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6-storeys building + 2-storeys underground parking in an urban area (terrain
category IV) not close to the at 300 m AMSL (Above Mean Sea Level). The
building design working is 50 years.

Reinforced cast on site concrete, 3 different floor solutions: slab on beams, flat
slab, slab with embedded lighting (clay) elements.

Building similar to the one used for the EC8 example (documentation available
on ):

Scope: two “case studies” referring to the same building with the same vertical
loads but two different sets of horizontal actions (EC2: vertical loads + high
wind; ECS8: vertical loads + earthquake).

In comparison with EC8 example, lateral stiffness and strength are still
required but less bracing elements (lift core + two walls) are present.



EUROCODE 2 EC2 worked example
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e 2-level underground parking
e ground floor: offices open to public, 15t to 5" floor: dwellings
* roof



EUROCODE 2 EC2 worked example

Background and Applications

Columns Layout

7125

X direction slab/ beams spans: all equal
single central core and stairs
two y-direction walls



EUROCODE 2 Three solutions: 1) slab on beams

Background and Applications
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A-A SLAB ON BEAMS

0,18 m slab on
0,40 h beams
spanning in
both x and y
directions




Background and Applications

Dissemination of information for training — Brussels, 20-21 October 2011

B-B FLAT SLAB

7,125

5
@

7025 !

EUROCODE 2 2) flat slab

0,24 m flat slab
spanning in X
and y directions



EUROCODE 2 3) Monodirectional ribbed slab

Background and Applications
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C-C SLAB WITH EMBEDDED ELEMENTS

7,125

J’—im—aL

7,125

i sLighting clay elements

I}  b=500mm, b, =120 mm
" blb,=4,2>3

50 mm flange made of
+-- cast on site concrete

' h=0,18+0,05=0,23m

5353
B .
r n 0,25
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i
y

T beams h =0,23+0,17 =
0,40 m



EUROCODE 2 Actions: G loads

Background and Applications
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Self weight G, : based on reinforced concrete unit weight (25kN/m?3) and
the geometry of structural elements.

Permanent loads G,
Finishing, pavement, embedded services, partitions: 3,0 KN/m?
Walls on external perimeter (windows included): 8,0 KN/m

Variable loads characteristic values and | factors

P
Type
(KN/m?) Py P,
Dwellings 2,00
_ 0,70 0,30
Stairs, office open to public 4,00

Snow 1,70 0,50 0,00



EUROCODE 2 Actions: wind

Background and Applications
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European wind map

L

10-minutes median
wind velocity at 10-m
height above flat,
even ground; no
gusts

The characteristic
value of wind
velocity or velocity
pressure occurs in
the average once
every 50 year (p =
0,02, mean return
period 50 years)



g EUROCODE 2 Actions: wind

il Background and Applications
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Wind W, = 0,60 W, =0,0
Basic wind velocityVs = CerCasssonVso Ceir= Caszean= 1,0 Voo = 30 misvs = veo = 30 mis
Terrain category IV Zo = 1 Zoin = 10 m

L 10 \°¥
Terrain factor k, =0,19 | —2 =019 | — | =0,234m/s
0,05 0,05

Orography factor co=1.0

Turbulence intensity k=10 |, (2)=- k .
il c,(2) Inzfz, Inzfz,

Exposure factor c. (2) taking into account turbulence

&

A B
z<10m Ce (2) = Ce (2ow) = K2 -, -InZ{ 7+ ¢, -InZ- (=029 -1-InE[?+ 1-|nEJ=1.13 const.
Z, z; ) 1 1
f 2]
zz10m Ce (z) = K2 .c, -In—| 7+, -In— [=0,053:In z(7+Inz ).
Zy | A
1 1 ;
Basic velocity pressure q,= Ep v =2 5 1,25-30%107= 0,563 kN/m?
Peak velocity pressure OulZe) = Ce (2)gn = Ce (2) 0.563 kN/m?2 z>10m
Qplze) = Ce (Zmin)gs = Ce (10) 0,563  kN/m2 z<10m

Wind pressure on external surfaces Coe=+ 0,8 cCpe=-04

Structural factor s ¢4 = 1,0 (framed buildings with structural walls less than 100 m high)



EUROCODE 2 Actions: wind
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Wind pressure on external surfaces

We = Qp(Ze) CoeCsCa = Qo(Ze) (0,8 — (- 0.4))1 = 1,2 qulze) kN/m

2>10m  We(ze) = 1,2:Ce (ze) 0,56= 0,03571n (ze) [7 + In(ze)] kN/m2 We (19) = 1,04 kN/m2
z<10m  we (10)=0,0357-n (10) [7 + In(10)] = 0,77 kN/m?
wind x wind y
We(Z) I. Wwe(2)
— —
= & =
= = ol =3

1
21,25




EUROCODE 2 Preliminary evalutation

Background and Applications
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Horizontal loads: wind y and wind X

To increase torsional rigidity, place bracing elements on all sides
(stiffnesses’ “centrifugation”)




EUROCODE 2 Durability

Background and Applications
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EC2 2.1.3 Rules for design working life, durability and quality
management are in EN1990 Section 2

2.4 Durability

(1)P The structure shall be designed such that deterioration over its design working life
does not impair the performance of the structure below that intended, having due regard

to its environment and the anticipated level of maintenance.
(3)P The environmental conditions shall be identified at the design stage so that their

significance can be assessed in relation to durability and adequate provisions can be
made for protection of the materials used in the structure.

EC2 refers to a 50-years design working life and normal maintenance

For concrete structures quality management procedures during
execution are described in EN13670.



EUROCODE 2

Background and Applications

50-years design working life?
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carbonation chlorides

a 1959 w 1971 a 1975 w 2000
R.I.P.



EUROCODE 2 Durabllity
Background and Applications
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Traditional “deemed to satisfy” rules related to the exposure

conditions of the various structural members, described in:

- ENZ206-1 Annex F (concrete standard) for material
composition

- EN1992-1 for design, based on 1) a required concrete
guality and 2) an adequate concrete cover to reinforcement.

Strength is used as a measure for the durability of concrete,
with values for maximum w/c ratio and mininum cement
concrete

Result: large variation in requirements in different countries
(see CEN TR 15868).




EUROCODE 2 Durability

Background and Applications

BASIC PARAMETERS

- exposure conditions classified using “exposure classes 7,

- Minimum concrete strength class and concrete cover related
to exposure conditions;

- behaviour in use (e.g. cracking) related to exposure
conditions.

EXPOSURE CLASSES VS. DETERIORATION MECHANISMS

- Corrosion of reinforcement due to Carbonation (XC) or
chlorides from De-icing agents, industrial wastes, pools (XD)
or Sea water (XS)

- Deterioration of concrete due to Freeze/thaw action (XF) or
chemical Attack (XA)



EUROCODE 2

Background and Applications
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Exposure
classes in
EN206-1
referred to In
EN1992-1

Class Description of the environment infarmative examples where exposure classes
dau.iﬁna‘thn may ocour
1 Mo risk of corrosion or attack
For concrete without reinforcemant o
X0 ambeddad metal: all exposures except where
there Is freezaithaw, abrasion or chemical
attack
For concrete with reinfarcement or embedded
metal; very dry Concrets inside I:lulh:llnﬂs. with vany low air humidity
2 Corrosion induced by carbonation
XCA Dry or permanantly wet Concrete inside buildings with low air humidity
Concrete permanently submerged in water
G2 Wet, rarely dry Concrete surfaces subject to long-term water
Gontact
Many foundations :
XC3 Moderate humidity Cencreta inside buildings with moderate or high air
humidity
External concrete sheltared from rain
XG4 Cyelic wat and dry Concrete surfaces subject o water contact, rot
within exposura class XC2
3 Corrosion induced by chlorides
XD Madarata humidity Concrate surfaces exposad to arboma chloridas
¥D2 W, rarely dry Swimming pools i
Concrete components exposed o industrial waters
_ containing chiorides
xD3 Cryclic wat and dry Parts of brldges exposed 1o spray containing
chlorides
Pavaments
{-ar park slabs
4 Corresion induced by ehlorides from sea water
x31 Exposed to airbome salt but not in direct Structures near 1o or on the coast
coniact with sea waler
KE2_ Permanenthy submenged Parts of marine struclures
K23 Tidal, splash and spray zones Parts of marine structures

5, Freeze/Thaw Attack

g3 waler

XF1 IModerate water saturation, without de-icing Vertical concrele sufaces exposad to rain and
agent fragzing
XF2 Modarate water saturation, with de-icing agent | Vertical concrele swrfaces of road sfructures
exposed to freezing and airbome de-lcing agents
KF3 High weater saturation, without de-icing agents | Horizontal concrete surfaces exposed to raln and
_ freezing
XF4 High water saturation with de-lcleg agents or | Road and bridge decks exposed 1o de-cing agents

Conerate surfaces exposed 1o direct spray
containing de-icing agents and freezing
Splash zone of marine structures axposad 1o
frapzing

6. Chaemical attack

according to EM 206-1, Table 2

XAl Slightly agaressiva chemical enviranmant Matural soils and ground water
according to EM 206-1, Table 2

KAZ Moderately aggressive chemical environment | Natural solls and ground watsr
according io EN 206-1, Table 2

XA3 Highly aggressive chemical environmant MWatural sails and grawend watar




EUROCODE 2 Durability

Background and Applications
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CURRENT SYSTEM : EC2 ch. 4 el g
f%: Q——-——-—: ————— >
~z 1 T}
1) Exposure class(es) s
— —
2) MINIMUM strength | = ] @l
class for the exposure class(es) — l—’ =
(EC2 Informative annex E) T, | — e

3) Nominal concrete coverc .,
C = max [(C,i, + AC); 20 mm]

Ac = 0-10 mm “ d

Cmin = MaxX {Cmin,b; (Cmin,dur - AC dur,add); 10 mm}
accounts for bond, protection from corrosion and fire resistance

nom




EUROCODE 2

Background and Applications

Minimum cover for durability
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1) STRUCTURAL CLASS SELECTION - DEFAULT: S4

Table 4.3N: Recommended structural classification

Structural Class
Criterion Exposure Class according to Table 4.1
X0 XCA XC2 [ XC3 XC4 XD1 XD2 § XS1 | XD3 [ XS2/ XS3
Design Working Life of { increase | increase increase increase | increase | increase | increase class
100 years class by 2 |class by 2 | class by 2 | class by 2 | class by 2 | class by 2 by 2
Strength Class 72 = C30/37 | >C30/37 | >C35/5 | = C40/50 | = C40/50 | = C40/50 > C45/55
reduce reduce reduce reduce reduce reduce |reduce class by
classby1 | class by 1| classby 1 | class by 1 | class by 1 | class by 1 1
Member with slab reduce reduce reduce reduce reduce reduce |reduce class by
geometry classhy 1 |classby 1| class by 1 |class by 1 | class by 1 | class by 1 1
{position of reinforcement
not affectad by construction
process)
Special Quality reduce reduce reduce reduce reduce reduce |reduce class by
Conirol of the concrete | class by 1 | class by 1 | class by 1 | class by 1 | class by 1 | class by 1 1
production ensured
Exp. class XC2/XC3 - 50 years working life, no speci al QC

