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Introduction

‘ 1D concrete design is available in the Concept Edition of SCIA Engineer. |

Both beam and column design are part of the module esacd.01.01 (1D concrete design for EN1992).
Practical reinforcement on 1D members is part of the module esacdt.01.

Both modules are part of the Concept Edition of SCIA Engineer.

All topics that will be treated in this training document about basic concrete calculation for 1D members
are available in the modules described above.

This manual is handling the practical approach in SCIA Engineer in accordance with EN1992 for the
concrete menu available since SCIA Engineer 17. For more theoretical background, reference is made
to “Topic Training: New Concrete”.

For 2D members and advanced concrete calculations reference is made to the respective training
documents “Advanced Concept Training: Reinforced concrete (EN1992) — 2D members” and
“Advanced Concept Training: Reinforced concrete (EN1992) — Adv. modules”.
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Materials

Verification by the partial factor method
Design values (art. 2.4.2)
Partial factors for materials (art. 2.4.2.4)
Partial factors for materials for ultimate limit states, yc and ys should be used.
The recommended values of yc and ys for ‘persistent & transient’ and ‘accidental, design situations are
given in the following table. These are not valid for fire design for which reference should be made to

EN 1992-1-2.

For fatigue verification the partial factors for persistent design situations given in this table are
recommended for the values of ycfat and ysat.

Design situations

»c for concrete

¥s for reinforcing steel

¥s for prestressing steel

Persistent & Transient

1,5

1,15

1,15

1,0

Accidental 1,2 1,0

These values can also be found in the Concrete setup of the National Annex:

= S=tandard EN MName Standard EN
[=-Concrete
& General = Concrete
é----Concrete = General

- Non-prestressed reinforcement
Prestressed reinforcement
Durability and concrete cover
[=-uULs

" General

=-sLs

é----Genera\

Meonee |

= National annex
E EN_1992_1_1

= ygy-partial factor for shrinkage action

il il
= ¥ - partial factor for design values of concrete
Values [-] 1,50/ 1,20

=] fck,max - maximum value of the characteristic cyl

Value [MPa] 90,00

i Prestressing

[=-Allowable stress

Stress limitation during tensioning
i.-5LS stress limitation

[=-Detailing provisions
Commaon detailing provisions

g----Columns E @, - coeff. taking account of long term effects @
- Beams Value [] 085
B agy - coeff. taking account of long term effects o
Value [-] 1,00

=- S:tandard EM Name Standard EN
BI'C:OnUEtE = Concrete
[=-General
Concrete E General

MNon-prestressed reinforcement
- Prestressed reinforcement

Concrete

B} Non-prestressed reinforcement

“- Durability and concrete cover

B-uLs = National annex

| Generel 5 EN_1992_1_1

[=-5LS = =
E----General B yg

1,15 /1,00 I

‘- Prestressing Values [-]

[=-Allowable stress
All factors related to the code are shown in green on the screen. By default, the values of the chosen
code are taken.

The values for partial factors for materials for serviceability limit state verification should be taken as
those given in the particular clauses of this Eurocode.



The recommended values of y: and ys in the serviceability limit state for situations not covered by
particular clauses of this Eurocode is 1,0.

Lower values of yc and ys may be used if justified by measures reducing the uncertainty in the
calculated resistance.

Concrete

The following clauses give principles and rules for normal and high strength concrete.

Strength (art 3.1.2)

The compressive strength of concrete is denoted by concrete strength classes which relate to the
characteristic (5%) cylinder strength fck, or the cube strength fek cupe.

The strength classes in this code are based on the characteristic cylinder strength fe determined at 28
days with a maximum value of Cmax.

The recommended value of Cmax is C90/105.

E|"S:tandard EN Name Standard EN
[=-Concrete
=) General = Concrete

- Concrete = General
--Non-prestress.ed reinfarcement © |Concrete
-~ Prestressed reinforcement

" Durability and concrete cover
@'L!LS 5 EN_1992 1.1
¢ -General
=sLs
é---GeneraI Value [-] 1,00

= National annex
= ygy-partial factor for shrinkage action

- Prestressing = Y - partial factor for design values of concrete

- Allowable stress
Stress limitation during tensioning Values [-] 1,50 /1,20

! D;'"ts'f stress limitation = feg max - Maximum value of the characteristic cy
—I~Letallin rovisions

o ng provision . Value [MPa] 90,00
;- Commaon detailing provisions

In certain situations (e.g. prestressing) it may be appropriate to assess the compressive strength for
concrete before or after 28 days, on the basis of test specimens stored under other conditions than

prescribed in EN 12390.

All values can also be found in the material library of SCIA Engineer:
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AHenBk o0 8 @cs-H A - ¥
1215 [Name [ cs0rs0
C16/20 = Code independent
€20/25 Material type Concrete
ggﬁg Themal expansion m/mk] 000
35045 Urit mass [kg/in”3] 25000
C40/50 Time dependency of unit mass None -
C45/55 E modulus [MPa] 37300004
NEIE | Foisson coeff 02
E;;::_i;;f Independent G modulus
c7/8s G modulus [MFPa] 155420404
C80/%5 Log. decrement 02
€90/105 Colour [
B 400 Speciic heat [J/gK] £.0000e-01
g xﬁ Temperature dependency of specic heat None =
& 4008 Themal conductiviy [W/nk] 45000e01
B 5008 Temperature dependency of themal conductiviy None -
B 6008 Order in code 9
B 400C C EN 1992-1-1
B500C Characteristic compressive cylinder strength fck(28) [MPal 50.00
Efﬁfmw 0022 Caloulated depended values v = e
C16/20(EN1992-2) Mezn compressive strength fomi28) [MPa] o { Messured values of mean compressive strencth firfluence of ageing) ¥ I
C20/25(EN1992-2) fem(28) -fek(28) MPa] 8.00
C25/30(EN1992-2) Mean tensile strength fctm(28) [MFPa] e
C30/37(EN1992-2) fetic 0,05(28) [MPa] a0 Age of concrete [day] 70
C35/45(EN1992-2) fetk 0.95(28) [MPa] 530 Mean value of compressive cyinder strength [MFa] 4412
CA/SO(EN1992-2) Design compressive strength - persistent ficd =fck / gamma c_p) [MPa] 23.23 Emad, sec [MFa] 343422
C45/55(EN1992-2) - o g pr—
C50/60(EN1992-2) Design compressive strength - accidental ficd = fok / gamma c_a) [MPa] 41.67 Measured
C55/6T(EN1992-2) Strain at reaching maximum strength eps c2 [1e-4] 200 Age of concrete [day] 280
C60/75(EN1992-2) Utimate strain eps cu2 [1e<] 350 Mean value of compressive cylinder strength [MPa] 50.00
E;gﬁz{émgig Strain at reaching mazimum strength eps ¢3 [1e-4] 175 Emod, sec [MPa] 356544
€0/105(EN1992-2) Uttimate strain eps cu3 [1e-4] 350 = Measured values Il
Stone diameter {dg) fmm] 2 Age of concrete [day] 0.0
Cement class N (norml hardening - #01 32.5 R, CEM 425 N) - Mean value of compressive cylinder strength [MPa] 0.00
Cement type -for BS and French NA only CEMI O Emod, sec [MPa] 0.00
Type of aggregate Quartzite - Standard deviation [MPa] 49
& Measured values Charactenstic compressive cyiinder strength (28) (Fek) [MPa] 420
Measured values of mean compressive strength influence of ageing) Graph
= Stress-strain diagram
Type of disgram Biinear stress-sirain diagram -
Picture of Stress-strain diagram

It may be required to specify the concrete compressive strength, fe(t), at time t for a number of stages
(e.g. demoulding, transfer of prestress), where:

fek(t) = fem(t) - 8 (MPa) for 3 <t< 28 days
for(t) = fox for t = 28 days

The compressive strength of concrete at an age t depends on the type of cement, temperature and
curing conditions. For a mean temperature of 20°C and curing in accordance with EN 12390 the
compressive strength of concrete at various ages fem(t) may be estimated from:

fcm(t) = ﬁcc(t) fem (31)

Y|

with fec(t) = e{s (3.2)

where:

fem(t)  is the mean concrete compressive strength at an age of t days

fem is the mean compressive strength at 28 days according to Table 3.1

Bec(t) is a coefficient which depends on the age of the concrete t

t is the age of the concrete in days

S is a coefficient which depends on the type of cement:
= 0,20 for cement of strength Classes CEM 42,5 R, CEM 52,5 N and CEM 52,5 R (Class R)
= 0,25 for cement of strength Classes CEM 32,5 R, CEM 42,5 N (Class N)
= 0,38 for cement of strength Classes CEM 32,5 N (Class S)

The type of cement can be chosen in the material library:



Y
Cc30/37

Al LBl n | & @@ | Concre

C12/15
C16/20 = Code independent

€20/25 Material type Concrete
C25/30

Name

c30/37 Themal expansion [m/mK] 0.00

£35/45 Unit mass Jkg/m™3] 2500.0

C40/50 i -
C45/35 lEmodqus MPai 3.2800e+04 '

C30/60 Poisson coeff 0.2

Egg;_?; Independert G modulus [

C70/85 G modulus [MPa] 1.3667e+04

C80/95 Log. decrement 02

C90/105 Colour [

C12/15(EN1992-2) Specific heat [1/aK] 6.0000e-01

C16/20(EN1562-2) Temperature dependency of specific heat None -
ey 450000

C30/37(EN1992-2) Temperature dependency of themal conductivity Mone -
C35/45(EN1992-2) Orderin code 5

C40/50(EM1992-2) 5
C45/55(EN1992-2)
C50/60(EN1992-2)

Charactenistic compressive cylinder strength fok(28) [MPa] 30.00
Cs5/6T(EN1982-2) Calculated depended values [
CE0/75(EN1992-2) Mean compressive strength fem(28) [MPa] 38.00
C70/85(EN1992-2) fom(28) - fck(28) [MPs] 8.00
CB0/95(EN1992-2) Mean tensile strength fetm(28) [MPa] 250
C90/105(EN1992-2) fetic 0,05(28) [MPa] 200
fctk 0,.95(28) [MPa] 3.80
Design compressive strength - persistent fod =fok / gamma c_p) [MPa]  20.00
Design compressive strength - accidertal fod =fck / gamma c_a) [MPa] 25.00
Strain at reaching maxdmum strength eps c2 [1e-4] 20.0
Uttimate strain eps cu? [1e-4]

Strain at reaching maximum strength eps c3 [1e-4]
Ultimate strain eps cu3 [1e-4]

Stone diameter {dg) [mm]

Cement type -for BS and French MA only
=l Measured values

Measured values of mean compressive strength (influence of ageing)
= Stress-strain diagram
Type of diagram Bidinear stress-strain diagram -

N (normal hardening - CEM 32.5 R, CEM 42.5 N)
apidl hardening - CEM 42,5 R, CEM 52 5 N, CEM 52,5 R]

Picture of Stress-strain diagram

New Insert Edit Delete

The tensile strength refers to the highest stress reached under concentric tensile loading.

