG) 310 i
Ve  2x10° .
1x10°F .

0 1 1 1
0 1x10° 2x10° 3x10° 4x10°
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MOMENT DIAGRAM ACCOUNTING DUE TO SHEAR RESISTING MECHANISM (§12.3.2)

a3=1 fatigue check not required
N
MEd(x) = &68@
10

MRA(3) = if| x < 1220 Mrd-—— Mrd
L 1220

l.5><103 T T

MINIMUM REINFORCEMENT (§12.2)

kh := if[0.8 — 0.6-(min(bw .Htot) — 03) < 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)]] =05  §9.2.2(2)

fet_eff = fctm2
As_min_wl = 0.2~kh~fct_eﬁ"?—: =40629 mm2 < As_tot=29.085x 10" mm2 BEECH 5092
<k
Ixo_id 3
fetm1- - = 176.862 < Mrd = 1026x 10°kNm  [BHEGH  §(12.1)

(Hitot - Yid)-10°®
MINIMUM LONGITUDINAL REINFORCEMENT IN ORTHOGONAL DIRECTION RESPECT TO SLAB AXIS (§12.2(3))

02-18-A(24)

A(12)  A(6)
=0679 < 29,20 o700 [N
2400 200 200

additional reinforcement in the transverse horizontal direction

CHECK OF SUPPORT MILD REBARS

R
0.25-1\Ed(§)=107.718 kNm < (10m-%)~fs¢0.92=115.663 ERECK

§12.1(4) 10°
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ANCHORAGE (§11.4)
kb = 50
kep =1 for good bond conditions

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

fsd\" [ 25
bd2(¢) = m klb-kcp-d){;?) -[_m)-

1bd2(16) = 777239

length of straight part for 90° bent bars

1b90(b) = max(70.1bd2(d) — 15-¢p.10-¢p)
1b90(12) = 27867  1b90(8) = 98.105

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

1b135() = max(50.1bd2() — 15-.5-)
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 105 mm2

TEdi(x) = % TEdi(0) = 0306 MPa

evl=013  rough surface

TRdi = mﬁ{cvl- - + pv-on + pi-fsd-(pv-sin(adnter) + cos(adnter)).0.3-—fcd2 + pi-fsd<cos(odntef):| = 0.687 MPa

¢

TEdiG)
TRdi o

190

4x 103

>

TEdi(0) = 0.306

vPa  [EHESH
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10.11Fire checks

191
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My-= -0.56 kN'm
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11 Prestressed beam element -EN1992-1:2004

11.1 Shop drawings

330

580

g

3 l e = . e ® e
‘\ i
~® :
(=1) END DETALL {1 5]
e END VIEW [1:5) \—>
1140 1440 SEkinchenE= 798y 2520 1440 1140
20 l.— SECTION A 120 RN 120 %0

)l |
e

|"—5ECTIONA SIDEVIEW (1:20)
7680
=
Tl
: [ =
1) p—

F?;:: BIBM Federotion of the European Frecast Concrete Industry

Code  INVERTED-T BEAM EN 1992-1:2004
die bl"bm X agssen | Shest g e
T _ e T of

v b o

SECTIONA({1:10)
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Thumbrailart Numbe QY Moss  Total mass
-
o1 4 aon 12044
v
02 1 7018 28072
by
03 2 4774 13548
= F
M
' n &4 982 62848
)
: L]
M
.
i < 12 46 341 15684
<
-
22 8 2378 19024

@

& mm

12mm

12mm

10mm

g mm

14 mm

lengitudir pattern_T _tronsverspattarm_L

Total mass rebars [kg) 15122 Incidence kg/m? 57,30
Rl 1 12373 19373 & mm 200 mm Amm 200 mm
14
nass welde d-wire-meshes [kgf 19.37 Incidence kg/m* 7,60
finche" L= 14 54125 7B575 12,7 mm

Total mass sfrands [kg:l

78,575| Incldence kg/m* 3081 |

et BIBM  Federation of the European Precast Concrefe indusfry

Totol mass of steel [kgi'l

24717 _|

Code  |NVERTED-T BEAM EN 1992-1:2004

I Tolal concrete volq 155

A
dle...... [Eibm|x s | 5 20f2
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11.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr=(0 32999 330 580)
Htot = max(y_tr)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400 300 800)T

r_circ =0 radius of central void pipe
: .2 (. Htot)’

x_cire(y) = 2Jr_c1rc - 1\ y- T)

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

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

(
b(y) = if|:y < ‘ ? - r_circ) Ay ? - r_cixc.b_cixc(y).b_lin(y)jl

\

,):&F 0.. Htot

Geometry

— condensed 1D geometry plot

-400 -200 0 200 400
-b(yd) byd)

> )
- -

u = 8002 + Htot-2 = 2.76 x 10° exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-
-

¢
4

Al =

Distance of rebars from upper chord
ds = (43 202 354 370 538)F
Area of reinforcement at each depth

As = (2-A(12) 2-A(8) 2-A(8) 2-A(8) 2-A(12) )T
5, = rows(As) js =3
dsmax = max(ds) dsmax = 538

Js
As_tot = Z .-\sj = 753.982
i=1
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Prestressing reinforcement

Area of a single strand: w
Apl =193 hp =127 mm nominal strand diameter
Depth of prestressing strands from upper chord:
: s2ny L
dp = (380 480 3530)
Area of strands at each depth:
Ap = (2-Ap0 0-ApD 12-Ap0)}
opl = 1400 MPa
oprec = (04-apd opl crpD}T initial prestressing
perdite = 0-(1 1 1}T in percentual % (losses are introduced later)
jp = rows(Ap) jp =3
E=1.jp
{{mu - penﬁtekq -
oo, = opreg, | —————
* x . go=|14x 10°
Jp { 3 [ ]
W14 = 107 )
ARt =N, Any Ap tot= 1302 x 10°
k=1
vpmax = max{ dp) ypmax = 330
P -
Np_tot = " ({Ap oo, }) ) - -
i Np_tot = 1.667 x 10 M total prestressing initial force
P
Z ||:11:|1‘E-_-‘11:|1‘L UDL:I
Tp = i = 320625 mm centre of gravity of prestressing
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11.3 Material constitutive laws employed in the calculation

ac(e)- 10

acc(e)
et - 0
0 ‘-0

-30r

-40

-4><10-3

os(e) 0

- 500

2.046x10°

1.023x10°

op(;) 0

-1.023x10°

-2.046x10°

0 0.05

-0.01 0 0.01

199

0.02




dlcconsu.”ng BIBM EC2 project - calculation report

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

=
1

11.4 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=3321x 10
0

As_tot -3 . . — . .
= -\; =227x10 geometric ratio for longitudinal mild reinforcement

Ac

pp = % =3921x10 ° geometric ratio for longitudinal prestressing tendons
AcC

ptot = M = 6.191 x 10"3 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

s vG = 339.696

Second moment of the concrete area

Htot N

Ixo_cls = J b(y)(y-yG) dy  Ixo_cls = 8927 x 10°
0

Global area of all prestressing reinforcement

Area tr= |s« 0 Area tr = 1302 x 10°
for xe 1..jp

s<—.-\.px+s

First moment of the area referred to prestressing reinforcement only

i :
Sip= ) (Ap;dp) Sxp = 6622 x 10°

i=1

Centre of gravity of prestressing

Sxp
Yp = Yp = 508.571
Area tr E ‘

Idealisation coefficients (elastic)

E
np = —2 np = 5374
Ecm
ns = E_s ns = 5512
M Ecm
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Area of ideal cross-section
P 18 5
Aid = Ac + (np - 1)- Z Ap; + (ns - 1)- Z As, Aid = 3412 10
=1 i=1
First moment of the reinforced concrete area
Js g
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) + (ns — 1)- Z (.—\sj-dsj) Sxid = 1.167 x 10
j=1
Centre of mass of the reinforced concrete area
Yid = Slid Yid = 342.097
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot Jp js
S el and i
Ixoidcls = J b(y)-(y - Yid)“ dy - Z |:Api-(dpi- Yid) ] - Z l:.-\sj-{dsj - hd)j|
0 - e
1=1 1=1

Second moment of the prestressing reinforcement area

P 5
Ixoidprec = np‘z |:.-\.1;;i-(dpi - hd) ]

i=1
Second moment of the mild reinforcement area

Js r
Ixoidlenta = ns- Z |:.'-\.sj-(dsj - hd) j|

j=1
Second moment of the idealised reinforced concrete area

. . . : . 9 Ixo_id .
Ixo_id = Ixoidcls + Ixoidprec + Ixoidlenta Ixo_id = 9242 x 10 mm*4 ﬁ = 1.035
o_cls
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11.5 Loads

gl =83 KM/m

dead load from self-weight

g2 = (2+289).945 = 46211 kN/m  nonstructural dead load

q = 2833 KM/m live load
L=71500 mm calculation length (span between supports)
P2 =03 nan-contemporaneity factor for quasi-permanent load combination
Pl =03 nan-contemporaneity factor for frequent load combination
(L 2
Mg SL3gl(x) = (gl)-| P }‘7 | SLS bending moment distribution from selfweight load
W2 2
€, 2
Mg SL3gXx) = (g2)-| P }‘7 | SLS bending moment distribution from nonstructural dead load
W2 2
(L 2
Mg SL3g(x) = (g2} SR }‘7 | SLS bending moment distribution from live load
W2 2

11.6 Prestressing transfer and time-dependent behaviour

TRANSFER OF PRESTRESS (§6.10.2 2

al =1 gradual release of prestressing

o2 =019 for 7-wire strands

opml = opl = 14« 103

npl =32 for T-wire strands

nl =1 in favourable position

fopt = mpl-nl-fetdj(2) = 3.51 MPa

1.02-cpm0

Ipt= — TP o= 962587  mm
Iptl = 0.8ipt = 770.069 mim
Ipt2 = 12Ipt = L1535 = 107 mm

equivalent constant bond stress at prestress realease following §(8.15)

basic value of the transmission length following §(8.16)

lower-bound transfer length following §(8.17)

upper-bound transfer length following §(8.18)
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Prestress losses

Ac

hn = 2-— = 240.643
u
€cs = L 65x 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 following §3.3.2(5)
kp = 0.16

t=50365=1825x 10" days Life span

=N; N - Ni AV — Vid)1-f Vo — Vi
oepQP2(x) = zi::ot " [Mq_SLSgl(x) p_It;:,t f';p Yid)]-(Yp - Yid) cchPl(%) - _3831
stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)

‘\. i P s =
ocpQP23(z) = MaSLSg2(®)-(Yp — Yid) cchP23( 5) = 5852
Ixo_id (2
stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)
ccpOPII) = McLSLs?iz)-i(:p - Yid) cchPN{ %) Xl

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

Ep [ 244 \P
Aopr(x.t) = {cpo + ——-(ocpQP2(x) + acpQP23(x) + o-chP91(x))}p1000-‘ —)
Ecm { 1000

203



vy D
consulting projecrt - calculdrion repor 74
I BIBM EC2 project - calculati t 1bm

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

Ac

h0 :=2-— =240643 mm notional size of the member
u
RH =50 % relative humidity
t0_T(t0) = t0
a=1 for cement class R
9 a time modification due to type of cement §B.9
t0_mod(t0) = max t0_T(t0)| —————— + 1| 05
2+ 10_T(t0) t0_mod(2) = 6.189
” 0.7
acl =( = ) = 0748
—fem
35 et
oc = [ ) =092
—fem
e 0.5
ac3 =(—’5 ) = 0813
—fem

Bh = if|:—fcm > 35.m[1.5~[1 + (0.012~RH)18:|-h0 + 250~oc3.1500~ac3:|.minl:1.5-[:1 + (0.012~R}I)ls:|~h0 + 250.1500]] = 564.161

Bt0(t0) = !

02
0.1 + t0_mod(t0) -

03
t — t0_mod(t0)
t,t0) = 2
et (Bh +t-— tO_mod(tO)J
Bfom = —o0_ = 2308
\,‘—fcm
. B . %
@RH = if| -fom > 35, 1 + — ocl o2 14 : il
L 01ymo 0.1-/h0
©0(t0) = pRH-3fcm-3t0(t0)
LP(t.tO) = td)(to).‘k(t.to)
@(t,2) = 2.188 @(t,91) = 1.304

p(days.2) AL -
p(days,23) /( -------------

p(days. OD1F” o

0 1 1 1
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) + E—p~(<J'chP2(x)wp(t.2) + acpQP23(x)-p(t,23) + acpQPI1(x)-p(t.91))
Acp_csr(x.t) = e

3 Ep .-\.l:a_tot_[1 3 .-?.c (Yp- Yid)z:lu(l + {8 w(t.2)-acpQP2(x) + p(t,23)-ocpQP23(x) + up(t.9l).o-chP91(x))
Ecm Ac Ixoidcls \ acpQP2(x) + ocpQP23(x) + ocpQP91(x)

prestress losses following §(5.46)

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

apm(x.t) = ap0 — I::F'—p‘(o-chPZ(x) + acpQP23(x) + ocpQP91(x)) + Aop_csr(x.t) prestress considering immediate and delayed losses
cm
(L, ]
—,365-50
<7pm.\2 3

5 = 0.861 expected residual prestress ratio after 50 years of life with respect to initial
ap

(L
m! —.3635-50
ik el )

€pm = —O-EPO expected residual strain after 50 years of life with respect to initial
op!
' 6 ; ;
o‘pm;\ 3 ,365-50 |-Ap_tot = 1.569 x 10 residual prestress force after 50 years of life
Np_tot = 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 is

N(e_sup.0) = Z (o‘c(e(yi.e_sup.9))-b‘yi)vAyv) + Z (op(eldpj.s_sup.()) + Epmj)-.-\pj) - z ‘o‘s(s‘dsj.E_sup.()”-.-\sj]
i=1 j=1 j=1
Htot ‘ P s .

M(e_sup.0) = Z [cc{E(yi.E_sup.G))vb(yi]-Ay-(yi - y‘G[l + Z [op(s(dpj.s_sup.e) - Epmj)-.-\pj~(dpj - yG[| + Z [o‘s(e‘dsj.E_sup.()”-.-“sj-(dsj - yG[l

i=1 j=1 j=1

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

40

1x10° .
J -———'-__'__—-—I—‘_’—'-
500 .
!
!
!
!
!
!
0
0 1x107°
9(
0 7
|(‘ -ﬂ‘/
—
= 200 - -
oY
=Y /
-3 |
— 400F ]
!
/
10 20 30

-10

0

Condition at resisting (peak) moment

(stress and strain)
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11.8 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 =135 partial safety coefficient for live loads or non-structural uncertain dead loads
{ 2
Mq ULS(x) = (gl-ygl + g2vg2 + q-'\(q)-]\%-x - %) moment distribution at Ultimate Limit State (ULS) fund: | load combination following a uniformally distributed load q
( 2}
Mgq_SLSr(x) = (gl + g2 + q)‘\]jx - x? moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q
(2 i e Lk LN ! o
Ma SLSEGY) = (gl + 2 + 1b14q)4; %.x _ XT) moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q
\2 2
( 2
Mgq_SLSqp(x) = (gl + g2 + xlvl-q)-L—;:-x - -xz—] moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q
( 2
Mg, _SLS22(x) = (gl + gZ)-L%»x - XTJ moment distribution at Serviceability Limit State (SLS) permanent load combination following a uniformally distributed load q

Mp_SLS(x) = ﬂ"[x < Ipt.opm(x,365-50)-Ap_tot-(Yp — Yid)-l—x; .if[x > L - Ipt.opm(x,365-50)-Ap_tot-(Yp — \'id)--_,;—+l'- .opm(x,365-50)-Ap_tot-(Yp — \'id)ﬂ
P! ipt

i=0.L contribution of prestressing equivalent load in SLS (without modification factors)
ACTING MOMENT [kNm]
500
—Mgq ULSG)
106
: 0)
—Mgq SLSr(i)
10°
—Mq_ SLSqp()
10
Mp_SLS() - 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)-(\(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)-((365-50.2) — p(365-50.23)) + v_SLSg2(x)-(1p(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_SLSgl(x)-(p(365-50.2) — (365-50.23)) + v_SLSg2(x)-(1p(365-50.23) — p(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
10,
0

=

E —v inst_ULSG)

E —v.inf ()

= W

£ —vinf qpd —10

g —

= v inf p(D)

£ —-

2

- 30 -
0 2x10° 4x10° 6x10°
i

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)

v_inf_r(%) = 7.564 < % =30 - maximum defiection
values calculated from differential equations above
v_inf _p{%) = 1638 > 2'—;0 = =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 = 0.95

ki=1

k5 =075

~Np_tot-rsup _ [Mq_SLSgl(x) - rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
Aid Ino_id

acpgl_bot(x) =

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

[Mq_SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-(ds1 - Yid)]

acpgl_top(x) =

—Np_tot-rsup i
Aid Ixo_id

acpgl_tops(x) = EEc:'n [

elastic stress of top series of mild steel for selfweight loads only
—Np_tot-rsup . [Mq_SLSf(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)

acpf_bot(x) = g —
elastic stress of bottom concrete chord for frequent load combination
-N g N = -N (Yp - Yid)]- - Yi
—— p_::; sup | [Mq_SLSr(x) — rsup pl;t:ti((l\p Yid)]-(Htot — Yid)
elastic stress of bottom concrete chord for rare load combination
T —Np_tot-ninf N [Mq_SLSr(x) — ninf -Np_tot-(Yp — Yid)]-(-Yid)

