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Eurocode Training SCiAENGINEER

EN 1992-1-1: Reinforced Concrete

Introduction %“" SCiA

Subject of this workshop = the European Standard EN 1992

Eurocode 2: Design of concrete structures

Part 1-1: General rules and rules for buildings

which has been prepared by Technical Committee CEN/TC250 «Structural Eurocodes»
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[ Manager for National annexes
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= Design of buildings and civil engineering works in plain, reinforced and prestressed

concrete

= Requirements for resistance, serviceability, durability and fire resistance of concrete

structures

= Eurocode 2 is subdivided into the following parts:

Part 1-1: General rules and rules for buildings

Part 1-2: Structural fire design

Part 2: Reinforced and prestressed concrete bridges
Part 3: Liquid retaining and containing structure

= Focus in this workshop: Reinforced concrete — Part 1-1

Section 1 General ,?t“. SClA
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= General basis for design of structures in plain, reinforced and prestressed concrete
made with normal and light weight aggregates together with specific rules for buildings
Section 1: General

Section 2: Basis of design

Section 3: Materials

Section 4: Durability and cover to reinforcement

Section 5: Structural analysis

Section 6: Ultimate limit states

Section 7: Serviceability limit states

Section 8: Detailing of reinforcement and prestressing tendons - General
Section 9: Detailing of members and particular rules

Section 10:  Additional rules for precast concrete elements and structures
Section 11:  Lightweight aggregate concrete structures
Section 12:  Plain and lightly reinforced concrete structures

= Focus in this workshop: Sections 1 to 9
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Material and product properties

- general rules — see EN 1990 Section 4
- specific provisions for concrete & reinforcement — see EN 1992 Section 3

Shrinkage and creep

- time dependent

- effects have to be taken into account in the SLS

- in the ULS: only if significant (for example 2" order)
- quasi-permanent combination of loads

Application in Scia Engineer:

Creep: CDD or PNL calculation
Shrinkage: TDA calculation
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Design values
Partial factors for shrinkage, prestress, fatigue load S
Partial factors for materials

- ULS: recommended values

Design situations

s for concrete

¥ for reinforcing steel

ye for prestressing steel

-F'ersistent & Transient

1,5

1,15

1,15

Accidental

1,2

1,0

1.0

- SLS: recommended values

Ycandy =1
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Design values

Partial factors in Scia Engineer

EC-EN ~
= Concrete
= Design defaults
Concrete cover
Colurmns
Beams
2D structures and heam slabs
Punching
Default sway type (for columns and bea!
= General
Mon-prestressed reinforcement
Durahility and concrete cover

Name
= Concrete
Design defaults
B General
B Concrete
B National annex
B EN_1992_1_1

gamma_c_per - partial factor for concrete, ULS, persistent and transient de
gamma_c_acc - partial factor for concrete, ULS, accidental design situation

150
120

fek_max - maximum value of the characteristic cylinder strength 3.1.2(2) [M
alpha_cc - coeff taking account of long term effects on the compressive stre
alpha_ct- coeff taking account of long term effects on the tensile strength 3.

90.00
1.00
1.00

EC-EN ~
= Concrete
= Design defaults
Concrete cover
Colurmns
Beams
2D structures and heam slabs
Punching
Default sway type (for columns and bea!
= General
Concrete
Durability and concrete cover
= Calculation

Name
E Concrete
Design defaults
Bl General
Concrete
B Non-prestressed reinforcement
Bl National annex
B EN_1992_1_1

gamma_s_per - partial factor for ULS, persistent design situation 2.4.2.4(1) [-]
gamma_s_acc - partial factor for ULS, accidental design situation 2.4 2.4(1) [-]

115
1.00

eps_udfeps_uk-ratio of design and characteristic strain limit 3.2.7(2) [-]
B EN_1992_1_2
gamma_s_fi - partial factor for ULS. fire situation 2.3.2)P [-]

090

100
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Characteristic strength

Compressive strength

- denoted by concrete strength classes (e.g. C25/30)
- cylinder strength f, and cube strength f .pe
- f« determined at 28 days

If required to specify f(t) at time t for a number of stages
(e.g. demoulding, transfer of prestress):
=y (t) = () - 8 [MPa] for 3 <t <28 days

= () = foy for t = 28 days

where . (t) = Be(t) fom with B..(t) dependent on the cement class

11
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EN Table 3.1 Strength and deformation characteristics f ~ or concrete

Strength classes for concrete Analytical relation
1/ Explanation
fu (MPa)] 12 16 20 25 30 358 40 45 50 55 B0 TO 80 a0
Ficuba 15 20 25 a0 a7 45 50 | 58 60 67 75 85 a5 105
(MPa)
fan 20 24 28 33 38 43 48 53 &8 83 =) 78 aa o8 fm = £+ MPa)
(MPa)
fam 1,6 1,9 22 2,6 29 3z 3.5 3.8 41 4.2 44 4,6 4.8 50 i 0 30,271 <CE0/E0
MPa) Fam=2 A2 In(1+{£10))
0760
fak, 0,05 11 1.3 15 1.8 20 22 25 27 29 3.0 31 32 34 35 fearpon = 0T s fan
MPa) 5% factile
faoes | 20 | 25 |29 | 23 | 38 | 42 [ 48 | 49 | 53 55 57 | &0 63 | 86 | fanw= 130k
(MPa) 5% fractile
Ean 27 28 | 30 31 33 34 35 | 36 37 38 39 4 4z a4 Eon= 22ifad 10
(GPa) (Emin MPa)

£q (%o) 1,8 1.9 20 21 22 2,28 2,3 24 245 25 26 27 2,8 2,8 see Figure 3.2
oy (Yo = 07 £0™ 2.8

£t (o) 3,5 3.2 3.0 28 28 28 | se=Figure3.2
for .2 50 Mpa
lis? ZTIOEE 11001
3 20 22 23 24 | 2.5 | 28 sas Figurs 3.3
e ) for & = 50 Mpa
oo | =2,0+0, DBE{ £,- 505
=1 35 3,1 29 27 26 26 see Figurs 2.3
e () for &= B0 Mpa

o (i =2, 6 35 (90-E5 ¥100]*

n 2,0 1,75 | 16 | 1458 | 14 1.4 for L2 50 Mpa
n=1,4+23 490~ fa) 1007
£e3 (%oa) 1.75 18 19 2,0 22 23 see Figure 3.4
for £z 50 Mpa
Vo }=1,75+0, BE{if. SOV 40]
Feua (T} a5 3 29 27 26 26 saa Figurs 3.4

for fuz 50 Mpa
§=2,6+ 35{00-£,100]*

el
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Material characteristics in Scia Engineer

] Materials
A & @wEHE A v
c13/15 G modulus [MPa] -
C16/20 Log. decrement 02
ESE’;S Colour [ ]
Specific heat [J/gK] 6.0000e-01
Temperature dependency of specific heat None e
Caojso Thermal conductivity [WjmK] 4.5000e+01
C45/55 T ofthermal None |
C50/60 Orderin code 5
C55/67 B[EN1992-1-1
€60/75 Characterisic compressive cylinder stength fck(28) [MPa] 3000
C70/85 Calculated depended values =
C80/95 Mean compressive strength fem(28) [MPa]
€90/105 fcm(28) - fck(28) [MPa]
ggiﬁ;g;:gg;g Mean tensile strength fcim(28) [MPa]
C70/85(EN1992-2) fotk 0.05(28) [MPa]
€80/95(EN1992-2) fotk 0.95(28) [MPa]
C90/105(EN1992-2) Design compressive strength - persistent (fcd = fck / gamma c_p) [MPa]
Design compressive strength - aceidental (fed = fek / gamma ¢_a) [MPa]
Strain at reaching maximum strength eps c2 [1e-4]
Ulimate strain eps cu2 [1e-4]
Strain at reaching maximum strength eps c3 [1e-4]
Ulimate strain eps cu3 [1e-4]
Stone diameter (dg) [mm] 2
Cementclass N (normal hardening - CEM 325 R, CEM425N) =
Type ofaggregate Quarizite -
& Measured values
Measured values ofmean compressive strength (influence of ageing) O
B Stress-strain diagram
Type of diagram Bilinear stress-strain diagram |
Picture of Stress-strain diagram = =

13
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Design strength

Design compressive strength
fcd = Occ fck / Yc (3.15)

Design tensile strength

feia = Oct fe0,05 / Ye (3.16)

o, (resp. a.) is a coefficient taking account of long term effects on the compressive

strength (resp. tensile strength) and of unfavourable effects resulting from the way the

load is applied.
0,.=10anda,=1,0 (recommended values)
14
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Elastic deformation
- dependent on composition of the concrete (especially the aggregates)

- approximate values for modulus of elasticity E,, secant value between o, = 0 and
0,4f.,: see EN Table 3.1(for quartzite aggregates)

Reduction for limestone aggregates (10%) — sandstone aggregates (30%)
Augmentation for basalt aggregates (20%)

- variation of the modulus of elasticity with time:

Ecm(t) = (fcm(t) /fcm)o'3 Ecm (35)

- Poisson’s ratio: 0,2 for uncracked concrete and O for cracked concrete

15
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Creep and shrinkage

dependent on

- ambient humidity

- dimensions of the element

- composition of the concrete

- maturity of the concrete at first loading
- duration and magnitude of the loading

Creep coefficient in Scia Engineer

= SLE

g E Creep
Geperel 1 B Creep for concrete - Code dependent deflections (CDD)
Crack proot Creep coefficient [-]
Code Dependent Deflectians Calculate creep ccﬂefﬁclent [ yes
= Detailing pravisions Relative humidity [%] [-] 50,00
Colurrns Age atloading [day] 28
Beams Age at concrete [day] 1825
APV mbirimbirnmm el b n [ P ——
16
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Stress-strain relation for non-linear structural an alysis

g, __kn-n Remark: the use of 0,4f, for the definition
fn 1+(k-2hn of E,, is approximate!
a3
) Stress/strain diagram for non-linear analysis - Concrete: C30/37 X
000 Stress[MPa]
30,01 / \

| Strain[1e-4]