The characteristic strengths for fek and the corresponding mechanical characteristics necessary for
design, are given in Table 3.1:



Reinforced concrete (EN 1992) — 1D members

Table 3.1 Strength and deformation characteristics for concrete
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Design compressive and tensile strengths (art 3.1.6)

1) The value of the design compressive strength is defined as

fod = otee fek / 7 (3.15)
where:
yc is the partial safety factor for concrete.
Olce is the coefficient taking account of long term effects on the compressive strength and of

unfavourable effects resulting from the way the load is applied.

The value of a.. should lie between 0,8 and 1,0. The recommended value is 1,0.M

2) The value of the design tensile strength, fca, is defined as

fon = et fewo05 / ¢ (3.16)
where:
Yc is the partial safety factor for concrete.
Olct is a coefficient taking account of long term effects on the tensile strength and of

unfavourable effects, resulting from the way the load is applied.

The recommended value of ag is 1,0.

The values of the coefficients taking account of long term effects can be found in the Concrete setup of

the National Annex:

B"SFandard EN Name Standard EN
- Concrete
£ General E Concrete

i Concrete = General
Mon-prestressed reinforcement
- Prestressed reinforcement

- Durability and concrete cover &= National annex

EEN_1992_1_1

Ygy-Partial factor for shrinkage action

= Concrete

%----General Y - partial factor for design values of concrete
L preeseed
Stress limitation during tensioning
5L stress limitation Value [-] 0,85
[=)-Detailing provisions

- Common detailing provisions
i Columns Value [-] 1,00

[P

= @ - coeff. taking account of long term effects ¢

= @ - coeff. taking account of long term effects o

If the concrete strength is determined at an age t > 28 days the values acc and act should be reduced
by a factor k.

The recommended value of k; is 0,85.

W Remark: the Belgian National Annex recommends the use of the value 0,85.

11
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Elastic deformation (art 3.1.3)

The elastic deformations of concrete largely depend on its composition (especially the aggregates).
The values given in this Standard should be regarded as indicative for general applications. However,
they should be specifically assessed if the structure is likely to be sensitive to deviations from these
general values.

The modulus of elasticity of a concrete is controlled by the moduli of elasticity of its components.
Approximate values for the modulus of elasticity Ecm, Secant value between oc = 0 and 0,4fcm, for
concretes with quartzite aggregates, are given in Table 3.1.

For limestone and sandstone aggregates the value should be reduced by 10% and 30% respectively.
For basalt aggregates the value should be increased by 20%.

IR

1§}

0,4 for

Eci Eeut Sc
Figure 3.2: Schematic representation of the stress-strain relation for structural
analysis (the use 0,4f;,, for the definition of E., is approximate).
Variation of the modulus of elasticity with time can be estimated by:
Ecm(t) = (fcm(t) /fcm)0’3 Ecm (35)

where Ecm(t) and fem(t) are the values at an age of t days and Ecm and fcm are the values determined
at an age of 28 days. The relation between fcm(t) and fcm follows from Expression (3.1).

Poisson’s ratio may be taken equal to 0,2 for uncracked concrete and 0 for cracked concrete.

12



Creep and shrinkage (art 3.1.4)

Creep and shrinkage of the concrete depend on the ambient humidity, the dimensions of the element
and the composition of the concrete. Creep is also influenced by the maturity of the concrete when the
load is first applied and depends on the duration and magnitude of the loading.

The value of the creep coefficient can be set in the concrete settings by using ‘Advanced level or in the
1D member data (advanced mode is ON) if it is defined. If the type input of the creep coefficient is
“Auto”, the creep coefficient can be calculated automatically by inputting the age of concrete and the

relative humidity (see annex B.1. in EN 1992-1-1).

If the type input of the creep coefficient is “User value”, the creep coefficient can be inputted directly

by the user.

Concrete settings

MNational annex: -

O X
‘ Find H\fiew v‘ ‘ Default ‘

Description Symbol  Value Default  Unit Chapter | Code Struct..  Check.. ™
<all> D <ar O <ar O <as <l O <l 0 <a. 0 <ai- O
= Solver setting
= General
Limit value of unity check Lim.check 10 0 Independ... All(Be . Se
Value of unity check for not calculated unity check  Ncalche.. 3.0 30 Independ... All(Be . Sof
The coefficient for calculation effective depth of cr.. Coeff; 09 09 Independ... All(Be . Se
The coefficient for calculation inner lever arm Coef, 09 0.9 Independ... All(Be.. So
The coefficient for calculation force where memb.. Coeff 01 01 Independ. All(Be  Solvers
= Creep
Type input of creep coefficient Typep  Auto Auto AnnexB.1 EN1992-1-1 All (Be.. Solvers..
Relative humidity RH 50 50 % AnnexB.1 EN1992-1-1 All (Be.. Solvers.. =
Age of concrete atloading ty 28.00 28.00 day AnnexB.1 EN1992-1-1 All (Be.. Solvers.
Age of concrete atthe moment considered  t 1825.00 182500 day AnnexB.1 EN1992-1-1 All (Be.. Solvers. ]

B CMD X
Name CMD1 &
Member B1
Member type Column ~

= Solver setting

E General

Type input of creep coefficient
Relative humidity [%:] 50
Age of concrete at loading [day] 28,00

Age of concrete at the moment considered [day] 1825,00

Advanced mode 4

13
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(1) The creep coefficient ¢(t,t;) may be calculated from:

14

@ (t.fo) = o - fe(t o) (B.1)

¢ is the notional creep coefficient and may be estimated from:

@0=prH " Hfem) - Alto) (B.2)
orn IS a factor to allow for the effect of relative humidity on the notional creep
coefficient:
Oy =1+ w for fom < 35 MPa (B.3a)
0,1-3/h,
oy = |1+ IZRBI00 1 for fun > 35 MPa (B.3b)
01-3/h,

RH s the relative humidity of the ambient environment in %

£ (f.m) is a factor to allow for the effect of concrete strength on the notional creep

coefficient:
16,8

Plfm) == (B.4)
Y J‘::rr'u

fem  is the mean compressive strength of concrete in MPa at the age of 28 days
S (ty) is a factor to allow for the effect of concrete age at loading on the notional
creep coefficient:

- 1
ly)= ———= B.5
ﬁ[ OJ (0,1-1- fg'zﬂ} ( )
hy is the notional size of the member in mm where:
2A
h, = u“ (B.6)

Ac is the cross-sectional area

u is the perimeter of the member in contact with the atmosphere

Fa(t,ty) is a coefficient to describe the development of creep with time after loading,
and may be estimated using the following Expression:

0.3
[f—foj
bt =| —————— (B.7)
(t6) {[ﬁH +t-t,)
t is the age of concrete in days at the moment considered
to is the age of concrete at loading in days

t—ty is the non-adjusted duration of loading in days
i is a coefficient depending on the relative humidity (RH in %) and the
notional member size (hg in mm). It may be estimated from:

i =1,5[1+ (0,012 RH)"™] ho + 250 < 1500 forf-n<35 (B.8a)
By =151+ (0,012 RH)"] hy + 250 @3 < 1500 e for ., =35  (B.8b)

aiiza  are coefficients to consider the influence of the concrete strength:

a7 0.2 0.5
f.Z1 - {.::_5i| fzz - {?_5} f.Za - {?_5} ‘(B.BG)



Where great accuracy is not required, a value found from a figure (Figure 3.1) may be considered as

the creep coefficient, provided that the concrete is not subjected to a compressive stress greater than
0,45 fck (to) at an age to, the age of concrete at the time of loading.

to
1

NINR
2 e~
3 M
——
5 — [ T——+———Ca0izs
[~ T—+—F [ cosm
— F——f——— C30/37
10 ] T ——+——1—1 |C3su5
AN S===—==\
——— ——
204 N —— ] EE 555,{67
30 \ T B0 _ Co0r105
50,
100
70 60 50 40 30 20 10 100 300 500 700 900 1100 1300 1500
@, ta) h o(mmj
a) inside conditions - RH = 50%
Note:
@ \ — - intersection point between lines 4 and 5 can also
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Figure 3.1: Method for determining the creep coefficient ¢(w, ;) for concrete under

normal environmental conditions

Stress-strain relations for the design of cross-sections (art 3.1.7)

For the design of cross-sections, the following stress-strain relationship may be used:

Figure 3.3:

€c2

Ecu2

€c3
Ecu3

fun o

Parabola-rectangle diagram for concrete under compression. Figure 3.4: Bi-linear stress-strain relation.

is the strain at reaching the maximum strength in the parabola-rectangle diagram

is the ultimate strain in the parabola-rectangle diagram

is the strain at reaching the maximum strength in the bi-linear diagram

is the ultimate strain in the bi-linear diagram

15



Reinforced concrete (EN 1992) — 1D members

The user can choose in the material library which one of the diagrams should be used for the
calculation:

Bidinear stress-strain dizgram

Bidinear stress-strain diagram
Parabolarectangle stress-strain diagram

Picture of Stress-strain diagram

. stress[MPa _strezz[MPa]
fed __E__]_ _________ fea| _ _ C_ __________
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
. ~ AA I 1 .
: . strain[le-4] 0. strain[le-4]
Cloze | Cloge |

Reinforcing steel

The following clauses give principles and rules for reinforcement which is in the form of bars, de-coiled
rods, welded fabric and lattice girders. They do not apply to specially coated bars.