Aid Ixo_id

elastic stress of top concrete chord for rare load combination

~Np_tot-rsup [Mq_SLSt(x) - rsup-Np_tot-(Yp — Yid)]-(dpjp - Yid)
Aid Ixo_id

acpr_p(x) = opm(x.t)-rsup + lSA[

creep stress of bottom prestressing steel for rare load combination

—Np_tot-rsup . [Mq_SLSr(x) — rsup-Np_tot-(Yp - Yid)]-(dsjs - Yid)]

Aid Ixo_id

acpr_s(x) = 15-|:

creep stress of bottom mild steel for rare load combination
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> K2-fck = -20.25

cepgl_bot(lptl) = —12.074 > klfekj(2) = -23.178 EHECK

acpgl_top(lptl) = 4.858 < fetmj(2) = 2.193
acpgl_tops(lptl) = 19.858 < k3-fsk = 400

ccpf_bov{%) = -0.196 < fotm = 3.795 EHECK

crcpr_bot{ %) = 2369 < fetm = 3.795

crcpr_top(%) = -16.45 > kl-fck = =27
> 04-fcm = =212

cepr _p{%) =1277x 10° < KSfptk=1395x10°  [BHEGK
acpr_s(%) = 15.685 < K3fsk = 400 EHECK
SLS CRACK CONTROL (§7.3)

c_act = Htot - dsjs -10=32

c_act
ksuff =min} 1.5, ———— | =15
\ 10 + cmin_dur_s)

whim_cal = 0.2 mm

w freq=0 < wlm_cal=02  [CHECK
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ULS BENDING-AXIAL CONTROL (§6.1)

Mrd = 927.011

Mq_UI.S{%)
————=> = 81648 EHECK

in

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§6.2)

Vq ULS(x) = |(gl-vgl + g2v82 + @Q)| ~ ")

d=Yp=7508571 mm

VEd = Vq ULS(d) = 3.764x 10° N

bw =400 mm

z:=09-d=457714

(L_

(2 shear distribution at Ultimate Limit State (ULS)

effective depth
maximum shear at effective depth from support
web width

conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§6.2.2)

Js
Ap_tot + Z .-\.sj
i=1
| = ———— =001
4 bw-d

Ap_tot
acp(x) = O'pm(x.t)--i;‘:

reinforcement ratio
NOTE: the reinforcement ratio is assumed constant due to the introduction of additional
support reinforcement which compensates the progressive anchorage of strands
axial stress induced by prestressing
aep(lpt2) = 4.646 MPa  after full transfer

kv = minl(l - @2) = 1.393
\ d

klv = 0.15
Crdc = B - 0.129

~cpered

a ¥ L]
i = GBS ) =01 §6.3N bw-d{ Crde kv-(100-pl—ck) > + Kiv-oep(ip2) ] = :
o (vmin + kIv-oep(ipt))-bw-d = 2.659 x 10°

VRde(x) = max | Crde-kv-(100-pl-—fck) ~ + klv-oep(x) |-bw-d . (vmin + klv-ocp(x))-bw-d| §6.2.a+§6.2.b AFTER PRESTRESSING IS

5x10°
4><105
Vq ULS() 3410
Vi 2x10°
1x10°

0

3x10°
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MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§6.2.3)

fywd = fsd = 454.545 MPa design yield stress of transverse reinforcement
2
Asw = ST“ = 100.531 area of transverse reinforcement (pseudo-vertical stirrups)
(1 G WS
ov = atanf B) = 0.381 angle of inclination of concrete compressed strut
\
\ 2.
sl =90 mm spacing of transverse reinforcement (end field)
Vrds = A—slw-z-f)m'd-cot(ev) = 5.81 x 105 N > Vq ULS(0) = 4.354 x 105 - shear resistance on steel side (§6.8)
S
{ 5
vl =06{1- &—k) = 0708 §6.10
\ 250
{
acw(x) = if[crcp(x) < 025—fed .1+ %E:).if[ccp(x) > 05-fed 25 1- &(:)).llﬁﬂ §6.11
= =IC
—fed

Viden) = m“(x)‘bw'z'"l'Cot(g‘.) + tan(0v) shear resistance on concrete side (§6.9)

Vrdmax(0) = 1642 10° N >  Vq ULS(0) = 4354x 10° |HIEGH

MOMENT DIAGRAM ACCOUNTING DUE TO SHEAR RESISTING MECHANISM (§9.2.1.3)

mp2 =12
fbpd = mp2-nl-fetd = 2277 MPa given fck < 60 MPa
!
ct?.-i!rfpfd - crpmf% tJJ
Ibpd = Ipt2 + — \ b BT
fbpd

opm{lpt2.363-30) x ) f[x S Pl D opm(ipR2.36330) _ (x— Ip2) _rwﬂ — g, TP, 363-30) ]ﬂ

fptd Ipt2 8

MRd(x) = if|}{ < lpt2. Mrd- |
fptd (tbpd — Ipt2) | fptd )

al = Z(M} = 572.143
L5

(

L.
MEd(x) =if| x> 3 al,
L 10 10

,.—
[
o SN
5
=
&
i
n
=
a
&
B
o
fr
S
e —

1x10°

800

MESH g0l
MRA(D) 400

0 1=10° 210° 3x10°
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MINIMUM REINFORCEMENT

bt = b(Htot) = 800

§9.1N
[ fetm
Asmin = max 0.26-;—k-bt-d,0.0013-bt-d1 = 80298 mm2 = pl-Ac = 3356 = 103
\ sk J =y 4
30 \mm for longitudinal reinforcement
8L = .
T GOS8l M - for shear reinforcement
s3=180 mm
; = ek it
pw_min = 3? - 139 x 10 ° = 008 =% = 1073 10 3 ERECK
53-bwW sK

CHECK OF STIRRUPS FOR SUSPENSION LOAD

Asw-fywd
VEd gl 3 bl A
— = B35+ @135+ 15} =48502 KN/m < o
cot(8v)-bw | 3 J
1 Aswfywd
%-1.35 + g2 135+ qli=108644 KN/m < % -380799 KN/m
S.

[ { 1 ) -1 )
Vid(x) = if:\X e 1!20‘\u'rd5‘if:i\x < 2500.%-&’1(15&'1(1(){)/[} b L%-I.Si +g2135 + q-l.Sj-cot{&'lv)-z

5%10°
Vg ULS() 3107
e 1x10°
~1x10° ! ! '

0 110°

213

mm2

§9.2.113)

BEEBR < oo0sac-138<10° |EHECH

§9.6M

=s507732 kN/m |[EHEGK BEFORE TRANSFER OF PRESTRESSING

AT MAXIMUM SPACING

INCLUDING THE EFFECT OF SUSPENSION LOAD
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CHECK OF HORIZOMTAL SADDLE BAR.

i 1 "'||
! %-1.35 + 82135+ g-15|

/ 100-s2 = 6519 % 10°  Nmm

-

3
5409220 = 4.524 x 10°  |EHECK

<
2
CHECK OF SUPPORT MILD EEBARS (§9.2.1.4(1})
- 3+ 530
025-Mrd = 231.753 Nmm < |4m— + 27— |[fsd-09-—— = 23185
S i 10
area of support mild steel
wd [ 162 122
rwvd | 2
MRd(x) = if| x < 850,09-d-——-| 4-r-— + 2-7-—— | + MRd(x), MRd
(%) < 85 s | ’.n.' i + 2w F j+ (x) (x)
10
1x10°
800
MEdD g0
MRA(D) 400
2001
o | | |
0 1x10° 2x10° 3x10°

ANCHORAGE (§8.4)

nml=1

md =1

fbd = 225-m1-12-fetd = 427 MPa §8.2

b f=d

Ibrgd{d) = %E §8.3

alb =1

olb =1

odb =1

odb =1

odb =1

lbd(d) = odb-olb-odb-odb-odb-Tbrgd(d) §5.4
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11.11Fire checks

X=

X=

® & P+ S & S 4 4 4 4 4 &
i ¥ ¥ P o o 5 ¥ ¥ ¢
g 8 &8 B & 8§ § &8 & &8 °
T(°C)
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33
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26

32

S

65

100

187

338

632

25

30

58
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154

275

508
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790
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805

822

853

902
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35

49

73

100

186

300

422
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508
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554
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823

23
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31
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261
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358
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759
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2
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328
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75

75
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T
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107
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107
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108

109

110
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299

448

713

221

221

221

221

221

221

221

221

221

227

237|.

298

A

505

740

392

392

392

392

392

392

392

392

392

393

394
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Ny

T'--..h -44/

N

™

s

o

N:1sp=1100.00kN; M:1sp=110.00kN-m

Nz =  0.00kN
My+=  855.34 kN'm
My-= -112.43kN'm
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12 Prestressed beam element - FprEN1992-1:2022
12.1 Shop drawings

800~
200 = (1] =m0
\ 7 -
~ ; m
4.4 /®
8 Al
2 ®
= Z
L |
g
L -l e o e e § = e & o
al’ ) BN i
END VIEW (1:5) @) END DETALL{55)
7680
A 960 5750 250
| 7s l.._ SECTION A 225 75
l |
!
11 A 6 6 A A A [
F— SECTION A SIDE VIEW [ 1-20)

ol e
IR,
I e

SECTIONA(1:10)

g
j
v

(LM

Fiject BIBM  Fecerafion of the Eurcpean Precast Concrete indusfry
Code INVERTED-T BEAM FprEN 1992-1:2022

3T haif inche" L= 7680,

A
dlc...... [Bibm 1 s |2 102
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Thumbnai Fart Numioer GTY Moss Tefaimess @ @_longitudinal partern_I @_fransverse patterm_L
v
ol 4 | 301 12044 gmm
v
0z 4 7018 28072 12mm
v
03 2 6774 13548 12mm
r
h\\
J ‘ | 52| 982 51044 10mm
v
\'~\‘ 2 35 341 11935 | 8mm
r
22 8 | 2378 15024 16 mm
v
Total mass rebars [kg] 13547 Incidence kg/m® 5321
R1 1| 19373 19373 & mm 200 rmm &mm 200 mm
fotal mass welded-wire-meshes [kg] 19.37 Incidence kg/m® 7,60
SThafinche' L=7480 14 84125 78575 12.7mm
Tolal mass strards [k:|]| 78.575 | Incidence kg/m® 3081 \ | P BIBM  Fecertion of the Europsan Frecost Concrete Indusiry
Code |NVERTED-T BEAM FprEN 1992-1:2022
Total mass of stesl [kg]| | 233 464 | | Tolal cancrete volume [ﬂ 255

i

AUTODESK,

sheet
avses | chest 2 of 2
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12.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr=(0 32999 330 580)
Htot = max(y_tr)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400 300 800)T

r_circ =0 radius of central void pipe
: .2 (. Htot)’

x_cire(y) = 2Jr_c1rc - 1\ y- T)

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

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

(
b(y) = if|:y < ‘ ? - r_circ) Ay ? - r_cixc.b_cixc(y).b_lin(y)jl

\

,):&F 0.. Htot

Geometry

— condensed 1D geometry plot

-400 -200 0 200 400
-b(yd) byd)

> )
- -

u = 8002 + Htot-2 = 2.76 x 10° exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-
-

¢
4

Al =

Distance of rebars from upper chord
ds = (43 202 354 370 538)F
Area of reinforcement at each depth

As = (2-A(12) 2-A(8) 2-A(8) 2-A(8) 2-A(12) )T
5, = rows(As) js =3
dsmax = max(ds) dsmax = 538

Js
As_tot = Z .-\sj = 753.982
i=1

221



vy D
consulting projecrt - calculdrion repor 74
I BIBM EC2 project - calculati t 1bm

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

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)T

op0 = 1400 MPa
oprec = (04-cp0 ap0d opO)T initial prestressing
perdite = 0-(1 1 l)T in percentual % (losses are introduced later)
jp = rows(Ap) p=3
k=1.jp
I:( 100 - perditeﬂ] 560
oo, = oprec, -| —————— .
£ * 100 co=|14x10°
P 3
14x 10
Ap tot= 5 Ap, Ap_tot = 1302 x 10°
k=1
ypmax = max(dp) ypmax = 530
P
Np_tot = Z “.‘-\pk-cok)) . ket N
k=1 o L ke total prestressing initial force
P
Y. (dpAp ooy
Yp = o .l = 520.625 mm centre of gravity of prestressing

ip
D (Apgooy)
k=1

222
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12.3 Material constitutive laws employed in the calculation
_40 1 1 1 1
-4x107° -3x107° -2x107° -1x1072 0 1x10~
£
500 {’// =]
i
- 500 =
-0.05 0.05
2.046x10° . . .
1.023x10°F -
op(e) 0 S—
- 1.023x10°F o
—2.046x 3 1 1 1
S -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=3321x10
0

s = LD 227x 10 ° geometric ratio for longitudinal mild reinforcement
Ap_tot -3 : - o :

pp = e © 3921 x 10 geometric ratio for longitudinal prestressing tendons
Ac

ptot = Spbtvip i 6.191x 10~  total geometric ratio for longitudinal reinforcement

Ac
First moment of the concrete area
Htot g
Syc = J b(y)-ydy Syc= 1128 x 10
0

Centre of mass of the concrete area

. vG = 339.696
Ac

Second moment of the concrete area

Hitot 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 xe 1.jp

s<—.-\.px+s

First moment of the area referred to prestressing reinforcement only

P
5
Sxp = Z (Ap;dp,) Sxp = 6.622 x 10

i=1

Centre of gravity of prestressing

Sxp
Yp = Yp = 508.571
Area_tr 4

Idealisation coefficients (elastic)

np = Ep np = 5.465
Ecm

ns = E_s ns = 5.605

NI Em
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Area of ideal cross-section
P 18 5
Aid = Ac + (np - 1)- Z Ap; + (ns - 1)- Z As, Aid = 3414 x 10
=1 i=1
First moment of the reinforced concrete area
Js g
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) + (ns — 1)- Z (.—\sj-dsj) Sxid = 1.168 x 10
j=1
Centre of mass of the reinforced concrete area
Yid = Slid Yid = 342.145
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot Jp js
S el and i
Ixoidcls = J b(y)-(y - Yid)“ dy - Z |:Api-(dpi- Yid) ] - Z l:.-\sj-{dsj - hd)j|
0 - e
1=1 1=1

Second moment of the prestressing reinforcement area

P 5
Ixoidprec = np‘z |:.-\.1;;i-(dpi - hd) ]

i=1
Second moment of the mild reinforcement area

Js r
Ixoidlenta = ns- Z |:.'-\.sj-(dsj - hd) j|

j=1
Second moment of the idealised reinforced concrete area

. . . : . 9 Ixo_id .
Ixo_id = Ixoidcls + Ixoidprec + Ixoidlenta Ixo_id = 9249 x 10 mm*4 ﬁ = 1.036
o_cls
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12.5 Loads

gl=283 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)

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

Pl =03 non-contemporaneity factor for frequent load combination

Mgq SLSgl(x) = (gl)-]{%-x - %‘) SLS bending moment distribution from self-weight load

(I. x2 ' B o e 1o
Mq SLSg2(x) = (g2)-1\5-x - 3] SLS bending moment distribution from nonstructural dead load
( 2
Mgq SLSq(x) = (q-ll‘Z)-I\%-x - %J 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

¢ m JE. al-o2-cpm0

15 ni-(Fem() - )

Iptl = 0.8lpt = 725.597 mm

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

lower-bound transfer length following §(13.6)

Ipt2 = 12t = 1.088 x 103 ik upper-bound transfer length following §(13.7)
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gl =283 kN/m dead load from self-weight

g2 = (2+2.89)-945= 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

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

Mq SLSg2(x) = (gZ)-[%-x - %J SLS bending moment distribution from nonstructural dead load
Mgq_SLSq(x) = (q-ll'z)-(%-x - %J SLS bending moment distribution from live load
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Prestress losses

hn = 2-A—c = 240.643 mm
u
hn - 200
A =079+ Q-(O.?S -0.79) = 0.785
hoon (500 — 200)
o e 00 AT
S TNk 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=1825x 10° days Life span
-~ N -N AV — VidV (Ve — Vi
TepQP(x) = p-_tot & [Mq_SLSgl(x) _tot (.\p Yid)]-(Yp - Yid) ochP){k) - 3803
Aid Ixo_id 2
stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)
.\. - ‘g . e
oepQP23(z) = MASLSE2()-(Yp — Yid) chQP23( 5) = 5847
Ixo_id k 2
stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)
N Ve Ve
ocpQPIL(x) = HaSLSa(®)-(Yp - Yid) crchP91(£ = 1.076
Ixo_id (2
stress in quasi-permanent load combination at 91 days
(conventional time for enter in use of the structure)
E 24t mp
Acpr(x.t) = [opo + E—p-(cchPZ(x) + acpQP23(x) + ochNl(x))}-plOOO-(m)
cm
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