S 0
¥ 0~

-21,0

24,
28,0

> Y

£ Eant

17
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Stress-strain relations for the design of cross-sec tions

oo Oc
A .
faol . -
r |
/o i
s !
fcd __________ 4____ : :
/ ; :
’ ' :
/ : :
/ i :
/ ! :
/ !
[/ ; :
[e L : !
£ 0 &y Fws &,
€23 strain at reaching the maximum strength
€cuz,3 - Ultimate strain (see EN Table 3.1)

18
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Stress-strain relations for the design of cross-sec tions in Scia Engineer

Bl Stress-strain diagram

|Typeofdiaglam | Bi-linear stress-strain diagram M
Picture of Stress-strain diagram Bi-linear stress-strain diagram
Parabola-rectangle stress-strain diagram

[ Bi-linear stress-strain diagram - Concrete: C30/37 X [ Parabola-rectangle stress-strain diagram - Concrete: C30/37 X
stress[MPa stress[MPa
fed| { ! ) fed { 1 )
| h | A
I \ I I
I \ I I
I \ I I
I \ I I
I \ I I
I \ I I
I \ I I
I . I I
| ' | |
I \ I I
I \ I I
I \ I I
I \ I I
I \ I I
0,Q0 . __strain[1e-4] 0,00 . __strain[1e-4]
g ) g g
(3 =1 13} =1
1% © @ ©
j=9 1%} o 12}
=5 [} j=5
- z g o
~ o o o
= g & w3
' ™ ' [Ss)
; ;
Close Close
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Properties
The behaviour of reinforcing steel is specified by the following properties:

- yield strength (f,, or g »)

- maximum actual yield strength (f, .,)
- tensile strength (f)

- ductility (¢, and f/f,,)

- bendability

- bond characteristics (fz: see Annex C)
- section sizes and tolerances

- fatigue strength

- weldability

- shear and weld strength for welded fabric and lattice girders

20
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Material characteristics in Scia Engineer

[ Materials X
AWk > & @& E| Renorcementsisel - ¥
B 400A Name B 500A
B Code independent
B 600A Material type
B4008 Thermal expansion [m/mk] 000
g gggg Unit mass [kg/m™3] 7550.00
& a00C £ modulus [MPa] 2.0000e+05
B 500C Poisson cosff 02
B 600C Independent G modulus o
G modulus [MPa]
Log.decrement 02
Colour I
Specific heat [J/gK] 6.0000e-01
Thermal conductivity [W/mK] 4,5000e+01
Bar surface Ribbed e
Order in code 2
= [EN 1992-1-1 ]
Characleristic yield stength fyk [MPa] 5000

Calculated depended values 8
Charakteristic maximum tensile strength fix [MPa]

Cosficientk =fik / fyk [

Design yield strength - persistent (fpd = fyk / gamma s_p) [MPa]

Design yield strength - accidental (fpd = fyk / gamma s_s) [MP3]

Maximum elongation eps uk [1e-4]

Class
Reinforcementtype Bars -l
Fabrication Hot rolled -
B Stress-strain diagram
Type of diagram Bilinearwith an inclined top branch e
Picture of Stress-strain diagram o

21
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= Specified yield strength range: f,, = 400 to 600 MPa

= Specific properties for classes A — B — C: see Annex C

Product form Bars and de-coiled rods Wire Fabrics Requirement or
quantile value (%)

Class A ‘ B ‘ c A ‘ B ‘ [¢]

Characteristic yield strength fi, 400 to 600 5,0

or foyzk (MPa)

Minimum value of k = (f/f,), >1,05 | 21,08 | 21,15 | 21,05 | 21,08 =115 10,0
<1,35 <1,35

Characteristic strain at 22,5 250 27,5 225 =50 27,5 10,0

maximum force, & (%)

Bendability Bend/Rebend test

Shear strength - 0,3 A fu (A is area of wire) Minimum

Maximum Nominal

deviation from bar size (mm)

nominalmass <8 +6,0 5,0

(individual bar >8 +45

or wire) (%)

Class A is used by default; B and C have more rotation capacity.

22
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Stress-strain diagrams of typical reinforcing steel

ai o
=Kl |- - oo - - fi=kfom!
fxk {---- fozk 4-----

fo

&

0,2%

a) Hotrolled steel

b) Cold worked steel

- yield strength f,, (or the 0,2% proof stress, f; »,)
- tensile strength f,,
- adequate ductility is necessary, defined by the (f/f,), and €,

23
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Stress-strain diagrams for design

[e)

kfyk” """""""""""""""" _ ’_"_’::’—’-;kfyk

A o
i 1 !

fa-tudps 1 i 5 Recommended value:
| z L k= £.,= 0.9t
: ; ! Idealised
Design
fi Ex &g fu €

Assumptions for design:
(a) inclined top branch with a strain limit of g, and a maximum stress of kf,,/y; at €
(b) horizontal top branch without the check of strain limit

24
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Stress-strain diagrams for design in Scia Engineer

B Stress-strain diagram

|Typeofdiaglam | Bi-linear with an inclined top branch M
Picture of Stress-strain diagram Bi-linear with an inclined top branch
Bi-linear without an inclined top branch

I Bi-linear with an inclined top branch - Reinforcement steel: B500A .4 T Bi-tinear without an inclined top branch - Reinforcement steel: B 5004 {4

k_?_wstrfs_sy\fli’:i]_ z fydstress[MF’a]

3 ] I —
o ] I
o i I
-+ I I
w o [ ' '
w =1 = !
hel o) b=l | !

i 0 strain1e-4] o Fol | __strain[1e-4]
[ ! ! [y =
[ i ' = S
(] i 1 I Z ’-’:-
L ! : | 5
I ! i | =
[ ! | c
S o Il o
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reinforcemant

Class
designation

Description of the environment

Informative examples where exposure classes

may oceur

1 No risk of corrosion or attack

For concrete without reinforcement or

EN Table 4.1 Exposure classes
related to environmental conditions

Moderate water saturation, without de-icing

Vertical concrete surfaces exposed to rain and

freezing

Moderate water saturation, with de-icing agent

Vertical concrete surfaces of road structures
exposed to freezing and airborne de-icing agents

High water saturation, without de-icing agents

Horizontal concrete surfaces exposed to rain and

freezing

High water saturation with de-icing agents or

X0 embedded metal: all exposures except where
there is freeze/thaw, abrasion or chemical
attack
For concrete with reinforcement or embedded
metal: very dry Concrete inside buildings with very low air humidity
2 Corrosion induced by carbonation
XC1 Dry or permanently wet Concrete inside buildings with low air humidity
Concrete permanently submerged in water
XC2 Wet, rarely dry Concrete surfaces subject to long-term water
contact
Many foundations
XC3 Moderate humidity Concrete inside buildings with moderate or high air
humidity
External concrete sheltered from rain
XC4 Cyclic wet and dry Concrete surfaces subject to water contact, not
within exposure class XC2
3 Corrosion induced by chlorides
XD1 Moderate humidity Concrete surfaces exposed to airborne chlerides
XD2 Wet, rarely dry Swimming pools
Concrete components exposed to industrial waters
containing chlorides
XD3 Cyclic wet and dry Parts of bridges exposed f 5. Freeze/Thaw Attack
chlorides
Pavements agent
Car park slabs XF2
4 Corrosion induced by chlorides from sea water XE3
X81 Exposed to airborne salt but not in direct Structures near to or on th|
contact with sea water XEd
X82 Permanently submerged Parts of marine structures| sea water
X83 Tidal, splash and spray zones Parts of marine structures|

Road and bridge decks exposed to de-icing agents
Concrete surfaces exposed to direct spray
containing de-icing agents and freezing

Splash zone of marine structures exposed to

freezing

6. Chemical attack

Slightly aggressive chemical environment
according to EN 206-1, Table 2

Natural soils and ground water

Moderately aggressive chemical environment
according to EN 206-1, Table 2

Natural soils and ground water

Highly aggressive chemical environment
according to EN 206-1, Table 2

Natural soils and ground water

27
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Concrete cover
Nominal cover

Cnom = Cmin + ACdev (4-1)

¢, minimum cover, in order to ensure:

min,
- the safe transmission of bond forces
- the protection of the steel against corrosion (durability)

- an adequate fire resistance (see EN 1992-1-2)

Acge, allowance in design for deviation

28
. . <3 =
Section 4 Durability and cover to ,?g.‘. |A
re'ﬂforf‘eme!"t S8 ANEMETSCHEK COMPANY
Concrete cover
Minimum cover, C.,
Cmin = Max { Cmin,b; Cmin,dur + ACdur,g - ACdur,st - ACdur,add ) 10 mm } (4-2)

where:

Cpninp MiNimum cover due to bond requirement

Crnin.dur MINiIMuM cover due to environmental conditions

Acy, 4 additive safety element

Acy, & reduction of minimum cover for use of stainless steel
Acy,, aqq r€duction of minimum cover for use of additional protection

Allowance in design for deviation,  Acge,

AcCy, = 10 mm (recommended value)

29
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Concrete cover in Scia Engineer

2D siruciures and be.. [XD2
Punching §g$’
Default sway type (f.. [ygs

Reneral XS3

ECEN S Name
= Concrete El Concrete
=] Deswin defaults Bl Design defaults
=] ‘CDIII:IEIE cover |
Columns
Use min concrete cover =
Beams D king life 50 -
2D structures and beam slabs esign working e [years] 1
Punching Exposure class AC3 il
Default sway type (for columns and bea Abrasion class None i
= General Type of concrete In-situ concrete i
Concrete Special quality control O no
Man-nractaceard rainfareamant P —
Exposure class XC3 Abrasion class None
Abrasion class X0 Type of concrete None
Type of concrete ACT Special quality control AM1
Special quality control ig% Columns §m§
Columns C4 =
Beams XD1

30
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Section 5 Structural Analysis
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Section 5 Structural Analysis
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Structural models for overall analysis

The elements of a structure are classified, by consideration of their nature and function,
as beams, columns , slabs, walls, plates, arches, shells etc. Rules are provided for
the analysis of the commoner of these elements and of structures consisting of

combinations of these elements.