Properties (art 3.2.2)

The behaviour of reinforcing steel is specified by the following properties:

- yield strength (fyk or fo,2x)

- maximum actual yield strength (fy,max)

- tensile strength (f;)

- ductility (auk and fi/fyx)

- bendability

- bond characteristics (fr)

- section sizes and tolerances

- fatigue strength

- weldability

- shear and weld strength for welded fabric and lattice girders

The steel properties can be found in the material library:
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B 400B
B 300B
B 600B
B 400C
B 300C
B &00C

Unit mass [kg/m™3]
E modulus [MPa]
Poisson coeff.
Independent G modulus
G modulus [MPa]

Log. decrement

Colour
Specific heat [J/gk]

Bar surface
Order in code
EN 1992-1-1

Class
Reinforcement type
Fabrication

Type of diagram

Characteristic yield strength fyk [MPa]
Calculated depended values
Charactenistic maxdmum tensile strength ftk [MPa]
Coefficient k =ftk /fyk [ 1
Design yield strength - persistent fyd =fyk / gamma =_p) [MPa] 43
Design yield strength - accidental fyd =fyk / gamma s_a) [MPa] 50
25
A

Themal expansion [m/mK]

Themal conductivity [W/mk]

Maximum elongation eps uk [1e-4]

= Stress-strain diagram

Picture of Stress-strain diagram

Ace & B BB | & @ E| Reinfocement steel - ¥

B 4004 [Name 55007

B 5004 [l Code independent

B 600A Material type Reinforcement steel

0.00
7850.0
2.0000e+05
02

Bars
Hot rolled

Bidinear with an inclined top branch -

MNew Insert Edit Delete

The mean value of density may be assumed to be 7850 kg/m3.
The design value of the modulus of elasticity Es may be assumed to be 200 GPa.

This Eurocode applies to ribbed and weldable reinforcement, including fabric.

The application rules for design and detailing in this Eurocode are valid for a specified yield strength

range, fyk = 400 to 600 MPa.

Table C.1 gives the properties of reinforcement suitable for use with this Eurocode:

Table C.1: Properties of reinforcement

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

Class A | B ‘ c A ‘ B ‘ C -

Characteristic yield strength iz 400 to 600 5,0

or fy.ox (MPa)

Minimum value of k = (f/7,) =106 | 21,08 | =115 | 21,06 | =1,08 =115 10,0
<1.35 <1,35

Characteristic sfrain at 225 =50 =75 22,5 25,0 =75 10,0

maximum force, £u (%)

Bendability Bend/Rebend test -

Shear strength - 0.3 A f (A Is area of wire) Minimurm

Maximum Nominal

deviation from  bar size (mm)

nominalmass <8 +8,0 50

(individual bar > 8 + 4,5

or wire) (%)
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Reinforced concrete (EN 1992) — 1D members

Design assumptions (art 3.2.7)

For normal design, either of the following assumptions may be made:

B1) an inclined top branch with a strain limit of eus and a maximum stress of kfyk/ ys at guk,

where k = (fi/fy)«.

B2) a horizontal top branch without the need to check the strain limit.

The recommended value of yq is 0,9 . The value of (f/fy)x is given in Table C.1.

o
kfjﬂt"""""””"” ”””””’””"_”_"_”_”-"":kf"(
L
R
. : .
fa-fudye T ; —
i / : i k= (R
Idealised
i . Design
fyd/IEs .gud Suk €

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

In the material library the user can choose between the two assumptions:
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Durability and cover to reinforcement

Environmental conditions (art 4.2)

Exposure conditions are chemical and physical conditions to which the structure is exposed in addition
to the mechanical actions.

Environmental conditions are classified according to Table 4.1:

Table 4.1: Exposure classes related to environmental conditions in accordance

with EN 206-1
Class Description of the environment Informative examples where exposure classes
designation may occur
1 Mo risk of corrosion or attack
For concrete without reinforcement 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 chlorides
XD2 Wet, rarely dry Swimming pools
Concrete components exposed to industrial waters
containing chlorides
XD3 Cyclic wet and dry Parts of bridges exposad to spray containing
chilorides
Pavements
Car park slabs
4 Corrosion induced by chlorides from sea water
X51 Exposed to airborne salt but not in direct Structures near to or on the coast
contact with sea water
X552 Permanently submerged Parts of maring structures
X53 Tidal, splash and spray zones Parts of marine structures
5. Freeze/Thaw Attack
XF1 Moderate water saturation, without de-icing Vertical concrete surfaces exposed to rain and
agent freezing
XF2 Moderate water saturation, with de-icing agent | Vertical concrete surfaces of road structures
exposed fo freezing and airborne de-icing agents
XF3 High water saturation, without de-icing agents | Horizontal concrete surfaces exposed to rain and
freezing
XF4 High water saturation with de-icing agents or Road and bridge decks exposad to de-icing agents
sea water Concrete surfaces exposed to direct spray
containing de-icing agents and freezing
Splash zone of marine structures exposed to
freezing
6. Chemical attack
XA Slightly aggressive chemical environment Matural soils and ground water
according to EN 206-1, Table 2
XAZ2 Moderately aggressive chemical environment | Matural soils and ground water
according to EN 206-1, Table 2
XA3 Highly aggressive chemical environment Matural soils and ground water
according to EN 206-1, Table 2
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Reinforced concrete (EN 1992) — 1D members

In the Concrete settings the user can choose the desired exposure class. All items with a blue
background colour can be overwritten in the 1D member data.

Concrete settings = B
National annex: Level
- ‘ Find ‘ ‘ View | Core] ‘ ‘ Default ‘
Dlescription Symbol | Value Default | Unit | Chapter  Code Struc... | Chec... | ™
<all L2 ozl L ol O o<l O al> 2 <l L <l 0 <l 2

= Design defaults
= Minimal concrete cover

MHP ﬁ'lﬂﬂ IIER wvear A4 1K EN 1
= Risk of comosion attack
Comosion induced by carbonation HC3 XC3 441245 EN1992-.. All (Be... Design..
Comosion induced by chlorides Naone MNone 441245 EN1992-.. All (Be... Design..
Comosion induced by chlorides from sea water Naong MNone 441.2(5) EN 1992-.. .. Design..
Freeze /thaw attack Naone None 4.4.1.2(12) EN 1992-... All (Be... Design..
Chemical attack 4.4.1.2(12) EN 1992-... Al (Be... Design..

abrasion atta esign. ..
Possibilty of special control
Rigk of casting on atypical suface Standard Standard 4413(4) EN1992-.. Al (Be... Design...
Ll CMD
= Design defaults )
= Minimal concrete cover
Different surfaces
w
E Risk of corrosion attack
Corrosion induced by carbonation XC3 -
Corrosion induced by chlorides Maone -
Corrosion induced by chlorides from sea water MNone ™
Freeze / thaw attack Maone -
Chemical ﬁ‘k None -
Risk of abrasion attack Maone -
= Possibilty of special control
Special geometric control
Special concrete quality control
Risk of casting on atypical surface Standard -

Methods of verification (art 4.4)
Concrete cover (art 4.4.1)

General (art 4.4.1.1)

The concrete cover is the distance between the surface of the reinforcement closest to the nearest
concrete surface (including links and stirrups and surface reinforcement where relevant) and the
nearest concrete surface.

The nominal cover shall be specified on the drawings. It is defined as a minimum cover, Cmin, plus an
allowance in design for deviation, Acdev:

Cnom = Cmin + ACdev (41)

Minimum cover, Cmin (art 4.4.1.2)
Minimum concrete cover, cmin, Shall be provided in order to ensure:

- the safe transmission of bond forces

- the protection of the steel against corrosion (durability)
- an adequate fire resistance
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The greater value for cmin satisfying the requirements for both bond and environmental conditions shall
be used:

Cmin = Max {Cmin,b; Cmin,dur + ACdur,y' ACdur,st - Acdur,add; 10 mm} (42)
where:
Cminb  Minimum cover due to bond requirement
Cmindur Minimum cover due to environmental conditions
Acdaury additive safety element
Acdurst  reduction of minimum cover for use of stainless steel

Acduradd reduction of minimum cover for use of additional protection

The recommended value of Acqur,y, ACdurstand Acaur,add , Without further specification, is 0 mm.

- In order to transmit bond forces safely and to ensure adequate compaction of the concrete, the
minimum cover should not be less than cminp given in table 4.2.

Table 4.2: Minimum cover, Cminp, requirements with regard to bond

Bond Requirement

Arrangement of bars Minimum Cover Crnp”
Separated Diameter of bar
Bundled Equivalent diameter (¢,)(see 8.9.1)

*!_If the nominal maximum aggregate size is greater than 32 mm, Gy Should be increased by 5 mm.

- The minimum cover values for reinforcement and prestressing tendons in normal weight concrete
taking account of the exposure classes and the structural classes is given by Cmin,dur.

The recommended Structural Class (design working life of 50 years) is S4 for the indicative concrete
strengths (given in Annex E of EN 1992-1-1). The recommended minimum Structural Class is S1.