RH := 50
€0_adj(t0) = 10
18 30 3
Bbe_fom = =012 @be_t_tO(t,t0) = [ _ 0.0"5]-t—t0 1}
. PP R b{tO_ad;(tO)+ o L
s

3dc_fem = = 1.588

(-fcm)l‘4
g

3dc_RH = o

= 0.804

-~

3

0.1-—

Bdc_t0(t0) = :

0.1 + 0_adi(t0) >

Bh = min(1.5-hn + 250-acm, 1500-acm) = 564.124

€0 (t0)
Bdc_t_t0(t,t0) = |:Bh e ):I

wpde(t,t0) = Bdc_fem-Bdc_RH-3dc_t0(t0)-Bdc_t_t0(t.t0)
wbe(t,t0) = Bbc_fem-Bbe_t_t0(t,t0)
p(t.t0) = pbe(t.t0) + pdc(t,t0)
P(t.2) = 2718 p(t.91) = 1.363

3 T T T
ﬁaysl) .
p(days,23) 5
-¢->(-<-!ays-9l)1 4

G 1 1 1
0 5x10° 1x10* 1.5x10°
days
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[IME-DEPENDENT LOSSES OF PRESTRESS (§7.6.4) |

Acp_csr(x.t) =

—ecs-Ep — 0.8-Aopr(x.t) + 1f—p-(o'chPl(x)-xp(tJ) + acpQP23(x)-p(t.23) + acpQPI1(x)-p(t.91))
cm

1+E—p
Ecm

_.-\p_tot{l . _.'\c (Yp - Yid)z}(l + 08 F(t:D-0PQPAx) + (t,23)-0cpQPII() + \p(t.9l)-0'chP91(x))
Ac Ixoidcls X acpQP2(x) + acpQP23(x) + ocpQPI1(x)
prestress losses following §(7.35)

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

opm(x.t) = op0 — :—p-(ochPz(x) + acpQP23(x) + ocpQPI1(x)) + Aop_csr(x.t) prestress considering immediate and delayed losses
cm
(L )
opm —.t : : T s
\2 - 0857 expected residual prestress ratio after 50 years of life with respect to initial
op0 '
(L )
opm| — .t
Epm = \i ep0 expected residual strain after 50 years of life with respect to initial
op!

opm'(% .t)-.—\p_tot = 1.563 x

Np_tot = 1.667 x 10<5 N

106 N residual prestress force after 50 years of life

initial prestress force

12.7 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 (o‘c{i(yi.e

i=1

Htot

M(e_sup.0) = Z [cc{e(yi.s

i=1

Design external axial load

p

Js
_sup.e))-b(yi)vAy) + Z (op(e{dpj.e_sup.()) + Epmj)-.-\pj) - Z ‘o‘s(s‘dsj.E_sup.()”-.-\sj]

j=1 j=1

p js
_sup.G))vb(yi'-Ay-(yi - y‘G[l + Z [op(e(dpj.s_sup.e) - Epmj)-.-\pj~‘dpj - yG[| + Z [o‘s(e'dsj.E_sup.()n-.-“sj-(dsj - yG']

j=1 =i

NS =-0
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=
1

Moment-curvature [kNm]

sw' /-'-'-'-’—
M
10°
—_ 600l 4
M_EL :
10° '
M_EI p400]
10°
200} /i
{
!
0
0 1x10~°
9(
| J
‘/ f/
!_"_'_'—f—-’d_'__‘
-200F —:; -
R |
‘_Yi
- 400 .
-10 0 10 20 30

40

~ 0c{(¥i.€_SUPeames. Bcem)) -~ T06{ (¥ €_SUPceres. Ocam)) - (— €( i€ _5TPees - Ocmee)-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
~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
(L x2 G s e o < . san
Mq_ULS(x) = (gl-vgl + g2-vg2 + qqq)-b-x - 7) moment distribution at Ultimate Limit State (ULS) fundamental load combination following a uniformally distributed load q
2
Mq_SLSr(x) = (gl + g2 + q)- §~x - § moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q

(
Mq_SLSE(x) = (gl + g2 + .p;.qﬂk;x -

i

x_2 ) moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q

2

{ 2

Mq_SLSqp(x) = (gl + g2 + \lv}q)»]\%»x - %) moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q

( 2
Mg, _SLSg(x) = (gl + gl)-% %-x - % moment distribution at Serviceability Limit State (SLS) permanent load combination following a uniformally distributed load q
\
Mp_SLS(x) = if[x < Ipt.opm(x.t)-Ap_tot-(Yp — \'id)-l% .if[x > L - Ipt.opm(x.t)-Ap_tot-(Yp — Yid)-% .opm(x.t)-Ap_tot-(Yp — Yid):|:|
t

il 5 contribution of prestressing equivalent load in SLS (without modification factors)

ACTING MOMENT [kNm]

500

- Mgq ULS()
10°
= . 0
—Mq SLSt()
10°

—_.\-Iq_SI.qu(i)
10°
Mp_SLSG) ~ 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_inf p(x) =

v_SLSgl(x)-((t.2) - ¢(t.23)) + v_SLSg2(x)-(1 + (t.23))

1.05

deflection profile at 50 years including creep for permanent load combination

¢ inf qp(s) = S=SLSEI®-(e(t.2) = (t.23)) + v SLSE2)-((t.23) = (t.91) + v_SLSap(x)-(1 + (t.91)

1.05

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

V.

SLSg1(x)-((t.2) — @(t.23)) + v_SLSg2(x)-((t.23) — @(t.91)) + v_SLSqp(x)-p(t.91) + v_SLSr(x)

v_inf r(x) = s
deflection profile at 50 years including creep for rare load combination
DEFORMED SHAPE
10
ok
E
E —v_inst ULS()
g v inf r()
£ -vinfgp() ~10
3 -v_inf p(D)
8 --
2
-20

4x10° 6x10°
i

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§9.3.4)

v_inf_r{%] = 6.082

L
250

<

=30 - maximum deflection

values calculated from differential equations above

v_inf p

(L
(2

L) =0.123

_L B
> — 20 - maximum camber
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SLS STRESS CONTROL (§9.2.1)

kl =06 rsup = 1.05
K2 =045 prestressing modification coefficients
. finf = 0.95
=08 Np_tot = 1.667 x 1%
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) =
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

acpgl_top(x) = acpgl_top(lptl) =

. Mq SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-'ds = Yid)
-N g [Mq_SLSg il ’
p_totrsup + ! acpgl_tops(lptl)

Es
opgltops® = 201 A Tro_id
elastic stress of top series of mild steel for selfweight loads only

-Np_tot-rsup _ [Mq SLSF(x) ~ rsup-Np_tot-(¥p — Yid)]-(Htot - Yid)
Aid Ixo_id

acpf_bot(x) = ccpf_bot{ %) =-

elastic stress of bottom concrete chord for frequent load combination

~Np_tot-rsup  [Mq SLSr(x) — rsup-Np_tot-(¥p — Yid)]-(Htot — Yid)
Aid Ixo_id

acpr_bot(x) = ccpr_bot{ %) =2.

elastic stress of bottom concrete chord for rare load combination

~Np_tot-sinf _ [Mq_SLSr(x) - rinf Np_tot-(¥p - Yid)]-(-Yid)
Aid Ixo_id
elastic stress of top concrete chord for rare load combination

acpr_top(x) = ocpr_top{%) =-

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

acpr_p(x) = opm(x.t)-rsup + 15-|: crcpr_p{-lzi) =12]

Np_totsup _ [Mq_SLSt(x) - rsup-Np_tot-(Yp - Yid)]-(ds,, - Yid q -y (_) g

ocpr_s(x) = 15-
epe_s(3) |: Aid Ixo_id

creep stress of bottom mild steel for rare load combination
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=N T1JIL~ 1" 1.4VUVL
2
oepgl_bot(lptl) = —12.091 > Kk1-Bec(2)” ek = -18.733 [CHECH

> k2-fck = -20.25

acpgl_top(lptl) = 4.893 < fctmy(2) = 2.731

acpgl_tops(lptl) = 20.366 < k3-fsk = 400
(t ~
ocpf_bot | = 0196 < fetm = 3.795 EHECK

crcpt_bot{ %) = 2.368 < fctm = 3.795

ocpr_top{%) = -16.443 > kl-fck = =27
> 04-fcm = =212

cepr _p{%) -1212x10° < KSfptk=1488x 100  [CHEGK
crcpt_s[lz'-) = 15.667 < k3-fsk = 400 -
SLS CRACK CONTROL (§9.2.3)

c_act = Htot - dsjs -10=32

ksurf = mi (1.5.°-—a°t) -7
: mm\ 10 + cmin_dur_s

whim_cal = 0.2-ksurf = 0.3 mm

w freq=0 < wlim_cal =03  [CHECK
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12.10 ULS checks
ULS BENDING-AXIAL CONTROL (§8.1)
.\Iq_UI.S{%]
Mrd = 898613 kNm > ————=> = 81648 [EHECK
10

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§8.2)

Vq ULS(x) = [(gl-ygl + g2vg2 + qqq)-{% - x) shear action distribution at Ultimate Limit State (ULS)

d =Yp=7508571 mm effective depth of cross-section
; 2 5 : . . ’
VEd = Vq ULS(d) =3.764 x 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:=09-d = 457.714 conventional lever arm of internal stress resultants
VEd : : 2
7Ed = — 2.056 MPa equivalent mean acting shear stress on control cross-section
wW-Z
Dlower == 16 mm maximum aggregate diameter following assumed mix design

-
ddg = mir{if[—fck > 60,16 + Dlower-{%) ,16 + Dlower:|.40:| =32 size parameter
—fck
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MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§8.2.2)

. 11 —fck ddg
Rd = .= §(8.20
RN v J (fptd — opm(x.t)) d S
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) = - ) : ! longitudinal geometric reinforcement ratio §(8.28)
W-
ep = Yp - Yid = 166.426 mm eccentricity of prestressing
acs_0(x) = max[ Md) §(8.30) accounting for comments in §8.2.2(5)
\ Vq_ULS(x)

PR 0.5 ( d) Ac Ac
K = m“{acs_O(x) Lep N 3) bw-z‘o-ls bw-z} A

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

1
086 (1 g8t ) 8.33
TRdc_0(x) : ~ [100 pl(x)-—fck a‘__o(d)) §(8.33)
1
acs 009 ®
TRdemax(x) = mi 2.15-7Rdc_0(x)-(%) .2.7-TRde_0(x) §(8.35)
oop(s) = opmx.- L% §(833)

TRde(x) = max(min(TRdc_0(x) + k1(x)-cep(x) , TRdemax(x)) . TRdc_min(x)) §(8.32)

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

SHEAR RESISTANCE FROM SUPPORT WITHOUT SHEAR REINFORCEMENT

5><105 T T T
=z | 1T T E
.‘-_:g- Vq ULS() 3x10°F 4
g ..
E 1x10°F R
0 1 1 1
0 1x10° 2x10° 3x10°

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

Ov = atan{ %) = 0464 angle of inclination of concrete compressed strut

V=05 §8.2.3(6) NOTE: steel grade B500A is used

ocd = TEd-(cot(0v) + tan(Bv)) = 5.139 MPa < y—fed = 15453 MPa [CHECH  §(8.44)

fywd = fsd = 454.545 MPa design yield stress of shear reinforcement steel
2
Asw =2 S :‘ = 100.531 area of transverse shear reinforcement
sl =80 mm spacing of transverse reinforcement (first field near supports)
TRd_sy = As“'l fywd-cot(0v) = 2856 MPa > tEd=2056 MPa |[CHECK §(8.42)

bw-s
MOMENT DIAGRAM ACCOUNTING FOR THE SHEAR RESISTING MECHANISM (§12.3.2)

-

o3 =1 fatigue check not required

2~02-a3-(fptd - opm( E.t))

N2

~e

L5 n1-f(—fck)

Ibpd = Ipt2 + bp = 1539 10° mm  §1352

MRA(x) = if{x PrOCRr R . L oL .if[x M S =) -(de iy A )

fptd  Ipt2 fptd (Ibpd - Ipt2)

al = z-(@) = 457.714

. MLULS{%) - )
MEd(x) = if| x> = - al, Mq ULS(x + round(2))
. 10 1%
1x10° : : .
ME4()
MRd(i)

0 1x10° 2x10° 3x10°
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CHECK OF STIRRUPS FOR SUSPENSION LOAD

Aswfywd
L (g_l_m x i q-l.S) Ss0701 KN/m < o =L KN/m BHECK| BEFORE TRANSFER OF PRESTRESSING
cot(6v) 3
El 135+ g2135+ q15= 108644 KN/m < Aswiwd _gar9 kN/m  [EHEGH AT MAXIMUM SPACING
K] s>

TRA_sy2 = 25 frwd-cot(8v) = 1904  MPa
bw-s2

TRA_sy3 = 2% _srwd.cot(Ov) = 1142 MPa
bw-s3

Vrd_s(x) = if (x < 1600.TRd_sy-bw-z.if (x < 2800.TRd_sy2-bw-z,TRd_sy3-bw-z)) — [ng-l.SS +82-135 + q-l.S)-cot(ev)-z
J

5x10° . : .
4x 105
Vg ULS() 3x10°

Vid s 2x10° Yo L) _ 559
i o Vrd_s(d)
0
0 1x10° 2x10° 3x10°
CHECK OF HORIZONTAL SADDLE BAR
gl . %
=135+ 2135+ q15 82
> 5 100s2=6519x 100 Nmm < 7= £54.09220 = 4524 x 10°  |BHEGH
horizontal saddle rebars
CHECK OF SUPPORT MILD REBARS
MEd(0) = 187.248 Nmm 2 2
y < (M-i s 2m 500220 _ 227634 [EHIEGH
0.25-.\f£d(3) = 204.107 Nmm §12.1(4) 4 3 108

N
MRA(x) = if| x < 850.0.9-d-£:-{4~7\'~% + 2-7:-%) + MRd(x) . MRd()
10

l><103 T T T

MEd(1)
MRd(1)

0 1x10° 2x10 3x10°
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ANCHORAGE (§11.4)

klb = 50
kep =1 for good bond conditions

noc =

o | w

cs =350
cx=75

cy =40

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

1 | v
0o | s
[

ool EL) (25 ) (2. l-s'«b] :
e L m’kcﬂ’(m) \-fck) [20) [cd((b) ok

1bd(12) = 341872

length of straight part for 90° bent bars

1690(h) = max(70.1bd(db) — 15-¢b.10-¢p)
1b90(12) = 161.872  1b90(16) = 339.319

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

1b135(d) = max(50.1bd () — 15-¢.5-¢)
1b135(12) = 161.872  1b135(8) = 50

240
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12.11Fire checks
N=

p B P P F ¥ P B P B ¥
Tt 8 & » & ® % & § % °
T(°C)
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+My
AN
/ i,
'f ?

"% P
N >,

N: 1sp=1100.00kN; M: 1sp=110.00kN'm

Nz = 0.00 kN
My+=  861.49kN'm
My-= -112.50kN'm
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13 Reinforced beam element -EN1992-1:2004

13.1 Shop drawings
END VIEW [1:5]) 800  (o2)
200 400 ‘;»—U 200 26 @ @
" O ’5 -

330

0
! END DETAIL( 1:5)
g
|j e e e e e
|- secrona 7680

SIDE VIEW {1:20}

Y
e BIBM  Fecerotion of the Eurepean Frecast Concrete Industry
Cede INVERTED-T BEAM W.P.EN 1992-1:2004
L
END DETAIL3D [ 1:20) > abness | sheet
SECTION A (1:10) “(22) diec...... blbm‘ Rl ey ] OF 2
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vo
1

Thumonal  Fart Humber | (QIY rAass Total mass @_ @_ongitudinal patfern_T |@_transverse paftferr_L

v
ol 4 aor 12044 8 mm

-
02 2 Foaz 14064 1Z2mm

¥
03 2 6774 13548 12 mm

r
73 4 27096 108384 24 mm

r
08 2 14483 28978 24 mm

r

M~
! i 45 982 43830 10 mm
v
S
e 2 39 402 15678 8 mm

r
24 4 30184 120736 24mm

Tatel mass rebars [kg) 8 37726 Incidence kg/m* 147,95
R1 1 19373 19373 & mim 200 mm & mm

| mass weldad wire meshes ko 1937 | Incidencekom:  7ee | _
fioect BIBM  Fecerfion of the European Frecast Concrete Industy
Code  INVERTED-T BEAM W.P.EN 1992-1:2004
Total mass of stesl [kg;\ 374,64 | |Tor<1| concrete volume [m°]| 2,55

die.......