Slabs: concrete C25/30
Beams and columns: concrete C30/37

m)S(4 — 1) = S3

s 4




EUROCODE 2 Minimum cover for durabllity

Background and Applications
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2) CONCRETE COVER FOR XC2/3 AND CLASSES S3/54

Environmental Requirement for ¢, 4. (Mm)
Structural Exposure Class according to Table 4.1
Class X0 AC1 | XC2/ XC3 XC4 XD/ x51 | XD2 /X352 | XD3/XS3
S1 10 10 10 15 20 25 30
=2 10 10 15 20 29 30 30
S3 10 10 720\ 25 30 35 40
S4 10 15 \25/ 30 a5 40 45
S5 15 20 30 35 40 45 50
S6 20 29 35 40 45 50 55
C slabs = 20 mm

min,dur

C columns = 25 mm

min,dur
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Background and Applications
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Nominal cover evaluation

Excel™ spreadsheet

Concrete cover

Parameters Suggested User defined
1|Exposure class XC3
2|Freeze/thaw
3|Strenght class C30/37 C30/37
4|Service life 50
5(Slab or similar? NO
6|Quality control? NO
7|Max bar diam. (mm) 16
8|Acqyst 0 0
9|Acyyry 0 0

10[Acyyr add 0 0
1 Acig A) Recommended
10 10
12|Structural class S4
13|Cumin, dur 25
14|Cmin b 16
15(Crnin 25
16|Cnom 35

=<
o

ﬂﬁﬁtﬂh

XC1

XC2

XC3

XC4

XS1

XS2

XS3

XD1

XD2

XD3

len,dur
30

o
(8,
=
o
=
U
[ )
o
N
[
w
(%]
S
o
~
(%]

50

55

60




EUROCODE 2 Nominal cover evaluation

Background and Applications

Cla.ssl;e di Copriferro Cmindgur [Mm]
esposizione
ambientale 15 25 30 33 40 45 30 99
XC1 I C25/30; 0,60; 300
xc2 | | } C25/30; 0,60; 300
XC3 ! C28/35; 0,55; 320
Xc4 Sﬂ/.l ----- ) C32/40; 0,50; 340
XD1 T b £28/35; 0,55; 320
XD2 100~ -L C35/45; 0,45; 360 National
T | C35i45;
XD3 | a5 300 | tables
XS N C28/35 0.55; 320
xs2e | 1 _i!___ C35/45; 0,45; 360
1 .
> I 04(;3%%5
XF1 £28/35; 0,50; 320
XF2 - XF3 C25/30; 0,50; 340
XF4 C28/35; 0,45; 360
XA1 £28/35; 0,55; 320
XA2 C32/40; 0,50; 340
XA3 C35/45; 0,45; 360

Tab. 26.02 - Copriferro cnin @ composizione del calcestruzzo (EN206-1 ed EC2)
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il Background and Applications

Proposal for EC2/EN206 2015 revision
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standard

Durability Classes, proposal

norge

Classes Carbonation resistance class Chloride resistance class Frost resistance class
Low Medium High Low Medium High Low High
Oefindion of class | %01 XC1 X1 X52 K52 52 XF4 i XF4
Depth of front after | < 40mm < 0mm < 20mm < Blmm < 60mm < 40mm Scaling loss < | Sealing s <
S VEAS nnigm) | pig'm’)
Accepted EN XXX EM XXX EM XXX EN Y ENYYY ENYYY ENZZZ | ENZZZ
aoceleratad
Test condition |
Lesmed to satisly fwio= Wit = We = W= We = Wit = Wig = | wie =
CEMI Wil +hp) = wilc +hp) = wilc +hp] = wile 4hp)= Wi ekph = Wil +hp) = wic +hp) = ' wiic +hp) =
Alr = ns { Alr = n
Desmed to satisly | wie= Wi = Wi = wt= wic = wic= wic = | wic=
CEMI wlc +hpi = wiie +hp) = wic +hp = wic +hp) = wiE +kpl = wile +hpl = wilc +hpl = | wic +hp) =
Al = nf% | Air = n%
Deemed to satisfy | wio = wig s wie = W= W = WiC = W= | wic =
CEMH wile +hpi = Wil +hp) = w'ic +hp| = wiic +hp)= wiE +hkp) = WiE +hp) = Wil +hpl = | wiic +hp) =
Air = ne | Air = n%
Deamed to satisty :
Binders, additions




EUROCODE 2 Proposal for EC2/EN206 2015 revision

Background and Applications
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Design for durability, o
- stdndar
relating exposure to concrete and cover norge

The text on durability in EC2 §4.4.1.2 tables 4.3, 4.4 and 4.5 could then be replaced a table
ke this;  Hepe the Durability Class is a national choice (NDP)

Exposure Durability Class Minimum cover Cpin,qyr (mm)
Class (minimum} 50 -years 100 -years
design service life design service life

A0 Carbonation Resistance Low

xC1 Carbonation Resistance Medium

XC2, XC3, Carbonation Resistance High
XCd

XD, X51 Chloride Resistance Low

xD2, XD3, Chloride Resistance High
x52

*53 Chloride Resistance High




EUROCODE 2 Durabllity - EC2 Worked example

Background and Applications

Due to non uniformity of EU National choices, to avoid country-
specific conditions, for the example no exposure classes were
selected and nominal cover to reinforcement c, ., was fixed:

Crom = 20 +10 =25+ 5 =30 mm

nom

Crindur = 20/25 mm — exp. class XC2/XC3 for classes S3/S4
A. 4ov = 5 - 10 mm for controlled execution

c,dev

For foundations c,,,, = 40 mm.

Concrete strength classes have been selected accordingly



EUROCODE 2

Background and Applications
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Materials: concrete

Foundations, beams and slabs: C25/30

Columns: C30/37 > C25/30 =====) ECS8 “capacity design” rule to avoid

Safety factors:

soft storey plastic mechanism

ULS v, = 1,50 (persistent and transient design situation) o, = 1,0

SLS vy, =1,0

o

0 I

fado

- S e s e m— w— ww|
L] 1

2 g

Figure 3.3: Parabola-rectangle diagram for concrete under compression.



EUROCODE 2 Materials: steel

Background and Applications
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Grade 500 class B

Strength f,c = 500 N/mm? fymax = 1,30 f,

Ductility (F/A) =1,08 g, = 5% €,4=0,90¢, = 4,5%

Safety factors:
ULS vy, = 1,15 (persistent and transient design situation

SLS vy.=1.0
5
A
kfrk‘ """"""""" "““""““'_:'_:'_:'.-"-—“-""":Hf’“
8 R Ktud 1o
foas iyl 357 -
k= (fi/fyk
Idealised
Design
: " —_—
fy/ Es ud uk

Figure 3.8: Idealised and design stress-strain diagrams for reinfu.rcing steel (for
tension and compression)
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Background and Applications
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The EC2 worked example:

Description, actions,
durability, materials

Francesco Biasioli

Giuseppe Mancini
Dipartimento di Ingegneria Strutturale e Geotecnica
Politecnico di Torino — Italy

e-mail: francesco.biasioli@polito.it



EUROCODE 2

Background and Applications
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EC2 worked example

Conceptual design

Slabs

Francesco Biasioli

Giuseppe Mancini
Dipartimento di Ingegneria Strutturale e Geotecnica
Politecnico di Torino — Italy

e-mail: francesco.biasioli@polito.it



EUROCODE 2 Two (contradictory?) appproaches

Background and Applications
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“When time Is money, it's
moral not to waste time.
Especially your own.”

Theodor W. Adorno

“Keep doing what you've always
done and you'll keep getting
what you've always got”

Buckminster Fuller



EUROCODE 2 cqonceptual Design: definition

Background and Applications
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«Choosing an appropriate solution
among many possible which must be studied
In order to solve a particular problem
taking Into account
functional, structural, aesthetical and
sustainabllity requirements»

H. Corres Peiretti et al.

(Structural concrete Textbook, fib bulletin 51)



EUROCODE 2 Aesthetical requirements?

Background and Applications
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EUROCODE 2 EC2 worked example

Background and Applications
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SECTION 2 " SECTION 1
R SN
i i . ? i ] |
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* 2-level underground parking

e ground floor: offices open to public
e 1st to 5™ floor: dwellings

* roof



EUROCODE 2 EC2 worked example

Background and Applications

X, Yy -direction slab/ beams spans all equal
single central core, two y-walls



Disse

EUROCODE 2 General assumptions

Background and Applications

mination of information for training — Brussels, 20-21 October 2011 — F: Biasioli — G: Mancini — Conceptual design

SLABS AND BEAMS

The design of the geometry of slabs and beams has to fulfill both
Ultimate (ULS) and Serviceability Limit States (SLS) requrements.

The depth of all slabs is based on deflection control (EC2 7.4).
For flat slabs, punching may also govern.

The width “b” of the beams is evaluated on the basis of the span
ULS maximum bending, taking into account SLS of stress limitation
and crack control. Maximum bending moments occur generally at
the face of supports but redistribution and double reinforcement
there can take care of the (My,, — Mgp,,) difference.

In the case of T beam, the minimum web width b, may be governed
by ULS shear.



EUROCODE 2 Slab self weight estimation

Background and Applications
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Self weight based on reinforced concrete unit weight (25 kN/m?3) and
the actual or equivalent depth h (m) of the slab.

G,=25h (kN/m2)

For lighting embedded clay elements (38+12) cm with 5 cm topping,
the equivalent height ( = load) is 51 - 55% (average: 53%) of the
weight of a flat slab of the same height.

500

hie h=h,+ 0,05 G, heq=G1/25 | heg/hie;
[m] [m] [kN/m?] [m] r
0,55 ' 4 o

0,21 2,89 0,116

0,18 0,23 3,08 0,123 0,54

0,20 0,25 3,27 0,131 0,52
0,22 0,27 3,46 0,138 0,51

0,24 0,29 3,69 0,148 0,51 M

Ex. Total height h = 0,23 m G = (0,54 x 0,23) x 25 = 3,10 kN/m?



EUROCODE 2 G and Q loads

Background and Applications
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Permanent loads G2
Finishing, pavement, embedded services, partitions: 3,0 KN/m?