The recommended modifications to the structural class is given in Table 4.3N:

Table 4.3N: Recommended structural classification

Structural Class
Criterion Exposure Class according to Table 4.1
X0 XCA XC2/ XC3 XC4 XD XD2/X81|XD3/X82/X53
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 77 > C30/37 | =2 C30/37 | = C35/45 | = C40/50 | = C40/50 | = C40/50 > C45/55
reduce reduce reduce reduce reduce reduce [reduce class by
classby 1 |classby 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 classby 1 [class by 1 | class by 1 | class by 1 | class by 1 | class by 1 1
(position of reinforcement
not affectad by construction
procass)
Special Quality reduce reduce reduce reduce reduce reduce |reduce class by
Control of the concrete | classby 1 |classby 1 | class by 1 | class by 1 | class by 1 | class by 1 1
production ensured
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Reinforced concrete (EN 1992) — 1D members

The design working life and the special quality control can be defined in the concrete settings or in the
1D member data:

Concrete settings = =
National annex: Level
- ‘ Find ‘ ‘ View w ‘ ] ‘ ‘ Default ‘
Description Symbol | Value Defauk  Unit | Chapter  Code Struc...  Chec.. | »
<all= P ol P ol P ol P al: P ol P ol P o<l 2
= Design defaults

Design working life ;| year 4.4.1.2(5.. EN 1992-... /
Comogion induced by carbonation HC3 HC3 441245 EN1992-.. All{Be.. Design..
Comosion induced by chlorides Mone Mone 441.2(5) EN1992-.. Al (Be... Design...
Comosion induced by chlorides from sea water Mone Mone 441.2(5) EN1992-.. Al (Be... Design...
Freeze /thaw attack MNane Naone 441 2(12) EN 1992-.. Al (Be... Design...
Chemical attack Maone MNone 441.212) EN 1992-.. Al {Be... Design...
Risk of abrasion attack Maone Mone 441.213) EN 1992-.. All{Be... Design...

=l Possibilty of special control

Special concrete quality control 44125 EN 1592 |
Risk of casting on atypical sumace 17 ; 1o

b= P

El Concrete characteristics =
Type of concrete Insitu Insitu 441.3(1... EN 1992- .. All(Be... Design...
Ll CMD
= Design defaults "
E Minimal concrete cover
Differen face
=" Risk of corrosion attac
Corrosien induced by carbonation KC3 -
Corrosien induced by chlorides Mone -
Corrosien induced by chlorides from sea water Mone -
Freeze / thaw attack Meone -
Chemical attack Mone -
Risk of abrasion attack Mone -
= Possibilty of special control
= . gecm el i
Risk of casting on atypical surface Standard -
= Concrete characternistics
Type of concrete In-situ -
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The recommended values of cminguwr are given in Table 4.4N (reinforcing steel):

Table 4.4N: Values of minimum COVer, Cgin 4ur. requirements with regard to durability for
reinforcement steel in accordance with EN 10080.

Environmental Requirement for Cmindur (MM)
Structural Exposure Class according to Table 4.1
Class X0 XC1 | XC2/XC3 XC4 XD17X51 | XD2 /X582 | XD3/ X83
S1 10 10 10 15 20 25 30
52 10 10 15 20 25 30 35
53 10 10 20 25 30 35 40
54 10 15 25 30 35 40 45
35 15 20 30 35 40 45 50
356 20 25 35 40 45 50 55

- The concrete cover should be increased by the additive safety element Acdur,.

Where stainless steel is used or where other special measures have been taken, the minimum cover
may be reduced by Acqurst. For such situations the effects on all relevant material properties should be
considered, including bond.

For concrete with additional protection (e.g. coating) the minimum cover may be reduced by Acdur,add.

For concrete abrasion special attention should be given on the aggregate. Optionally concrete abrasion
may be allowed for by increasing the concrete cover (sacrificial layer). In that case, the minimum cover
cmin Should be increased by k; for Abrasion Class XM1, by k. for XM2 and by k3 for XM3.

Abrasion Class XM1 means a moderate abrasion like for members of industrial sites frequented by
vehicles with air tyres. Abrasion Class XM2 means a heavy abrasion like for members of industrial
sites frequented by fork lifts with air or solid rubber tyres. Abrasion Class XM3 means an extreme
abrasion like for members industrial sites frequented by fork lifts with elastomer or steel tyres or track
vehicles.

The recommended values of ki, k2 and ks are respectively: 5 mm, 10 mm and 15 mm.
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Reinforced concrete (EN 1992) — 1D members

The abrasion class can be inputted in the concrete settings or the 1D member data:

Concrete settings = =
National annex: Level
- ‘ Find ‘ ‘ View w | Ehieail) | Default ‘
Description Symbol | Walue Default | Unit | Chapter  Code Struc... | Cheg... | ™
<all> L ol P oa: P o<al: P al: P <z P <l P o<l 0
= Risk of comosion attack
Comosion induced by carbonation XC3 HC3 44125 EN1992-.. Al (Be... Design...
Comosion induced by chlorides MNaone MNane 44.1.2(5 EN1992-.. Al (Be... Design...
Comosion induced by chlorides from sea water Maone Mane 441205 EN1992-.. Al (Be... Design...
None None All

Freeze / thaw attack

Clhomi- H =
Rislc of abrasion attack
ssibilty of specia

44.12(12) EN 1992-..
A 4 H ) h {

4.4.12(13) EN 1992-.. |

(Be...

al attack Mone
Risk of abrasion attack Mone
= Possibilty of special control

Special geometric control

Special concrete quality control

Risk of casting on atypical surface

Standard

The values of ki, k2 and ks are available in the National Annex:

Special geometric control MO NO 44.1.3(3) EN1992-.. Al (Be... Design...
Special concrete quality contral MO NO 44.1.2(5 EN1992-.. Al (Be... Design...
Risk of casting on atypical suface Standard Standard 44.1.34) EN1992-.. Al (Be... Design...
= Concrete characteristics
CMD
E Design defaults
= Minimal concrete cover
Different surfaces
Design working life [year] 50,00
= Risk of corrosion attack
Corrosion induced by carbonation KC3 A
Corrosion induced by chlorides Mone -
Corrosion induced by chlorides from sea water MNone ™
Freeze / thaw attack Mone -
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|=I-Standard EM
[=-Concrete

£ General
Concrete

on-prestressed reinforcement

Prestressed reinforcement

- Durability and concrete cover

B ULs

: " General

£+5LS

- General

- Prestressing

(= Allowable stress

i~ Stress limitation during tensioning

L-5LS stress limitation

[= Detailing provisions
i Common detailing provisions

Name

Mo

E General
Concrete
Non-prestressed reinforcement
Prestressed reinforcement
= Durability and concrete cover
= National annex
Clause 4.4.1.2(5)
Acgyry - additive safety element for concrete cover 4.4.1.2(6)

Ac, - reduction of minimum concrete cover for use of addition

Standard EN

ACgyr g - reduction of minimum concrete cover for use of stainless s
=

kygy - values of abrasion for classes XM 1,2,3 4.4.1.2(13)

Values [mm]

50/100/150




Allowance in design for deviation (art 4.4.1.3)
To calculate the nominal cover, cnom, an addition to the minimum cover shall be made in design to allow

for the deviation (Acdev). The required minimum cover shall be increased by the absolute value of the
accepted negative deviation.
The recommended value of Acgey is 10 mm.

In certain situations, the accepted deviation and hence allowance, Acdev, may be reduced.

The recommended values are:

- where fabrication is subjected to a quality assurance system, in which the monitoring includes
measurements of the concrete cover, the allowance in design for deviation Acqev may be reduced:

10 mm 2 AcCgev 2 5 mm

- where it can be assured that a very accurate measurement device is used for monitoring and non
conforming members are rejected (e.g. precast elements), the allowance in design for deviation
Acqev May be reduced:

10 mm 2 ACgev 2 0 mm

The special geometric control can be checked in the concrete settings or the 1D member data:

Concrete settings = =
National annex: - ‘ Find ‘ View ‘ [adt:;iled}l ‘ | Default ‘
Description Symbaol Value Default  Unit  Chapter | Code Struc... | Chec... | ™
<alls 2ol 2 ol P ozl L2 call: JO <l 2 <l <l P
= Design defaults
= Minimal concrete cover
Design working life 50,00 H0.00 year 441245 EN 1592 Al (Be... Design...
= Risk of cormosion attack
Comosion induced by carbonation *C3 XC3 441250 EN 1992-... Al (Be... Design...
Comogion induced by chlorides Maone Neone 441.2(5) EN1992-... Al (Be... Design...
Comosion induced by chlorides from sea water Mone MNone 441245 EN1992-.. Al (Be... Design...
Freeze / thaw attack Maone None 4412012 EN 1992-... Al (Be... Design...
Chemical attack Nane MNane 4.4.1.2(12) EN 1992-... Al (Be... Design...
Risk of abrasion attack Mone MNone 4.4.1.2(13) EN 1992-... All (Be... Design...
S Y i

Special geometric control 441.33) EN1992-... Al (Be... Design..

¥ COnuo i) v AT : -
Risk of casting on atypical suface Standard Standard 4413(4) EN1992-.. Al :EBe... Design...
= Concrete characteristics >z
Tormm mf T =it s I mib s A AA M Chl 1007 ANl IO [ p P
Ll CMD
Different surfaces 2
Design working life [year] 50,00
= Risk of corrosion attack
Corrosien induced by carbonation XC3 -
Corrosien induced by chlorides Mone A
Corrosien induced by chlorides from sea water Mene -
Freeze / thaw attack Maone -
Chemical attack Maone -
Risk of abrasion attack Mone -
Special concrete quality control
Risk of casting on atypical surface Standard -
= Concrete characteristics
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The values of Acdev can be found in the National Annex:
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MNon-prestressed reinforcement
restressed reinforcement

- Durability and concrete cover
a--ULS
¢ -General
E;:I"SLS
;--General

" Prestressing
= allowable stress

i Stress limitation during tensioning

LS stress limitation

=) Detailing provisions
i~ Common detailing provisions
- Columns

‘- Beams

-} Standard EN Name
[=] Concrete = Concrete
[=-General
- Concrete = (EENEEL

Concrete

Non-prestressed reinforcement
Prestressed reinforcement
= Durability and concrete cover
= National annex
Clause 4.4.1.2(5)
Acdur,.r - additive safety element for concrete cover 4.4.1.2(6)
Ac gy st - Feduction of minimum concrete cover for use of stainless s
Acdur,add - reduction of minimum concrete cover for use of addition

kyy - values of abrasion for classes XM 1,2,3 4.4.1.2(13)

F Ac yqy - value of deviation for concrete cover 4.4.1.3(3)

Values [mm] 50/10,0/50

kemin - minimum value of concrete cover 4.4.1.3(4)



Analysis models

Eurocode

Structural models for overall analysis (art 5.3.1)

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.