Bibm

I e
INVENTOR

sheet
number

20of2
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13.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr=(0 32999 330 580)
Htot = max(y_tr)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400 300 800)T

r_circ =0 radius of central void pipe
: .2 (. Htot)’

x_cire(y) = 2Jr_c1rc - 1\ y- T)

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

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

(
b(y) = if|:y < ‘ ? - r_circ) Ay ? - r_cixc.b_cixc(y).b_lin(y)jl

\

,):&F 0.. Htot

Geometry

— condensed 1D geometry plot

-400 -200 0 200 400
-b(yd) byd)

> )
- -

u = 8002 + Htot-2 = 2.76 x 10° exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-~
-

-
A =
Distance of rebars from upper chord
ds := (43 202 354 370 488 538)T

Area of reinforcement at each depth

As = (2A(12) 2A®S) 2A(8) 2-A(S) 0-A(24) 10-A(24))T

5, = rows(As) js=6
dsmax = max(ds) dsmax = 538
Js 3
As_tot = Zl As; = 5.052 x 10
j=
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13.3 Material constitutive laws employed in the calculation

T L T
ofF -
ac(e)- 10 .
acc(e)
et - 0 -
0 20
-30r .
_40 1 1 - 1
-4x107° -2x107° 0
4
500
as(s) 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=3321x 10
0
As_tot . . N . .
ps = —; = 0.015 geometric ratio for longitudinal mild reinforcement
AcC
As_tot : < - g
ptot = ; = 0.015 total geometric ratio for longitudinal reinforcement
Ac
First moment of the concrete area
Hitot g
Syc = J b(y)-ydy Syc = 1.128 x 10

0

Centre of mass of the concrete area

Syc

vG =
Ac

¥G = 339.696

Second moment of the concrete area

Htot .
Ixo_cls = J b(y)-(y - yG)“ dy Ixo_cls = 8.927 x 109
0

Idealisation coefficients (elastic)

ns = E_s ns = 5512
MW Eem
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Area of ideal cross-section
Js 5
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 {.-\s.-ds.) Sxid = 1.243 x 108
J )
i=1
Centre of mass of the reinforced concrete area
Yid = SLid Yid = 350.13
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot | js 5
Ixoidcls = J b(y)-(y - Yid)“ dy - Z |:.'—\.s.-(ds. ~ Yidr}
0 J J /
j=1

Second moment of the mild reinforcement area

js ;
Ixoidlenta = ns- Z |:Asj-(dsj - hd) :|

i=1
Second moment of the idealised reinforced concrete area
Ixo id
Ixo_id = Ixoidcls + Ixoidlenta Ko id=979x 100  mmM Ix"—-; = 1.097
0 S
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13.5 Loads

LOADS

gl = Ac-0.000025 = 8302 KN/m dead load from self-weight

22 = (2+289).945 = 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 =035 non-contemporaneity factor for frequent load combination
2
Mgq SLSgl(x) = (gl)-(%-x - %J SLS bending moment distribution from self-weight load
2
Mq SLSg2(x) = (y)-[%-x - %] SLS bending moment distribution from nonstructural dead load
2
Mq SLSq(x) = (q-lpz)-(%-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)
Ac

h0 = 2-— =240643 mm notional size of the member
u

RH = 50 % relative humidity

t0_T(t0) = t0

a=1 for cement class R
9 a :| time modification due to type of cement §B.9
- 1] 0.5

t0_mod(t0) = m; tO_T(tO)-(—ﬂ
2+ 10 T(t0) t0_mod(2) = 6.189

55 N2
ocl :=( = ) = 0748
—fem
e Sl
oc = ( = ) =092
—fem
ac 05
oc3 = (i) = 0813
—fcm

Bh = if[—fcm > 35.m[1.5.[1 % (0.012-RH)18]-h0 + 250-ac3, 1500-0zc3].min[l.5-[1 & (0.012-R}I)18]~h0 +250, 1500]] = 564.161
1

BtO(t0) = =
0.1 + t0_mod(t0)

03
Be(t.10) :=[ t — t0_mod(t0) )
B3h + t — t0_mod(t0)
16.
Bfem = —05_ — 2308
—fem
M M
@RH = if| -fcm > 35,/ 1 + ~100 -acl [-ac2,1 + ~100 = 1474
L 0.13/n0 0.1-3/h0
p0(t0) = RH-3fcm-3t0(t0)
@(t.t0) = 0(t0)-Be(t. t0)
4
t = 50-365 = 1.825 x 10
wTy=20 @(t.91) = 1304
T T T
p(days.2) al. ~
p(days.23) ﬁ """"""""
odays. oD -
0 1 1 1
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
N(e_sup.0) = Z {oc{e(yi.e_sup.()))-b(yi)-Ay) - Z {cs(s(dsj.s_sup.()”-.-\.sj)
j=1

i=1
Js

Htot
M(e_sup.0) = Z [cc{e(yi.e_sup.9))ob(}'i)-z_\y-(yi— yG)] - Z [os(s(dsj.E_sup.()”'.-\.sj'1dsj - yG)]
j=1

i=1

Design external axial load

NS =-0
Moment-curvature [kKNm]
{
1x10° :
!
!
M :
10 f
M_EL ! /
10° soo}—
M_EI p, )
!
10°
I g
0
0 5%x10” % 1x10~° 1.5x10"°
9(

253




S
consulting projecrt - calculdrion repor 74
I BIBM EC2 project - calculati t 1bm

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

0 7
/
_!'. _'___'_,_;—/_'_'_’"_ﬂ
_
-200r "—_:; -
-Yi
=Yi /
— /
_ 500k / _
/
/
/
-10 0 10 20 30 40

- ool &( ¥i.€_SUPcmes. Yemeg) ) . — Ol €[ ¥i.E_SUPemes. Beanes) ) - — € Vi-€_SUPemeg. Bemes) - 1000)

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

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

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

g =15 partial safety coefficient for live loads or non-structural uncertain dead loads
{ b

{ <
Mq ULS(x) = (gl-ygl + g2-vg2 + q-'\’q)-: %-x - %) moment distribution at Ultimate Limit State (ULS) fundamental load combination following a uniformally distributed load q
\

{ 2
Mgq SLSr(x) = (gl + g2 + q):\%-x - %) moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q

/

|
Mq SLSf(x) = (g1 + 22 + -m-q)-lé-x =

(%)

b3 J moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q

2

5

( 2
Mq SLSgp(x) = (g1 + g2 + .pz.q)A}\;x - %] moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q

{ 2
Mg, SLSex(x) = (g1 + g2 \SX - ?] moment distribution at Senviceability Limit State (SLS) permanent load combination following a uniformally distributed load q
i=0.L
ACTING MOMENT [kNm]
0j
—200)
—Mq ULS()
10°
e —400)
—Mq SLSr(i)
10°
—Mgq SLSqp(i) - 600)
10°
- 800]
- 1x10° = = -
0 2x10° 4x10° 6x10°
i
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_SLSg1(x)-((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)-(p(365-50.23) — p(365-50.91)) + v_SLSqp(x)-(1 + p(363-50.91))

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

v_inf_r(x) = v_SLSgl(x)-(p(365-50.2) — (363-50.23)) + v_SLSg2(x)-(p(363-50.23) — (363-50.91)) + v_SLSqp(x)-(363-50.91) + v_SLSr(x)

deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE
20,
0
=
£ —v_inst_ULSG)
5 —v.infr()
s
£ —vinfop() ~20
= —vinf p(d)
2 —-
2
-40

0 2x10° 4x10° 6x10°
i

distance from support [mm]
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S5LS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)

-L
camber = 30 mm = 0 -30 -
25
imposed camber by mould shaping
L L
v inf 1| = | - camber = 26235 < g EHECKH

\2) 250
value calculated from differential equations above
SLS STRESS CONTROL (§7.2)

Kl =06
12 = 045
13 = 08
g
15 = 0.75
epf bot(x) = Mq—SLSfE:fim i U'Cpf'_bot{%:fr e piag

elastic stress of bottom concrete chord for frequent load combination

Ma_ SLSf(x)-(ds._ - Yid)
osf_bot(x) = 15- L '

"L
Lo _id osf_bot] E | = 139.018
| \2)

creep stress of bottom reinforcement layer for frequent load combination

Mg SLSr(x)-(Htot — Yid (1Y
oopr_bot(x) = =0 ri:l {idmt = c'cpr_boti E,J: = 1368

elastic stress of bottom concrete chord for rare load combination

Ma SLSr(x)-(—Yid il
ocpr_top(x) = % aepr_top) E,.'[ = -20.837

elastic stress of top concrete chord for rare load combination

Mq_SLSt(x)-{ds;, - Yid}:|

(LY
- oopr_si — | = 167707
Ixo_id \2)

ocpr_s(x) = 13-

creep stress of bottom mild steel for rare load combination
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fotm = 3.793

fotm = 3.793

kl-fck = =27
0.4-fem = =212

k3-fsk = 400

maximum camber

maximum deflection
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5LS CRACK CONTROL (§7.3)

c_act .= Htot — dsjg - 10=732

ksurf = mm 1:&3 =15
wlim_cal = 02 mim
klc =038 ih =24
E2c =03
Eic =34
kdc = 0423

cover = Htot — E —ds. =30
2 Ik

Aceff = b{Htl:ut}-m.inlrli-{tht N dsjs

. Htot — ¥ Htot 4
= D:|=S.-L>< 10
3 2
.-'-"5.5].5 + .'—"5.5].5_1
eff = = 0054
eE Aceff
kle-k2e-kdc
srmax = kic-cover + Hefloble o = 177.758
ppeff
kt =04 MOTE : 0.6 for sustained loading
feteff = fetm = 3.793
(LY foteff | E i (LY
asf_bot] P | — kt = Eﬂ’ 11+ Qs-ppeff | asf bot] =1
| \ L
Esm_Ecm = m St [ el / ,0.6- 4
- Es Es
wk = smmax-esm_ecm = 0.081 < wlim_cal = 02
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13.10 ULS checks
ULS BEMDING-AXIAL CONTROL (§6.1)
LY
}v!q_ULSi ; |
Mrd = 97472 = N 316449
10°

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§6.2)

1
r iz i D omig? il Rl C . -
Vq ULS(x) = |(gl-vgl + 2282 + qvq) 2 }‘j shear distribution at Ultimate Limit State (ULS)
d = d5j5 =338 i effective depth
VEd = Vg ULS(d) =373 x 100 N maximum shear at effective depth from support

Vs i SHikE web width

T conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (86.2.2)

IE
As,
_ ]
pl = i AN 0.023 reinforcement ratio
bw-d
oep(x) =0 MPa axial load induced by prestressing
{ 200 %
kv =mini 1+ — 2§ =1372
\ J
klv = 0.13
Crde = g18 = 0.120
~cpered
3 1
E 2
vmin = 0.035-k < -(—fck) = 0.61 §6.3N bw-d-| Crde-b

{(vmin + klv-

1
VRdc(x) = mmﬂiﬂrdc-]ﬂ'-[lﬂﬂ- |:|1-—i"-:?t-t}3 + L:lv-::rcp[x}j|-bw-d.{1mjn + kh'-ﬂ'l:p{x}}-bw-dj| §6.2 24862 b

259



=
consulting projecrt - calculdrion repor 2
BIBM EC?2 project lculati t 1bm

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

Vq_ULS()
Vrd(i)

5x10° : : :
4><105‘ .
3x10°F i
p 23 (1 O PR .
1x10°F .

0 1 1 - 1 -

0 1x10° 2x10° 3x10°

1
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MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§6.2.3)

fywd = fad = 434,543 MPa design yield stress of transverse reinforcement
2
Asw = 3.8_'W = 100.551 area of transverse reinforcement (pseudo-vertical stirrups)
4_
10 S
v = atan] = | =0381 angle of inclination of concrete compressed strut
=1 =100 mm spacing of transverse reinforcement (end field)
. Asw g 3 3 . :
Vrds = zfywd-cot(Bv) = 3531« 100 N > VEd = 3.73 =« 10 shear resistance on steel side (§6.8)
sl T
{ fok
vl =061 - — | =0.708 §6.10
\ 230 )
. i aep(x) . . A oep(y
oew(x) = if| oep(x) < 023—fed 1 + ——— if| oep(x) = 0.3-—fed 2511 - ———|,125
(%) |: p(x) fed [ p(x) L fed ) §6.11
Vrdman(x) = .
T (%) = cew(x)-bw-z-10 -mt(e‘_} + 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 (§59.2.1.3)

( 4 500 [ 4 4 g 2 :— 1500
V10 T PP e 7 Mesbuibsicily™, (AT Tt V8 (GRS RO, P ) kel VO (et | (s i cinlit g
L 10 - 10 10 1800 | 10 10 2720 - 1800
{ it i
IR ot BEPITT
S
{ i Y
{ Mouis{ S| o |
MEd() = if| x> = - al, S El L ]
, 10° 10° J
1x10°
800
MEdD)  gop .
MRA() 400
200
0 | | |
0 1x10° 2=10° x10°
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MIMIMUM REINFORCEMENT

bt = b(Htot) = 500 §9.1N §921103)

Asmin = mm{ﬂzﬁ % “bt-d_0.0013-bt- d} = 849451 mm2 < pl-Ac = 7796 x 10° mm?  [BHEGH < o00sAc=138x10° |[EHEGH
s3=200 mm < d-0.73 = 4035 mm - for shear reinforcement §9.6M 3 = 3400 mim

larger stirrup spacing in the middle of the beam

pw_min = 5‘;:’; —1257x10 > > 0.08- ‘JE — 1073 x 1072 EHECH §9.6N

CHECK OF STIRRUPS FOR SUSPEMSION LOAD

VEd (gt A d
e 135+g2133+q15] 44675  kN/m < 5“‘&""’ —4s6959 kN/m [CHEGH
cot(ﬁv}-z 3
s2 = 150 mm =2 = 1300
midlle field of stirup spacing
(gl !
Asw 5 5 | 5. 5 : i y
Vrds? = S:-Z-fywd-cot(ﬁv) —363x 100 N > Vq ULS(x2) = 2264 x 10°  [CHECH L e iaals [InD
s
%“-1.35 + 2135+ g15=108645 kN/m < LZ“M -s4630 kN/m  |EHECH
S.
1 y
Vrd(x) = if(x < 52, Vrds,if (x < x3, Vrds2, Vrd(x))) - | g3 135+ g2-135 + q-ljj-cot{ﬁv}z
x10° . . .
e R s |
0 : s1= 100
Vg ULS( 3x10°+ : -
Was el 090 ETWeMg o i 2= 150
1x10°F : -
0 1 ! G 53 = 200
0 1x10° 26107 3x10°

MNOTE: first section to be checked at distance d from support
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CHECK OF HORIZOMTAL SADDLE BAR

(2l \
{ B 135+ g2135 + 15| 2

L3 5 ;
' 100-s2=8.148x 107 Nmm < ﬂ-T-fsd-'l}.Q-EEi}:i.iMxlDﬁ [EFECK

2

CHECK OF SUPPORT MILD REBARS (§9.2.1.4(1))
(16 122 540

025-Mrd = 243.68 Nmm < 3w 44w | f5d-09-22 = 233186 [N
Gl 4 ) i

ANCHORAGE (§8.4)

ml =1

m =1

fbd = 223-ml-n2-fctd = 427

h f=d
Ibrgd(dy) = %a
alb =1
olb =1
oib =1
odb =1
ojb =1

Ibd(d) = alb-alb-adb-odb-asb-lbrgd(d)
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13.11Fire checks

1000 °C
900 °C
800 °C

T(°C)
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22|23 | 27 | 34 | 47 | 70 |100|204|363|657

2|23(27|34 (48|72 106’% 381|678

22|23 |27 |35 | 49| 73 |103|218|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 |100(205|369|669

21|23 | 26 | 32| 44 | 65 |100(187|338|632

2112212530 40| 58 | 92 | 154275 508 [5G 7 1785 [787] 790 705|805 822 (853902
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
222223 (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 5763|6976 |86 |100|153|247|410|695
35(35(35(36|36| 38| 39|42 |44 |48 | 51| 55|59 |66 |77 |97 |140237|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 2_;%;1 221|221 ;{%2_21 221|221 224,221 (222|223 |227| 237 258|298 | 323 | 505 | 740
2|392|392(392|392(392|392|392| 392|392 (392|392 393 | 394|397 | 403 | 418|448 | 505 | 608 | 788
1|687|687|687|687|687|687|687|687|687|687|687|687|688| 689|692 (699|713 | 740|788 |871
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+My
P s .
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}f \
ff
| X ™
X '
% Y
X N
L3 A
\ i
3&1 [
% /]
b /
\h {
\ /
| /
./f
el

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

ENDVIEW [ 1-5]) 800

400

200

B0
©
:

330

580

250

!