Walls on external perimeter (windows included): 8,0 KN/m

Variable loads Q and y factors for load combinations

A

Type g Y

yp (kN/m?) b 2

Parking (cars = 30 kN) 2,50 0,70 0,60
Dwellings 2,00

0,70 0,30
Stairs, office open to public 4,00

Snow 1,70 0,50 0,00

No thermal effects considered as L, = 30 m - EC2 2.3.3 (3)



EUROCODE 2

Background and Applications
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Structural model

EC25.3.2.2 (1)

| = “effective span”

EC25.3.2.2 (2)

Slabs analysed on the
assumption that supports
provide no rotational restraint

I A
a;= min{1:2h; 12}

/n..y' '

hn

a7

4v

T

(a) Non-continuous members

a=min{ich; 12t} |

(b) Continuous members

(¢) Supports considered fully restrained (d) Bearing provided

L

1

L

a|l= min {1/2h; 112t}

Iy

fet

:
f

(e) Cantilever

Figure 5.4: Effective span (I, ) for different support conditions

T '
a,=min{1/2h; 112t} |
A It
f

centreline



EUROCODE 2 Preliminary evalutation

Background and Applications




EUROCODE 2 Slab depth

Background and Applications
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EC2 7.4.2 - Deflection control for flat slabs = 8,5m and slab and beams = 7 ml|

lﬂ:Ksm | :Ks@AS’W | o R s(ha_lpe) factor
d o. \d), 3 A d) s=1, sect_lon |
S o s = 0,8 T sections with b/b,, > 3
A A' — 43
=_s '=__s p,=10 fc 0 —————— e B I e
"“ba "7 bd ° k
< L) =11+ 57, 2e+32./f, || 2- 3 — 2025
p - pO d ) ck p ’ ck p 30 - I I EREET S
° (1/d),
25 T8
I 1 —(35/45
p p' 20 Il i N
Pp>p — =11+1,5 fc 0'+_ fc — ——40/50
S NG N s
- O ,45 0 ’50 O , 55 O , 57 0 , 59 0,10% 0,60% 1,10% 1,60% 2,10%p 2,60% 3,10% 3,60% 4,10%

T 9 w20 2 18 max (I/d), = 36



By EUROCODE 2 (I/d) values — C30/37, f,, = 500 N/mm?

il Background and Applications

Dissemination of information for training — Brussels, 20-21 October 2011 - F: Biasioli — G: Mancini — Conceptual design

Concrete highly stressed Concrete lightly siressed
Structural System K 0=1,5% p=0,5%
Simply supporied beam, one- or ,
two-way spanning simply 1,0 14 20 , k=04
supportad slab
End span of continuous beam or
one-way continuous slab or two- 1,3 18 26
way spanning slab continuous over F 3 k=10
one long side
Interior span of I:-gam or one-way 15 20 30
or two-way spanning slab | B k=13
FAY JAY

Slab supporied on columns without 19 17 24
beams (flat slab) (based on longer v
span)

i e = k =5
Cantilever 04 6 8 -
Note 1: The values given have been chosen to be generally conservative and calculation may frequently
show that thinner members are possible.
Note 2: For 2-way spanning slabs, the check should be carried out on the basis of the shorter span. For
flat slabs the longer span should be taken.
Note 3: The limits given for flat slabs correspond to a less severe limitation than a mid-span deflection of
span/250 relative to the columns. Experience has shown this to be satisfactory.

k “normalizes” structural spans to the Simply Supported one

7 , f :1&|4 f. :iif' | :li

5 5
E fy =fe = 4 == =K k=4 = (57
CL — 'SS CL 4888 SS 48




Background and Applications

EUROCODE 2 Ec2 7.4.2 Deflection control by slenderness (I/d)
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EX

4*33
EXEF]

I min
I max

ax 50
in 50 500

File : Help1 - Trave Zcamp
Scala momenti 1:100 - Sollecitazioni di Esercizio
Scala Frecce 1:0,01

-250
max 140 140

0 0
15 ' 500 150
1 150
5,17E-03 B17E-03

817E-03 817E-02

ile : Help1 - Trave 2camp

F
Scala mementi 1:100 - Sollecitazioni di Esercizio
Scala Frecce 1:0,01

S ? Il . T § 7‘

0 -250 0
1525 1525

1563 00 156,3

x 158, 5 \
in 1063 375 106,3

7,21E-03 7 21E-03

-1.51E-04 -1.51E-04

* the “normalized” span
|, = I/k

may be used for fast approximate
span bending moment evaluation
using the “single span beam” formula

M =ql 2/8

= G |§ff | = le_ff
leff n
14,2 1,3
_GI*_GF
"8 135
v = G (1+Q/G) I%,
6a 13,1

+5%

-3% ifQ=13G




EUROCODE 2 Depth evaluation

Background and Applications
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| cous Cose0 C30RT C:Me0 CaMS
" p®) o045 050 055 057 059

20 20 21 18
lot ety » k l, (1/d), s d, A, _
m m m m m cm2/m !
Slab on beams 60 7125 60 13 462 20 1,0 0,23 12,7 4 = h
Flat slab 60 7125 7125 @ 172 5,94 20 1,0 0,30 16,5 ™ (Id),s
Slab with emb. el. - 7125 7125 13 548 20 0,8 0,27 14,9

Due to the high reinforcement ratio assumed in the table resulting
effective depths d,;, are too conservative, but may be used for a
(safe) preliminary evaluation of slab self weight G,

— ’ ’ 1 — —
Nin = Ay + d d=c,;n+t@;+%@=30+0+14/2 =37 mm
dmin hmin = dmin+ d1 Coeff hc,eq Gl
m m m kN/m?2
h
ld Slab on beams 0,23 0,27 1,00 0,27 6,69
Flat slab 0,30 0,33 1,00 0,33 8,35

Slab with emb. el. 0,27 0,31 0,55 0,17 4,28



g EUROCODE 2 Iterative refined method

il Background and Applications
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G and Q in kN/m A
| )\ C20/25 (C25/30 C30/37 C35/45 (C40/50
o= s S= 10 53 57 60 63 65
3 S= 08 49 53 56 59 61
d) JG+yQ
hmin = dmin
din g coeff heq G, G, Qy W, Tot Ag l,/d I doin
m m m kN/m kN/m kN/m kN/m m m
Slab on beams 0,23 0,27 1,00 0,27 6,69 3,0 2,0 0,30 10,29 60 28 4,62 0,17 -28%
Flat slab 0,30 0,33 1,00 0,33 8,35 3,0 2,0 0,30 11,95 60 26 5,94 0,23 -24%
Slab with 1. el. 0,27 0,31 0,55 0,17 4,28 3,0 2,0 0,30 7,88 56 28 5,48 0,20 -29%
Slab on beams 0,17 0,20 1,00 0,20 5,10 3,0 2,0 0,30 8,70 60 29 4,62 0,16 -6%
Flat slab 0,23 0,26 1,00 0,26 6,56 3,0 2,0 0,30 10,16 60 28 5,94 0,21 -6%
Slab with 1. el. 0,20 0,23 0,55 0,13 3,19 3,0 2,0 0,30 6,79 56 30 5,48 0,19 -6%
Slab on beams 0,16 0,19 1,00 0,19 4,87 3,0 2,0 0,30 8,47 60 30 4,62 0,16 -1%
Flat slab 0,21 0,25 1,00 0,25 6,27 3,0 2,0 0,30 9,87 60 28 5,94 0,21 -1%
Slab with 1. el. 0,19 0,22 0,55 0,12 3,06 3,0 2,0 0,30 6,66 56 30 5,48 0,18 -1%

.. =0,19 - 0,25 — 0,22 m

Taking into account Ag .o/Aq oy Diin = 0,18 - 0,24 - (0,18+0,05) = 0,23 m



EUROCODE 2 g

Background and Applications

eams and columns load tributary area

[T | rm e == Tk L= = S I w——" == promamy = e [
o |-
&)
[t |
A
= I Ht  iseas
i b
& [ | im | [ (|
o | ] i ) | |
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T~
&3
:: 111111 3 Thzkpamas it -1 fL ST T e =1 SR 4 Thseudg fada it
= = = & \
238.5 679 583 583 679 238.5

Monodirectional slabs: “zero-shear” lines under uniform g = 1 loading
identify beams tributary areas; zero shear lines for beams together with the
ones for slabs identify columns tributary areas

Bi-directional or flat slabs: yield lines approach apply.

| &=



EUROCODE 2 Beams tributary area — Auto-CA add on for Autocad™

Background and Applications
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EUROCODE 2 columns and cores load tributary area — Auto-Ca

Background and Applications
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EC2 worked example

Conceptual design

Slabs

Francesco Biasioli

Giuseppe Mancini
Dipartimento di Ingegneria Strutturale e Geotecnica
Politecnico di Torino — Italy

e-mail: francesco.biasioli@polito.it
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EC2 worked example

Conceptual design
Beams

Francesco Biasioli

Giuseppe Mancini
Dipartimento di Ingegneria Strutturale e Geotecnica
Politecnico di Torino — Italy

e-mail: francesco.biasioli@polito.it



EUROCODE 2 geams tributary area by Auto-ca, add on for Autocad™

Background and Applications
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EUROCODE 2 SLS cracking

Background and Applications
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Table ¥.1N Recommended values of Wi,z (mm})

Exposure Reinforced members and prestressed Prestressed members with
Giasa members with unbonded tendons bonded tendons
Quasi-permanent load combination Frequent load combination
X0, XC1 0,4 0,2
XC2, XC3, XC4 0,2°
D1, XD2, X51 0.3
XS 2: XS 3' ' Decomprassion
MNote 1: For X0, XC1 exposure classes, crack width has no influence on durability and this limit
is set to guarantee acceptable appearance. In the absence of appearance conditions
this limit may be relaxed.
Note 2: For these exposure classes, in addition, decompression should be checked under the
quasi-permanent combination of loads.

W, = 0,3 mm to be evaluated for the
Quasi-Permanent (QP) load combination



EUROCODE 2 SLS cracking

Background and Applications
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Maximum diameters - cracked section, QP load combination

Steel 500 B Concrete class
C20/25 C25/30 C30/37 (C35/45 (C40/50

faerr| 2,3 2,6 2,9 3,4 3,6
o O,/fyk @, max for crack width wy =0,30 mm
160 0,32 24 28 32 36 38
170 0,34 22 26 30 34 36
180 0,36 22 24 28 32 34
190 0,38 20 22 26 30 32
200 0,40 18 20 24 26 28
210 0,42 16 18 22 24 26
220 0,44 14 16 20 22 24
230 0,46 14 16 18 20 22
240 0,48 12 14 16 18 20
260 0,52 10 12 14 16 16
280 0,56 10 10 12 14 14

Note: EC2values up to f,,; 25 mm for ;=200 Mpa



EUROCODE 2 SLS stress limitation

Background and Applications
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CA combination of loads

1) Longitudinal craks due to excessive concrete compressive
stress may affect durability (exposure classes XD, XF, XS only)

2) Excessive steel inelastic strain leads to unacceptable cracking or
deformation.