For buildings the following provisions are applicable:

1) A beam is a member for which the span is not less than 3 times the overall section depth.
Otherwise it should be considered as a deep beam.

2) Aslabis a member for which the minimum panel dimension is not less than 5 times the overall
slab thickness.

3) A slab subjected to dominantly uniformly distributed loads may be considered to be one way
spanning if either:

- it possesses two free (unsupported) and sensibly parallel edges.

- itis the central part of a sensibly rectangular slab supported on four edges with a ratio of
the longer to shorter span greater than 2.

4) Ribbed or waffle slabs need not be treated as discrete elements for the purposes of analysis,
provided that the flange or structural topping and transverse ribs have sufficient torsional stiffness.

This may be assumed provided that:
- the rib spacing does not exceed 1500 mm
- the depth of the rib below the flange does not exceed 4 times its width.

- the depth of the flange is at least 1/10 of the clear distance between ribs or 50 mm,
whichever is the greater.

- transverse ribs are provided at a clear spacing not exceeding 10 times the overall depth of
the slab.

The minimum flange thickness of 50 mm may be reduced to 40 mm where permanent blocks are
incorporated between the ribs.

5) A column is a member for which the section depth does not exceed 4 times its width and the height
is at least 3 times the section depth. Otherwise it should be considered as a wall.
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Reinforced concrete (EN 1992) — 1D members

SCIA Engineer

Assignment of analysis model

In SCIA Engineer several types of analysis models are available. It is up to the user to decide which
model should be used for which element.

For 1D members, there is the choice between Beam, Beam slab and Column calculation.
Each element has a property ‘Type’ assigned to it, to determine which type of calculation will be used:

Properties 1 x
Member (1) (-] \@ A 7
& =

CrossSection
Alpha [dea]
Member syste..
ey [mm]

ez [mm]

LCS

LC5 Rotation ..
FEM type

The Beam calculation is used for the Types ‘General’, ‘Beam, ‘Rafter’, ‘Purlin’, ‘Roof bracing’, ‘Wall
bracing’, ‘Girt’, ‘Truss chord’ and ‘Truss diagonal’.

The Beam slab calculation is used only for the Type ‘Beam slab’. For this type, by default no shear
reinforcement is added (unless necessary in case of a slab thickness of 200 mm or more, as defined in
the Concrete Setup for slabs). As diameter for the longitudinal reinforcement, the default diameter for
2D structures — and not for beams! — is taken from the Concrete Setup.

The Column calculation is used for the Types ‘Column’, ‘Gable column’ and ‘Secondary column’.
Be careful when 1D member data are added to an element, via Concrete menu > Setting per member

> 1D member data. Also there, the user has the choice for the 3 different analysis models, by means of
the option “Member type”:

Member B2 A

Member type

Advanced mode Beam

- Column
= Solver
soer sting
= General
El Creep
Type input of creep coefficient Auto -

= Internal forces
E Internal forces ULS
Take into account additional tensile force caused by shear (shift rule] ¥

= Interaction diagram

L e TP SO | KIDARADA -

These 1D member data overwrite both the element properties and the default settings in the
Concrete settings.
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Difference between Beam and Column analysis model

The most important difference between Beam and Column calculation is the difference in
reinforcement area per direction. A beam has an upper reinforcement area that differs from the lower
reinforcement area. A column always has the same reinforcement configuration for the parallel sides,
per direction.

~
BN
BN

These configurations are obvious, and caused by the difference in dominant internal forces per
calculation type. For a beam calculation the bending moment is dominant, while for a column
calculation the axial compression force + bending moments (if present).

So in fact, when the axial pressure on a beam is too high, the user should choose to calculate the
element as a column. In the concrete settings an option is available to consider if the member is in
compression or not. If the member is compressed, the second order effect is taken into account. Go to
Concrete > Concrete settings (structure) > Solver setting > General:

Concrete settings = =
National annex: - | Find | | View v ‘ [ ad‘lﬁ:zl&d y ‘ ‘ Defauit ‘
Description Symbaol Values Default Linit Chapter Code Structure CheckType ™
<all> P2l £l £l P @ P ol P2l Ll P2l L
= Selver setting
= General
Limit value of unity check Lim.check 1.0 1.0 Independent
Value of unity check for not calculated unity check Ncal check 30 3.0 Independent
The coefficient for calculstion effective depth of cross-section Coeffa 0.9 0.9 Independent
Gask It 0o pdencndact
IThe coefficient for calculation force, whers member as under compression  Coeffeom 01 0.1 Independent Al (Beam, ..
Type input of creep coefficient Type g Auto Auto Annex B.1 EN 1552-1-1 All (Beam....
Relative humidity RH 50 = Annex B.1 EN 1552-1-1 All (Beam
Age of concrete at loading to 23,00 day Annex B.1 EN 1992-1-1 All (Beam,..
Age of concrete at the moment considered t 1825,00 day Annex B.1 EN 1992-1-1 All (Beam,...

This option ‘The coefficient for calculation force, where member as under compression’ will check how
important the contribution of the axial compression force is:

- If the axial compression load Neq < 0,1*Ac*fcq, the member is not considered to be in
compression, which means the type ‘Beam’ is the right choice.

- If the axial compression load Neqd > 0,1*Ac*fcq, the member is considered to be in compression,
which means the beam has to be modelled as type ‘Column’ and the second order effect will
be taken into account.
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Reinforced concrete (EN 1992) — 1D members

Example

100,00
100,00
100,00

colurmn (100)
beam (80)
slal

ih Oy
T

2m
20

20 mmA2
%Eﬁ
201 mmA2Z
108 ram~2
A2
mA3
108 mmAZ

Overall Design (ULS)

Linear calculation

Load case: LC2

Coordinate system: Member

Extreme 1D: Member

Selection: Al

Longitudinal required reinforcement

Name dx Case Member Az req+ Asz req- Asy reqg+ Ay req- Asz req Asy req As req ReinfReq
[ mm2] [ mm2] [ mm2] [ mm2] [ mm2] [ mm2] [ mm 2]
A req bar+ A, req bar- Asv req bar+ AS\r req bar- A, req bar Asv req bar A req bar
[mm?2] [mm?2] [mm2] [mm2] [mm2] [mm2] [ mm?]
Bi 0,000 |[LC2 Column 201 201 201 201 402 402 804 ([z]ad16*,
201 201 201 201 402 402 804 |[y]4d16*
B2 0,000 |LC2 Beam 0 0 0 0 0 0 0
0 0 0 0 0 0 0
B3 0,000 |LC2 Beam slab 108 108 108 108 215 215 430 |[z+]2d16%,
201 201 201 201 402 402 804 ([z-]12¢16%,
[y+]2¢16%,
[y-12¢16*

Shear reinforcement

Name dx Case Member Aswm req T — ShearReinf

[m] [mm2/m] [mm?2/m]
0,000 |LC2 Column 0 0
B2 0,000 |LC2 Beam 0 0
B3 0,000 |LC2 Beam slab 0 0 | Not required

Under internal forces, a warning will be displayed in the detailed output whether it is necessary to
calculate an element as column, to take into account the compression forces. If needed, the type has
to be changed manually to column in the member properties or via 1D member data.

Compression member
Limit axial force to consider member as compression:
&
Neom = - Coeffeom - fea-Ac )=-0.1- ( 6410°.0,09 )= -57.6 kN
Check condition:

MEg < Negm = -100 kN < -58 kN .. compression member

Warning: First and second order eccentricities should be taken to account, member should be evaluated as column
(significant compressive normal force). Change type of member to Column.
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Description of used example

The example that will be used to explain reinforcement calculation in a beam is called ‘beam.esa’.

The beam reinforcement calculation is explained by means of the following two span beam:

— 100,00

—27.00

Nl 1 I b
7N

T
Pr 2700

The length of the total beam is 10 m and it has a dimension of 500x300mm.

The inputted loads are:
1) BG1: self weight
2) BG2: permanent load
o Lineload: -27 kKN/m
o Point load: -100 kN at position x = 0.25
3) BGa3: variable load
o Lineload: -15 kKN/m
o Point load: -150 kN at position x =0

31



Reinforced concrete (EN 1992) — 1D members

Recalculated internal forces

Reinforcement calculation in SCIA Engineer is based on recalculated internal forces. The pure internal
forces calculated by the mechanical FEM calculation are transformed according to code regulation into
‘recalculated internal forces’ to design the reinforcement.

These recalculated internal forces can be viewed in the Concrete menu of SCIA Engineer.

Shifting of bending moments (art 9.2.1.3)

Sufficient reinforcement should be provided at all sections to resist the envelope of the acting tensile
force, including the effect of inclined cracks in webs and flanges.

Additional tensile forces caused by shear and torsion are taken into account in SCIA Engineer by using
the simplified calculation based on shifting of bending moments according to clause 9.2.1.3(2). Shifting
of bending moments is calculated only for beams and beams as slab.