END DETAIL [ 1:5)

1440 20 1440 1740

A SECTICH A 120 240 120 a0
&

=E e == - SEEae———— == o i e i e == e e = EmE==
| G WA R0 1 5 A W LT
|- secnona 7680
SIDEVIEW (1:20)

Projeen BIBM  Feceration of the European Frecost Concrete Indusiry
Code  INVERTED-T BEAM WP FprEN 1992-1:2022

SEcnowAuzm\@)

END DETAIL3D (1:20)

dle..... _bfbm fimsese | sheet

T aes |0t 1of2
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Thumbnail,  Part Number  GTY Mass Total mass @_ @ _longitudinal pottern_T @_iransverse pattern_L
r
01 4 3011 12044 &mm
r
02 2 7032 14044 12 mm
r
03 2 6774 13548 12 mm
-
0& 4 27096 108384 24mm
y
- bt
o7 2 18396 36792 24 mm
-
S
~
i 11 73 982 71686 10mm
L
g
", 12 34 402 13668 | 8rmm
r
24 4 30184 120736 | 24mm
Total micss rebars [kg| 390,72 Incidence kg/m* 15330
R1 1 19373 19373 &mm 200 mm &mm 200 mm
I moss weldad wiro meshe [kgl| 1987 |  ncdencokgime 740 | |
Total mass of stael [kgl 410,30 | |Tm<:1l cancrete volume [m] \ 2.55

Project

eme __BIBM

Federation of the European Precast Cor

Code  INVERTED-T BEAM WP FprEN 1992-1:2022

AUTOOESK
INVENTOR

dic..... ‘bl"bm‘

shest
number

2o0f2
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14.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

v tr = (0 32909 330 jsu}T
Htot = max(vy_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
; _"I"l
| Htot |~
x_cire(y) =2 ‘]:_.:i:.; —|¥- TD |
|__. ) _."

b _lin{y) = lnterp{y_tr.b tr v)

b_circ(y) = interp{y_tr. b _tr v) — x_cire(y)

{ Htot ) Htot
bly) = 1f|: <| TD +rcite | A Y2 TD - r_c:i:u:,b_c:i:u:{}-'}_b_]jn{}=}j|
v 2 / 2
;&1“:: 0. Htot
Geometry
0
116
wi 232
= condensed 10 geometry plot
rd
Bl 7T
464
—400 —200 0 200 A00
—biyd) b(yd)
F =9
u = 300-2 + Htot-2 = 2.76 x 103 exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-~
-

¢
4

Al =

Distance of rebars from upper chord
ds = (43 202 354 370 488 53S)T
Area of reinforcement at each depth

As = (2A(12) 2A®S) 2A(8) 2-A(S) 0-A(24) 10-A(24))T

5, = rows(As) js=6
dsmax = max(ds) dsmax = 538
Js 3
As_tot = Zl As; = 5.052 x 10
j=
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14.3 Material constitutive laws employed in the calculation

1 1 1 1
o._ - —_ _—
ac(e)- 10 -
acc(e)
el | |
- 20
—30F -
_40 1 1 1 1
-4x1073 -3x1073 -2x1073 -1x1073 0 1x10~3
3

500,

o0 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=3321x 10
0
As_tot . . N . .
ps = ; = 0.015 geometric ratio for longitudinal mild reinforcement
AcC

First moment of the concrete area

Htot 9
Syc = J b(y)-ydy Syc = 1.128 x 10
0
Centre of mass of the concrete area
Syc

yvG = — vG = 339.696
Ac

Second moment of the concrete area

Htot 5
Ixo_cls = J b(y)-(y - yG)“ dy Ixo_cls = 8.927 x 109

0

Idealisation coefficients (elastic)
Es

ns = — ns = 5.605
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Area of ideal cross-section

_]S
Aid = Ac+ (ns - 1)- Z As, Aid = 3553 x 10°
i=1
First moment of the reinforced concrete area
Js
Sxid = Ac-yG + (ns - 1) Z {.-\s.-ds.) Sxid = 1.245 x 108
J )
i=1
Centre of mass of the reinforced concrete area
Yid = SLid Yid = 350.33
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot | js 5
Ixoidcls = J b(y)-(y - Yid)“ dy - Z |:.'—\.s.-(ds. ~ Yidr}
0 J J /
j=1

Second moment of the mild reinforcement area

js ;
Ixoidlenta = ns- Z |:Asj-(dsj - hd) :|

i=1
Second moment of the idealised reinforced concrete area
Ixo_id = Ixoidcls + Ixoidlenta Ixo_id = 9.807 x 109 mm*4 % =
0 S
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14.5 Loads
OADS
gl = Ac-0.000025 = 8.302 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

W1 =05 non-contemporaneity factor for frequent load combination

(L x2
Mq SLSgix) = (gl)\?x - 3} SLS bending moment distribution from self-weight load

( 2
L X
ey SO (g2)-L5-x - 3] SLS bending moment distribution from nonstructural dead load

-
-

L X
Mg SLSq(x) = (q'll'z)'(;x - ?J SLS bending moment distribution from live load
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14.6 Time-dependent behaviour

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)
Ac

hn = 2-— = 240643
u
RH = 50
t0_adj(t0) = t0
e B — = =012 Bhe_t (L) = ‘"[[to ’:_ -
(fem)® _adj(t0)
Bdc_fem = - = 1588
(—em)
RH
'
Bdc_RH = — = 0.804
J
100
1
Bdc_t0(t0) = -
0.1+ to_adj(tO)O"
1
Y(10) = 33
234 ——
t0_adj(t0)
ze N0
Qcm:=( i ) = 0813
—fem

Bh = min(1.5-hn + 250-aem, 1500-cxem) = 564.124

(t- t0) :|'Y(t0)

Bdc_t_t0(t.t0) = |:;3h + (t—t0)

pde(t,t0) = Bdc_fem-Bde_RH-Bdc_t0(t0)-Bdc_t_t0(t,t0)
pbe(t.t0) = Bbc_fem-Bbe_t_t0(t,t0)
@(t,t0) = pbe(t,t0) + pdc(t,t0)

S <
t = 50-365=1.825x 10 o(t,2) = 2718

-
J

o(days.2) _
p(days.23) |
pldays.ODIE— -
0 1 1 1
0 5x10° 1x10* 1.5x10°

days
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- 0.035)

@(t.91) = 1.

)

(t-t0) + l}
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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 js
N(e_sup.0) = Z {oc{e(yi.e_sup.e))-b(yi)-Ay) - JZ ‘cs(s(dsj.s_sup.e))-.-\.sj)
i=1 j=1
Htot Js
M(e_sup.0) = Z [cc{e(yi.e_sup.9))ob(yi)-Ay-(yi— yG)] - Z [os(s(dsj.E_sup.()))‘.-\sj'{dsj - yG[I
j=1

i=1

Design external axial load

NS =-0
Moment-curvature [kNm]
1x10° U
!
!
o :
10° I}
M_EL ‘ /
10° 500—
M_EI p, 4
!
10°
!
0
0 5x10~° 1x10”° 1.5x107°
ec
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0
4(.
/ |
- 200 | K
_)'i -ﬁ
T /
- Vi /
f
-)’i /
— 400} / -
/
/
-10 0 10 20 30 40

- ool &( ¥i.€_SUPcmes. Yemeg) ) . — Ol €[ ¥i.E_SUPemes. Beanes) ) - — € Vi-€_SUPemeg. 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 =135 partial safety coefficient for non-structural certain dead loads
g =15 partial safety coefficient for live loads or non-structural uncertain dead loads

o
2

X x—) moment distribution at Ultimate Limit State (ULS) fundamental load combination following a uniformally distributed load q

Mq_ULS() = (gl-vel + 2712 + 47991 3

2

( b
Mgq SLSr(x) = (gl + g2 + q)»:\%-x - %) moment distribution at Serviceability Limit State (SLS) rare load combination following a uniformally distributed load q

/

|
Mq_SLSf(x) = (g1 + g2 + -m-q)-lé-x =

(%]

x J moment distribution at Serviceability Limit State (SLS) frequent load combination following a uniformally distributed load q
2

5

( 2
Mq SLSqp(x) = (g1 + g2 + W'q}}k;x - x_] moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q

2
{ L 2
Mg, SLS2(x) = (gl + g2 \SX - ?J moment distribution at Serviceability Limit State (SLS) permanent load combination following a uniformally distributed load q
i=0.L
ACTING MOMENT [kNm]
0
- 200)
—Mq ULS(i)
10°
J— - 400
—Mq SLSr(i)
10°
—Mq SLSqp() - 600)
10°
- 800
- 1x10°
0 2x10° 4x10° 6<10°
i
distance from support [mm]

14.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:
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v_inf p(x) =

v_SLSgI(x)-((t.2) - ¢(t.23)) + v_SLSg2(x)-(1 + (t.23))

1.05

deflection profile at 50 years including creep for permanent load combination

¢ inf qp(s) = S=SLSEI®-(e(t.2) = (t.23)) + v SLSE2)-(p(t.23) = (t.91) + v_SLSap(x)-(1 + (t.91)

1.05

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

¢ inf (n) = TSI ((t.) - @(t.23)) + v SLSE2D)-(p(t.23) = @(t.90) + v SLSGp(x)-g(t.91) + v SLS(x)

deflection profile at 50 years including creep for rare load combination

1.05

DEFORMED SHAPE

20
0

E

£ —v_inst ULSG)

5 —vinfr()

= —v inf p(i)

g -

2
- 40
-60

4x10° 6x10°
1

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§9.3.4)

camber = 30 mm

made by shaping the mould

v_inf_r( %) — camber = 27222

L maximum deflection
< Ly R

< — =30

279

- maximum camber
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SLS STRESS CONTROL (§9.2.1)

kl =06

K2 =045
k3:=08

k=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

Mq_SLSf(x)-(Htot — Yid)
Ixo_id
elastic stress of bottom concrete chord for selfweight loads only
.\icLSLSf(x)-(dsjs - Yid)]
Ixo_id
elastic stress of top concrete chord for selfweight loads only

acpf_bot(x) =

asf_bot(x) = 15-|i

Mq_SLSr(x)-(Htot — Yid)

acpr_bot(x) = —

elastic stress of top series of mild steel for selfweight loads only
Mq_SLSr(x)-(-Yid)

acpr_top(x) =
epr_top(y) Ixo_id
Mq_SI.Sr(x)-(ds. - Yid)
acpr_s(x) = 15- =
- Ixo_id

cepf bot & | = 1131 < fotm = 3795 EHECK

if not -> cracked

csf_bot( E) = 138.63
\2
L " 5
ccpr_bo{;) = 13.644 < fctm = 3.795

L
ccpr_top{;) = -20.813 > kl-fck = =27
> 04-fcm = =212

L
ccpr_s(;) = 167.239 < k3-fsk = 400

280

ocpf_bol( %) =1L

csf_bol(k) = 1384
2
crcpr_bot(%) =13,

(

L
acpr_topl — | = =2
cpr_ 9\2)

ocpr_s(%) = 1672
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SLS CRACK CONTROL (§9.2.3)

c_act := Htot — dsjs -10=32

ksurf = m{Ls.—C-@—) T
10+ cmin_dur s

whim_cal = 0.2-ksurf = 03 mm

kw =17
ayi = Htot — dsjs = 42 b =24
Kl gom—Dot=¥on o
Htot — ayi — Yn_n
il = Htot — min(ayi + 5-¢,ay1-3.5) - 0747
Htot
kb=12
Aceff = 0.5-b(Htot)-min(ayi + 5-b,ayi-3.5) = 5.88 x 10°
.-\.sjs -~ Asjs-l
eff = ———— =0.077
i Aceff
smmcal = mi 1.5-(Htot —-ds. + 2) - M’-L_E‘(Htot - Yn_n)|= 119814
322 72 ppeff kw
kt=04 NOTE : 0.6 for sustained loading
fcteff = fctm = 3.795
orsf_bot{ %) - kt- fcteg -(1 + EE—s-ppeﬁ‘] crsf_bon( %)
£sm_ccm = m L s -kt ———=2 | =5519%x 10~
Es Es
wkeal = kw-k1_r-smmeal-€sm_gcm = 0.126 < whim_cal =03  [CHECK]

281
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14.10 ULS checks

ULS BENDING-AXIAL CONTROL (§8.1)

Mrd = 967.352 kNm >

Mq__UI.S:( 5)

—5u -s16449  [CHECK

10

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§8.2)

Vq ULS(x) = [(glygl + g2vg2 + q-

d =ds._=538 mm

VEd = Vq ULS(d) = 3.73 x 105 N
qv=13

bw =400 mm
z:=09-d = 4842

V
7Ed = L. = 1926 MPa
w-z

Dlower .= 16 mm

ddg = mir{if[—fck > 60,16 + Dlower-

oftS

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

-
<

J16 + Dlower:|.40:| = 32 size parameter

=)
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MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§8.2.2)

11 ek ddg

TRdc_min = —- =3 4 0649 MPa §(8.20)  not checked with TEd -> detailed evaluation is mandatory following §8.2.1
NV S
s
As.
; ]
pl = ] =bl riik 0.023 longitudinal geometric reinforcement ratio §(8.28)
W
1
3

T ﬁ‘( 100-pl-—fck-%) -097 MPa  §@833) ATSUPPORTS WHERE PRESTRESSING IS NOT ACTIVE

v\
TRdc = max(TRdc_0.TRdc_min) = 0.937 MPa §(8.32)
Vrd(x) := bw-z-TRdc_0

bw-z-TRdc = 1.814 x 10°

5%10° ; ; .

4x10°F s
Vq ULS(Y) 34« 105 L _
Vrd(i) T LI 7| N s .

1=x10°F .
0 1 1 1

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
oed = TEd-(cot(8v) + tan(Bv)) = 4814 MPa < y—fed = 15453 MPa [EHECK §(5.44)
frwd = fad = 454543 MPa design yield stress of shear reinforcement steel
SE'T.'
Asw = E-T = 100331 area of transverse shear reinforcement
s1 =80 mim spacing of transverse reinforcement (field near the supports)
xl = 1600 mm end of field 1 from the support
A -
TRd_syl = b—“rl-fywd-cnt(ﬂv} =286 MPa > +tEd=1926 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

i A
P L R

I 7 l,.'
|r. Ir' ]'_ "'.I ,\I
. Mg ULS Z| oo |

\ 2 b e
:"riEd:I::{:} = if| x > ? —al. - vy ' q [:'l ﬁIDLLﬂ '[I}}

e 10 10 )

I ¢ 4 4 x [ 8 2 x— 1220 1)
MRd(x) = if| x < 1220, — -Mrd + — -Mrd-—— _if| x < 2720, — -Mrd + — -Mrd-—————— Mrd | |
N 10 10 12207 | 10 10 2720 — 1220 )

1x10°
800
MEd([@) 600
MRAG)  apo-
200
0

0 1x10° 210° 3x10°
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MINIMUM REINFORCEMENT (§12.2)
kh = if[0.8 — 0.6-(min(bw Hrot) — 0.3) < 0.3,0.3 i#[0.8 — 0.6-(min(bw Htot) - 0.3) > 0.8,0.8,0.8 — 0.6-(min{bw Htot) — 03)]] = 0.5 §9.2.22)

fot_eff = fotm

A
As_min_wl = 02hfet_off " = 252084 mm2 As_tot = 5052 x 10° mm2  [CHECH §(2)
%
Iro_id
fetm.- == = 162068 < Mrd=967352 kNm [CHECH  §(12.1)

(Hitot - Yid)-10°

$3=240 < 075(Htot—30)—4125 |[CHEGK §12.1
Asw = e =

p_min = =20 = 1047 10 A 008 == = 1073 x 10  |EEEsR §(12.4)
s3-bw sk

CHECK OF STIRRUPS FOR SUSPENSION LOAD

Asw-fywd
Ed (gt \ ik et IO kN /
e bw+:g—-1.35+g2-!.35+q-1.5j=-1-93.?84 KN/m < o 2L m  [EHECH

cot(bv) L3
1 Asw-fywd
£135+ 2135+ q15= 108645 KN/ m < % 104 kN/m  [CHEGH
S
s2:=120 mm spacing of stirrups within field 2

%2 =320 mm  end offield 2 for stirrups

Asw
TRA_ 532 = o fywd -cot(fv) = 1.904
bw-s2

\
Vrd(x) = i (x < x1, TRd_syl-bw-z,if(x < X2 7Rd_sy2-bw-z, Vrd(x))) - :':g?l-lji + 22135+ q-i.i}-cot(av}-z INCLUDING THE EFFECT OF SUSPENSIOM
5%10° . . T
410°F E i
Vg ULSG) 3.10%F 5 i s1=80
Vedd) w107 : - s2=120
1x10°F LA . 53 =240
0 L — — Vg ULS(1600) _ o0z
0 110° 2107 3x10 Vid(1600)
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5%10° . . .
4x10°
Vg ULS() 3.1¢° sl= 80
V(i) 2107 s2=12
1x10° 3=
0 | | |
0 1x10° 2x10° 3x10°
i
CHECK COF HORIZONTAL SADDLE BAR
f A
! %1-1.35 +g2135+ g 13| ) 2
- > . 100s2=6519% 10° Nmm < 765409220 = 4324 x 10° [EHECH
area of horizontal transverse reinforcement
CHECK OF SUPPORT MILD REBARS
MEd(0) = 197.152 Nmm 2 2) ;
| 16 12 | 40
7k < |3m— 4w | fsd-09-2= = 233186  [CHIEGH
025-MEd] = | = 204.112 Nmm §12.1(4) \ 4 1) 108
w2 area of support mild steel

ANCHORAGE (§11.4)

Kb = 50
kep = for good bond conditions
3
nT = —
2
cs = 30
cx = T5
cy = 40
,&Q‘{d’} = min{0.3-cs,cx, ey, 3.75-d) ed(12) = 25
1 1 1
. ot s T [ 2
(fed YT 5\ (o) {156
ST | | N N Y e T
435 ) N\ fck ) \20) N ed(d))
3
Ibd(24) = 1.218 x 10 -
m = 28480

length of straight part for 90° bent bars
190 ) = max(70,1bd(p) — 15-, 10-p)
1b90(12) = 161872  1hOO(8) = 80

length of straight part for 135° bent bars (stirrups)
1b135(dh) = max30, bd(d) — 15-¢.5-¢)
1b135(12) = 161.872  1b135(8) = 50
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14.11Fire checks