QP combination of loads

3) Limitation of max concrete compressive stress to confirm linear

creep for concrete
4) [Crack width control by maximum bar diameter — see prev. slide]

Concrete oc/fe Steel os/fyk
QP CA QP CA
< 0,45 < 0,60 <0,32-0,52 <0,80

o/t and o /fy, to be evaluated with an elastic cracked model



EUROCODE 2 SLS stress evaluation

Background and Applications
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Single reinforced cracked section - elastic model

.

d
As
| b d]
X 1 X
Ee= € = =_¢ =
1+ s ‘. d
an-C
MEk 0-c - uk 0-s - uk
My = —%.— f, E(Ej f fk(ﬁj
c e 1_79 yk K 1 e
b df,, 5 3 prk 3
Mg = Mgcop  OF Mg ca ~ /



EUROCODE 2 o, coefficient
Background and Applications
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dCreepdeformaﬁorf q = ES E ) — Ecm
/ e ce
] / D Ec,eff (1 +(peff )
| - QO =P,y QP combination

M
QO = Quy, MEK’QP CA combination
Ek,CA

'
-

Deformation

Time

C16/20 C20/25 C25/30 C30/37 (C35/45 C40/50
Oleqp 21,0 20,0 19,1 18,3 17,6 17,0
Oleca 16,1 15,4 14,6 14,0 13,5 13,1
OleEcm 7,0 6,7 6,4 6,1 59 5,7



EUROCODE 2 |JLS — materials’ design values

Background and Applications
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Concrete C25/30  f, =25/30 N/mm’ B —

e e o o =
1 1

(=2t 0 =10 Y= 180
C

1.0 x 25 1.0 x 30
=16,7 N/ 2 f =
150 "M e =g

f = =20,0 N/mm?

= T
1] - Lo &

Steel 500B  f, =435 Nimm’ :

" c ok s /ﬁ/ s

yd ys syd Es ys > fraxfil 1o E " :z:(aﬁsed

fog = 200 —— =435 N/mm ssyd o AP ——=0,22 % | Design
1,15 2000 - . .

Figure 3.8: Idealised and design stress-strain diagrams for reinfo.rcing steel (for
tension and compression) .



EUROCODE 2 ULS design

Background and Applications
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Single reinforced (A’ = 0) cracked section — plastic model

rr _, 5 5. Coe= 1B
A'S asse neutro _H> |
MEd 4-d ke f 'l
| 4 As <}S qScl qS
h
d - - = — = _°
bd’f,, Tod +ele, bdfyy T bd

For single reinforced elements (A’ = 0):

£ =1,202-1,445-2,970 p, w= 0,973 -,/0,947 —1,946 1,
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EUROCODE 2 -«

Background and Applications

ULS bending
“universal” table

P

—_ |VIEd
o b f |
_ A " f
bdf,,
A

fcd

f

- S = cd
bd

Is any y, value ok

for design?

What about SLS
(deflection, stress
limitation)?

p [%]

k £, L Hy W, Oim% C20/25 C25/30 C30/37 (C35/45 C40/50
67,5 1,00 0,05 0,98 0,039 0,040 1,9 0,13 0,15 0,18 0,21 0,24
65,2 1,00 0,05 0,98 0,040 0,041 1,9 0,13 0,16 0,19 0,22 0,25
51,3 1,00 0,06 0,97 0,050 0,052 2,4 0,16 0,20 0,24 0,28 0,32
41,9 1,00 0,08 0,97 0,060 0,062 2,9 0,19 0,24 0,29 0,33 0,38
35,3 1,00 009 09 0,070 0,073 3,4 0,22 0,28 0,34 0,39 0,45
30,2 1,00 010 0,9 0,080 0,084 3,9 0,26 0,32 0,39 0,45 0,52
26,3 1,00 012 0,95 0,090 0,095 4,4 0,29 0,36 0,44 0,51 0,58
23,2 1,00 013 0,95 0,100 0,106 5,0 0,33 0,41 0,49 0,57 0,65
22,5 1,00 013 0,9 0,103 0,109 5,1 0,33 0,42 0,50 0,58 0,67
20,6 1,00 015 0,9 0,110 0,117 5,5 0,36 0,45 0,54 0,63 0,72
18,5 1,00 0,16 0,93 0,120 0,129 6,0 0,40 0,49 0,59 0,69 0,79
16,7 1,00 0,17 0,93 0,130 0,140 6,6 0,43 0,54 0,65 0,75 0,86
15,1 1,00 019 0,92 0,140 0,152 7,1 0,47 0,58 0,70 0,82 0,93
13,8 1,00 020 0,92 0,150 0,164 7,7 0,50 0,63 0,75 0,88 1,01
12,6 1,00 022 0091 0,160 0,176 8,2 0,54 0,68 0,81 0,95 1,08
11,5 1,00 023 0,90 0,170 0,189 8,8 0,58 0,72 0,87 1,01 1,16
10,6 1,00 025 0,90 0,180 0,201 9,4 0,62 0,77 0,92 1,08 1,23
10,0 1,00 026 0,89 0,187 0,210 9,8 0,64 0,81 0,97 1,13 1,29
9,8 1,00 026 0,89 0,190 0,214 | 100 0,66 0,82 0,98 1,15 1,31
9,0 1,00 028 0,88 0,200 0,227 | 10,6 0,69 0,87 1,04 1,22 1,39
8,3 1,00 030 0,88 0,210 0,240 | 11,2 0,74 0,92 1,10 1,29 1,47
7,7 1,00 031 0,87 0220 0,253 | 11,8 0,78 0,97 1,16 1,36 1,55
7,1 1,00 033 0,86 0,230 0,267 | 12,5 0,82 1,02 1,23 1,43 1,64
6,6 1,00 035 0,86 0,240 0,281 | 13,1 0,86 1,08 1,29 1,51 1,72
6,1 1,00 036 0,85 0,250 0,295 | 13,8 0,90 1,13 1,36 1,58 1,81
5,7 1,00 038 084 0,260 0,309 | 14,5 0,95 1,19 1,42 1,66 1,90
5,2 1,000 040 0,83 0,270 0,324 | 152 0,99 1,24 1,49 1,74 1,99
4,8 1,000 042 0,83 0,280 0,339 | 159 1,04 1,30 1,56 1,82 2,08
4,5 1,000 044 0,82 0,290 0,355 | 16,6 1,09 1,36 1,63 1,90 2,18
4,28 1,000 045 0,81 029 0,364 | 17,1 1,12 1,40 1,68 1,96 2,23
4,1 1,000 046 0,81 0,302 0374 | 17,5 1,15 1,44 1,72 2,01 2,30
3,9 1,000 048 0,80 0,309 0,38 | 180 1,18 1,48 1,77 2,07 2,36
3,6 1,000 049 0,80 0,316 0,397 | 186 1,22 1,52 1,82 2,13 2,43
3,4 1,000 050 0,79 0323 0409 | 191 1,25 1,57 1,88 2,19 2,51
3,2 1,000 052 0,78 0330 0421 | 197 1,29 1,61 1,94 2,26 2,58
3,0 1,000 054 0,78 0338 0435 | 204 1,33 1,67 2,00 2,33 2,67
2,8 1,000 056 0,77 0,346 0449 | 210 1,38 1,72 2,07 2,41 2,76
2,6 1,000 057 0,76 0,354 0465 | 21,8 1,43 1,78 2,14 2,49 2,85
2,4 1,000 059 0,75 0,362 048 | 22,5 1,48 1,85 2,21 2,58 2,95
2,17 1,000 062 0,74 0371 0,499 | 234 1,53 1,91 2,30 2,68 3,06




e EUROCODE 2

il Background and Applications

ULS bending
“universal” table
vS. linear elastic

analysis of
hyperstatic
structures

EC254-55

Mc., .
0= 20,441,250

Eel,d

0,70 < 8 <1,0
d=1 when &, :%“:0,45

U
U, < 0,296

p [%]

€ [%o] k 3 L Hy W, d'm% C20/25 C25/30 C30/37 (C35/45 CA40/50
67,5 1,00 0,05 0,98 0,039 0,040 1,9 0,13 0,15 0,18 0,21 0,24
65,2 1,00 0,05 0,98 0,040 0,041 1,9 0,13 0,16 0,19 0,22 0,25
51,3 1,00 0,06 0,97 0,050 0,052 2,4 0,16 0,20 0,24 0,28 0,32
41,9 1,00 0,08 0,97 0,060 0,062 2,9 0,19 0,24 0,29 0,33 0,38
35,3 1,00 009 0,9 0,070 0,073 3,4 0,22 0,28 0,34 0,39 0,45
30,2 1,00 010 0,9 0,080 0,084 3,9 0,26 0,32 0,39 0,45 0,52
26,3 1,00 012 0,95 0,090 0,095 4,4 0,29 0,36 0,44 0,51 0,58
23,2 1,00 013 0,95 0,100 0,106 5,0 0,33 0,41 0,49 0,57 0,65
22,5 1,00 013 0,9 0,103 0,109 5,1 0,33 0,42 0,50 0,58 0,67
20,6 1,00 015 0,9 0,110 0,117 5,5 0,36 0,45 0,54 0,63 0,72
18,5 1,00 0,16 0,93 0,120 0,129 6,0 0,40 0,49 0,59 0,69 0,79
16,7 1,00 0,17 0,93 0,130 0,140 6,6 0,43 0,54 0,65 0,75 0,86
15,1 1,00 019 0,92 0,140 0,152 7,1 0,47 0,58 0,70 0,82 0,93
13,8 1,00 020 0,92 0,150 0,164 7,7 0,50 0,63 0,75 0,88 1,01
12,6 1,00 022 0091 0,160 0,176 8,2 0,54 0,68 0,81 0,95 1,08
11,5 1,00 023 0,90 0,170 0,189 8,8 0,58 0,72 0,87 1,01 1,16
10,6 1,00 025 0,90 0,180 0,201 9,4 0,62 0,77 0,92 1,08 1,23
10,0 1,00 026 0,89 0,187 0,210 9,8 0,64 0,81 0,97 1,13 1,29
9,8 1,00 0,26 0,89 0,190 0,214 | 10,0 0,66 0,82 0,98 1,15 1,31
9,0 1,00 028 Y0,88 0,200 0,227 | 10,6 0,69 0,87 1,04 1,22 1,39
8,3 1,00 030 0,88 0,210 0,240 | 11,2 0,74 0,92 1,10 1,29 1,47
7,7 1,00 031 0,87 0220 0,253 | 11,8 0,78 0,97 1,16 1,36 1,55
7,1 1,00 033 0,86 0,230 0,267 | 12,5 0,82 1,02 1,23 1,43 1,64
6,6 1,00 035 0,86 0,240 0,281 | 13,1 0,86 1,08 1,29 1,51 1,72
6,1 1,00 036 0,85 0,250 0,295 | 13,8 0,90 1,13 1,36 1,58 1,81
5,7 1,00 038 0,84 0,260 0,309 | 14,5 0,95 1,19 1,42 1,66 1,90
5,2 1,000 040 0,83 0270 0,324 | 152 0,99 1,24 1,49 1,74 1,99
4,8 1,000 042 0,83 0,280 0,339 | 159 1,04 1,30 1,56 1,82 2,08
4,5 1,000 044 0,82 0,290 0,355 | 16,6 1,09 1,36 1,63 1,90 2,18
4,28 1,000 (045 0,31 @ 0364 | 17,1 1,12 1,40 1,68 1,96 2,23
4,1 1,000 046 0,81 0302 0374 | 175 1,15 1,44 1,72 2,01 2,30
3,9 1,000 048 0,80 0,309 0,38 | 18,0 1,18 1,48 1,77 2,07 2,36
3,6 1,000 049 0,80 0316 0,397 | 186 1,22 1,52 1,82 2,13 2,43
3,4 1,000 050 0,79 0323 0409 | 19,1 1,25 1,57 1,88 2,19 2,51
3,2 1,000 052 0,78 0330 0421 | 197 1,29 1,61 1,94 2,26 2,58
3,0 1,000 054 0,78 0338 0435 | 204 1,33 1,67 2,00 2,33 2,67
2,8 1,000 056 0,77 0,346 0449 | 21,0 1,38 1,72 2,07 2,41 2,76
2,6 1,000 057 0,76 0354 0,465 | 21,8 1,43 1,78 2,14 2,49 2,85
2,4 1,000 059 0,75 0362 0,48 | 22,5 1,48 1,85 2,21 2,58 2,95
2,17 1,000 062 0,74 0371 0499 | 234 1,53 1,91 2,30 2,68 3,06