For members with shear reinforcement the additional tensile force, AFw, should be calculated. For
members without shear reinforcement, AFw may be estimated by shifting the moment curve a distance
ai = d (for beams as slab). This "shift rule” may also be used as an alternative for members with shear
reinforcement, where:

a=z(cot@-cota)2 (for beams) (9.2)

The additional tensile force is illustrated in Figure 9.2:

\ a

.’1 ARy
lau_l
hs

- Envelope of Mea/z + Neg - acting tensile force F. - resisting tensile force Frs

Figure 9.2: lllustration of the curtailment of longitudinal reinforcement, taking into
account the effect of inclined cracks and the resistance of
reinforcement within anchorage lengths

In SCIA Engineer the user can review the recalculated internal forces. In the Concrete menu it is
possible to view the internal forces and recalculated internal forces. In the figure below the difference is
clearly visible:
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234,38 kNm

E
=
=
o
)
"
o

The shifted moment line is taken into account for recalculated internal forces and by this also for the
calculation of longitudinal reinforcement, if activated in the concrete settings (for the global structure) or
in the 1D member data (individually per member):

= Intemal forces ULS

ake into account additional tensile force caused by shear (shi... v W 9.21.32) EN 15592-1-1
Use minimum value of eccentnc 6.1(4) EM 1592-1-1
Use geometric imperfection v W 5.2(5) EN 1552-1-1
Use second order effect v W 588 EM 1552-1-1
Estimation ratio of longitudinal reinforcement for recalculation in... ps 2,00 2,00 5831 EN 1552-1-1
Shear force reduction above supports 6.2.1(8) EN 1552-1-1
Moment reduction above supports 53224 EN 15592-1-1

= Internal forces ULS

Take into account additional tensile force caused by shear (shift rule) i

Shear force reduction above supports

Meorment reduction above supports

Reduction of bending moment (art 5.3.2.2 (3) & 5.3.2.2 (4))

Another typical case of recalculated internal forces is the moment capping at supports.

Where a beam or slab is monolithic with its supports, the critical design moment at the support should
be taken as that at the face of the support. The design moment and reaction transferred to the
supporting element (e.g. column, wall, etc.) should be generally taken as the greater of the elastic or
redistributed values.

Regardless of the method of analysis used, where a beam or slab is continuous over a support which
may be considered to provide no restraint to rotation (e.g. over walls), the design support moment,
calculated on the basis of a span equal to the centre-to-centre distance between supports, may be
reduced by an amount AMe as follows:

AMEd = FEd,supt / 8 (59)
where:
Feasup IS the design support reaction
t is the width of the support

In SCIA Engineer this reduction of bending moment is only taken into account if it is activated in the
concrete settings (for the global structure) or in the 1D member data (individually per member):
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Reinforced concrete (EN 1992) — 1D members

= Intemal forces ULS

Take into accourt additional tensile force caused by shear (shi... v v 9.2.1.32) EM 1992-1-1
Lse minimum value of eccentricity W v 6.1(4) EN 1552-1-1
|se geometric imperfection v v 5.2(5) EM 1592-1-1
lUse second order effect v v 588 EN 1952-1-1
Estimation ratio of longitudinal reinforcement for recalculation in... ps 2.00 2,00 5831 EN 1992-1-1
%’ 6.2.1(8) EN 1552-1-1
Mament reduction above supports v 5322(4) EM 1992-1-1

= Internal forces ULS
Take into account additional tensile force caused by shear (shift rulg) W

Shear force reduction above supports

Moment reduction above supports v

S E——

The way in which the moment reduction is performed, is based on the type of support. If a standard
support is defined, the reduction will be done following formula 5.9. If a column is defined the, reduction

at the face of the column is used.

At the face of the column (5.3.2.2 (3)) Using formula 5.9 (5.3.2.2 (4))
Mga - Mea, £, ¢t
s - %_h@d = "Edaup g

T

FEd. sup

In SCIA Engineer the width t used for the moment reduction at supports can be set in the properties of

that support:

Properties nx
Support in node (1) m \lﬁ} V
& &
Name Sn2
Type Standard s
Angle [deq]
Constraint Sliding T
¥ Free e
Fd Rigid h
B, Free s
(o401 R ]
Node R |

In the bottom of the 1D member data there is an action button “Update support width”. This button
collects all linked members or supports of the selected member and reads their support widths.
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L CMD

Mermber 51
Member type Beam hé
Advanced mode
= Solver setting
E General
= Creep
Type input of creep coefficient Auto -
=l Internal forces
= Internal forces ULS
Take into account additional tensile force caused by shear ... |V

E Interaction diagram

Interaction diagram method MRdMRd -
El Shear

Type calculation/input of angle of compression strut User(angle) -

Angle of compression strut [deg] 40,00

Cotangent angle of compression strut 1,19173359250421

E Crack width

Type of maximal crack width Auto -
El Deflections
Maximal total displacernent Lix; x = 250
Maximal additional displacement L/x; x = 500
Actions
Update support width EE
Concrete Setup EEE
L] Supports width
Mame Position [m] Width [m] Shear reduction Moment reduction
1 [5n1 0,000 0,200 v v
2 |5n2 00 0,200 v )
5n3 10,000 0,200 v v

Note: The support width is loaded from construction without influence of angle Alpha

| Loaddefautt | |0k || cancel |

The reduction of moment by moment capping at supports is illustrated for our example below:

- t=02m
- FEd,sup =477.5kN
- AMed =477.5*0.2/8 = 11.94 KNm

The original moment My at the support was 254.16 kNm.
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Reinforced concrete (EN 1992) — 1D members

—254.18 kNm

23438 kNm

The recalculated moment clearly shows the shifting of the moment line.

— 254,16 kNm

\%Z
?
‘.
é

With moment capping at support taken into account the recalculated moment is 242.22 kNm.

— 242,22 kMm

234 38 khm

Reduction of shear forces (art 6.2.1 (8))

For members subject to predominantly uniformly distributed loading, the design shear force does not
need 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 addition it should be verified that the shear at the support

does not exceed VRrd,max.

In SCIA Engineer this reduction of shear forces is only taken into account if it is activated in the
concrete settings (for the global structure) or in the 1D member data (individually per member):
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LICLETTTINgLian ui Uil dvuudnduic Wilceuian L NIV} L NIV PV R e ) Cid 13-

= Intemal forces ULS

Take into account additional tensile force caused by shear (shi... ) 92133 EN1992-11
Lse minimum value of eccentricity v ) 6.1(4) EN 1592-1-1
|Jse geometric imperfection v v 5.2(5) EM 1952-1-1

v 5838 EM 1552-1-1

lUge second onder effect v

: = = ¥ nn
stimation ratio of longitudingl reinforcement for recalculation in = ()]

5831 EN 1992-1-1

2-1-1

621(8)  EN1392-1-1
» R 3 Un the face (support/c T5Un the fa._. 6.2.1(8) EN 1992-1-1
Moment reduction above supports On the face {suppodfcovpﬁmn]
= Intemal forces SLS On the face (support/column) + effective depth of cross-section

= Internal forces ULS

Shear force reduction above supports

Reduce shear forces On the face (support/column)

A e e

Moment reduction above supports FEM
2 Design As On the face (support/column) + effective depth of cross-section

It is possible to choose the type of reduction of shear forces at the face of the support or at a distance
d from the face of the support:

At the face of the column At the face of the column + effective depth of
the cross-section (based on 6.2.1 (8))
.. VEd + VEd

B

Also for the reduction of shear forces, the support width t is taken into account, which is taken from the
properties of the support or the 1D member data.
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Reinforced concrete (EN 1992) — 1D members

The reduction of shear forces at supports is illustrated for our example below with t = 0,2 m:

The first image displays the original Vz :

m

77250 kN

| ? 205,00 kN

The second image shows the reduction at the face of the support:

m

- 286 23kN |

| ? 198,83 ki

é

The last image shows the reduction at the effective depth from the face:

180,33 ki

-

— 247,83 kN
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Theoretical reinforcement

Configuration

The theoretical reinforcement is calculated out of the recalculated internal forces. It gives the amount of
reinforcement needed to resist the internal forces induced by ULS loads. Since there are several

workflows possible to design concrete beam elements, the theoretical reinforcement design is not
mandatory to perform. Experienced users can directly jump to practical reinforcement to perform the
checks on, but this theoretical approach gives a good idea of how this practical reinforcement should

look like.

The configuration of this theoretical reinforcement can be found in the Design defaults under
Reinforcement design. Templates of longitudinal reinforcement for different shapes of beam are

available. The concrete cover can be set for upper, lower and side faces. For the stirrups, diameter,

number of cuts and angle can be adapted. Note that for the practical reinforcement and checks, only
vertical stirrups (as = 90°) are supported.

S i Design defaults
IE Concrete settings (structure) .
I Reinforcement drawing setting Hationatannex - | il | | iy | | ey
= Setting per member = =
= 1D member data Description Symbol Walue Default Unit Chapter Code
{4 1D buckling data | £ P P D0 D fe)
= e" Reinforcement design = Design defaults
\ Design defaults = BeT.“orS‘jind
= 00 1D members T T e — v Eep——
T Internal forces .
Rectangular section Beam_Rec Independent
0% Sle_ndEmESS X T section Beam_Tse Independent
Reinforcement design L section Beam_Lse... .. Independent
) G Reinforcement input+edit | section Beam_lsec... Independent
5] m Reinforcement check (ULS+5LS) - 1D members Other and general Beam_Cth... .. Independent
Section Check - results = Upper
Type of cover of upper reinforcement Auto A 441 EN 1592-1-1
= Lower
Type of cover of lower reinforcement Auto A 441 EN 1552-1-1
= Side
Type of cover of side reinforcement Upper Upper 441 EN 1932-1-1
= Stimups
Diameter of stimups ds= 8.0 80 mm EN 1992-11
MNumber of cuts Ns 20 20 Independent
Angle o= 90,00 50 eg Independent

Several default templates for longitudinal reinforcement are available for the different section types.

These can be adapted or new ones can be made.

B Provided reinforcement (design)

Aok oo @EE

Bearn_Rect_Empty
Beamn_Rect_Basic_Vertic
Beam_Rect_Basic_Horiz
Beam_Rect_Basic_Add_Vertic
Beam_Rect_Basic_Add_Horiz
Beam_Rect_Basic_AddList_Vertic
Beam_Rect_Basic_AddList_Horiz

El Beam_Rect_Basi...
Description Basic and fix add...
Member type Beam
Cross-section Rectangle

Mode Standard

| Mew | Inset | Edt | Delste |

Side

Upper

o o

Side

| oK |

This template exists of basic and additional reinforcement for the upper, lower and side faces. The

exact use of these templates will be elaborated under next paragraph on longitudinal reinforcement.