X=

¥
| |-
3

T(°C)

800 °C
700 °C
600 °C
500°C
400 °C
300 °C
200 °C
100 °C
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|l i R N
26 | 26 | 28 | 33 | 42 | 57 | 78 |101|196] 359|855

26 |26 | 28 |34 |43 |58 |80 m’ﬁ'mm

26 |26 | 29 | 34 | 44 | 59 | 82 |118]210| 384|682

26 | 26 | 20 | 34 | 44 | 60 | 83 |120|212| 386|684

26 |26 | 29 | 35 | 44 | 60 | 83 |121|212| 387|684

26 (26|29 |35 |45 |60 | B3 |121|213|387|685

26 |26 | 29 | 35 | 45 | 60 | 83 |121 (213|388 685

26 |26 |20 (35|45 |60 | B3 (121 (213|387 |6ES

26 |26 | 20 | 35 | 45 | 60 | 83 |121|213|387|685

26 26 |29 | 34 | 44 | 60 | 83 [121|212| 387|684

26 |26 |29 | 34 | 44 | 59 | 82 |119|211| 385|684

26 |26 | 28 | 34 | 43 | 59 | 81 |117|209]383 682

26 |26 | 28 | 33 | 43 | 57 [ 79 |111|205|377|678

25 |25 | 27 | 32| 41 | 56 | 77 |100| 196|363 665

25 |25 | 27|31 |39 | 53 [ 73 |100|178|329 626

24 |24 26 (30| 37 |40 | 6T | 97 149|262 | 500 TR TR T en et R R T o0
24 |24 |26 (29|35 (44 |59 | BO (100 175(290| 414 | 469|493 (505|515 530|555 (601 683|823
25 |25 |26 |28 |33 |40 | 51 | 66 | 86 |113[165|217|252|274 289|303 |324|361 | 428 | 548| 760
26 26|27 |29 |32 |37 |45 | 56 | 69 | 86 [100(129]149| 161 |170| 182 |206 | 253 | 332|473 | 724
20 (29|30 | 31|33 |37 |42 |49 | 58| 6 | 80 [ 92 |100|100|100|119|145|192 |279|432| 705
35 (3535 | 36|38 |40 (43 |48 |54 |60 |67 | 74| 81 | 86 | 92 [100(105]163 251 [412| 696
45 |45 |45 |46 |47 |48 |50 |53 | 56|60 |65 |69 | 74| 79 | BS | 94 |100|155 241 |404|692
60 |60 | 60 |61 |61 |62 |63 65|67 69| 72| 75|79 |83 |89 |97 100|158 (245|407
84 B4 |84 |84 |34 |85 |85 8687|859 |90 93|96 100|100 100 129]|175 264|421 | 700
122|122|122 (122|122 |122| 123 {123 | 124| 125|127 129|132 | 136 | 143|153 | 174| 220 | 303 |451 | 714
213|213 il ;I:'j 213|213 2%13 214|214 3 ?_Iﬁ 217 ﬂﬂ_%_ﬂi! 251 3&3 g _ﬂIT T41
388 |388|388(388 | 388 388|388 388|388 | 382|388 389 | 380|391 395|403 | 410|450 | 507|609 789
G35 (GRS | 685 |6RS | 685 (685 | 6BS |685 |6ES| 685 | 685|685 | 685 | 686 |68E (692 (699|713 |741 [TEO|BTL
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X | * *
\ 3
X \,\
Ny N
X \
i N
7 /
b 7
Y /

N V

o
N:1sp=1200.00kN; M: 1sp=120.00kN-m

Nz =  0.00kN
My+=  1020.71 kN-m
My-= -61.16 KN°m
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15 Column element -EN1992-1:2004

15.1 Shop drawings

DETAIL O

400

Z "\

000

DETAILE

= ==

TOP VIEW (1:10]

FRONT VIEW (1:20 ] | £FT viEW (1 -20)

DETALF

BOTTOMVIEW (1:10]

@3

|~

CO GEOMETRY

(h

vy
XXY

A
kX

VESAVAVAVAVAVAVAVS,

v

“WIAVAVAVAVAVAVAN,

"V CVAVAVAVAVAVAVAN' ¥

CAYAVAVAVAVAVAVAVAY..

(TR
A X3

AN
XYY

WOCOO00

XY
XX

7 EXIX

CQ INSERTS

PART LIST
QrY |CODE DESCRIPTION MASS MATERIAL
43 20 BAR & STRAIGHT WITH 90° ANGLED 874g 8450C
8 24 AR & STRAIGHT WITH 90~ ANGLES 773g 8450C
20 25 BAR & STRAIGHT WITH 90° ANGLES 1320 g 8450C
10 26 BAR 5 STRAIGHT WITH 90° ANGLES 2774g B450C
4 04 EAR 4 STRAIGHT WITH VARIABLE ANGLES 15920 g 8450C
DETAIL A DETAILD (1:15)

DETAILE(1:10])
DETAILB(1:20)
2
DETAILF({1:15) 5
DETAILC[1:15)
Picgect BIBM  Federafion of the European Precast Concrete indusiry

name

Cede COLUMN TOP EN 1992-1:2004

die...... [Bibm

T e
INVENTOR

otee. 1 of 3
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DETAIL B DYA DYS COLUMN
g —— CODE ary | @ fmm| T_total MASS DESCRIPRON
? 20 43 8 202 em 874 g BAR 8 STRAIGHT WITH 90° ANGLES
"*“ “ 24 8 o 126 em 773g BAR 6 STRAIGHT WITH 90° ANGLES
" 25 20 o 216 em 1329g BAR 6 STRAIGHT WITH 90° ANGLES
’ Il 4 26 o s 176 em 774 g BAR 5 STRAIGHT WITH 90 ANGLES
04 4 8 %42 cm fg929 g BAR 4 STRAIGHT WITH VARIABLE ANGLES

AAANNNS

A
320

KN NNINN/NINX

XX

X

)

>
S s
< %
Ih:ﬂl
ol
!h:‘l Al | (e
8
> S
o o
[ 2] o
| =
g
1
P i
>4 8
54 g
Z:. 2
S 8
s
'S DETALLT -
& DETAILT{1:4)
o é \ / é et BIBM  Fecerotion of the European Frecast Concrete industry
o [e Cods COLUMN TOP EN 1992-1:2004
COINSERTS 3 © g S
cownnmeerrs | 1505 dic..... |[Bibm|x wes | 55 203

291



dlc::onsuliing

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

BIBM EC2 project - calculation report

=
1

Thumbnail  Part Number  QTY Mass TotalhMass @&
r
04 4 | 18929 75716 18 mm
r
20 43 874 37582 8mm
r
24 8 773 46184 10 mm
re r
25 20 1329 26580 10mm
~J
r
26 10 2774 27740 16mm
T
Total mass rebars [kg] 173,80 Incidence kg/m* 138,82
lightening 1 1 7697 7657
lightening 2 1 7897 7487
Total mass lightening [kg]l 15,39 | Incidence kg/m?* 12,30 |
Froject BIBM  rederofion of the European Precast Concrate indusiry
Total mass of steel [kg]| 173,80 | |Toto\ concrete volume [m“]‘ 1,252 Code COLUMN TOP EN 1992-1:2004

dle.......

Forbre

AUTEDESK
INVENTOR

. 3okd
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PART LIST

DETALC

CODE

DESCRIPTION

MASS

MATERIAL

45 20

BAR 8 STRAIGHT WITH 20° ANGLES

s7ig

B450C

8 24

BAR & STRAIGHT WITH 00° ANGCLES

773g

B450C

20 Z5

EAR 6 STRAIGHT WITH 00° ANGLES

1320 g

B450C

10 26

BAR 5 STRAIGHT WITH 90° ANGLES

2774g

B8450C

4 | DY3C 24 YES H=9800

DRYSCCHN_SLEEVE COLUMN_24_with confinuity [YES)_ H=0800 mm

3,847 kg

BAR 4 STRAIGHT WITH VARIABLE ANGLES

19022 g

B450C

900

DETAILLD

(==l WSER?:':;

<

e

COG001
TOP VIEW [1:10]

9800

ETAILE

J

— BOTIOM VIEW (1:10)

FRONTVIEW ( 1:20) LEFTVIEW (1:20)

OCO8

WAVAVAVAVAVAVAN

LTSSV YR

NEYAVAVAVAVAVAVAVY S,

i
XK

VSV TAVAVAVAVAVAVAVAVAVAN

A
b 74

Y S AVAVAVAVAVAVAVAVAVAY,

COINSERTS

cocool

DETALL A

DETAILA (1:15]

)

DETAILB{1:15)

DETAILC ( 1:15)

B
=

TR

DETAILD (1:10)

DETAILE{1:15)

Fraject
nome

BIBM Federafion of the European Precast Concnefe Indusfry

Code  COLUMN BOT.

EN 1992-1:2004

dle......

i

AUTODESK

INVENTOR

sheet
number

1of3
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DYA DYS COLUMN
DETALR i e
cone ar | @(mm) T_total MASS CESCRIPTION
ol = 20 45 g 202cm__|e74g BAR 8 STRAIGHT WITH 90° ANGLES
(] ‘i 24 ] 0 126cm  |773g BAR & STRAIGHT WITH 90° ANGLES
|| 25 20 10 Zl6om _ |1309g BAR 6 STRAIGHT WITH 907 ANGLES
H 26 10 18 176cm__|[277dg BAR 5 STRAIGHT WITH 907 ANGLES
|i| { DYS_C_24_YES_H=0800 4 3,847 kg DRYSCON_SLEEVE_COLUMN_24_with confinuity (YES)_H=2800 mm
IR " ‘ ] 2 s vi7cm _|is022g AR 4 STRAIGHT WITH VARIABLE ANGLES
p<]
-~ A
1]
p 8
. &
D<A
3
P> et DETALR {1:4)
! | X
> .
K
"
wE—-
o 1
K 3
EASd oeraan
i =1
% =
g
5 4
b R
ST
> iy =]
=l
> 3 3
o
> 8
> &
o
; 8
b}
> 8 g
5 JDETAILT T
o = -
g M e BIBM  Federation of the Europeon Frecast Concrete Industy
O INSER o ﬁ Code COLUMN BOT. EN 1992-1:2004
COLUMN INSERTS o b
2 FRONTVIEW {1:23)

e Dol

Ay
dic..... [ibm x s
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Thurmbnail FPart Number QrY Mass | Tofal mass @@ longliudinal pottern. T @ rarsverse
04 4 15022 74088 18mm
20 45 874 39330 8 mm
r
D\\l 24 8| 6164 10mm
25 20 1329 24580 13 mm
~
)
L 24 ] 2774 27740 1émm
L~
‘ DYS_C.:24 4 3847 15388
: La
Total mass rebars [kagl 191.31 Incidence kg/m* 143,09
lightering 1 1 7497 7697
lightering 2 1 ?852 2852
Tolal mass lghlering [Kg]l 17.55 | Incldence kg/m® 13.13 |
Total mass of steel [kg]| 191,31 | I Total concrete valume [m’]! 1337

-

VIEW 10% (1 :40)

P2 BIBM

name

the European Precas

ncrete Industry

Cods COLUMN BOT. EN 1992-1:2004

dle........

BB

s | cheet
Al el B i
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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)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400)T
r_circ = 140 radius of central void pipe

=
A 4 “~
X_Cifc(y) = 2\]{_(:1'“;" == {\y - E)

2
b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr y) — x_circ(y)

(
b(y) = if|:y < ‘ ? F r_circ) AYy2 ? = r_cixc.b_cixc(y).b_lin(y)jl

\

,):&F 0.. Htot
Geometry
0
N /

condensed 1D geometry plot

«|<

Q| G

2 —

3

N~
/ﬁ\

-200 -100 0 100 200
-b(yd) byd)

> )
- -

u = 800-2 + Htot-2 = 24 x 10° exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-
-

¢
4

Al =

Distance of rebars from upper chord
ds = (40 200 360)T
Area of reinforcement at each depth

As = (2A(18) 0-A(16) 2-A18))F

5, = rows(As) js =3
dsmax = max(ds) dsmax = 360
Js 3
As_tot = Zl As; = 1.018 x 10
j=
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15.3 Material constitutive laws employed in the calculation

1 1 1
oF A
o4O oo -
ace(g)
0
- 40F -
_ 60 1 - 1 - 1
-4x107° -2x10"° 0
£
500
aos(e) 0
- 500
-0.05 0 0.05

m
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15.4 Sectional properties

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

Area of concrete neglecting reinforcement

Hitot 4
Ac = J b(y) dy Ac=9842x 10
0

As tot _e171x 10>

ps = geometric ratio for longitudinal mild reinforcement

Ac

First moment of the concrete area
Htot .
Syc = J b(y)-ydy Syc = 1.968 x 10
0

Centre of mass of the concrete area

_ Sye

/G = 200
Ac ’

Second moment of the concrete area
Htot N

Ixo_cls = J b(y)-(y - y6)“ dy Ixo_cls = 1.832 x 109
0

Idealisation coefficients (elastic)

Es
ns = —
W E

ns=4734
cm
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Area of ideal cross-section
)8 5
Aid = A -1)- As. Aid = 1014 x 10
c+(ns-1) Z SJ X
j=1
First moment of the reinforced concrete area
Js .
Sxid = Ac-yG + (ns - 1)- Z {.—\sj-dsj) Sxid = 2.029 x 10
i=1
Centre of mass of the reinforced concrete area
Yid = SLid Yid = 200
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot . js 5
Ixoidcls = J b(y)-(y - Yid)“ dy| - Z |:.'-\.s.-(ds. - Yid)‘]
0 ) J /
i=1
Second moment of the mild reinforcement area
js :
Ixoidlenta = ns- z [.-\sj~(dsj - hd) }
i=1
Second moment of the idealised reinforced concrete area
Ixo_id = Ixoidcls + Ixoidlenta Lo id = 1908 x 100 mmM II:"—-;’ = 1.042
o_cls
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15.5 Time-dependent behaviour
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

h0 = 2E = 82.02 mm notional size of the member
u

RH = 50 % relative humidity
t0_T(t0) = t0

a=1 for cement class R

(a3
t0_mod(t0) = max| t0_T(t0)- ;ﬁ +1| .05
2+ 10_T(t0) t0_mod(2) = 6.189

Bh = if[—fcm > 35.minl:l.5-[l + (0.012-&}1)18]-1:0 # 250~ac3.1500~cxc3].mi1{1.5-[l + (0.012-Ru)'s]-ho & 250.1500]] = 280.707
1

3t0(t0) = =
0.1 + t0_mod(t0)

t - t0_mod(t0) )o"

e sils [Bh + t- t0_mod(t0)

(3fcm = _FR. = 1.791

=

1- — - ==

100 -acl [-ac2,1+ 100

o.ri{i?o 0.l~i(h_0
0(t0) = pRH-Bfem-Bt0(t0)
(t.t0) = p0(t0)- Be(t.t0)
t=50-365 days

@RH = if| -fcm > 35,| 1 +

(t.2) = 1.544 @(t.91) = 0.92

p(days.2) AL
p(days,23)

_ﬁdaysﬁl)nﬁ ----------------- 4

P— —— — c—

0 1 1 1
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)

Js
Z I:cs'&‘{dsj .s_sup.()'”-.-\sj-|dsj - yG‘):]

Htot Js
,};\(E_sup.e) = Z (cc{eqyi.e_sup.().)-b|yi|-Ay) - Z [os(e{dsj.E_sup.()”-.-\.sj)
i=1 j=1
Htot
M(e_sup.0) = Z [oc{ s(lyi.s_sup.0}')-b|yi}-Ay-|:yi - }G)] +
i=1

Design external axial load
NS := —4078000 N

MODEL COLUMN FOR 2nd ORDER. EFFECTS (§5.8.8)

i et T e
- —Acfed
m =1
e B s M = 067
M Ac—fed Ac-—fed + As_tot-fad
1 a
A=— - 0845
M ] 4 02p(t.01)
B=+1+2w=107
C=17-m=07
ey
oecrit = 13.437
% 3 10
10 = - 33000 =3120x 100 mm — = 04626
12-exverit-—1 5000
from FEM model -= linear buckling analysis
C 10
Alim = 20-A-B-— = 14983 = X o= = 22937
b
n Ixo_cls
Ac
(0 )
M2 =-N-8 \ l{lﬂ-l},f
L P
™

303
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restraint coefficient p

if not 2nd order effects need to be taken into account
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Moment-curvature [kNm - 1/mm]

~
/ —
7
M i
100 200 ry v
M_EL ,
10 =
-- ’
M_EI p, Ps
105  100| -
M2, ,
7 4
7
5 S
_ S i
o ssasanitid
0
0 2x10”8 4x10°8 6x10~°
9(
|
_lw- J -
O
~Yi_200f | E
=¥ .[
[
- 300 .
I
|l /
1 20 40 60