s EUROCODE 2

il Background and Applications

Universal table vs.
SLS deflection

Cl

0 >0, (1 =11+1,505, Pos L

Increasing g4
the maximum allowed
“slenderness” (I/d),
(so |, /d as k, are given )
decreases:

high bending M =) high

curvature ==) high deflection,
=) less slenderness-

(I/d)o

Hy W C16/20 C20/25 (C25/30 (C30/37 (C35/45 C40/50
0,039 0,040 67,8 88,6 90,2 84,5 79,8 75,9
0,040 0,041 67,8 92,5 85,6 80,1 75,7 71,9
0,050 0,052 67,8 65,0 59,9 55,9 52,7 49,9
0,060 0,062 52,9 48,9 44,9 41,9 39,4 37,4
0,070 0,073 41,9 38,6 35,5 33,1 31,2 29,7
0,080 0,084 34,3 31,7 29,2 27,4 26,0 24,9
0,090 0,095 29,1 26,9 25,0 23,5 22,5 21,8
0,100 0,106 25,2 23,5 22,0 21,0 20,4 20,2
0,103 0,109 24,5 22,8 21,4 20,5 20,0 200
0,110 0,117 22,4 21,0 19,9 19,4 19,3 19,3
0,120 0,129 20,3 19,3 18,6 18,6 18,6 18,6
0,130 0,140 18,8 18,1 18,0 18,0 18,0 18,0
0,140 0,152 17,7 17,4 17,4 17,4 17,4 17,4
0,150 0,164 17,0 17,0 17,0 17,0 17,0 17,0
0,160 0,176 16,6 16,6 16,6 16,6 16,6 16,6
0,170 0,189 16,2 16,2 16,2 16,2 16,2 16,2
0,180 0,201 15,9 15,9 15,9 15,9 15,9 15,9
0,187 0,210 15,7 15,7 15,7 15,7 15,7 15,7
0,190 0,214 15,6 15,6 15,6 15,6 15,6 15,6
0,200 0,227 15,3 15,3 15,3 15,3 15,3 15,3
0,210 0,240 15,1 15,1 15,1 15,1 15,1 15,1
0,220 0,253 14,9 14,9 14,9 14,9 14,9 14,9
0,230 0,267 14,7 14,7 14,7 14,7 14,7 14,7
0,240 0,281 14,5 14,5 14,5 14,5 14,5 14,5
0,250 0,295 14,3 14,3 14,3 14,3 14,3 14,3
0,260 0,309 14,2 14,2 14,2 14,2 14,2 14,2
0,270 0,324 14,0 14,0 14,0 14,0 14,0 14,0
0,280 0,339 13,9 13,9 13,9 13,9 13,9 13,9
0,290 0,355 13,8 13,8 13,8 13,8 13,8 13,8
0,296 0,364 13,7 13,7 13,7 13,7 13,7 13,7
0,302 0,374 13,6 13,6 13,6 13,6 13,6 13,6
0,309 0,385 13,5 13,5 13,5 13,5 13,5 13,5
0,316 0,397 13,5 13,5 13,5 13,5 13,5 13,5
0,323 0,409 13,4 13,4 13,4 13,4 13,4 13,4
0,330 0,421 13,3 13,3 13,3 13,3 13,3 13,3
0,338 0,435 13,2 13,2 13,2 13,2 13,2 13,2
0,346 0,449 13,2 13,2 13,2 13,2 13,2 13,2
0,354 0,465 13,1 13,1 13,1 13,1 13,1 13,1
0,362 0,482 13,0 13,0 13,0 13,0 13,0 13,0
0,371 0,499 13,0 13,0 13,0 13,0 13,0 13,0



e EUROCODE 2

il Background and Applications

Universal table vs.
SLS stress lim.

For each p, one ¢,
many ¢, (one for
each concrete class)
Increasing with

Oc - Uk 0-s UK

o &5 [N
f,_ 3

2\ 3 ]
= pglk k>1
Increasing g
0. Increases

0, decreases.

P

ge,QP

£, ™ wo  C16/20 C20/25 C25/30 C30/37 C35/45 C40/50 Oc/fck Os/fy
0,05 0,039 0,040 021 020 021 023 024 025 100% 100%
0,05 0,040 0,041 021 020 022 023 024 025 102% 100%
0,06 0,050 0,052 021 022 024 025 027 028 116% 100%
0,08 0,060 0,062 022 024 026 028 029 030 129% 100%
0,09 0,070 0,073 024 026 028 029 031 032 142% 101%
0,10 0,080 0,084 025 027 029 031 033 034 154% 101%
0,12 0,090 0,095 027 029 031 033 034 036 166% 101%
0,13 0,100 0,106 028 030 032 034 036 037 177% 100%
0,13 0,103 0,109 028 030 033 035 036 0338 179% 100%
0,15 0,110 0,117 029 031 034 036 037 039 187% 100%
0,16 0,120 0,129 030 033 035 037 039 040 198% 100%
0,17 0,130 0,140 031 034 036 038 040 041 208% 100%
0,19 0,140 0,152 033 035 037 039 041 043 218% 100%
0,20 0,150 0,164 034 036 0338 041 042 044 228% 100%
0,22 0,160 0,176 034 037 039 042 043 045 238%  99%
0,23 0,170 0,189 035 038 040 043 044 046 247%  99%
0,25 0,180 0,201 036 039 041 044 046 047 257%  99%
0,26 0,187 0,210 037 040 042 044 046 048 263%  98%
0,26 0,190 0,214 037 040 042 045 046 048 266%  98%
0,28 0,200 0,227 038 041 043 046 047 049 275%  98%
0,30 0,210 0,240 039 042 044 046 048 050 284%  97%
0,31 0,220 0,253 040 042 045 047 049 051 292%  97%
0,33 0,230 0,267 040 043 046 048 050 052 301%  97%
0,35 0,240 0,281 041 044 047 049 051 053 310%  96%
0,36 0,250 0,295 042 045 048 050 052 054 318%  96%
0,38 0,260 0,309 043 046 048 051 053 054 326%  95%
0,40 0,270 0,324 043 046 049 051 053 055 335%  94%
0,42 0,280 0,339 044 047 050 052 054 056 343%  94%
0,44 0,290 0,355 045 048 051 053 055 057 351%  93%
0,45 0,296 0,364 045 048 051 053 055 057 35%  93%
0,46 0,302 0,374 046 049 052 054 056 058 360%  92%
0,48 0,309 0,385 046 049 052 054 056 058 366% = 92%
0,49 0,316 0,397 047 050 052 055 057 059 371%  91%
0,50 0,323 0,409 047 050 053 055 057 059 376% = 91%
0,52 0,330 0,421 048 051 054 056 058 060 382%  90%
0,54 0,338 0,435 048 051 054 056 058 060 388%  90%
0,56 0,346 0,449 049 052 055 057 059 061 394%  89%
0,57 0,354 0,465 049 052 055 058 060 061 400%  88%
0,59 0,362 0,482 050 053 056 058 060 062 406%  88%
0,62 0,371 0,499 050 053 05 059 061 063 412%  87%

C15/20 C20/25 C25/30 C28/35 C32/40 C35/45 ocffck  Os/fy



EUROCODE 2 Stress increase/decrease
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__ [ 4 i i
4 S _l.s Lebl =% WPANLIEE PPEIRN

I8 e — S q
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O.X X X
M., =——%bld-—= M, =0 A |d-—=
Mg, =0,810bx,f,, (d-0,416x,) M, = A, T, (d-0,416x,)
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For each Y, a single ¢, but