However, the purpose is to compare these templates with the required reinforcement, to model the
longitudinal reinforcement that should be introduced later on. The basic reinforcement is present along

the whole length of the beam; the additional reinforcement is present only at the zones where basic

reinforcement is not sufficient to withstand (recalculated) internal forces. A choice can be made
between fixed additional bars (diameter and number) or a list with different numbers of bars with a fixed
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diameter. SCIA Engineer uses the least amount of necessary additional bars, or places the maximum if
this template is still not sufficient to resist the (recalculated) internal forces.

Provided reinforcement (design) edit - Beam_Rect_Basic_Add_Vertic
= Longitudinal reinforcement

Member type —
| ||

Cross-section |Re

4

Mode

Basic reinforcement

Additional reinforcement

Edge Diameter Mumber Area Diameter Type Mumber Area Reinf. in comer
[mm] H [m°2] | [om] H [mm"2]
v 16.0 2 402 16.0 Fix 2 402
pper
A 16.0 0 16.0 Fix 0 0
16.0 2 402 16.0 Fix 2 402
L W
Side Side
i
Lower
oK Cancel

Calculation of longitudinal reinforcement As

The longitudinal reinforcement calculation is based on My recaic represented in the previous chapter.

The only thing left to be set in the concrete setup is the material quality and default diameter:

- Material quality is set to B 500A. This can be changed in the project data or concrete 1D member

data.

- The default diameter is set to 16mm. This parameter is taken from the additional reinforcement
diameter of the reinforcement template under Design defaults, or from 1D member data.

The following results are obtained with these settings:

1470 mm~2

1335 mmA2

In the following image you can see the brief output in the preview:
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Longitudinal required reinforcement

Name dx Case Member Asz_req+ Asz_req- Asy_req+ Asy_req- As_req ReinfReq
[m] [mm?] [mm?] [mm?] [mm?] [mm?]
As_req bar+ As_req bar-  Asy_req bar+  Asy_req bar ¥ X A _req bar
[mm?] [mm?] [ mm?] [mm?] [mm?]
S1 2,333- |ULS Beam 0 1335 0 0 1335 0 1335 |[z-]17 16
0 1407 0 0 1407 0 1407
S1 4,833- |ULS Beam 1470 0 0 0 1470 0 1470 ([z+]8¢16
1608 0 0 0 1608 0 1608

You can also ask a standard or a more detailed output where you can find more information about
certain parameters used in the calculation, for example:

d: lever arm of reinforcement.
d =h-cover — (Dstirrup — O®longitudinal beam /2 =500 -35-8-16/2 =449 mm

(the cover is defined by the environmental class and is 35 mm for XC3)

The only internal force working on this beam is Myd. Na and Tq are zero.
Asy req = 0 because there is no torsion on this beam.

Note that the detailing provisions are deactivated. Otherwise no reinforcement of ¢ = 16mm could be
proposed, since the detailing provisions are not met (bar distance too small).

If the default diameter is set to 20mm, the following results are obtained:

1479 mim*2

1343 mm~2

Longitudinal required reinforcement

Name dx Case Member Asz_req+ Asz_req- Asy_reg+ Asy_req- As_req ReinfReq
[m] [mm?] [mm?] [mm?] [mm?] [mm?]

Asz_req bar+ Asz_reqgbar- Asy req bar+  Asy_req bar X As_req_bar
[ mm?2] [ mm?2] [ mm?2] [ mm?2] [ mm?2]

2,333- 0 0 0 [z- 15420
0 1571 0 0 1571 0 1571

51 4,833- |ULS |Beam 1479 0 0 0 1479 0 1479 |[z+]15020
1571 0 0 0 1571 0 1571

If you take a close look at these results, you can see that also the value for Asreq has changed.
This is because the lever arm d has decreased:
d = h —cover —@stirrup — Prongitudinal beam /2 = 500 — 35 - 8 — 20/2 = 447 mm

As you can see, the default diameter has also a slight effect on the amount of reinforcement that is
required, because of the changed lever arm.
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Note that 1D member data can be used to change the default diameter for the bar to which these data
are assigned. It is obvious that the 1D member data have higher priority than the Concrete settings.

u CMD
Type of concrete In-situ T A
= Beam (Rib)
= Longitudinal
Material B 3004 =

= Upper

Diameter of upper reinforcement [mm] -

Type of cover of upper reinforcement -
= Lower

Diameter of lower reinforcement [mm] =

Type of cover of lower reinforcement -

Type of cover of side reinforcement Upper -

= Stirrups
Material of stirrups B 5004 e
Diameter of stirrups [mm] 3,0 -

Next to the required reinforcement area, also the unity check UC can be viewed to check for maximum
reinforcement area and Asreq (§) for the reinforcement translated into bars.

Properties o Properties o =
Overall Design (ULS) (1) [BRY: Y Overall Design (ULS) (1) [~ & v
&&= & @&
Mame Overall Design (ULS) MName Overall Design (ULS)
= Selection = Selection
Type of selection All - Type of selection All -
Filter Mo ™ Filter Mo -
Results in sections All - Results in sections All -
= Result case = Result case
Type of load Combinations - Type of load Combinations -
Combination ULs - Combination ULs -
= Extreme 1D = Extreme 1D
Extreme 10 Global - Extreme 1D Global -
Type of values Required - Type of values Provided -

= Qutput settings

= Qutput settings

Aswm,req

Output UC (As,max) Output
Print combination key UC (Aswm,max) Print combination key
Drawing Setup 1D Asreq (¢) Drawing Setup 1D

Aswim,req (§/s)
Components
Run using Model Data files (Debug) T Run using Model Data files (Debug)

Errors, warnings and notes se... Errors, wamnings and notes se...

Components

The provided reinforcement As prov gives the amount of reinforcement or in bars (Asprov), determined by
the template. Asadd, req = Asrreq - Asprov , thus the amount of reinforcement which still has to be added to
the template to resist the (recalculated) internal forces. If Asprov > Asreq , As,add, req = 0.

Also unity checks can be performed on the provided reinforcement.
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Calculation of shear reinforcement Aswm

Shear reinforcement

Name dx Case Member Asum req Aswm_prov ShearReinf

[m] [mm?/m] [mm?/m]
51 7,333- |ULS Beam 298 309 |$»8/325mm,
(ns=2)
51 4,900 |ULS Beam 1315 1340 | $8/75mm,
(ns=2)
VEd = design shear force resulting from external loading
VRd,c = design shear resistance of the member without shear reinforcement
VRd,s = design value of the shear force which can be sustained by the yielding shear
reinforcement
Vramax = design value of the maximum shear force which can be sustained by the member, limited

by crushing of the compression struts

In general we can have three cases:
- VEd > VRd,max Concrete strut failure

- VEd £ VRd,c Shear force carried by concrete. No shear reinforcement necessary
(minimum shear reinforcement according to detailing provisions)

- VEd > Vrd,c and Ved < VRd,max Shear reinforcement necessary in order that: Ved < Vrd
Members NOT requiring design shear reinforcement: VEd < VRd,c (art 6.2.2)

VRd,c = [CRd,c k(loo P f(:k)ll3 + ki1 ocp] bwd (62&)

with a minimum of

VRd,c = (Vmin + kl 0cp) bw d (62b)

where:

fex = characteristic concrete compressive strength [MPa]

k = size factor: k = 1 + V(200/d) < 2,0 (with d in mm)

pi = longitudinal reinforcement ratio: pi = Asi/bwd < 0,02

bw = smallest web width of the cross-section in the tensile area [mm]

Ocp = concrete compressive stress due to loading: ocp = Ned/Ac < 0,2 fed [MPa]

d = effective height of cross section

The recommended value for Crqcis 0,18/, that for ki is 0,15 and that for vimin is given by expression:

Vimin = 0,035 k32, fe /2 (6.3N)

The shear force Veq, calculated without reduction by B, should always satisfy the condition:

VEd < 0,5 bw d \ fcd (65)
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where v is a strength reduction factor for concrete cracked in shear.

The recommended value for v follows from:

V=06 [12%*0] (6.6N)

In SCIA Engineer, it is possible to input the following parameters:

Standard EN [Name Standard EN
e C:oncrete = Concrete
- General
- Concrete General
Mon-prestressed reinforcement E uLS
- Prestressed reinforcement 2 General
i Durability and concrete cover ~ . ~
- ULs By=1/x - basic value of inclination 5.2(5)
Ajim 3-8.3.1(1)
& S!-S Type of simplified method for analysis second order effect
- General
. Prestressing El CRa.e
- Allowable stress Value [-] 0,18
Stress limitation during tensioning = kl shear coeff. for calculation Vrd,c 6.2.2(1)
- SLS stress limitation V | ] 015
[=|- Detailing provisions alue ‘
Common detailing provisions =] Vmin - coeff. for calculation Vrd, c for shear 6.2.2(1)
- Columns Formula Formula

= v - strength reduction factor for concrete cracked in shear 6.2.2(6)

Formula Fermula

Note that the green values are according to EN code.