= oc{e(¥i.&_SUPemea. emea) ) .~ T0cl € ¥i-E_SUPemea- Oeamea) ) [~ E{ ¥i-E_5UPcanea. Bemmes) - 1000)

Condition at resisting (peak) moment

(stress and strain)
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15.7 Bending moment distribution (induced by eccentricity)

L = 3000 mim
Pt

Me_ULS(x) = —N-20-sin|

gross column interstorey length

r

\

x|

=13

A
J

i=0._L
ACTING MOMENT [iNm]
0
Loy
— 40
—Me ULS()
10°

— 60
- 80

- 100 - - - -

0 1:10° 10 3x10° $10°

i

distance from support [mm]

305
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15.8 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

DEFORMED SHAPE
1
0
=
£ -1
5
3
2 —_inst_ULSG-2
%! e
g
g -
-4
- 5 - - - - -
0 1x10° 2x10° 3x10° 4x10° 5x10°
i
distance from support [mm]
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S5LS STRESS CONTROL (87.2)

kEl =046

E2 =043

E3 =038

H=1

ES =073

Nr =-2826000 N axial load in rare combination

Ngp = —2266000 M axial load in gquasi permanent combination
Me_ULS(x)- % -(Htot — Yid)

oc_r bot(x) = — + -

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

Me_ULS(x)- Tf (~Yid)

oo r top{x) = — +
~f_top(x) Aid xo_id

elastic stress of top concrete chord for rare load combination

. 1-1E_L15[x}-%13-[ﬂmt ~ Yid)
oc_gp_bot(x) = '__‘ji + Ix-u =

elastic stress of bottom concrete chord for quasi permanent load combination

Me_ULS(x) —E .(~Yid)
Ngp i3 N
Aid Iro_id

elastic stress of top concrete chord for quasi permanent load combination

oc_gp_top(x) =
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i
crc_r_bnt‘itg} = =21.783 < fetm = 4.839

if not -= cracked

L
crc_r_tnp{:z} = =33.303 = kl-fck = —48
= 04-fom = 332

(L
crc_qp_bntL 5 = =17 468 < fetm = 4.839
if not -= cracked
)
crc_qp_tnpi 5 = —26.366 = k2-fck = =36
15.9 ULS checks
MINIMUM REINFORCEMENT
bt = b(Htot) = 400 d:= dsjs = 360
mio_l-%,o_ooz-Ac] -807.16  §9.12N mm2 < Astot=1018x10° mm2 [CHEGK < 004Ac-3937x10 |EHECH §9.2.1.1(3)
S
scltmax = min(20-16. 400.400) = 320 > s2:=320 mm - stirrup spacing out of joint/bracket/lap area
scltmaxred = 0.6-scltmax = 192 = s1 =160 mm - stirrup spacing within joint/bracket/lap area

NEAR LAPS AND JOINTS

AMNCHORAGE (§8.4)
ml=1
md =1

fbd = 225-m1-m2-fotd = 5.443

b f=d
Ibrqd{d) = %a
alb =1
olb =1
osb =1
cdb =1
ajb =1

tbd(d) = alb-a2b-o3b-adb-adb-Tbrqd{d)
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ANCHORAGE OF JOINT REBARS IN M80 MORTAR iagloy = =10
fem = —80-0.83 fck = focm + 8 = =384
Pty Pttt

fmtd = 2155 MPa  same formula as concrete was used (on the safe side)

fetd T
lbd{iﬁ}-fmd = 374979
15.10Fire checks

309




o A
consulting project - calculation repor 21
BIBM EC2 ject lculati t b

PRECAST SYSTEMS DESIGN AND TECHNOLOGY
\l/
o *] 1 *] & [&] =] o] o] &) (] j]
3 & & & a
o
E § 8 B B B ® 8 R B
T(°C)
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1“4\

229

357

601

789

237

462

602

245

363

603

253

367

467

791

260

an

469

791

(65

373

470

607

%68

374

471

607

792

> 4
=)

178

gﬁ‘fl‘/

368

374

471

607

(265

373

470

607

n

469

2|88

253

367

791

245

363

237

287

462

602

78/ 195

229

282

357

601

789

3
)217153

185

223

278

355

459

789

152

179

220

277

355

601

147

178

221

358

463

791

100

126

151

183

227

286

468

607

793

125

126

140

164

196

240

297

374

476

613

795

163

146

151

164

186

217

258

315

389

489

623

195

185

178

183

196

217

246

339

411

507

636

268

B

253

245

229

223

221

227

239

258

286

323

374

442

533

654

814

308

303

298

292

282

278

280

286

297

315

339

374

567

679

A |®m | ®T

374

373

370

367

363

57

355

355

358

364

374

389

411

442

613

712

841

1{471

470

469

459

460

463

468

476

489

507

533

567

613

675

756

861

605

604

603

601

600

601

603

607

613

636

654

679

T12

756

813

886

[ ]

792

8|8

791

791

Z2|8|8|2|8 B8

789

789

790

791

793

795

g8

814

841

861

886

918
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+My

; Py
# o N
+N< }
N £
A P
T\ft
\\ ¥
X A
X 7
R 7
N |74
N 7

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

DETALD
= —
.

- =

v v

A

V-

A

v

v v

DETAILE

S000

DETALF

FRONTVIEW (1:20) |grrview [ 1- 20

400

TOPVIEW (1:10)

BOTIOM VIEW (1:10)

PART LIST
anry CODE DESCRIPTION MASS MATERIAL
45 20 EAR 8 STRAIGHT WITH D0® ANGLES Brdg B450C
8 24 BAR 6 STRAIGHT WITH 90° ANGLES 773g B45OC
20 25 BAR & STRAIGHT WITH 20° ANGLES 1329g B450C
10 26 BAR 5 STRAIGHT WITH 90° ANGLES 2774 g B450C
4 04 BAR 4 STRAIGHT WITH VARIABLE ANGLES 19380 g B450C

~l

@3

L~

CO GEOMETRY

J

WEAVAVAVAVAVAVAVAVS VA
AN AV AVAVAVAVAN

HXAVAYAVAVAVAVAVAVY Y.
"V AVAVAVAVAVAVAVAN

.

ORRRRORR
OOCOOOGN

<l

2.4

CO INSERTS

HE

L Y e e

=<

DETAILB (1:20

DETAILC [1:15)

DETAILD {1:15)

DETAILF (1:15)

DETAILE({1:10)

&00

name

Fraje n
itycat BIBM Federation of the European Precast Concrete Industry

Code  COLUMN TOP FprEN 1992-1:2022

dle..... 5 Frbm

AUTODESE
INVENTOR

sheet
number Iof 3
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o DYA DYS COLUMM
el
@ _ CODE QY | @ jmm) T_totai MASS DESCRIPTION
1S 20 45 8 202 cm 874 g BAR 8 STRAIGHT WITH 90° ANGLES
*"' DETAIL R 24 a o 126 cm 773g BAR § STRAGHT WITH 90° ANGLES
’ ‘ 2 25 20 o 2i6cm 1329g BAR & STRAIGHT WITH 90° ANGLES
" ‘ :3 " | 26 10 16 176 cm 2774g BAR 5 STRAIGHT WITH 90° ANGLES
‘. A 04 4 78 865 cm ig380 g BAR 4 STRAIGHT WITH VARIABLE ANGLES
IS
KIS
e
B ‘
Sk
Z8
Q‘ %
A
8
&
8

SAVAVAVAVAVAVAVAVSY.Y?
VAVAVAVAVAVAVAVANGY

200

DETAILT(1: 4]

POS20 212 300 300

g 8
g ? P;:q;ff@" BIBM Federotion of the European Precast Cancrefe Indusfry
Z 5 Code  COLUMN TOP FprEN 1992-1:2022
CO INSERTS $ FRONTVIEW (1-20 dic Bibr T e et 9063
COLUMN IN3ERTS (1:20) consuiting (WA NED I SS5Sk | pumber £ O

314




dICConsuliing

PRECAST SYSTEMS DESIGN AND TECHNOLOGY

BIBM EC2 project - calculation report

=
1

Thumbnail  Part Number  GQTY  hass
r

Total Mass @&

04 4 19389 77558 18 mm
-
20 45 874 39330 8 mm
b
[\§| 24 8 773 6184 10mm
P F
25 20 1329 26580 10mm
~
v
V 26 0 2774 27740 1émm
Ld
Total mass recars (kg 177.3% Incldence kg/m* 135,21
lightzrning 1 1 4134 4134
lightening 2 1 4234 4234
VIEW 107 { 1:40)
[otal mass lightening Lkg]l 12,37 | Incidence kg/m?* 7.43 |
Total mass of stesl [kg]\ 177,39 | | Total concrete volume [m?] | 1,312 I%im. BIBM o = a
Hsissal Federotfion of the European Pracast Concrete indusiry

Code  COLUMN TOP FprEN 1992-1:2022

dle....... Brbm| 1o

sheet
number

3of3
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DETAL C PART LIST
400 | [aw CODE DESCRIFTION MASS MATERIAL

54 20 BAR 8 STRAIGHT WITH 90° ANGLES B7d g B450C

e 8 24 BAR 6 STRAIGHT WITH 90° ANGLES J73g B450C
20 z5 BAR 6 STRAIGHT WITH 90° ANGLES 1320g B450C
10 26 BAR 5 STRAIGHT WITH 90° ANGLES FTdg B450C
28 | D¥3_C_24_VES_H=9800 DRYSCON_SLEEVE_COLUMN_24_with confinuity [YES]_H=2800 mm 4781 kg
4 [ BAR 4 STRAIGHT WITH VARIABLE ANGLES 18523 g B450C

+ 7]

i DETAILF (1:15)
8 B
& S
DETALC(1:15]
701:@3&.?73} & E g

: 2

= i TOP VIEW [1:10) »

<]

3 <

=S »

<]

%

b

%

L

>

[

" AVAVAVAVAVAVAVAYS.S,

DETAILB (1:15)
] DETALE(1:15)
BOTTOMVIEW (1:10) Project BIBM Federatfion of the European Precast Concrete Industry
= _J name

L AVATAYAYAYATATATATATAYS
VP AVAVAVAVAVAVAVAVAVAVANY .

Code  COLUMN BOT FprEN 1992-1:2022

CJETAIL B -
FRONT VIEW [ 1 : 20 J|LEFT VIEW (1 -

CO INSERTS

—
die...... bfbIm| 3 s |l 10f 3
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DYA DY5 COLUMN
CODE ary | @ jmm) T_tofai MASS DESCRIPTICN
2 20 5d 8 202 cm 874 g BAR 8 STRAIGHT WITH 90° ANGLES
24 8 i 126 cm 773g BAR & STRAIGHT WITH 90° ANGLES
25 20 e 2i6cm 1329g (BAR 6 STRAIGHT WITH 90° ANGLES
26 [+ 16 176 cm 27749 BAR 5 STRAIGHT WITH 90° ANGLES
DYS_C_24_YES H=0800 28 4781 kg DRYSCON_ILEEVE_COLLMN_24_with confinuity [YES]_H=0800 mm
ad 4 18 922 cm 18523 g BAR 4 STRAIGHT WITH VARIABLE ANGLES
o
S !
‘b\q | DETAILR (1:4)
4
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1< —
%
o
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e LI
1< i
% 8
%S
- :" § (e
o 1]
Lain_ = ;
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N2 |z
o ]
Sl § :
ar R
a5 5 [[°
1 i
g E 8
K
D 2
o
55 g
IS
<] 2
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.' & s :
B} [l foed BIBM  Federation of the European Frecast Concrete Indushy
8 a Code COLUMN BOT FprEN 1992-1:2022
COLUMN INSERTS 2 ? e
. heet
FRONT VIEW [ 1:23) dle....... ‘btbm‘ X 203
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Thumbnaill Part Numboer any Mioss Mass Tatal @
r
04 4 18523 74092 18 mm
r
20 54 a74 47196 8 mm
-
[
\] 24 B 773 6184 10 mm
= r
25 20 1329 26580 10 mrm
r
o j 24 10 2774 27740 1& mm
L~
I DYS_C_24 1 4781 19124
Total mass rebars [kg] 200,92 Incidence kg/m? 142,70
ightening 1 1 4134 6134
ightering 2 1 7854 7854
Total mass ightening [kg]l 1399 | Incidence ka/m? 794 |
[ Tota mass of steel kol 200,92 | [Total concrete valume ]| 1408 |

Project

neme __BIBM

Federafion of the European Precost Concrete Industry

Code  COLUMN BOT FprEN 1992-1:2022

sheet
number

ALTGDES:
INVENTOR

dle....... ‘b:"bm‘ 30of3
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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)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400)T
r_circ = 125 radius of central void pipe

=
A 4 “~
X_Cifc(y) = 2\]{_(:1'“;" == {\y - E)

2
b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr y) — x_circ(y)

(
b(y) = if|:y < ‘ ? F r_circ) AYy2 ? = r_cixc.b_cixc(y).b_lin(y)jl

\

/ng«:: 0.. Htot
Geometry
0

80 _“\ /‘-_
vd 160 \ /
—_— } [ condensed 1D geometry plot
¥4 40 / \

320 F/ \\-_

-200 -100 0 100 200
-b(yd) byd)

> )
- -

u = 800-2 + Htot-2 = 24 x 10° exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-
-

¢
4

Al =

Distance of rebars from upper chord
ds = (40 200 360)T
Area of reinforcement at each depth

As = (2A(18) 0-A(16) 2-A18))F

5, = rows(As) js =3
dsmax = max(ds) dsmax = 360
Js 3
As_tot = Zl As; = 1.018 x 10
j=

320
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16.3 Material constitutive laws employed in the calculation

1 1 1
or SE—
24O _ 20 .
acc(g)
0
—40f -
_60 1 1 1
-3x1073 -2x1073 -1x1073 0 1x10~>
3
500,

os(e) 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

ps = '-\s;tOt =9177x 10 ° geometric ratio for longitudinal mild reinforcement
AcC

First moment of the concrete area
Htot B
Syc = J b(y)-ydy Syc=2218x 10’
0

Centre of mass of the concrete area

vG = Sy vG = 200
Ac

Second moment of the concrete area

Htot 5
Ixo_cls = '[ b(y)-(y - yG)“dy Ixo_cls = 1.942 x 109
0

Idealisation coefficients (elastic)

Es
ns = —
S E

ns = 4.733
cm

322
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Area of ideal cross-section
Js 5
Aid = A - 1) As. Aid=1147x 1
c+(ns-1) Z sJ x 10
i=1
First moment of the reinforced concrete area
s
Sxid = Ac-yG + (ns - 1)-2 (As.-ds.) Sxid = 2294 x 10”
C B e ’
i=1
Centre of mass of the reinforced concrete area
Yid = ﬁ Yid = 200
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot : js 5
Ixoidcls = J b(y)-(y - Yid)“dy - Z [.—\.s.-(ds. - Yid)‘}
g ; A \
il
Second moment of the mild reinforcement area
s .
Ixoidlenta = ns- z [.-\.sj-(dsj — hd) il
=1
Second moment of the idealised reinforced concrete area
Ixo_id = Ixoidcls + Ixoidlenta Ixo_id = 2.039 x 109 mm*4 lexo_:: = 105
o_cls
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16.5 Time-dependent behaviour

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

hn = 2_.-\._c = 92427
u

RH = 50
t0_adj(t0) = t0
1.8

N
Bbc_fom = =0078  [bc_t_tO(t.t0) = ( 8 0.035) (t-t0) + 1
- 0.7 \ t0_adj(t0)

(~fem) ™
412

3dc_fem = = 0.781

Bdc_t0(t0) = 0
0.1 + t0_adj(t0) ~

1
3.5
\/t0_adj(t0)

{ 35 0.5
ocm = | ) = 0.631
\ —fem

23+

Bh = min(1.5-hn + 250-acm, 1500-acm) = 296.305

(t- t0) i|‘Y(t0)

Bdc_t_t0(t.t0) = [Bh Y

pde(t.t0) = Bde_fem-Bdc_RH-Bdc_t0(t0)-Bde_t_t0(t.t0)
be(t.t0) = Bbe_fem-Bbe_t_t0(t.t0)
@(t.10) = wbe(t.t0) + pde(t.t0)

e 4 B
t = 50-365 = 1.825 x 10 o(t.2) = 1883 @(t.91) = 0.945

-
J T T T

p(days.2) AL _

p(days.23)‘ K/—_

p(days, ODI"""" | . — — - =

0 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 {oc{e(yi.e_sup.e))-b‘yi)-Ay) - Z {cs(s(dsj.E_sup.()”-.-\.sj)

i=1 j=1

Htot

M(e_sup.0) = Z [cc{s(yi.e_sup.9))ob(}'i)-z_\y-(yi— yG)] - Z I:os(s(dsj.E_sup.()”'.-\.sj'1dsj - yG[I

i=1

Design external axial load
NS := —4078000

MODEL COLUMN FOR 2nd ORDER EFFECTS (§7.4.3.2)

w = As_tot-

= 0.092

—ACIC

m =1

n=——— =081 . = 0742
Ac-—fcd Ac-—fed + As_tot-fsd
1

A=————— =0.
M1+ 02-9(t,91)
B= \{1 +2-w=1.088

C=17-m=07
N

841

ocrit = 18.457

4

L - =3120x 10° mm — = 0626

10 := 7- 35000 ————
12-acnit-—-N 5000

from FEM model -> linear buckling analysis

Alim = 20-.-‘.-8-£ = 14229 > A= s

325
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restraint coefficient p
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dlc consulting
Moment-curvature [kNm - 1/mm]
/
200 4 T
/
» ; e
10°
— /
M_EL ;
10° /
4
——
]
[ ——
4x107° 6x10~°