See EN § 5.3.1 for the descriptions

32
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Assignment of structural models in Scia Engineer

= For 1D members : 3 types (beam, column, beam slab) — choice made by user

) pata Concrete ﬁ
z Name Dc1 ~
nu du Member il
[~ | 4cu 2:3."329 beam ol =
ivanced mode beam
5 Minimal concrete cover icolumn
Inputfor sides slab
Structural class
ds ~L7 y Exposure class XC3 R
ns Abrasion class None -
dl— ::d Situation of Delta:cdev In-situ concrete <~
hs Concrate
nl Stone diameter [mm] .
bw
Load default values Pt
Concrete Setup >>>
Cancel
==

I Different calculation methods !

= For 2D members : 3 types (plate, wall, shell) — detected by NEDIM solver, based on
present internal forces

33
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Assignment of structural models in Scia Engineer

Beam calculation > Column calculation

A A

% ; 3 _ Difference in reinforcement

area per direction

Internal forces taken into account:

= Beam calculation: N, M,, V,
= Column calculation: N, My, M,, V,

34

\ ) "
Section 5 Structural Analysis ,?t;!‘ SClA

Geometric data

Continuous slabs and beams may generally be analysed on the assumption that the

supports provide no rotational restraint.

= Monolithic connection (Fixed support)

Critical design moment at the support = Moment at the face of the support

= Hinged support
Design support moment may be reduced by an amount AMgy:

AMgq = Fegoupt/ 8 (5.9)

where:  Fgq,pis the design support reaction
tis the breadth of the support

35
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== ANEMETSCHEK C
Moment reduction above support in Scia Engineer
Durability and concrete cover = ‘Heanm |
= Calculation Calculate compression reinforcement B yes
General Include normal force to calculation H yes
gu\umns Check compression of member O no
Luls eams NEd < x*Ac*fed: x =[]
Gieneral anmem reduction at supports O no ]
Interaction diagram Shear force reduction at supports 0 no
Nodal support Column support
Mgq, IWE":"-,

ANIE F. t
+ d~ Edsw § S
_+_

| S support in node @ LU
Name Snt \
Type Standard j
Angle [deg]
l:IE(I, Sup X Rigid Jid
z Rigid =
R Free -
4 (Defautt size [m] 0.200
Node
2 Ry 5 Geometry
@ System GCS =l

36
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Common idealisations of the behaviour  used for analysis are:
(@) linear elastic behaviour
(b) linear elastic behaviour with limited redistribution
(c) plastic behaviour, including strut and tie models

(d) non-linear behaviour

37
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= Based on the theory of elasticity

Suitable for both ULS and SLS

= Assumptions:
- uncracked cross-sections
- linear stress-strain relationships
- mean value of E

For thermal deformation, settlement and shrinkage effects:

- at ULS: reduced stiffness (cracking - tension stiffening + creep)

- at SLS: gradual evolution of cracking

Linear elastic analysis in Scia Engineer

Linear calculation

38
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Principle of redistribution of bending moment

Elastic bending moment ( linear or dangerous combination)

\
/
’T\ .@ ']\\
Ve
/ \
, \
. \ /
~ L4
A N A

sn; ~ - sn

hY

~
~ -

—‘,
-

Moment reduction ( LC moment reduction)

ot A N fm,
‘ sn;

Redistributed bending moment ( redistributed combination)

Application

For analysis of structural members for

the verification of ULS.

39
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= The moments at ULS calculated using a linear elastic analysis may be redistributed,
provided that the resulting distribution of moments remains in equilibrium  with the

applied loads.

= Redistribution of bending moments, without explicit check on the rotation capacity, is
allowed in continuous beams or slabs provided that:
- they are predominantly subject to flexure
- the ratio of the lengths of adjacent spans is in the range of 0,5 to 2
-0 2k; + kyx,/d for fy, < 50 MPa (5.10a)
0 2 ky + kyx,/d for f,, > 50 MPa (5.10b)
= k; where Class B and Class C reinforcement is used (see EN Annex C)

= k; where Class A reinforcement is used (see EN Annex C)

40
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f‘%’

where:

ois the ratio of the redistributed moment to the elastic bending
moment

X, is the depth of the neutral axis at the ultimate limit state after
redistribution

d is the effective depth of the section
ki, ks, Ks, K4, ks and kg: see recommended values in National Annex

= Redistribution should not be carried out in circumstances where the rotation capacity

cannot be defined with confidence.

= For the design of columns the elastic moments from frame action should be used

without any redistribution.

a1
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Plastic analysis for beams, frames and slabs

= Only suitable for ULS

= Plastic analysis without any direct check of rotation capacity may be used, if the
ductility of the critical sections is sufficient for the envisaged mechanism to be formed.

= The required ductility may be deemed to be satisfied without explicit verification if all
the following are fulfilled:

- the area of tensile reinforcement is limited such that, at any section

x,/d < 0,25 for concrete strength classes < C50/60
x,/d < 0,15 for concrete strength classes = C55/67

- reinforcing steel is either Class B or C (see EN Annex C)

- the ratio of the moments at intermediate supports to the moments in the span
is between 0,5 and 2

a2
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Options for redistribution of bending moments & pla stic analysis in Scia Engineer
Available since Scia Engineer 2010.0

Choice for desired method in the Concrete Setup:

Bl Check redistributed moments ]
Check acc to 5.5(4) O no
Check accto 5.6.2(2) O no

Check rotation capacity 5.6.3
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Analysis with strut-and-tie models

= Strut-and-tie models consist of
- struts = compressive stress fields
- ties = reinforcement

- connecting nodes

= Forces: determined by maintaining the equilibrium with the applied loads in the ULS
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Analysis with strut and tie models: Comparison deep beam <« slender beam

| ]

L4 =
L _ T ] |
% ¥/
Deep beam Slender beam
with pressure diagonals & tension tie with pressure arch (D) & tension tie (T)
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Analysis with strut and tie models in Scia Engineer

Pressure only 2D members — Trajectories result

i [kN/m]
224
400.00

200.00
000

20000
-a00.00
-600.00
-800.00

-1000.00

-1200.00

-1282.26

100,00
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= Suitable for both ULS and SLS, provided that equilibrium and compatibility are satisfied

= Non-linear behaviour for materials taken into account

See EN Section 3 for the non-linear o-¢ diagrams

= The analysis may be first or second order

Non-linear analysis in Scia Engineer

1st order: PNL calculation

2nd order: PGNL calculation

a7
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Non-linear analysis in Scia Engineer: Plastic hinges

Linear calculation Non-linear calculation
™~ § N;\ o
/U—A | . H W@‘ \h\r\ leLj\L ! [TF - ‘@‘ s ] 117
N RN 2 ey S N ER R N RN YA Py NI IDRIEZAN
1N | @ 'ﬂ‘, | LP
A | i /

Change of the stiffness in the concrete cross-section above the middle support due to
cracks. The plastic resistance moment is reached.

— Redistribution of the moment line to satisfy the equilibrium of the structure

Principle: Non-linear moment above the support + ¥2 Non-linear moment at the half of
the span = Linear moment above the support
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Definition of Geometric imperfections

= As consideration of the unfavourable effects of possible deviations in the geometry of

the structure and the position of loads.

(Deviations in cross-section dimensions — material safety factors)

= To be taken into account both in 1st and 2n9 order calculation.

= To be taken into account only in ULS (persistent and accidental design situations).

= To be taken into account only in the direction where they will have the most

unfavourable effect.
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General
Imperfections may be represented by an inclination ;:

6,=6,0, ap, (5.1)
where:
0, is the basic value = 1/200 (recommended value)
a,, is the reduction factor for length or height

0., is the reduction factor for number of vertical members
contributing to the total effect
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Isolated members

2 alternative ways to take geometric imperfections into account

(1) As an eccentricity , e;, given by
e=61,/2 (5.2)
where |, is the effective length

For walls and isolated columns in braced systems, e; = |,/ 400 may always be used as

a simplification, corresponding to a;, = 1.

(2) As a transverse force , H;, in the position that gives the maximum moment:
- for unbraced members: H=6,N (5.3a)
- for braced members: H=26N (5.3b)

where N is the axial load
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Isolated members
2 alternative ways to take geometric imperfections into account
N N
Y
Hi
L d
=1 2 e | 1=k
trwwd Tz
al) Unbraced a2) Braced
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Minimum eccentricity for cross-section design
€o.min = Max { /30 ; 20 mm } see EN § 6.1(4)

where h is the depth of the section

h
This means & = max [(91 +ei);ﬁ;20mm]

where:
e, = 1st order eccentricity

e, = eccentricity due to geometric imperfections

e, = e, + e;, design eccentricity in a 15t order calculation
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=

Definitions

= First order effects: action effects calculated without consideration of the effect of

structural deformations, but including geometric imperfections.

= Second order effects: additional action effects caused by structural deformations.

They shall be taken into account where they are e
likely to affect the overall stability of a structure

significantly; e.g. in case of columns, walls, piles,
arches and shells.
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Criteria for 1 st or 2" order calculation

2nd order effects have to be taken into account in each direction, unless they may be

ignored acc. to one of the following articles:

(a) 2" order effects may be ignored if they are less than 10 % of the corresponding 1st

order effects.

(b) Simplified criterion = Slenderness criterion for isolated members

2nd order effects may be ignored if the slenderness A < A;,

In case of biaxial bending:
the slenderness criterion may be checked separately for each direction
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Criteria for 1 st or 2" order calculation
Slenderness ratio A
A=y /i
where:

lp is the effective length

i is the radius of gyration of the uncracked concrete section

Limit slenderness A,

Aim=20AB C/n

(5.14)

(recommended value, 5.13N)
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Criteria for 1 st or 2nd order calculation

Effective length - for isolated members

A N
Ao

ook L s e -

a)h=I! b)lh=21 c)h=071 dyh=12 e k=1 fIli2<h<l g)l>2l
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Methods of analysis - Taking 2 ™ order effects into account
= General method: based on non-linear 2" order analysis
= Two simplified methods: based on linear (nominal 2" order) analysis

(a) Method based on nominal stiffness & moment magnification factor
— Use: both isolated members and whole structures
(b) Method based on nominal curvature

— Use: mainly suitable for isolated members, but with realistic assumptions

concerning the distribution of curvature, also for structures

= The selection of simplified method (a) and (b) to be used in a Country may be found in its

National Annex.
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General method

General method in Scia Engineer
Real (physical and) geometrical non-linear calculation

= PGNL analysis for 1D members:
non-linear o—¢ diagram, new stiffness El is calculated iteratively

= GNL analysis for 2D members:
no non-linear o—¢ diagram,
but approximation of new stiffness El by adapting value of E in the
material library:
Foa
1+ o,

EI=KFE, I +KEI OF E, .=
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Simplified methods
(2) Method based on nominal stiffness
Nominal stiffness

Ecd

EI=KEE, I +KE] Fad = Th g
b

Moment magnification factor

Total moment = 1st and 2"d order moment

Med = Mok [1 + L]

(Np/Ngg)—1
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(b) Method based on nominal curvature

Application

For isolated members with constant normal force N and a defined effective length I,.