=0,87

EUROCODE 2

Background andApplications

1,08 &y

1-0,416 &,

Ek

S

1-0,333 &,

1-0,416&,

|VlEd

1-0,3338, ) M

Ek = k

e

Oc
|VlEd

Ek

Os
Ed IVIEd

one ¢, for each concrete
class

one k. Increasing with
one Kk . decreasing with

for each concrete class

C20/25 C25/30 C30/37 C35/45 C40/50
[Th Koc Kos Koc Kos Koc Kos Koc Kos Koc Kos
0,006 | 0,04 0,93 0,04 0,93 0,04 0,93 0,04 0,93 0,04 0,94
0,010| 0,07 0,93 0,07 0,93 0,07 0,93 0,07 0,93 0,07 0,93
0,020| 0,14 0,92 0,14 0,92 0,14 0,92 0,14 0,93 0,13 0,93
0,030| 0,21 0,92 0,21 0,92 0,20 0,92 0,20 0,92 0,19 0,92
0,039| 0,27 0,91 0,26 0,92 0,25 0,92 0,24 0,93 0,23 0,93
0,040| 0,29 0,91 0,27 0,92 0,25 0,92 0,24 0,93 0,23 0,93
0,050| 0,33 0,91 0,30 0,92 0,29 0,92 0,28 0,93 0,27 0,93
0,060| 0,36 0,92 0,34 0,92 0,32 0,93 0,31 0,93 0,30 0,94
0,070| 0,40 0,92 0,37 0,92 0,35 0,93 0,34 0,93 0,33 0,94
0,080| 0,43 0,92 0,40 0,92 0,38 0,93 0,37 0,93 0,36 0,94
0,090| 0,46 0,92 0,43 0,92 0,41 0,93 0,40 0,93 0,38 0,94
0,100| 0,49 0,91 0,46 0,92 0,44 0,93 0,42 0,93 0,41 0,94
0,103| 0,50 0,91 0,47 0,92 0,45 0,93 0,43 0,93 0,42 0,94
0,110| 0,52 0,91 0,49 0,92 0,47 0,93 0,45 0,93 0,44 0,94
0,120| 0,55 0,91 0,52 0,92 0,50 0,93 0,48 0,93 0,46 0,94
0,130| 0,58 0,91 0,55 0,92 0,52 0,92 0,50 0,93 0,49 0,94
0,140| 0,61 0,91 0,57 0,92 0,55 0,92 0,53 0,93 0,51 0,93
0,150| 0,63 0,90 0,60 0,91 0,57 0,92 0,55 0,93 0,54 0,93
0,160| 0,66 0,90 0,62 0,91 0,60 0,92 0,58 0,92 0,56 0,93
0,170| 0,69 0,90 0,65 0,91 0,62 0,92 0,60 0,92 0,58 0,93
0,180| 0,71 0,90 0,67 0,90 0,64 0,91 0,62 0,92 0,61 0,93
0,187| 0,73 0,89 0,69 0,90 0,66 0,91 0,64 0,92 0,62 0,92
0,190| 0,74 0,89 0,70 0,90 0,67 0,91 0,65 0,92 0,63 0,92
0,200| 0,76 0,89 0,72 0,90 0,69 0,91 0,67 0,91 0,65 0,92
0,210| 0,78 0,88 0,74 0,89 0,71 0,90 0,69 0,91 0,67 0,92
0,220| 0,81 0,88 0,77 0,89 0,74 0,90 0,71 0,91 0,69 0,91
0,230| 0,83 0,88 0,79 0,89 0,76 0,89 0,74 0,90 0,72 0,91
0,240| 0,85 0,87 0,81 0,88 0,78 0,89 0,76 0,90 0,74 0,90
0,250 | 0,88 0,87 0,83 0,88 0,80 0,88 0,78 0,89 0,76 0,90
0,260 | 0,90 0,86 0,86 0,87 0,82 0,88 0,80 0,89 0,78 0,89
0,270| 0,92 0,86 0,88 0,87 0,85 0,87 0,82 0,88 0,80 0,89
0,280| 0,94 0,85 0,90 0,86 0,87 0,87 0,84 0,88 0,82 0,88
0,290| 0,96 0,85 0,92 0,86 0,89 0,86 0,86 0,87 0,84 0,88
0,296| 0,98 0,84 0,93 0,85 0,90 0,86 0,87 0,87 0,85 0,87
0,302| 0,99 0,84 0,95 0,85 0,91 0,86 0,89 0,86 0,87 0,87
0,309| 1,00 0,83 0,96 0,84 0,93 0,85 0,90 0,86 0,88 0,86
0,316 1,02 0,83 0,97 0,84 0,94 0,85 0,91 0,85 0,89 0,86
0,323| 1,03 0,82 0,99 0,83 0,95 0,84 0,93 0,85 0,91 0,86
0,330| 1,05 0,82 1,00 0,83 0,97 0,84 0,94 0,84 0,92 0,85
0,338| 1,06 0,81 1,02 0,82 0,98 0,83 0,96 0,84 0,94 0,84
0,346| 1,08 0,81 1,03 0,82 1,00 0,83 0,97 0,83 0,95 0,84
0,354| 1,09 0,80 1,05 0,81 1,01 0,82 0,99 0,83 0,97 0,83
0,362| 1,11 0,79 1,06 0,80 1,03 0,81 1,00 0,82 0,98 0,82
0,371 1,13 0,79 1,08 0,80 1,05 0,80 1,02 0,81 1,00 0,82
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In case of linear elastic analysis

Q
T+p—*
Mo (Grwa) (k) ¥ W=y, forQP =1 for CA
M, (135G+1,50Q) (% /K) 445, 4150 Q 2

Ye = 1,35 Vo = 1,50
Mg/ MEd for Qk/Gk
LC U] 0,05 0,1 0,2 0,33 0,4 0,5 0,75 1 1,5 2 4 10
0 0,70 0,67 0,61 0,54 0,51 0,48 0,40 0,35 0,28 0,23 0,14 0,06

0,2 0,71 0,68 0,63 0,58 0,55 0,52 0,46 0,42 0,36 0,32 0,24 0,18
QP 0,3 0,71 0,69 0,64 0,60 0,57 0,55 0,49 0,46 0,40 0,37 0,30 0,24
0,6 0,72 0,71 0,68 0,65 0,64 0,62 0,59 0,56 0,53 0,51 0,46 0,43
0,8 0,73 0,72 0,70 0,69 0,68 0,67 0,65 0,63 0,61 0,60 0,57 0,55
CA 1 0,74 0,73 0,73 0,72 0,72 0,71 0,71 0,70 0,69 0,69 0,68 0,67
ULS 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

Mg op/MEqg arge variation f(Q,/G) , max 0,73
Mgy ca/Mgg iImited variation around 0,70
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| Mexqr/Meq and (1/d), for concrete class
P b €20/25 €25/30 C30/37 C35/45 C40/50
Q C O m . By [Mekap/Med  (I/d)o  |Mekap/Mec (1/d)o  [Mekap/Mec  (1/d)o  |Mekap/Mec (1/d)o  |Mekap/Mes  (1/d)o
0,150 0,71 17,0
0,160 0,68 16,6 0,72 16,6
& - M EKQP _ 0.45 0,170 0,66 16,2 0,69 16,2 0,72 16,2
Oc ; 0,180 0,63 15,9 0,67 15,9 0,70 15,9 0,72

ok Ed 0,187 0,62 15,7 0,65 15,7 0,68 15,7 0,70 15,7 0,72 15,7
0,190 0,61 15,6 0,65 15,6 0,67 15,6 0,70 15,6 0,72 15,6
U 0,200 0,59 15,3 0,62 15,3 0,65 15,3 0,67 15,3 0,69 15,3
0,210 0,57 15,1 0,60 15,1 0,63 15,1 0,65 15,1 0,67 15,1
MEk,QP _ 0,45 0,220 0,56 14,9 0,59 14,9 0,61 14,9 0,63 14,9 0,65 14,9
— 0,230 0,54 14,7 0,57 14,7 0,59 14,7 0,61 14,7 0,63 14,7
M Ed kcc 0,240 0,53 14,5 0,55 14,5 0,58 14,5 0,59 14,5 0,61 14,5
0,250 0,51 14,3 0,54 14,3 0,56 14,3 0,58 14,3 0,59 14,3
0,260 0,50 14,2 0,53 14,2 0,55 14,2 0,56 14,2 0,58 14,2
On |y 0,270 0,49 14,0 0,51 14,0 0,53 14,0 0,55 14,0 0,56 14,0
0,280 0,48 13,9 0,50 13,9 0,52 13,9 0,53 13,9 0,55 13,9
M M < 0.73| 920 0,47 13,8 0,49 13,8 0,51 13,8 0,52 13,8 0,53 13,8
ek,QP"'ed ' 0,296 0,46 13,7 0,48 13,7 0,50 13,7 0,51 13,7 0,53 13,7
] 0,302 0,45 13,6 0,48 13,6 0,49 13,6 0,51 13,6 0,52 13,6
are possli ble! 0,309 0,45 13,5 0,47 13,5 0,49 13,5 0,50 13,5 0,51 13,5
0,316 0,44 13,5 0,46 13,5 0,48 13,5 0,49 13,5 0,50 13,5
0,323 0,44 13,4 0,46 13,4 0,47 13,4 0,48 13,4 0,50 13,4
Use the table for 0,330 0,43 13,3 0,45 13,3 0,46 13,3 0,48 13,3 0,49 13,3
_ 0,338 0,42 13,2 0,44 13,2 0,46 13,2 0,47 13,2 0,48 13,2
the ChOICe Of a 0,346 0,42 13,2 0,44 13,2 0,45 13,2 0,46 13,2 0,47 13,2
0,354 0,41 13,1 0,43 13,1 0,44 13,1 0,46 13,1 0,46 13,1
. 0,362 0,41 13,0 0,42 13,0 0,44 13,0 0,45 13,0 0,46 13,0
suitable Mg ! 0,371 0,40 13,0 0,42 13,0 0,43 13,0 0,44 13,0 0,45 13,0
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Mexqp/Meq, P and (1/d), for concrete class
€ [%o] &, % " wo 8'im % €20/25 €25/30 €30/37 C35/45 C40/50