- 100 |

- J

o200
o !
= |
!
i _J / ]
I
40 50

% 10 20 30
—ocle(¥i-€_sPemes- Bcmes) ) — o0c{ € yi-€_5UPeanes- Bemmea) ) (€ ¥i- € _5UPemmes - Bemes) - 1000)

Condition at resisting (peak) moment
(stress and strain)
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16.7 Bending moment distribution induced by eccentricity

L = 5000 mm gross interstorey height
ff
Me_ULS(x) = -N-20-sin| %x) bending moment distribution induced by imperfections
B \
ACTING MOMENT [kNm]
0
-20
-40
— Me_ULS(i)
10°
-60
-80
- 100 » = .
0 1x10° 210° 3x10° 4x10° 5x10°
1
distance from support [mm]
16.8 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:
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DEFORMED SHAPE

- v_inst ULS(i)-2

vertical displacement [mm]

0 1x10° 2x10
i

distance from support [mm]

SLS STRESS CONTROL (§9.2.1)

kl =06
k2 =045
k3:=08
k=1

kK5 =08 0.75 in EN1992-1-1:2002

3x10° 4x10° 5%10°

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
.\-Ie_UI.S(x)-?_t(Htot - Yid) g
oc_1_bot(x) = — + = cc_r_bot[ —) = -19.091 < fotm = 4.74
Aid Ixo_id \2

elastic stress of bottom concrete chord for rare load combination
Ni
.\-ie_ULS(x)-T_r-(-Yid) "
ac_r_top(x) = o= . cc_r_top{ 3) =-30.18 > kl-fck = —48

Aid Ixo_id
. 5 2 - . = =3
elastic stress of top concrete chord for rare load combination 04-fom = -352

328
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16.9 ULS checks
ULS BEMDING-AXIAL CONTROL (§8.1)
(L
Me ULS 5}
Mrd = 206951 kNm > —; = 8156 EHECK
10
resisting moment calculated from moment-curvature diagram above
{ s
& | ]
— = = { — wl - =
N=4078x10° N Acfed + | 3" As;[fsd =5493x 107 N EHECH
Li=1
MINIMUM REINFORCEMENT (§12.3)
max:/O.l-;_‘\;.0.00Z:\.c) = 897.16 Astot=1018x 100  [CHEGH  §123(1)
A S
smaxcol := min(20-18,400,300) = 300 > s2:=300 mm - stirrup spacing out of joint/bracket/lap area  §12.3(3)
tred = 0.6- 1= 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 = for good bond conditions
3
nw = —
y

cs = 30

cx =175

cy =40

,.'":E,_Ed}} = minf0.5-cs,cx,cy,3.75-4) cd(12) = 25

1 1 1
(fsd\"° [ 25 \E { ,‘5 (15 \3
Ibd(dy) = max Kb-kep-dp-| 5__ i P *» | S-th | 106
V435 ) L\ gk L2007 | cd(d) )
Ibd(18) = 539211

ANCHORAGE OF JOINT REBARS IN M80 MORTAR
fcm = —B80-0.83 fck = fem + § = =584
Ay Pt
fmtd = 1.72 MPa  same formula as concrete was used (on the safe side)

1bd(30)- e v

fmtd

length of straight part for 90° bent bars

1b90(h) = max(70.Ibd(dp) — 15-¢p, 10-¢n)
1b90(12) = 120 1b90(8) = 80
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16.10Fire checks
f” i Frige |
L~ |
J, \\
1’ N
I ~
AY
7 A
] |
- \ [
\ [
AY yi
yi
s
\\\
f ]
Y

o°C

¢ P v L P P 9 P L P
8 B ® E & B § R & =

T(°C)
331



dlcconsulting

PRECAST SYSTEMS DESIGN

AND TECHNOLOGY

BIBM EC2 project - calculation report

=
1

5]

b el

Lio

LU

290

FJ0

>

oo

117

206

345

452
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787

14

h121

205

264

344

451

594

786

207

344

450

3%4

786

209

266

344

450

594

786

212

345

451

594

786

215

269

346

451

594

786

218

71

347

452

595

786

219

272

347

452

595

786

—
169

219

272

347

452

595

786

218

271

347

452

595

786

215

269

346

431

394

786

212

268

345

451

594

786

209

344

450

594

786

206

34

450

394

786

205

344

451

594

786

265

345

452

595

787

209

348

455

597

788

215

274

353

459

789

224

2R3

361

465

791

238

296

in

475

612

794

156

142|137(135|136|141|150

258

314

3B8

488

621

799

176

165|163 | 162

286

339

411

507

635

BOS

219

218

212

323

374

441

532

654

814

|2

271

267

164
206 (205|206 | 209|215 |224
264|264 (265 (268

374

567

679

825

347

347

345

344|344 (345 (348 353|361

441

0,
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613
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452

452

451

451

450

450 (451|452 |455| 459|465
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367

613

675

756

I 595

594

594

594

594|594 595|597 600|605

654

679

12

756

B12

BES

786

786

786

786

786|786 (787 788 | 789|791

814

B41

B85
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N:1sp=420.00kN; M:1sp=37.00kN'm

Nz = 0.00 kN
Myt=  6945kN'm
My-=  -69.90kN‘m
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17 Foundation footing element -EN1992-1:2004

17.1 Shop drawings

Hh:“%l_.f ()
—_—TT® .
38
- ) @ §
R LI
-

EN 1992-1:2004

Tl 11

i s, o

1 ———— i

3D VIEW (1:25)

fioiee] BIBM  Feceration of the European Frecast Canerete Industy

Code  FOUNDATION FOOTING EN 1992-1:2004

A
dle.... |[ibm|x s | 5 102

TOP VIEW {1:30)
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Thumbnoil  Port Number  QTY Mass
r

o2 3| 1736
’
03 & | 4088
s
04 3| 4857
05 8 442
Lo
04 2 3060
1 i
o7 I 3624
L
> 08 0 4248
’
o7 10 258
.
10 | 7Ep

Totalmass @

538284 24 mm

24528 14 mm

14571 14 mm

35408 14 mm

6120 1Z2mm

3624 12 mm

42480 16 mm

25880  1émm

234570 16 mm

Total moss rebars [kg]l

92547 | incidence kg/m?

s297 |

Totol mass of steel [ka]

925,47 |

|Concrete volume (] | 1.248 |

[Cast in situ [me

[ 13448 |

|Toin| concrete [m?]

[ 14696 |

Project BIBM Federafion of the Eurcpean Frecast Concrefe Industry

name

Code  FQUNDATION FOOTING EN 1992-1:2004

die....

b:\'biﬂ

I aunopes
INVENTOR

ek Bot

17.2 Definition of concrete geometry and material properties

fck =-25 MPa

~cpered = 1.4

fed = . = -17.857
~cpered

V= 0.6-[1 + N =054

250

fsk = 500 MPa

~sred = 1.1

NEd = 4100000 N

L .= 4100 mm

I

Lpocket = 1040 mm

characteristic compressive strength of cast-in-situ concrete

partial safety coefficient for concrete

MPa

§6.10

characteristic yield strength of mild steel

partial safety coefficient for mild steel

Ultimate Limit State (ULS) axial load from column

side of base square footing

side of precast pocket

335

design compressive strength of cast-in-situ concrete
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17.3 Soil bearing stress check

SOIL BEARING STRESS (Winkler soil model with rigid foundation)

N
og = 025 MPa > -E;d = 0244 MPa -
L‘r

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-2-7w = 1.352 x 104 mm critical perimeter below pocket
4-d + 1040 = 4.02 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 - Lpocket):|‘
2 p) fsk
M=ozl =12x10° Nmm < 12722 .09.(d - Hbase) ——— = 121 x 10°
< ~sred
Nmm
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17.5 Punching shear

FRFCK
PUNCHING SHEAR AT COLUMN CONTROL PERIMETER
B=1+18 (£)‘2 = 1.127 §6.4.3
\ 400
$3-.\'Ed-|:l _ (8-d + Lpocket)-L;:ocket + 7\'-(2-d)2}
VEd A = = -027 MPa §6.38
- Lpocket-4-d

< 04v-fed =387 MPa |CHECH

§6.4.5(3)

PUNCHING SHEAR AT EXTERNAL CONTROL PERIMETER

=
;3-N'Ed-|rl _ (8-d + Lpocket)-l.;:ocket + 7-(2-d) j|
vEd_u = - =007 MPa §6.38
u-d
2
pl = min| 0.02,0-7- - =0 additional reinforcement ratio for dowel effect
4-Hfound-(Lpocket + 6-d)
ocp=0 MPa
kv = min{l - L .2) = 1.268
\ d
klv = 0.1
Crdc = . = 0.129
~cpcered
3 1
2, .2
vmin = 0.035-kv ™ -(-fck) ™ = 025 MPa

3 | v

vRdc = mzﬂCtdc-kv-(lOOpl--fck) - klv-ocpi|.(\min - klv-ccp)il =025 MPa §647

> Edu=007 [CHECK
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18 Foundation footing element - FprEN1992-1:2022

18.1 Shop drawings

1840
1800

1040

1024

®

20 380 2|217 600 2173 380 2

%

5o
NP
B
- o
7
N

T

®
N

4100

@ i @ @ 1

SIDE VIEW { 1:30]

Il f.ng.o i !

Tea | T |

1000

800

TOP VIEW [1:30)

ADVIEW([1:25)
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AThUmtrrmﬂ Fart Number Qry Mass Total mass. @
v
o2 0 17364 520520 24 mm
“ 03 & 4088 24578 14mm
1
l o4 3 4857 14571 14mm
05 a 4428 35408 14mm
1
[+ 2 3060 6120 12mm
P
| oF 3424 3424 12mm
2
2o o8 10 4248 42480 16mm
o 10 2588 25880 16mm
0 20 Teig 234570 1&6mm
1 5 7048 35240 16mm
12 & £922 24410 1&5mm
Tatal ross rebars [kg]l 77,95 | Incidence kgfm* 4855 |
Tatal mass o steel [kal] [Corzes | [Concrete volume (]| 1248 |

foes BIBM  Feceration of the European Frecast Concrefe Industry

Code FQUNDATION FOOTING FprEN 1992-1:2022
Emsni el s

— —
o] Tvasm] dlc....... [rbm|x s |25l 2012
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18.2 Definition of concrete geometry and material properties

fck =-25 MPa characteristic compressive strength of cast-in-situ concrete

Ne =15 partial safety coefficient for concrete

fed = = -16.667 MPa design compressive strength of cast-in-situ concrete
e

qv=13 partial safety coefficient for concrete in shear

ddg =32 mm

V= 0.6-,{1 + E] =054
\ 250

fsk = 500 MPa characteristic yield strength of mild steel
~sred = 1.1 partial safety coefficient for mild steel
fywd = —I- 454.545 MPa design yield strength of mild steel web reinforcement

~sred

NEd := 4100000 N
L =4100 mm
Ll

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)

N
og:=025 MPa > = - 02u MPa ErECK

2
L
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

l-dv+ 21040 =2216x 10° mm <  L.2=5798x10° mm

critical perimeter is inscribed into foundation base -
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18.4 Flexural reinforcement design

FLEXURAL REINFORCEMENT

-~

4~ c
=12x10° Nmm < 1272 .09.(dv - Hbase) —=
2 B ~sred

|:(I. - Lpocket)}2

M =oglL-

341

9

= 121 x 10
Nmm
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18.5 Punching shear

GLOBAL MECHANISM
PUNCHING SHEAR VERIFICATION NEED

11 [—fck ~sted dd
TRdc_min = — - | —— o0 T8 _ o401 MPa
v fsk dwv

ANEd|1- (2.68-dv + Lpocket)-Lpocket + w-(0.67-dv)”

=
TEd A = -
= Lpocket-4-dv

= 1067 MPa

<  7TRdc_min=0401 MPa

if not -= calculation needed

PUNCHING SHEAR AT EXTERNAL CONTROL PERIMETER

K
A-NEd-{ 1 {2.68-dv + Lpocket)-Lpocket + w-(0.67-dv)"~

2
TEd u = L
7 b5 -dv

=067 MPa

bl = 4-Lpocket = 4.16 = 1IZII3 mim

B0 B0 B0}
kpb = if] 36 /1- — < 11,836 1- — >252536 1-—||=219
L] b3 \ b3 b03 J)

=
24° N
pl = min 0.02.12-7- = 1124 = 10 :
4-Hfound-{Lpocket + &-dv)

1
0.6 adg)” 05
TRde = min| — -kpb-{ 100-pl-—fek - —= | | —-/—fck | = 0492 MPa
NV \ dv /| 4w
g = TEd u=047
D = 1933 5
v L if nat -= punching shear reinforcement is needed
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PUNCHING SHEAR REINFORCEMENT CALCULATION
drw = 16 i

nipw = 3

Asw = ﬂd}w-ﬂ-l:hl% = 1.003 x !III'3

_ 2-067-dv + Lpocket

st : = 41838
e
m
oW = —
4
e e DR, R T
dv-st
Ed
mne = L i = 0.733
TEd u

3

y T 2
d T |r "'I |r "'I

: 1f +:1'-%: - 1 | |=08
150-drwr | dv /| me-kpb)

mMs = max 0.8
TRdes = min[pw-fiwd ne-TRde + ns-(pw-fyrwd)] = 0984 MPa >  1Ed u= 067 m

pw-fywd = 0.954

1
T
{ b0
msys =maxg 1,03+ 063 — | | = 1436
\dwv }
Rdmax = 1jsys-TRdc = 0.717  MPa > 7Ed_u= 067 EHECKH
cv = 80 mim
dvout = dv — cv = T03 mim
. \2
posout = b05{ —— | —1:21x 10"  mm
| dveout-ne /)
e ; extension of the punching shear reinforcement
(ot S hpack) _ 1.738 = 103 mim fram the control section -> absurdely large and
2w not taking into account the ground reaction
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STEP MECHANISM
PUNCHING SHEAR AT STEP CONTROL PERIMETER

Lbase = Lpocket + 4. Hbase = 184 « 1IZII3 mim
dv2 = dv — Hbase = 383 mim

11 | —fck-~sred dd
TRdc_mind = — - | —— 1=°C OB _ 9464 MPa

v fsk dv2
b03_2 = min(3-dv2-4 + 0.3-dv2-2-w Lbase-4 + 0.5-dv2-2-w) = §.838 x 1IIII3 mim

2
BNEd|1- {2.68-dv + Lbase}-I_}:;ase + w-{0.67-dv2)
2
TEd_A2 = = 0432 MPa
i Lbase-4-dv

< TRdc_min2 = 0464 MPa

if not -= calculation needed

PUNCHING SHEAR AT EXTERNAL CONTROL PERIMETER

\
(2.63-dv2 + Lbase)-Lbase + w-(0.67-dv2)"

:

&

TEd_ud = = 0534 MPa
= Bb03_2-dv2

B-NEd-|1-

b02 = 4-Lbase = 736 x 1IZII3 mim

BbO2 ) B02 | |
kpb2 = if| 36- |1 - —— < 1,1.if| 36 |1- —— >25.2536 [1- —— || =148
L b03 2 L b03 2 bO3 2))

=
2" i
pl2 = mirg 0.02,12-7- = 1385 = 10 3
4-(Hfound — Hbase)-(Lbase + §-dv2)

1
0.6 ddg‘ﬁB 0.5
TRdc2 = min| — -kpb2-| 100-pl2—fek-— | —-/fck | = 041 MPa
v \ dvl /| v
o > TEd u=047
— . Jfek = 1023
.

if nat -= punching shear reinforcement is needed
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PUNCHING SHEAR REINFORCEMENT CALCULATION

2-067-dv2 + Lpocket
) = v pocke

— 364.78
nyrw
I R
dv2-st2
Rdc2
1€l = 2 _ gos1
TEd_A2
1 3
. ".E . \2
&2 (. ddg\“[ 1
mMs2 = max 0.8, : j—g-‘ i

+ | 15
150-dwwr |

1

dv2 ) |2 kpb2 )

TRdes? = min[pw-firwd . me2-TRde + ns2-(pw2-fywd)] = 0984 MPa > <Ed u= 0467

pw-fywd = 1.514

1

. 4
(b2
Tsysd = 1,05+ 063 — | |= 1687
\ dvl ]

TRdmax? = nsvs2-TRde2 = 0602 MPa =

TEd_u = 0.67 EHECH
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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.
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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
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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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g)

h)

)

k)

D

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 BSOOA 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, femy 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 s7u 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 kil 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) 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.

1) 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.

j) 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.

k) 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.

1) 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

a) 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.

b) 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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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.

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.

d) 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.

e) 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

a) 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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PRECAST SYSTEMS DESIGN AND TECHNOLOGY

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.

372



. _ e
d Ic consulting BIBM EC2 project - calculation report 1brm

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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