The method gives a nominal 2" order moment based on a deflection, which in turn is

based on the effective length and an estimated maximum curvature.

Design moment Mgy
Meg = Mogg + My

where:

Mogq is the 15t order moment, including the effect of imperfections

(5.31)

M, is the nominal 2" order moment, based on 15t order internal forces
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(b) Method based on nominal curvature

Nominal 2 " order moment M,

M; = Ngqg €,

where:

N4 is the design value of axial force

e, is the deflection = (1/r)*(1,2/c)

1/r is the curvature

l, is the effective length

c is a factor depending on the curvature distribution

(5.33)

For constant cross-section, ¢ = 10 (= T8) is normally used. If the first
order moment is constant, a lower value should be considered (8 is a

lower limit, corresponding to constant total moment).
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(b) Method based on nominal curvature

Curvature 1/r

1/r =K, K, 1/rg

where:

K., is a correction factor depending on axial load
K, is a factor for taking account of creep

1ry =¢€,4 /(0,45 d)

€a = fya / Es

d is the effective depth

(5.34)
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(b) Method based on nominal curvature in Scia Enginee  r
Linear calculation

= General Bl Calculation

Concrete General
MNon-prestressed reinfarcement B Columns

Frestressed reinforcement

= Advanced setting O no
Durability and concrete cowver Comner design only O no
= Calculation Detarmine governing cross-section beforehand O no
General -
Columns (Buckling data 0 yes |
Beams Optimize the number of bars in c-s for biaxial calculation B yes
Taken into account for design:
“Buckling data” OFF: - 1st order moment
“Buckling data” ON: - 18t order moment

- moment caused by geometrical imperfections

- nominal 2" order moment, only if A > Aiim
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(b) Method based on nominal curvature in Scia Enginee  r

Overview
(art 5.8.3.1[1])
I < lim
yes | | I no
- First order moment - First order moment
- Geometric imperfections - Geometric imperfections
art 5.2[1] - Second order moment **
(nominal curvature 5.8.8 [1])

Method of the nominal
curvature valid?

Yes, if following No, conditions
conditions are fulfilled: not fulfilled
[ | ]
the effective length isolated members with A real second order
lois defined a constant normal force non-linear calculation
has to be performed
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Bi-axial bending

To decide if a bi-axial bending calculation is required or not, the following conditions

should be checked: (slenderness ratios & relative eccentricities)

€y

Yooy and Aoy

Ay A, ol ’<
Iy

€51y | o or €.l

€pi . | H €gg, /B S

If these conditions are NOT fulfilled — bi-axial bending calculation is required
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Biaxial bending

Simplified criterion = Interaction formula

a
MEdz)a (MEdJ’)
—=) + <1
(MRdz Mzay (5.39)
where:

Meq,y is the design moment around the respective axis, including a
2" order moment (if required)

Mgz iS the moment resistance in the respective direction
a is the exponent; for circular and elliptical cross sections: a = 2;
for rectangular cross sections:

Nea/Nrd 0,1 0,7 1,0
a= 1,0 1,5 2,0

with linear interpolation for intermediate values
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Column calculation in Scia Engineer

B Calculation Method ]
|Type of calculation method | Automatic determination [ =
Automatic determination - Uni-axial b... [Uni-axial bending calculation (sum)

= Design reinforcement by using (... |Uni-axial bending calculation (max)
Bi-axial bending calculation (interaction formula)

Area of reinforcement type

Automatic determination
Delta area of reinforcement [mm™2]
Conditions 5.8.9(3) | Biaxial bending?
2 P Conditions fulfilled
; <2 and ﬂv’ <2 according to art 5.8.9

Friy Yy 02 Of €10 Ry 202 Ratio of biaxial Ratio of biaxial
21y ) B €riy by moment is moment is
lesser than lesser than

[ Ratioof biaxialmoments ] i yelve i falee

- no
111u1(|ﬂ'f 21y ,|‘M Biz|) ) —" - . - —ve - . no-

100 < 10% Uniaxial bending | | Uniaxial bending | | Uniaxial bending | | Biaxial bending

lllaX(L"wa ,Lﬂ,jEd‘z ) max sum (max)
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=

Application

Section 6 applies to undisturbed regions of beams, slabs and similar types of members

for which sections remain approximately plane before and after loading.

If plane sections do not remain plane — see EN § 6.5 (Design with strut and tie models)

Ultimate moment resistance M 4 (or M) of reinforced concrete cross-sections

Assumptions when determining Mgg:
- plane sections remain plane
- strain in bonded reinforcement = strain in the surrounding concrete
- tensile strength of concrete is ignored
- stresses in concrete in compression — see design o—¢ diagrams (EN § 3.1.7)
- stresses in reinforcing steel — see design o—¢ diagrams (EN § 3.2.7)
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Strain limits
= Reinforcing steel Tensile strain limit = €4 (where applicable)
= Concrete

- In sections mainly subjected to bending
Compressive strain limit = €, (Or &.3)

- In sections subjected to = pure compression
(% concentric loading (e4/h < 0,1), e.g. compression flanges of box girders, columns, ...)

Pure compressive strain limit = €., (or €.3)
For concentrically loaded cross-sections with symmetrical reinforcement, assume as

eccentricity € = max [(e1 +ei);%;20mm:| (MEd is at least = eONEd)

where h is the depth of the section
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Possible range of strain distributions (ULS)

(1- &2l gu2)h
or
3 (1- &l gus)h ™~ —
h
,,,,,, O
T T o T — &
Eud & 0 Ee2 Eeu2
(593) (Esua)
- reinforcing steel tension strain limit
- concrete compression strain limit
- concrete pure compression strain limit
72
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General verification procedure
Definitions
Veg = design shear force resulting from external loading
Vrae = design shear resistance of the member without shear reinforcement
Vres = design value of the shear force which can be sustained by the yielding shear

reinforcement

Veamax = design value of the maximum shear force which can be sustained by the

member, limited by crushing of the concrete compression struts
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General verification procedure
Definitions

In members with inclined chords the following additional values are defined:

Vecd = design value of the shear component of the force in the compression area, in
the case of an inclined compression chord
Vi = design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

Shear resistance of a member with shear reinforcement:

Vgrd = Vras + Veea T Vig (6.1)
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General verification procedure

Overview
If Veg < Vryc No shear reinforcement required (theoretically), but minimum shear
reinforcement should be provided for beams:
Pumin = (0,08 Vfey) / £ (recommended value, 9.5N)
If Veg > Vige Shear reinforcement should be provided in order that Vgy < Vigg

In practice: Vggs = Veg - Veed - Vig
Check if Vg (OF Vig) £ Vg max

(If Veg > VR max » failure by crushing of concrete compression struts!)
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Shear force reduction at supports

For members subject to predominantly uniformly distributed loading, the design shear
force need not to be checked at a distance less than d from the face of the support.
Any shear reinforcement required should continue to the support.

.. In Scia Engineer

Mon-prestressed reinforcement E Beams
Durability and concrete cover Calculate compression reinforcement B yes
= Calculation Include normal force to calculation E yes
g;ﬁ;:ls Check compression of member O no
T | NEd < x"Ac’fed: x= [1]
20 structures 3 Moment reduction at supports O no
o ULs @earﬂ:r:ereduction atsupports E yes
General B Reduce shear force
Punching Reduce shear force In the face (support/column) ~
Interaction diagram 2D structures In the face (support/column)
=] Ehe:ﬁll\r - uLs In the face (support/column}+ effective height ofthe helam
.. VEd - VEd
2 options:

76

Section 6 Ultimate limit states (ULS) Q‘;!. SClA
Veg S Vryc: Members not requiring design shear reinforcement
Design value for the shear resistance ~ Vgq,
VRd,c = [CRd,c k (100 pl 1:ck)l/g + kl o-cp] |:)w d (6.28)
with a minimum of Vi = (Vyin *+ Ky Ogp) by, d (6.2b)

where:
k=1 +(200/d) < 2,0 withd in [mm]
p=A,/b,d = 0,02 is the longitudinal reinforcement ratio

A, is the area of the tensile reinforcement, which extends 2 (I,4 + d)
beyond the section considered

b,, is the smallest width of the cross-section in the tensile area [mm]
Ocp = Ngg /A < 0,2 fy [MPa] with Ny > O for compression

Crac=0,181Y, (recommended value)
Vinin = 0,035 k372, f 12 (recommended value, 6.3N)
k, =0,15 (recommended value)
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Veg S Vryc: Members not requiring design shear reinforcement
Vg4 should always satisfy the condition
Veg£0,5b,d vigy (6.5)

where:
vis a strength reduction factor for concrete cracked in shear
v=0,6 [1 - (f,/250)] (recommended value, 6.6N)

with f, in [MPa]
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Veg > Vry: Members requiring design shear reinforcement

The design of members with shear reinforcement is based on a truss model

__/ 5
RS
;@ LTJ \ :

- compression chord, [B]- struts, [C]- tensile chord, [D] - shear reinforcement

V(cot 6- cotar)

a = angle between the shear reinforcement and the beam axis
8 = angle between the concrete compression strut and the beam axis
1 <coth <25 (recommended limits, 6.7N)
F.4 = design value of the tensile force in the longitudinal reinforcement
F.q = design value of the concrete compression force
z = the inner lever arm; the approximate value z = 0,9 d may normally be used
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Veg > Vry: Members requiring design shear reinforcement

bu b,

b,, = minimum width between tension and compression chords
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Veg > Vry: Members requiring design shear reinforcement
a=90° (vertical shear reinforcement)
Vpq is the smaller value of:
Vras = (Asw/S) Z fiq COtO

and Vid.max = Ocw By Z vy feq/ (COtB + tanb)

where:

(6.8)
(6.9)

A, is the cross-sectional area of the shear reinforcement

s is the spacing of the stirrups

fyw

q IS the design yield strength of the shear reinforcement

v, is a strength reduction factor for concrete cracked in shear
0., is a coefficient taking account of the state of the stress in the

compression chord
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Veg > Vry: Members requiring design shear reinforcement

a=90° (vertical shear reinforcement)

Vi =V (recommended value, 6.6N)
If 0,4 < 0,80 f,,, v, may be taken as:
v, =0,6 for f, < 60 MPa (6.10.aN)
v, =0,9-f,/200 > 0,5 for f, = 60 MPa (6.10.bN)

If this Expression (6.10) is used, the value of f,,,4 should be reduced to 0,80 f,,
in Expression (6.8).