Mexap/ Med p [%] (I/d)o |Mexae/Me. P [%] (I/d)o |Mexae/Me. P [%] (I/d)o  |Mexap/Mec P [%] (I/d)o  [Mexap/Mec P [%] (1/d)o
13,8 0,20 0,92 0,150 0,164 7,7 0,71 0,50 17,0
12,6 0,22 0,91 0,160 0,176 8,2 0,68 0,54 16,6 0,72 0,68 16,6
11,5 0,23 09 | 0170 | 0,189 8,8 0,66 0,58 16,2 0,69 0,72 16,2 0,72 0,87 16,2
106 0,25 09 | 018 | 0201 9,4 0,63 0,62 15,9 0,67 0,77 15,9 0,70 0,92 15,9 0,72 1,08
10,0 0,26 089 | 0187 | 0210 9,8 0,62 0,64 15,7 0,65 0,81 15,7 0,68 0,97 15,7 0,70 1,13 15,7 0,72 1,29 15,7
9,8 0,26 0,89 0,190 0,214 10,0 0,61 0,66 15,6 0,65 0,82 15,6 0,67 0,98 15,6 0,70 1,15 15,6 0,72 1,31 15,6
9,0 0,28 0,88 0,200 0,227 10,6 0,59 0,69 15,3 0,62 0,87 15,3 0,65 1,04 15,3 0,67 1,22 15,3 0,69 1,39 15,3
8,3 0,30 0,88 0,210 0,240 11,2 0,57 0,74 15,1 0,60 0,92 15,1 0,63 1,10 15,1 0,65 1,29 15,1 0,67 1,47 15,1
7,7 0,31 087 | 0220 | 0253 118 0,56 0,78 14,9 0,59 0,97 14,9 0,61 1,16 14,9 0,63 1,36 14,9 0,65 1,55 14,9
7,1 0,33 08 | 0230 | 0267 12,5 0,54 0,82 14,7 0,57 1,02 14,7 0,59 1,23 14,7 0,61 1,43 14,7 0,63 1,64 14,7
6,6 0,35 0,86 0,240 0,281 13,1 0,53 0,86 14,5 0,55 1,08 14,5 0,58 1,29 14,5 0,59 1,51 14,5 0,61 1,72 14,5
6,1 0,36 0,85 0,250 0,295 13,8 0,51 0,90 14,3 0,54 1,13 14,3 0,56 1,36 14,3 0,58 1,58 14,3 0,59 1,81 14,3
5,7 0,38 0,84 0,260 0,309 14,5 0,50 0,95 14,2 0,53 1,19 14,2 0,55 1,42 14,2 0,56 1,66 14,2 0,58 1,90 14,2
5,2 0,40 08 | 0270 | 0324 15,2 0,49 0,99 14,0 0,51 1,24 14,0 0,53 1,49 14,0 0,55 1,74 14,0 0,56 1,99 14,0
48 0,42 083 | 0280 | 0339 15,9 0,48 1,04 13,9 0,50 1,30 13,9 0,52 1,56 13,9 0,53 1,82 13,9 0,55 2,08 13,9
45 0,44 082 | 0290 | 0355 16,6 0,47 1,09 138 0,49 1,36 138 0,51 1,63 138 0,52 1,90 13,8 0,53 2,18 13,8
4,3 0,45 0,81 0,296 0,364 17,1 0,46 1,12 13,7 0,48 1,40 13,7 0,50 1,68 13,7 0,51 1,96 13,7 0,53 2,23 13,7
4,1 0,46 0,81 0,302 0,374 17,5 0,45 1,15 13,6 0,48 1,44 13,6 0,49 1,72 13,6 0,51 2,01 13,6 0,52 2,30 13,6
3,9 0,48 080 | 0309 | 0385 18,0 0,45 1,18 13,5 0,47 1,48 135 0,49 1,77 135 0,50 2,07 135 0,51 2,36 13,5
36 0,49 080 | 0316 | 0397 18,6 0,44 1,22 13,5 0,46 1,52 135 0,48 1,82 135 0,49 2,13 135 0,50 2,43 13,5
3,4 0,50 079 | 0323 | 0409 19,1 0,44 1,25 13,4 0,46 1,57 13,4 0,47 1,88 134 0,48 2,19 13,4 0,50 2,51 13,4
3,2 0,52 0,78 0,330 0,421 19,7 0,43 1,29 13,3 0,45 1,61 13,3 0,46 1,94 13,3 0,48 2,26 13,3 0,49 2,58 13,3
3,0 0,54 0,78 0,338 0,435 20,4 0,42 1,33 13,2 0,44 1,67 13,2 0,46 2,00 13,2 0,47 2,33 13,2 0,48 2,67 13,2
2,8 0,56 0,77 0,346 0,449 21,0 0,42 1,38 13,2 0,44 1,72 13,2 0,45 2,07 13,2 0,46 2,41 13,2 0,47 2,76 13,2
26 0,57 076 | 0354 | 0465 21,8 0,41 1,43 13,1 0,43 1,78 131 0,44 2,14 13,1 0,46 2,49 13,1 0,46 2,85 131
2,4 0,59 075 | 0362 | 0482 22,5 0,41 1,48 13,0 0,42 1,85 13,0 0,44 2,21 13,0 0,45 2,58 13,0 0,46 2,95 13,0
2,2 0,62 0,74 0,371 0,499 23,4 0,40 1,53 13,0 0,42 1,91 13,0 0,43 2,30 13,0 0,44 2,68 13,0 0,45 3,06 13,0

Fast design — verification of single and double
reinforced beams



EUROCODE 2 Cont. beam - ULS section design

Background and Applications

For each beam of a continuous beam

1) Calculate G and Q, on the basis of tributary area
2) Estimate Mg, op and Mg40n the basis of |

3) Enter design table with Mg, op/ Mgq4 for the selected
concrete class

4) ldentify py; and (I/d), - adopt pg; =min (Hg; ; 0,296)
5) Identify the “ geometry leading” beam by calculating

MEd
b d*f_,

My =

U
M.
max(bdz)szax =4
fes Mg,
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fek Y fed fyk Y fyd Cnom @t (] d' U2
N/mm”’ N/mm’|N/mm” N/mm? mm mm mm mm -

25 1,56 | 16,7 | 500 | 1,15 | 435 | 30 8 16 46 [ 0,30

Beam left K lta In lo bw | ber g1 g2 Ok | G=(g1*g2)-ha | Q=qk-lc | G+y2Q | 1,3G+1,5Q | Mekap | Med | Mexap/MEeg
m | - | m | m | m] | [m] | [m] | kN/mq|(kN/m3|[kN/m3|  [kN/m] | [kN/m] | [kN/m] KNIm] | [KNm] | [kNm] :
B1-B2 6 1,3 (891|462 | 51 | 025 | 1,02 | 3,08 3 2 54,2 17,8 59,5 97,2 158,5 258,7 0,61
B2-B3 6 15 1891|400 42 | 0,25 | 084 | 3,08 3 2 54,2 17,8 59,5 97,2 119,0 194,3 0,61
B3-B4 6 15 1342|400 | 42 | 0,25 | 0,84 | 3,42 3 4 22,0 13,7 26,1 49,1 52,1 98,1 0,53
B4-B5 6 1,5 (891|400 | 42 | 025 | 0,84 | 3,08 3 2 54,2 17,8 59,5 97,2 119,0 194,3 0,61
B5-B6 6 1,3 1891|462 | 51 | 025 | 1,02 | 3,08 3 2 54,2 17,8 59,5 97,2 158,5 258,7 0,61

et | K lta In lo | bw | ber | 91 92 Ak | G=(g91+92)-ha | Q=qi-lc [ G+y2Q | 1,3G+1,5Q | Mexap | Med | Mexap/Meq

Beam ml | - | ml | m | [m] | [m] | Im] | kN/m7 |[kKN/m%|kN/m?| [kNim] [kN/m] | [kN/m] (kN/m] kNm] | [kNm] -

A1-A2 6 1,3 | 2,75 | 462 | 51 025 | 0,76 | 3,08 | 591 2 24,7 55 26,4 40,4 70,2 107,5 0,65
A2-A3 6 15 1275|400 | 42 | 025 | 067 | 3,08 | 591 2 24,7 55 26,4 40,4 52,7 80,8 0,65
A3-Ad4 6 15 1189|400 (42 | 025 | 067 | 3,08 | 7,23 2 19,5 3,8 20,6 31,0 41,3 62,0 0,67
A4-A5 6 15 1275|400 | 42 | 025 | 067 | 3,08 | 591 2 24,7 55 26,4 40,4 52,7 80,8 0,65
A5-A6 6 13 1275|462 (51 | 025 (076 | 3,08 | 591 2 24,7 55 26,4 40,4 70,2 107,5 0,65




EUROCODE 2

* ok

Background and Applications

Axis B and A beams - cont.d

Dissemination of information for training — Brussels, 20-21 October 2011 - F: Biasioli — G: Mancini — Conceptual design

from design table

/

AN

Beam Mekapr/Mea| (I/d)o | s /ﬂldmin Md iv'Ed/( Mdfca) p Bmin bfin d h hfin dfin Mg
[m] [m] [m] [m] [m] [m] [m]
B1-B2 | o061 |149| 1,0/ 031 | 0220 [ 78 /] 0,74 | 0,60 | 034 | 039 | 0,40 | 035 | 0,206
B2-B3 | o061 [149| 10 | 0270220 53/ | 074 | 060 | 030 | 034 | 0,40 | 035 | 0,155
B3-B4 | 053 [140| A0 |o020] 0270 [ 22 | 027 | 0,60 | 0,19 | 0,24 | 0,40 | 035 | 0,078
B4-B5 | o061 [149 ) 10 |027 0220 /53 | 074 | 0,60 | 030 | 034 | 0,40 | 035 | 0,155
B5-B6 | 0,61 1; 1,0 | 0310220 [/ 71 | 0,74 | 0,60 | 0,34 | 0,39 | 0,40 | 0,35 | 0,206
Beam Mex,qp/ Meg Wd)o s dmin |.I7:/ Mea/ (MHafed bmin bfin d h hfin dfin Hd
: m | / M | fmp | M | fm] | [m] [ [m]
AM-A2 | o065 /| 153 ] 1,0 | 030 |6200 | 32 | 035 | 050 025|030 040 035 |0,203
A2-A3 | 065 |153 | 1,0 (02640200 | 24 | 035|050 022 | 027|040 | 035 |0,077
AS-A4 | 07 | 156 | 1,0 | 026 | 0190 | 20 | 030 | 050 | 0,20 | 0,24 | 0,40 | 0,35 | 0,059
AM-As | des | 153 1,0 |ofe | 0200 24 | 035 [050 | 022 [027] 040 | 035 [0,077
A5-A6 | /065 | 153 | 1,0 //6,30 0,200 [ 32 | 0,35 | 050 | 0,25 | 0,30 | 0,40 | 0,35 | 0,103
/" v )
min — W min — E(:c,I d2 l'l'd,i= const = bmin dﬁwin =b
0 |J~ d,i'cd min

fin

d2
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Med | Mekap/Meq| (I/d)o s Md hlEd/(Idecd bfin hfin dfin M w p As (Id)o | kg | OSfek
[kNm] - [m] [m] [m] mm
B1-B2 | 258,7 0,61 14,9 | 1,0 | 0,220 71 0,60 | 0,40 | 0,35 [ 0,206 | 0,235| 0,90% | 1910 | 15,2 | 0,73 | 0,45
B2-B3 | 194,3 0,61 14,9 | 1,0 | 0,220 53 0,60 | 0,40 | 0,35 [ 0,455 |0,170| 0,65% | 1382 | 16,8 | 0,61 | 0,37
B3-B4 | 98,1 0,53 14,0 | 1,0 | 0,270 22 0,60 | 0,40 | 0,35 | 0,078 | 0,082 | 0,31% | 664 | 23,0 | 0,40 | 0,21
B4-B5 | 194,3 0,61 14,9 | 1,0 | 0,220 53 0,60 | 0,40 | 0,35 | 0,455 |0,170| 0,65% | 1382 | 16,8 | 0,61 | 0,37
B5-B6 | 258,7 0,61 14,9 | 1,0 | 0,220 71 0,60 | 0,40 | 0,35 | 0,206 | 0,235| 0,90% | 1910 | 15,2 | 0,73 | 0,45

Beam

Med  |Mexap/Mea| (I/d)o [ s Md  Med/(Hafea| bfin | hfin dfin Hd W p As | () | kg | Ofc
[kNm] - [m] [m] [m] mm
A1-A2 | 107,5 0,65 15,3 [ 1,0 | 0,200 32 0,50 | 0,40 [ 0,35 | 0,103 | 0,109 | 0,42% | 739 | 20,0 (0,47 | 0,31
A2-A3 | 80,8 0,65 15,3 | 1,0 | 0,200 24 0,50 | 0,40 | 0,35 [ 0,077 | 0,081 | 0,31% | 546 | 23,1 |0,41| 0,27
A3-Ad4 | 62,0 0,67 156 | 1,0 | 0,190 20 0,50 | 0,40 | 0,35 [ 0,059 | 0,061 | 0,23% | 415 | 27,0 | 0,34 | 0,23
A4-AS | 80,8 0,65 153 | 1,0 | 0,200 24 0,50 | 0,40 | 0,35 [ 0,077 |0,081| 0,31% | 546 | 23,1 |0,41| 0,27
A5-A6 | 107,5 0,65 15,3 | 1,0 | 0,200 32 0,50 | 0,40 | 0,35 | 0,203 | 0,109 | 0,42% | 739 | 20,0 (0,47 | 0,31

Beam

"Green light” everywhere
If (I/d), IS not verified: take account of steel in compression



EUROCODE 2 Conclusions

Background and Applications

Simple method (one table), consistent and coherent
driving engineers to comprehensive evaluation of
section geometry by proper choice of SLU design
parameters while taking into account relevant SLS.