Oy, =1 for non-prestressed structures (recommended value)

Agy.max, for 6 =45° (cot® = 1 and tan® = 1), and Vgg s = Virg max

Aswmax!s = 0,5 gy, by, vy feg / g (6.12)
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Veg > Vry: Members requiring design shear reinforcement
a<90° (inclined shear reinforcement)
Vpq is the smaller value of:
Vras = (Asw/S) Z g (cOtB + cota) sina (6.13)

and VRd.max = Ocw By Z vy feq (cOtB + cota) / (1 + cot?) (6.14)

Aswmaxo fOr 8 =45°  (cot® = 1), and Vgy s = Vg max

Aswmax!S = (0,5 O¢y, by, V1 feg) 1 (fig SINQ) (6.15)
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Explanation for Vgy . — Failure modes in case of shear

(1) Shear-bending failure

a l l b 1 l crushing of
croncrete
' |
L / r’l | | \ { | I\ X N 1 L /’ ’ z'/J H | | ll | \I\.\. .:"- N g
a) pattern of cracking in the SLS b) pattern of cracking in the ULS
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Explanation for Vgqmax — Failure modes in case of shear

(2) Shear-tension failure

a b
Mgg< M,
F— l l fission crack J l
KE— X7
x £ [ |
L /'\\ 4 I| | - \'. ] L ’}‘; B ! I: LA N l!
&
a) pattern of cracking in the SLS b) pattern of cracking in the ULS

— Adding enough shear reinforcement (in the form of verical stirrups) prevents shear-

bending and shear-tension failure.
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Explanation for Vgy . — Failure modes in case of shear

(3) Shear-compression failure

d b concrete
strut failure
¥ ¥
sl NN N A _./,"f'l’ N L AN N,
a) pattern of cracking in the SLS b) pattern of cracking in the ULS

— Imposing a maximum value Vgq . to the shear force V¢, prevents sudden failure of

the concrete compression strut before yielding of the shear reinforcement.
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Variable strut inclination method
The strut inclination 8 may be chosen between two limit values
1 <cotb <25 or 21,8° <6<45°  (recommended limits, 6.7N)

1) Web uncracked in shear
2) Inclined cracks appear
3) Stabilization of inclined cracks

4) Yielding of stirrups — further rotations and new cracks
under lower angle — finally failure by web crushing
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Variable strut inclination method

[¢]
outline of measured area
1

1
i
i
[
i
|
i
1
|
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Variable strut inclination method
Advantages of this method:

Large freedom of design because of the large interval for 6

By making a good choice for the inclination of the struts, optimal design can be

achieved:
- Larger angle 6 — higher value of Vg4 . (Saving on concrete)

- Smaller angle 8  — larger stirrup spacing is sufficient = smaller value of A,

(saving on steel)
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Variable strut inclination method
General procedure — which can be used in Scia Engineer:

- Assume 6 =21,8° (cot 6 = 2,5) and calculate A,

- Check if Vg > Vg max:  1FNO — OK, end of design

If YES  — crushing of the concrete strut

- 3 options if Vg max IS exceeded:
- increase height of beam
- choose higher concrete class

- increase 6, or calculate 6 for which Vgy = Vg s

and repeat the procedure
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Variable strut inclination method

User input of angle 6 (or cotangent 6) in Scia Engineer

= Shear
B 1D structures
Bl Shear coefficients
Distance with full resistance from outside stirup (multiple ... | 050

Bl Angle beiween the concreie compression sirut a.__ |
Type ofinput theta ‘ Angle i

= Web Angle
theta [deg] Cotangent
cot (theta)

E Compression flange
theta [deg] 40,00
cot (theta)

E Tension flange
theta [deg] 40,00
cot (theta)
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Additional tensile force in the longitudinal reinfo rcement ... caused by shear
2 approaches
(1) EN Section 6:
— For members with shear reinforcement

Calculation of the additional tensile force , AF, in the longitudinal reinforcement due

to shear Vgg:

AR, = 0,5 Vg4 (cotB - cota) (6.18)

(Med/z) + AFy < Mgy max/Z, Where Mg ey iS the maximum moment along the beam
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Additional tensile force in the longitudinal reinfo rcement ... caused by shear
(2) EN Section 9:
— For members without shear reinforcement

AF,, may be estimated by shifting the moment curve  (in the region cracked in

flexure) a distance a, = d in the unfavourable direction .

— For members with shear reinforcement
This "shift rule” may also be used as an alternative to approach (1), where:

a, = z (cotb - cota) / 2 (9.2)
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Additional tensile force in the longitudinal reinfo rcement ... caused by shear

-JM

- Envelope of Mey/z + Neg - acting tensile force F, - resisting tensile force Frs

The curtailment of longitudinal reinforcement, taking into account the effect of inclined
cracks and the resistance of reinforcement bars within their anchorage lengths.

(As a conservative simplification the contribution of the anchorage may be ignored.)
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Explanation for the additional tensile force

F F

a I
| |
a —
J. r f ]

N LN |
Fa) T Z
y - x
F F

a) reinforced concrete beam b) cracked beam with compression struts, after loading
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Explanation for the additional tensile force

F F
strirrups (tension) I l

" n ¥
c ; i i

compression zone (concrete)

=

!

I

I concrete strut {compression) tension zone (reinforcement) T
F F

F r
|
- 2F _3F v AF__A4F l 3F 2F  -F
N - o 2N\
0N 157 |€7 197 | S 2| \e| \&| \g| &0
F F F 0 0 0 F F F

AF 12F  3F  4AF  HF  HAF  AAF 13F OF 4F 4

T T
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Explanation for the additional tensile force

= Beam model

\\’/
fa N=M/z
_— ——
E \L\L)/ assumez=1
= Truss model .

7 s I - ;F
/// P // \\ \\\ \\‘ ;L
P Ve . . .
A | | | o Conclusion:
i —T1 1 —F Design of reinforcement
according to beam model is
1 L 1 L 1 L ! L 1 L [
j ‘ 6 . unsafe — shift of M-line
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=

General

The torsional resistance of a section may be calculated on the basis of a thin-walled

closed section , in which equilibrium is satisfied by a closed shear flow.

= Solid section — equivalent thin-walled section
= Complex shape (e.g. T-sections) — series of equivalent thin-walled section, where
the total torsional resistance = sum of the capacities of the individual elements

= Non-solid sections — equivalent wall thickness < actual wall thickness
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Design procedure
Definitions
The shear stress in a wall i of a section subject to a pure torsional moment:
Ty teri = Tea/ 2A¢ (6.26)
The shear force Vg4 ; in a wall i due to torsion is given by:
Vedi = Ti leri Zi (6.27)

where
Teq is the applied design torsion
T,; is the torsional shear stress in wall i
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A, is the area enclosed by the centre-lines of the connecting walls,
including inner hollow areas

ter; is the effective wall thickness, which may be taken as A/u

A is the total area of the cross-section within the outer
circumference, including inner hollow areas

u is the outer circumference of the cross-section
z;is the side length of wall i

- centre-line

- outer edge of effective cross-
section, circumference u,

- cover
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Longitudinal reinforcement for torsion ZA
ZA, = (Teq cOtB Uy) / (2 Acfyg) (6.28)
where:
u, is the perimeter of the area A,
f,q is the design yield stress of the longitudinal reinforcement A,
0 is the angle of compression struts
In compressive chords: The longitudinal reinf. may be reduced in proportion to the
available compressive force.
In tensile chords: The longitudinal reinf. for torsion should be added to the

other reinforcement. It should be distributed over the
length of side, z, but for smaller sections it may be
concentrated at the ends of this length.
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Transverse reinforcement for torsion (and shear)

The effects of torsion (T) and shear (S) may be superimposed, assuming the same

value for the strut inclination 8. Limits for 8 are given in (6.7N).

This means Vgy = Vgq (S) + Viq (T)

where: Vg (T) = Z Vi, (6.26) - (6.27)
Foreachwalli: Vey; =Tt 2,= (Teg 2) 1 (2 A)) (6.26) - (6.27)
In practice:  Vggq = Vgys = (Asy/S) Z fi,q COt O (6.8)
102
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Specific conditions to be checked: Shear — Torsion i nteraction diagrams

1st Condition

i

In order not to exceed the bearing capacity of the concrete struts for a member subjected

to torsion and shear, the following condition should be satisfied:

(Tea/ Tramad + (Vea/ Veamad = 1 (6.29)
where:
Teq is the design torsional moment & Vg, is the design transverse force
Tramax 1S the design torsional resistance moment
Tramax= 2 V Oy fog Ay teSING cosO (6.30)
where v follows from (6.6N) and a.,, from (6.9)

VRka.max IS the maximum design shear resistance according to (6.9) or
(6.14). In solid cross-sections the full width of the web may be used to
determine Vig max-
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Specific conditions to be checked: Shear — Torsion i nteraction diagrams

2nd Condition

For approximately rectangular solid sections, only minimum reinforcement is required if

the following condition is satisfied:

(Tea/ Trae) * (Veq/ Vrae) S 1 (6.31)

where :

Tra,c IS the torsional cracking moment, which may be determined by
setting T,; = fy

VRa,c follows from (6.2)

Minimum transverse reinforcement — see p,, i, (9.5N)
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Torsion in Scia Engineer

Not taken into account by default !