No wasted time, no “trial and error” approach.

Easy to be implemented in spreadsheets and
computer programs.
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Conceptual design — Beams

Thanks for your attention!

Francesco Biasioli

Giuseppe Mancini
Dipartimento di Ingegneria Strutturale e Geotecnica
Politecnico di Torino — Italy

e-mail: francesco.biasioli@polito.it
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EC2 worked example

Conceptual design
Columns

Francesco Biasioli

Giuseppe Mancini
Dipartimento di Ingegneria Strutturale e Geotecnica
Politecnico di Torino — Italy

e-mail: francesco.biasioli@polito.it
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Objective: define column area and (minimum) size



Background and Applications

EUROCODE 2 Global 2" order effects

EC2.5.8.3.3 In buildings with sufficiente torsional stiffness

(defined later) 2Md order global effects may be ignored if :

ZEcd c

Fugs <
e n+16 K

n, = number of (real of “equivalent”) storeys free of moving

Fveq = total weight of these storeys, increasing of the same
amount per storey : F o4 = NgA; (1,3G+1,5Q,)

K; = 0,31(cracked) 0,62 (uncracked) sections at ULS

|. = inertia of bracing members (uncracked concrete section)

E.q4 = E./1,20 elasticity modulus of (vertical) bracing elements



EUROCODE 2 Gjgpal second effects design formula

Background and Applications
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2 %(1,3 G +1,5Q0)A, (ns+1,6)L°

3,87 =1,20/0,31:; if uncracked, use 3,87/2 = 1,94
Units: L [m] As [m?] . [m?]
G, Q. [KN/m?] E, [KN/m?]=103E,, [N/mm?]

Example : flat slab h = 0,24 cm

SECTION1 ng=6 L=19m A =30x 14,25 =427,5m?

G = 0,24x25+3,0+ 8x2x(30+14,25)/427,5=10,66 kN/m?
Q = (5x2+0x1,7)/6 = 1,66 kN/m?  snow {,= 0

E.., (C30/37) = 33 x 108 kN/m?

L
33x10°

(1,3x10,66 +1,5 x1.66)427,5(6+1,6)19°=2,25 m*
)

IX=%(1,8x3,63-1,6x3,23)=2,62 >225m* OK

|y=%(0,2x23)+ 0413=0,68<225m*  NO



3y EUROCODE 2 (v,1) interaction diagram

il Background and Applications
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G, =0,24x25= 6 kKN/m? G, = 3 kN/m? (dwellings + office)
Q. = 3,0 (dwel); 4,0 (offi); 2,5 (park);1,7 (snow) kN/m?

Nggq = 58,3%[1,35%x(6x(6+3)+1x6))+1,50x(5x3+1x4+1x0,70x2,5+0x1,70)]=
= 58,3x[81,0+31,13] =6537 kN + self weight

Geometric imperfections and 2" order have to be taken into
account; bending moments mainly due to horizontal actions

(wind) resisted by the bracing system mmm) N . related to
minM: v=1+w=1,10 assuming w=0,10 (v=nin EC2)

Neg
A f

c'cd

V:

=110 f,=20N/mm* A_=6537 x10°/(1,10x20) x10™°= 0,30 m?
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Background and Applications

Columns 2" order effects

Dissemination of information for training — Brussels, 20-21 October 2011 — F: Biasioli — G: Mancini — Conceptual design

Column B2 - foundation level A, =58,3 m?

| ABC Mot Mo+ Mot Mot
-0 —
= 2N, Aim —ZOT
Irrin \Y
V= NEd Moz Moz Moz Moz
Acfcd
1 _ 01
A= B=/1+2w C=17-— |M,,| =M
020, M, Mgyl 2 [Mg,|

EC2 Default values:A=0,7 (pgr=2) B=11(w=0,1)
C = 0,7 for buildings with insufficient bracing elements



EUROCODE 2

Background and Applications

Columns — 2" order effects

Column B2 - foundation level A,=58,3 m?

0701107 108

WoW

= 0,097 |, b= (0,7 +1,0) h for frames

A =20 v=110 A, =103

i 12=0,34 1,
h=3m 1,=0,85h=2,55m (b,h) =0,34x2,55=0,87m

Column (0,50x0,50) m A, = (0,50x0,50) = 0,25 < 0,30 m?



EUROCODE 2

Background and Applications

Torsional rigidity

Asymmetry of wind loading causes dangerous torsional
effects: torsional rigidity should always to be looked at.

ECS8 rules to verify if the plane distribution of bracing
elements is correct («regularity in plan»)

o
a

orizonatal forces (wind, earthquake) resultant is
oplied at a given point in (X,y) direction

T

ne intersection of (X,y) directions identify the

conventional «center of masses» CM. In case of an
earthquake, CM is the centroid of masses.



EUROCODE 2

Background and Applications

Torsional rigidity
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EC2 Appendix | : shear walls simplified action distribution.

i o

Horizontal forces transferred to cores by rigid plane behaviour.




EUROCODE 2

Background and Applications

Lateral stiffness
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Shear type Bending type.

Interaction beetween frames, cores and walls

Columns in frames are retained by walls at lower
levesl and retain walls at upper levels



EUROCODE 2

Background and Applications

Lateral stiffness
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MMM - Modified Muto Model .
(Including shear flexibility) ;

Columns + beams subframe




EUROCODE 2

Background and Applications

Lateral stiffness

LATERAL GLOBALSTIFFNESSES

K=k, Ky=3k,
STIFNESSES CENTER
. = 2KyiX Vo= 2K,y
CR Ky CR KX

TORSIONAL STIFFNESS

Kr=2 kyi (X - Xer)* + Z Ky (¥ - Yeg)?
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Background and Applications

Lateral stiffness
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Cox = ‘XCR -XCM‘ Coy = ‘yCR 'yCI\/I‘

“Torsional” radius

I’X— — I‘Y— —
NKX \KY

EC8: the bracing system is «torsionally rigid» if:

eox/ 1, <0,30 ey, /r,<0,30
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Ellypsis of stiffnesses
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CORES, WALLS AND COLUMNS («SECONDARY ELEMENTS»)
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1. Column sizes and area easily identified

2. For global horizontal forces in x,y direction,
minimum shear wall area may be determined on
the basis of the variable truss method with truss
inclination of 45°. (N,V) interaction should be
taken into account

3. The “ellypsis of stifnesses” allows the visual
control of spatial distribution of shear walls and
cores Iin plan and identifies critrical elements
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Pilastro 40x40 6 fi 24, h 6 m, mensola, dominio M-N, colonna modello
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EC based design software - commercial

COMMERCIAL SOFTWARE
Eurocodes

Name SW House Count.|Lan| 2 | 3 5|1 67| 8 Tot Ecs Link
SCIA Engineer Nemetschek D Y | x| x X | x| x| x 8 www.scia-online.com
FRILO Nemetschek D Y | x| x X | x| x| x 7 www.frilo.com
BetonExpress, Fedra.. Runet NO Y | x| x X | x| x| x 6 www.runet-software.com
STAAD Bentley USA/UK| Y X |x |x 6 www.bentley.com
Dolmen Win CDM Dolmen IT N [ x | x X | x| x 5 www.cdmdolmen.it
Fedra, Frame2D Runet NO Y X X 5 www.runet-software.com
PowerConnect/Frame BuildSoft BE Y | x| x X 5 www.buildsoft.eu
AxisVM AxisVM H Y X X 4 WWW.axisvm.eu
Midas Midas ROK Y | x X X 4 www.cspfea.net/midas_gen.html
Robot Autodesk USA Y X 4 usa.autodesk.com
Straus 7 G+D Computing | AU/UK| Y X 4 www.strand7.com/
SOFiStik suite SOFiStik D Y | x| x X 4 www.sofistik.com
1-2 Build, Diamonds BuildSoft BE Y | x| x X 3 www.buildsoft.eu
Advance Graitec UK Y | x| x X 3 www.graitec.co.uk
Matrixframe Matrix Software NL Y | x| x 3 www.matrix-software.com
Sap2000 CSl USA Y | x| x 3 www.csiberkeley.com/sap2000
Winstrand Enexsys IT Y | x| x 3 WWW.enexsys.com
SAM Bridge design Bestech UK Y | x| x 3 www.|rfdsoftware.com
3muri S.T.A. Data IT Y X X X 3 www.3muri.com
MatrixFrame Matrix Software NL Y X | x 2 wWww.matrix-software.com
AmQuake AmQuake Ccz Y X X 2 www.amquake.eu
GSA Suite Oasys UK Y | x| x 2 WWW.0asys-software.com
Jasp IngegneriaNet IT N X 2 www.ingegnerianet.it
Tekla Structures Teckla FIN Y X 2 www.tekla.com
EC6design DTI - Danish Techn.| DK Y X 1 www.ecbdesign.com
GEO LimitState UK Y X 1 www.limitstate.com
RCCel11/21/41 Reinf. Con. Counc. UK Y | x 1 www.civl.port.ac.uk/rcc2000
RING LimitState UK Y X 1 www.limitstate.com
Stainless steel Steel const. Inst. GB Y X 1 www.steel-stainless.org/software/
Timbersizer Trada GB Y X 1 www.trada.co.uk
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EC based design software - free

Eurocodes

SW House Count. | Lan 3(4|5]| 6|7 Tot Link
Masterseries UK Y X X 3 | www.masterseries.co.uk
Prof. P Gelfi IT N X 3 |dicata.ing.unibs.it/gelfi
Freelem FR N X X 3 | www.freelem.com
IngegneriaNet IT N 2 | www.ingegnerianet.it
Tracon IT X 1 | www.cdmdolmen.it
APIS UK Y 1 | www.apiscalcs.com
ArcelorMittal L Y X 1 | www.arcelormittal.com/sections
DTI - Danish Techn. DK Y X 1 | www.ecbdesign.com
Reinf. Con. Counc. UK y 1 [ www.civl.port.ac.uk/rcc2000
The steel const. Inst. GB y X 1 | www.steel-stainless.org/software
Trada GB y X 1 | www.trada.co.uk
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Conceptual design — Columns

Thanks for your attention!

Francesco Biasioli

Giuseppe Mancini
Dipartimento di Ingegneria Strutturale e Geotecnica
Politecnico di Torino — Italy

e-mail: francesco.biasioli@polito.it