B Calculation
B General

MNumber of iteration steps 100
Precision of iteration [%] 1
Limit value for checks [-] 1.00
User defined and end sections only O no
Concrete area weakened by reinforcement bars O no

Concrete area weakened by prestressed reinforcement O no
For design calculations of 1D members, consider longitud... B yes
[Check torsion B yes |
Check shear of construction joint O no
Calculation of additional force caused by shear and torsion | Method according to 9.2.1_Ej

I Torsion reinforcement is only calculated for the walls i // local z axis of the beam !
For A, all of the required reinf. is distributed over the walls i // local z axis

For A, only the required reinf. for V,(T) is caluculated, not the one for V,(T)
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General

» Punching = ‘extension’ of the shear principles

= Punching shear results from a concentrated load or reaction , acting on a small area

Apaq (the loaded area of a slab or a foundation)

= Verification model for checking punching failure at the ULS, based on control

perimeters where checks will be performed.
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Verification model for checking punching failure at the ULS:

- g H\ — d1 h]

-~

8= arctan (1/2
=26,6° e ' - basic control
' ¢ section

a) Section

- basic control area Agont
- basic control perimeter, w4
IE[ - loaded area Ajgad

reont further control perimeter
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Basic control perimeteru

Normally taken at a distance 2d from the loaded area:

The effective depth d. of the slab is assumed constant:
de=(dy +d,) /2 (6.32)

where d, and d, are the effective depths of the reinf. in 2 orthogonal directions

In case the concentrated force is opposed by a high pressure (e.g. soil pressure on a
column base), control perimeters at a distance less than 2d should be considered.
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Basic control perimeteru

In case of a loaded area near an opening:

h>h

)

A

- opening

If the shortest distance between the perimeter of the loaded area and the edge of the
opening < 6d, the part of the control perimeter contained between two tangents is

considered ineffective.
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Basic control perimeteru

In case of a loaded area near an edge or corner:

_______ - . bommmem s .
b L
N |2d N2 |
L ' RN S
[ /] t / t f' 24
A ! g / ! h
/ 1 : 1 .
i 2 ™ ™th  |====- “.
! ! 2d
f
| : I
- -
______ 2d 2d

If the distance to the edge or corner is smaller than d, special edge reinforcement
should always be provided, see EN § 9.3.1.4.

Further perimeters u;

Further perimeters u; should have the same shape as the basic control perimeter u,.
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Design procedure

Based on checks at the face of the column and at the basic control perimeter u,.

If shear reinforcement is required, a further perimeter u, s Should be found where
shear reinforcement is no longer required.

Definition of design shear resistances [MPa]

Vrac=  design value of the punching shear resistance of a slab without punching

shear reinforcement along the control section considered

Vracs = design value of the punching shear resistance of a slab with punching shear

reinforcement along the control section considered

Vramax = design value of the maximum punching shear resistance along the control
section considered
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Design procedure
Checks to be performed
- Check at the face of the column, or at the perimeter of the loaded area (perimeter u,):

Vedo = VRdmax

with vgyo the design shear stress at the column perimeter u,

- Check at the basic control perimeter u;:
If Veg < Vgg.: Punching shear reinforcement is not required
If Veg > Vggc: Punching shear reinforcement has to be provided acc. to (6.52)

with vg4 the design shear stress at the basic control perimeter u,
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Design procedure

Remark: Where the support reaction is eccentric with regard to the control perimeter,
the maximum shear stress should be taken as:

Veg =B Vgq/ u;d (6.38)

where:
B can be calculated with the formulas in EN § 6.4.3(3)-(4)-(5)

. [C]
a@
B=15
Often, approximate values for 3 may be used:
(recommended values for internal (A), . __________________________ H
edge (B) and corner(C) columns) ;A1 Rl
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Design procedure

Remark: In case of a foundation slab, the punching shear force Vg4 may be reduced
due to the favourable action of the soil pressure.

Vedred= Ved - AVeq (for concentric loading) (6.48)

where:
V¢4 Is the applied shear force

AV, is the net upward force within the control perimeter considered,
i.e. upward pressure from soil minus self weight of base

Ved = Vedred/ U d (6.49)

Remember: Consider control perimeters within 2d from the periphery of the column.
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Veg £ Vrye: NO punching shear reinforcement required

Design punching shear resistance of aslab ~ without shear reinforcementv .

Vra,c= Crac K (100 p )3 + Ky 0gy 2 (Vinin + Ky Ogp) (6.47)
where:
Crac=0,181y;, (recommended value)
Vpin = 0,035 k372, f 172 (recommended value, 6.3N)
k,=0,1 (recommended value)

— Analogy with (6.2a) and (6.2b)
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Veg > Vry: Punching shear reinforcement required
Design punching shear resistance of aslab  with shear reinforcement vz

VRa,es = 0,75 Vrg e+ 1,5 (dIs)) Agy, fig.er (1/(uyd)) sina (6.52)
where:

A, is the area of one perimeter of shear reinforcement around the
column [mm?]

s, is the radial spacing of perimeters of shear reinforcement [mm]

fowa,ef IS the effective design strength of the punching shear

reinforcement, f,,,qr=250+0,25d < f,4 [MPa]
d is the mean of the effective depths in the orthogonal directions [mm]

a is the angle between the shear reinforcement and the plane of the
slab

— Analogy with (6.13)
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Veg > Vry,: Punching shear reinforcement required
Design punching shear resistance of aslab  with shear reinforcement v ¢

Vraes = 0,75 Vg e+ 1,5 (dIs)) Agy, fig.er (1/(uyd)) sina (6.52)

Explanation of the formula:
VRd,cs = 0’75 VRd,c + VRd,s

- The contribution of the steel comes from the shear reinforcement at 1,5 d from the
loaded area.

- The contribution of the concrete is 75% of the resistance of a slab without punching
shear reinforcement.

117




Section 6 Ultimate limit states (ULS) ,?t SClA

Veg > Vry: Punching shear reinforcement required

Design maximum punching shear resistance V.. g4 nax

Veq = B Veq/Upgd = Vrgmax (6.53)
Virdmax = 0,5V fey (recommended value)
where

u, for an interior column ug = length of column periphery [mm]
for an edge column  u, =c, + 3d £ ¢, + 2¢; [mm]
for a corner column  uy=3d <c; + ¢, [mm]

c,, C, are the column dimensions

v see (6.6)

B see EN § 6.4.3(3)-(4)-(5)-(6)
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Veg > Vry,: Punching shear reinforcement required
Control perimeter at which shear reinforcement is no longer required, Ug,; OF Ugy of

out ef = BVEd / (VRd c d) (654)

The outermost perimeter of shear reinforcement should be placed at a distance <k d
Within U, OF Ugy e k=15 (recommended value)

ooo
ooo

o0 \
ocoo X
coo ’

~
coo q
600

Perimeter uou Perimeter Uoutet
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Common serviceability limit states

= Stress limitation
= Crack control

= Deflection control

Other limit states, like vibration, are not covered in this Standard.
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Limitation of the compressive stress in the concret e
under the characteristic combination of loads

... to avoid longitudinal cracks, micro-cracks or high levels of creep, where they could

result in unacceptable effects on the function of the structure

e.g. To avoid longitudinal cracks, which may lead to a reduction of durability:
Limitation of the compressive stress to a value k;f,
in areas exposed to environments of exposure classes XD, XF and X
where k,=0,6 (recommended value)

Other (equivalent) measures:
- anincrease in the cover to reinforcement in the compressive zone
- confinement by transverse reinforcement
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Limitation of the compressive stress in the concret e
under the quasi-permanent combination of loads

... to avoid non-linear creep

If o, < Kyfy linear creep may be assumed

If o, > Kyfy non-linear creep should be considered

where k, = 0,45 (recommended value)
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Limitation of the tensile stress in the reinforceme nt
under the characteristic combination of loads

.. to avoid inelastic strain, unacceptable cracking or deformation

e.g. To avoid unacceptable cracking or deformation:
Limitation of the tensile stress to a value Kfy,
where k;=0,8 (recommended value)
e.g. In case of an imposed deformation:
Limitation of the tensile stress to a value k,f,,
where k,=1 (recommended value)
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Principle

Cracking of an axially loaded reinforced concrete column

a

a. N, and Nq in relation to the

‘ 'S
. ?_W___‘___ - - I | ow pattern of cracks

F% /f ; // / //// //// (W72 777 N’

il | | \l\ wmmni
| \H | Tk
b b. Pattern of cracks in case of
: | ? 2 $ one large reinforcement bar
c D 2 § \ ] ) ] ! % 5 5 c. Pattern of cracks in case of
) 1 ) { four small reinforcement bars
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Limitation of cracking
under the quasi-permanent combination of loads

... to guarantee the proper functioning and durability of the structure, and acceptable
appearance

= Cracking is normal in reinforced concrete structures!

= Cracks may be permitted to form without any attempt to control their width, provided

that they do not impair the functioning of the structure.
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Max. crack width w .,

Winax = (recommended values, EN Table 7.1N)

Exposure Reinforced members and prestressed Prestressed members with
Class members with unbonded tendons bonded tendons

Quasi-permanent load combination Frequent load combination

X0, XC1 0,4' 0,2

XC2, XC3, XC4 0.2

0,3
XD1, XD2, XS, .
XS2, XS3 Decompression

Note 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.

... taking into account the proposed function and nature of the structure

and the costs of limiting cracking

127




\ ) =
Section 7 Serviceability limit states (SLS) _u_.“t“‘ SClA

Minimum reinforcement areas

= A minimum amount of bonded reinforcement is required to control cracking in areas

where tension is expected.

= The amount may be estimated from equilibrium between the tensile force in concrete

just before cracking and the tensile force in reinforcement at yielding.

(or at a lower stress if necessary to limit the crack width)

128

\ ) "
Section 7 Serviceability limit states (SLS) ,?t;!. SClA

Min. reinforcement area  Ag ., (within the tensile zone)

As,min = (kc k fct,eff Act) / Os (7-1)
where:

A is the area of concrete within the tensile zone, just before the
formation of the first crack

g, is the maximum stress permitted in the reinforcement immediately
after formation of the crack: o5 = f,,, unless a lower value is needed
to satisfy the crack width limits according to the maximum bar size or
spacing (see further)

forerr= fom OF (fom(1)) if cracking is expected earlier than 28 days
k = 1,0 for webs with h < 300 mm or flanges with widths < 300 mm
= 0,65 for webs with h < 800 mm or flanges with widths > 800 mm

k. is a coefficient which takes account of the stress distribution within
the section immediately prior to cracking and of the change of the
lever arm
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Two alternative methods for limitation of cracking:
= Calculation of crack widths,

to check if w, < W,

= Control of cracking without direct calculation,

but by restricting the bar diameter or spacing (simplified method)

130

]
Section 7 Serviceability limit states (SLS) ,?g.‘. SClA

Control of cracking without direct calculation

Where A, is provided, and for cracks caused mainly by loading, crack widths are

unlikely to be excessive if:

either the bar diameters (EN Table 7.2N) or the bar spacing (EN Table 7.3N) are not

exceeded.

- The steel stress should be calculated on the basis of a cracked section under the

relevant combination of actions.

- The values in the tables are based on the following assumptions: ¢ = 25mm; fy .=
2,9MPa; h, = 0,5; (h-d) = 0,1h; k; =0,8; k, =0,5; k. = 0,4; k=1,0; k,=0,4and k' = 1,0
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Control of cracking without direct calculation

Steel stress” Maximum bar size [mm]
[MPa] wi= 0.4 mm wi= 0,3 mm wi= 0.2 mm
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 5 -

Steel stress?

Maximum bar spacing [mm]

[MPa] wi=0,4 mm wi=0,3 mm w,=0,2 mm
160 300 300 200
200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 -

360 100 50

EN Table 7.2N

Maximum bar diameters
@ for crack control

EN Table 7.3N

Maximum bar spacing
for crack control
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Calculation of crack widths ~— w
Wy = Sy max (Esm - z’:cm) (7'8)
where
St max IS the maximum crack spacing

€m IS the mean strain in the reinforcement under the relevant
combination of loads, including the effect of imposed deformations
and taking into account the effects of tension stiffening.

€.m IS the mean strain in the concrete between cracks

For the formulas for (g5, —€.,) @and s, .., , S€e EN § 7.3.4
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Principle

M, = moment of 1st cracking
M, = yielding moment (steel)

Mgq = moment of resistance (failure of
concrete under compression)

zone 0-1: no cracks
zone 1-2: cracks arise and widen

zone 2-4: cracks become visibly wide
(control mechanism to failure)

— R
l F F detail A "!7:7‘{.....:,“.‘3.
Lo B _ 1]
A _f'i cracked ,"’ /
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Limitation of deflection
under the quasi-permanent combination of loads

... to avoid adversely affection of the proper functioning or appearance

Limitation of the calculated sag of a beam, slab or cantilever:

1/250 * span

Limitation of deflections that could damage adjacent parts of the structure:

1/500 * span (deflection after construction)
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Two alternative methods for limitation of deflectio n:

= Calculation of deflection,

to check if the calculated value < the limit value

= Control of deflection without direct calculation,

but by limiting the span/depth ratio
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Checking deflections by calculation
= Consideration of 2 conditions
(I) uncracked condition

(1) fully cracked condition

Members which are expected to crack, but may not be fully cracked, will behave in a

manner intermediate between the uncracked and fully cracked conditions.
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Checking deflections by calculation
= A prediction of behaviour (for members subjected mainly to flexure) is given by:

a=g¢a,+(1-0aq, (7.18)
where:

a is the deformation parameter considered, e.g. a strain, a curvature,
a rotation, or — as a simplification — a deflection

a,, a,, are the values for the uncracked and fully cracked conditions

C is a distribution coefficient (allowing for tensioning stiffening at a
section)
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Checking deflections by calculation
C =1- B (0-sr/0-s)2 (719)
¢ = 0 for uncracked sections

B is a coefficient taking account of the influence of the duration of the loading
B = 1,0 for a single short-term loading
B = 0,5 for sustained loads or many cycles of repeated loading

0, is the stress in the tension reinforcement calculated on the basis of a
cracked section

o, is the stress in the tension reinforcement calculated on the basis of a
cracked section under the loading conditions causing first cracking

Note: o,/o, may be replaced by M. /M for flexure or N /N for pure tension,
where M, is the cracking moment and N, is the cracking force.
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Checking deflections by calculation
= Taking account of creep

For loads with a duration causing creep, the total deformation including creep may be
calculated by using an effective modulus of elasticity for concrete:
Ec,eff: Ecm / [1 + (p(oovto)] (7-20)

where:
®(,ty) is the creep coefficient

140

\ ) "
Section 7 Serviceability limit states (SLS) ,?t;!. SClA

Checking deflections by calculation
= Most rigorous method of assessing deflections:
Compute the curvatures at frequent sections along the member

& calculate the deflection by numerical integration

Do this twice,
1sttime: assuming the whole member to be uncracked (Condition I)
2" time: assuming the member to be fully cracked (Condition II)

then interpolate usinga =Ca, + (1 - Q) q,
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Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation

a=C¢a,+(1-70)q, with deformation parameter a = reverse stiffness 1/El

Using

Per finite mesh element, an equivalent stiffness (El), is calculated:

1 (€ = 0 for uncracked sections)

E) =717

(El), : short term stiffness (uncracked condition)
E=E. | = based on total concrete css + reinf. area

(El), : long term stiffness (fully cracked condition)
| = based on concrete css under compression + reinf. area

E= Ec,eff
142
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Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation

The transition from the uncracked state (1) to the cracked state (II) does not occur
abruptly, but gradually. From the appearance of the first crack, realistically, a parabolic

curve can be followed which approaches the line for the cracked state (II).

Loan A
—
¢/
=
g
)
APPEARANCE ]
UF 18T CRACK /
== FORMATION -~ |
OF CRACKS |  STABILISED CRACKING (El)“ (E|)|
s T ¢ i
— -

| |
RELATIVE DEFORMATION
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Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation
User input in Scia Engineer
- The type of reinforcement for which the CDD calculation will be performed

=55 B Code Dependent Deflections
General B Code Dependent Deflections (CDD)
Prestrassing B Limit displacement
g:sfmuf Max. total displacement of 1D member Ljx x= [] |250.00
Max. additional displacement of 1D member Ljx; ... 500,00
= Allowable siess B Duration of the loading - coefficient Beta
Stress limitation during tensianing Single shortterm loading [-] 1.00
SLS stress limitation Sustained loads [-] 050
Calculation Generate output text file 0 no
= Detailing pravisions (Type of reinforcement for COD In order. [ As. user]. [ As.designed] ~]

The parameters for calculation of the creep coefficient (acc. to EN Annex B1)

= 5LS 1 O Creep
I T = Creep for concrete - Code dependent deflections (CDD)
(éree . Creep coefficient [-]
rack proo
Code Dependent Deflectians Calcu.late crs.ep muefﬁmam & yes
1= Detailing provisions Relative humidity [%] [-] 50,00
Columns Age at loading [day] 28
Beams Age at concrete [day] 1825
WV bersmbisvmn el Aldn [ ——
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Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation

[ Concrete combinations X Concrete combinations
AW 0 & npu -7
(cc1 ]| Name Jcct .
@ & Contents of combination CC1 (Immediate effect)
€3 LC1-Selfweight[-] 1,00
LC2-Permanentload [ 1,00
|usam determine permanent Code Dependent Defisctions (CDD) 1100 SW + 1100 PL
[ ew Jisen )t JLosiee)
AR LBk 0 & inpa -V
cCl ) Name Jccz
ccz B Contents of combination
ccs LC1- Selfweight[] 100 cC2 (Creep effect)
LC2-Permanentload [-] 1.00
LC3 - Variable load [] 0.30 1.00 SW + 1.00 PL +0.,30 VL
(se to determine Code Dependent Deflections (CDD) caused by creep B ! ! !
Delete Close
AL 0 & npu -V
cc1 Name Jcca
cc2 IE Contents of combination
ce3 LC1-Selfweight[-] 1,00
LC2-Pemanentload [ 1.00 CC3 (TOtaI effeCt)
LC3 - Variable load [-] 1.00
1,00 SW + 1,00 PL + 1,00 VL
Delete Close
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Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation

3 Concrete combinations ~ Mk diagram used by NEN (Dutch code)

M, -+ Short term stiffness
Met /j Long term stiffness
/ i
Ktot &l
ey il pan™ ; l--- cc3
/ extreme
Moo Xmom Xkr variable ce2
M / I 60% of the load
A e N 2
rt |
/]
‘\ permanent
load
'lfr 'érf e Ket
K —————
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CDD versus PNL calculation in Scia Engineer
= CDD (Code Dependent Deflection) calculation
- The formulas take into account the influence of cracks and creep

- Quasi non-linear calculation: El is calculated according to approximate formulas

- Code dependent

= PNL (Physical Non Linear) calculation

- Takes into account the non-linear behaviour of materials, the influence of cracks and
creep

- Real non-linear calculation: El is calculated iteratively

- Code independent
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Min. bar spacing S,

The minimum clear distance (horizontal and vertical) between parallel bars should be
Smin = Max { k@ ; (dg + k, mm) ; 20 mm}
where:
dy is the maximum aggregate size

k; =1 mm (recommended value)
k, =5 mm (recommended value)

... such that the concrete can be placed and compacted satisfactorily (by vibrators) for

the development of adequate bond
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Min. mandrel diameter @, min

O min = (recommended values, EN Table 8.1N)

a) for bars and wire

Minimum mandrel diameter for
Bar diameter bends, hooks and loops (see Figure 8.1)
$#< 16 mm 4¢
#> 16 mm Té

b) for welded bent reinforcement and mesh bent after welding
Minimum mandrel diameter

) o & @org

dz=3¢: 5¢
5¢ d < 3¢ or welding within the curved zone:
204

Note: The mandrel size for welding within the curved zone may be reduced to 54
where the welding is carried out in accordance with prEN 1SO 17660 Annex B

... to avoid bending cracks in the bar, and to avoid failure of the concrete inside the
bend of the bar
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Methods of anchorage

90°<a < 150°

a) Basic tension anchorage length, I, b) Equivalent anchorage length for
for any shape measured along the standard bend
centreline
>5¢
— ¢ 2064 >5¢
2150 4 - =080
Ip.e Ib.e Ipeq
c) Equivalent anchorage d) Equivalent anchorage e) Equivalent anchorage

length for standard hook length for standard loop length for welded
transverse bar

... to ensure that the bond forces are safely transmitted to the concrete, avoiding

longitudinal cracking or spalling
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Ultimate bond stress

Design value of ultimate bond stress  f,4

foa = 2,25 17y 175 forg (8.2)
where:
f..q IS the design value of concrete tensile strength

17, is a coefficient related to the quality of the bond condition and the
position of the bar during concreting:

n,=1,0 (‘good’ conditions)
n,=0,7 (all other cases)

1, is related to the bar diameter:
n,=1,0 for < 32 mm
n,= (132 - ©/100 for @> 32 mm

The ultimate bond strength shall be sufficient to prevent bond failure.

152

\ »
Section 8 Detailing of reinforcement - General ,?:t!. SClA

Ultimate bond stress

Description of bond conditions

(4]
!

e f@

a) 45°< @< 90° c) h>250 mm @ Direction of concreting
7
@ 300 1
F— ”
b) h< 250 mm d) h > 600 mm

a) & b) ‘good’ bond conditions ¢) & d) unhatched zone - ‘good’ bond conditions
for all bars hatched zone - ‘poor’ bond conditions
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Basic anchorage length

Basic required anchorage length |, o4

Ib,rqd: ((P/ 4) ’ (Gsd / 1:bd) (83)

.. for anchoring the force A,-0.4 in a straight bar, assuming constant bond stress f,4
and where o is the design stress of the bar at the position from where the anchorage

is measured from
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Design anchorage length
Min. anchorage length 1, ..,
lp,min = Max { 0,3l ;44 ; 109 ; 100 mm } (anchorages in tension) (8.6)

lp,min = Max { 0,61, 4q; 109 ; 100 mm } (anchorages in compression) (8.7)

Design anchorage length 1,
log = 01 0 O304 A5 ly1qa 2 i (8.4)
where
a, ,a, 05,0, and ag are coefficients given in EN Table 8.2,

depending on shape of bar, concrete cover, type of confinement
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Methods of anchorage

- by means of bends and hooks, or by welded transverse reinforcement

- a bar should be provided inside each hook or bend

3¢, but 10¢, but
250 mm =70 mm
Y o
¢ ¢
a) b)
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: . : o =
Section 8 Detailing of reinforcement - General -‘-%;t“ SClA

Anchorage types in Scia Engineer

= Longitudinal reinforcement

Anchorage of stinups {Anchorage of longtudinal reirforcement \

L, ® g ®
i

=20 d =5 d
LZ=\5 d
hi =30
L2-j20 d 2 =50
i = |90
=
u @ dE®
L —l1
Gefie u-f «
A -«
h1-{30 L3=]10 d
hl =30
h2 =90
o —
R A T
L2-f10 d 2= d
L3=[10 d L3=]10 d
ki =|30 hl =135
h2 - {90 h2=135
I N\ ®
L2=j20 d
k1 =135

Stirrup reinforcement

{Anchorage of stiups | Ancherage of langtudingl renforcement |

Closed Open
’_]L u ®
L=[0 L= [0 d
()i q
e
L= [is d =i d
. L2-= 10 d
o
c Ty
(3 I @
I —
L= [5 d
L=s d
L 2= d
@I 3= [0 d
L= [i5 d
2
Gy
1= fio d
2= d
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Specifications
- unless stated otherwise, same rules as for individual bars apply

- all the bars in a bundle should have the same characteristics (type and grade) &
similar sizes: max. ratio of diameters = 1,7

- in design, the bundle is replaced by a notional bar having the same sectional area
and the same centre of gravity as the bundle + an equivalent diameter

Equivalent diameter @,

@ =¢@Vn, < 55mm (8.14)
where
n, is the number of bars in the bundle,
n, <4 (for vertical bars in compression & bars in a lapped joint)
n, <3 (for all other cases)
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Longitudinal reinforcement

Min. reinforcement area A

s,min
Ag min= 0,26 (fom/fyi) bed 20,0013 b, d (recommended value, 9.1N)
where:

b, is the mean width of the tension zone
f.m according to EN Table 3.1

See also EN Section 7 for A ;, to control cracking.

Max. reinforcement area Aq .« (Outside lap locations)

A =0,04 A, (recommended value)

'S,max

— Min. areas in order to prevent a brittle failure in the reinforcement steel,
Max. areas to prevent sudden failure of the concrete compression zone
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Shear reinforcement
Stirrup angle «
a = between 45° and 90° to the longitudinal axis of the structural element
Min. shear reinforcement ratio

Pw = ASW/ (S bw sina) 2 Pw,min (94)
where:
A, is the area of shear reinforcement within length s

s is the spacing of the shear reinforcement along the longitudinal
axis of the member

b,, is the breadth of the web of the member

Pyymin = (0,08 Vi) / (recommended value, 9.5N)

161




\ =
Section 9 Detailing of members & particular ?:;« SClA

rules

Shear reinforcement

Max. longitudinal spacing S .

Simax=0,75d (1 + cot a) (recommended value, 9.6N)

Max. transverse spacing of the legs s,

Stmax = 0,75d < 600 mm (recommended value, 9.8N)
162
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rules

Torsion reinforcement
T N N e /& N M \ v ® "

.
Eo/

at) a2) a3)

a) recommended shapes b) not recommended shape

Longitudinal spacing of the torsion links should not exceed

u/8
Simax=0,75d (1 + cot a) (recommended value, 9.6N)

the lesser dimension of the beam cross-section

The longitudinal bars have to be distributed uniformly, with max. spacing of 350 mm.
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Flexural reinforcement

Min. & max. reinforcement areas A

s,min & As,max

Same requirements as for beams (see EN § 9.2)

Max. spacing Sa siabs

Smax,sl'.jbs, -

(recommended values)
- for the principal reinforcement: 3h < 400 mm
- for the secondary reinforcement: 3,5h < 450 mm
where h is the total depth of the slab

In areas with concentrated loads or areas of maximum moment:

- for the principal reinforcement:  2h < 250 mm
- for the secondary reinforcement: 3h < 400 mm
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Flexural reinforcement

Curtailment of longitudinal tension reinforcement

Same requirements as for beams (EN § 9.2):

- calculate

additional tensile force, AF , or

- estimate AR by shifting the moment curve a distance a, =d

One way slabs

Minimum secondary transverse reinforcement = 20% of the principal reinforcement
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Shear reinforcement

Min. slab thickness

Minimum depth for a slab in which shear reinforcement is provided

Min. shear reinforcement ratio

Same requirements as for beams (see EN § 9.2)

Max. longitudinal spacing
Simax= 0,75d (1 + cot a)

Max. transverse spacing
St,max =15 d

= 200 mm

(9.9)
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Punching shear reinforcement
Where punching shear reinforcement is required:
Min. area of a link leg (or equivalent)  Ag, min
Agy.min = [0,08 \/(fck) “(s¢- sl / [fyk - (1,5 sina + cosa)]

where :

(9.11)

a is the angle between the shear reinforcement and the main steel

s, is the spacing of shear links in the radial direction

s, is the spacing of shear links in the tangential direction

Min. number of perimeters of link legs

=2
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Punching shear reinforcement
rst link leg perimeter

Distance between the face of the support and the fi

20,3d and =<0,5d

Max. radial spacing of the link leg perimeters S,
s,<0,75d
Max. tangential spacing around a perimeter s, Feinforcement s no longer required: i
— 4 -
s,<1,5d (within u,) P f' ‘
s03d /o, @ S i
s;<2d (betweenu; &ug,,) <05d_ 1 _ d f’“z i:, ;{enww:::::} =”[& N

5£0.75d) Ll oo
e

T
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Longitudinal reinforcement

Min. number of bars
At least one bar at each corner / Min. 4 bars for circular cross-sections

Min. diameter @ .,
G min = 8 MM (recommended value)
Min. reinforcement area  Aq i,
Agmin = max { 0,10 Ny / f4 5 0,002 A } (recommended value, 9.12N)
where:
Ngq is the design axial compression force
Max. reinforcement area Ag .
(recommended value)

Aqmax = 0,04 A, (outside lap locations)
A max = 0,08 A, (at lap locations)
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Transverse reinforcement

Min. diameter @ i,

(R,min = max { 6 mm ; 0,25 (ﬂ,max applied }

Max. spacing along the column S ax

Scl,tmax (outside lapped joints) (recommended value)
=min { 20 @ min appiiea s the lesser column dimension ; 400 mm }

Sel.tmax (near lapped joints if @ nax applied > 14MM
& in the vicinity of a beam or slab)

=0,6 - min { 20 @ i appiied ; the lesser column dimension ; 400 mm }
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= The reinforcement design for walls may be derived from a strut-and-tie model.

= For walls subjected predominantly to out-of-plane bending the rules for slabs apply.

Vertical reinforcement

Min. reinforcement area A

s,vmin
Agymin= 0,002 A, (recommended value)
Max. reinforcemente area  Agmax
Asymax = 0,04 A (outside lap locations) (recommended value)
Asymax = 0,08 A, (at lap locations)
Max. bar spacing s max

Symax = Min { 3 - wall thickness ; 400 mm }
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Horizontal reinforcement
To be provided at each surface

Min. reinforcement area A i

As hmin = Max { 0,25 Asvapphed 0,001 A }

Max. bar spacing s |,max
Shmax = 400 mm

Transverse reinforcement

If Asy appiiea (total area in the two faces) > 0,02 A,

(recommended value)

then transverse reinforcement should be provided in accordance with the requirements

for columns (see EN § 9.5).
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