Members requiring design shear reinforcement: VEd > VRd,c (art 6.2.3)

The design of members with shear reinforcement is based on the theory of the concrete truss-model. In
this theory, a virtual truss-model is imagined in a concrete beam. This truss-model has a set of vertical
(or slightly diagonal), horizontal and diagonal members. The vertical bars are considered to be the
stirrups, the horizontal bars are the longitudinal reinforcement bars and the diagonal bars are the
concrete struts.

compression chord i
- Fed Y

/shear reinforcement

tensile chord/ : Fa

_ bw =bw1
compression strut <

Y

The angle 6 should be limited.
The recommended limits of cot 8 are given:

1<cot6<25 (6.7N)
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The angle 6 can be inserted in SCIA Engineer:

Concrete settings = =
National annesx: Level
- ‘ Find ‘ ‘ View - ‘ =) ‘ ‘ Default ‘
Description Symbol Walue Defautt Unit Chapter Code Structure CheckType #
<all> Rl Rl Pl R ol P <l Rl Rl Pl »
=]
Type calculation/input of angle of compression strut Type @ User(@ngle) Userangle) 623 EM 1392-1-1 All (Beam,... Solver settin..
Angle of compression strut [i] 40,00 40.00 deg 623 EN 1992-1-1 All (Beam,... Solver settin
Cotangent angle of compression strut cot(8) 1.2 12 623 EN 1992-1-1 All (Beam.... Solver settin..
ween anges
Type input of angle of compression strut Type B User{angle) Usenangle) 6.2.4(4) EN 1992-1-1 Beam.Bea... Solver settin
Angle of compression strut B 40,00 40,00 deg 6.2.4(4) EM 1392-1-1 Beam,Bea... Solver settin...
Cotangent of angle of compression stut cot(@g) 12 1.2 6.2.4(4) EN 1992-111 Beam,Bea... Solver seftin...

For members with vertical shear reinforcement, the shear resistance Vrd is the smaller value of:

A
VRd,s = % Z fywa cOt 6 (6.8)
and
VRd,max = acw bW yA V]_ fcd/(cot 9 + tan 9) (69)
where:
Asw = cross-sectional area of the shear reinforcement
S = spacing of the stirrups
fywd = design yield strength of the shear reinforcement
\%1 = strength reduction factor for concrete cracked in shear
Oew = coefficient taking account of the state of the stress in the compression chord

The recommended value of v1 is v (see Expression 6.6N)

If the design stress of the shear reinforcement is below 80% of the characteristic yield stress fy, vi1 may
be taken as:

v1=0,6 for fa < 60 MPa (6.10.aN)
v1 = 0,9 — f4/200 > 0,5 for fa = 60 MPa (6.10.bN)

The recommended value of acw is 1 for non-prestressed structures.

These code related parameters can be found in the Concrete setup:

Standard EN =N
B- Conerete

B General
Concrete
Mon-prestressed reinforcement
i Prestressed reinforcement

- min. angle between the concrete compression strut and the beam axis 6.2.3(2)

Value [deg]

H 052; - Max. angle between the concrete compression strut and the aas beam 6.2.3(2)
- Durability and concrete cover

£1-ULS Value [deg]

. beGeneral .

El--S!_S Value [deg] 0,00
- General o _ ~
Prestressing S| Bmin,c - Minimal angle between the concrete compression strut and the beam aas for

- Allowable stress Value [deg] 0,00
;- Stress limitation during tensioning El Bppas s - Maximal angle between the concrete compression strut and the beam axis foi
i SLS stress limitation Val ; d 000

[=)- Detailing provisions alue [deg] -
i Comman detailing provisions Vi, - strength reduction factor for concrete cracked in shear (fck<60MPa,fywd<0, 8y
~ Columns Value [-] 0,60
- Beams =l vy, - strength reduction factor for concrete cracked in shear (fck> 60MPa, fywd<0,8fn

Formula Formula

= @, (non-prestressed structures)

Value [-] 1,00
= @, (prestressed structures)
Formula Formula
- shear calculation Tactor tor plain and ligl reinforced concrete
Value [-] 1,30
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Reinforced concrete (EN 1992) — 1D members

If we go back to our example in SCIA Engineer, we find the following Aswm req for the whole beam:

:
. g
E
aaanannnnannguill]
A A

Shear reinforcement

Member Aswm req e ShearReinf

[mm2/m] [mm?2/m]

51 7,333- |ULS Beam 298 309 ($p8/325mm,
(ns=2)

51 4,900 |ULS Beam 1315 1340 | $8/75mm,
(ns=2)

The maximum value of 1315 mm?2 corresponds to a two section stirrup of ¢ = 8mm every 75 mm.
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Practical reinforcement

We will now pass on to the level of practical reinforcement. This will allow us to specify the
reinforcement locally over the beam.

In the theoretical reinforcement design, we have calculated where reinforcement is needed.
This allows us to input manually the practical reinforcement by adding New reinforcement for the whole
length of the beam.

We can first select a template for the longitudinal reinforcement:

L] Longitudinal reinforcement

e s B v > &l =H

LR_B_R1 A
LR_C_R1
LR_B_R2

T | o
LR_B_R3 ] .
LR_B_R4 .

Mame LR_B_R1
Description  Long. re..
Stirrup na...  StirrupR
Mumber o... 2
Diameter [... 16,0
Area [mm.., 204

Type of be... beams a...

| Mew | Imsett | FEdit | Delete | [ oK |

Next, we have to decide where the parameters of reinforcement are coming from:

Reinforcement parameters x

Do you want to use parameters of reinforcement [diamater of long.reinforcement, stirrup and concrete cover)
from the Concrete member data
Ofrom the Concrete setup [Design default)

@from the defined template
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Reinforced concrete (EN 1992) — 1D members

The practical reinforcement is shown graphically on the screen:

s

x

/3] =
\e

>

As a user, you can add locally New stirrups or New longitudinal bars.

For the stirrups, you can select a certain stirrup shape:

(W Stirrup shape manager
A Bk o &Sled

StirrupR1 ~

StirrupR2

StirrupR3

StirrupR4

W

StirrupR1

Description  Stirrups ...

StirrupR3

Mumber o... 1
Diameter [... 80
Murnber o... 2

[ New | mset | Eit |opeee [ ok |

The stirrup shape can be edited or a new one can be made. Therefore user points may be added.
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Stirrup shape

Stirrup
Mew stirrup

Automatic

Diameter
80

mm

2
l."l.;;— -:‘\ﬂ
i ;
N =i
7
User defined points
Item-edge index | Type | Rela Abso [rmm] | From |
< >
Add Delete Delete all

Delete Delete all
Marme 51
Diameter [mm] 80
Color L
Number of vert... 4
Closed
Torsion | yes
Shear in joint ne

Analysis model

Shear calculation

Mumber of cuts

Diameter of mandre | 4
Picture properties
Draw intersection points

Drraw corners points

Texts & Points scale | 0.5 3

] oraw dimensions

dss

Redraw

Cancel

For the longitudinal reinforcement, we can define precisely where the extra practical reinforcement
needs to be putted:

| @@ & bl |52 255 08|96«

842 mm”2

Command line

A

Fonn: 1 R [11]])

(1T}
— H o = H

m =

IC.ommand >

[Point in 810 of length |

-

/
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Reinforced concrete (EN 1992) — 1D members

The configuration for the selected zone of the member is shown:

Longitunidal reinforcement
Mew layer

Add bars to corners

Bars positions
Collision of bars

Collision

Here can be set on which face extra reinforcement needs to be added:

Member S1, Zone from 0,500 m to 4,000 m(0.050 - 0.400)

~
Z

 a—

\O O’J

4

Mew reinforcement parameters

Mumber of bars 2 W
Diameter [mm] 80 W
Stirrup name 51 w
Edge index 2 w

Between existing bars
Move layer

Type of beam

beams and ribs W

Stirrups
Edit stirrups
Edit cover

Save to template

Filter All W
L1-51E4
12-51E2

Delete Delete all

Position num...
Material
Diameter [mm]
MNumber of b...
Area [mm*2]
Layer type
Cover type
Cover [mm]
Left bar

Right bar

Stirrup name

MName L2-51E2 -

El

B500A -~ ..
20,0

2

628

Uniform =
Surfaceto -
0,0

Beforethe -
Beforethe -

51 T v

Analysis model

Automatic design

Reinforcement layers area

Selected layers
All layers

628 mm# 2

1257 mm# 2

Picture properties
DDraw dimensions

Member S1, Zone from 0,500 m to 4,000 m(0.050 - 0.400)

o

KO 6 6 & O

i §

Longitunidal reinforcement

Bars positions

Collision of bars

Collision

Mew reinforcement parameters

Mumber of bars 3 W
Diameter [mm] 20,0 W
Stirrup name 51 w
Edge index 4 w

Between existing bars
& Move layer

Type of beam

beams and ribs W

Stirrups
Edit stirrups
Edit cover

Save to template
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Texts scale 0.5 =
Redraw
OK Cancel
Filter All W
L1-51E4
L2-51E2
L3-51E4
Delete Delete all

Position num...
Material
Diameter [mm]
MNumber of b...
Area [mm*2]
Layer type
Cover type
Cover [mm]
Stirrup name

Edge index

Detailing

MName L3-51E4 -

B500A -~ ..
20,0

3

942

Mo corner =

Surfaceto -

0,0

51 )

4 -
no v

Analysis model

Automatic design

Reinforcement layers area

Selected layers 942 mm* 2
All layers 2199 mm* 2
Picture properties
DDraw dimensions
Texts scale 0.5 :
Redraw
OK Cancel



For reasons of simplicity we will add 3 bars of 20mm that are still needed over the whole area where

extra reinforcement is required. This can of course be done more detailed.

The same procedure will be repeated for the upper reinforcement over the support.

Also the shear reinforcement needs to be increased in the zones over the support. This can be done by

increasing the diameter of the stirrups or by decreasing the distance between the stirrups.
Different stirrup zones can be created:

Stirrups zones

2x]10d8,0-0, 2x9d8,0-0,300 I 2x31d10,0-0,100 |, 2x10d8,0-0,277 2x[1d8.0-0,099

i 7 7 7
l/o,esv%) | 0,050, 5 0050 j 0,005 359 0-005 j 0005 5 0-005 |/0?3836 i
A 7 7 7 71 7

Zone1 Minimum stirr [ t Text scale 1
Zone J Length [m] ‘ Diameter [mm] | Distance [m] § Real distance [m] Type ‘ By user |Distanceto begin [m]‘ By user | Distance to end [m] |A

Zone 4 1 |3 3,000 10,000 0,100 0,100 single < yes @~ 0,003 yes 0,000
Zones <

Additional stirrup reinforcement
Symmetrical
Parts from both points

W

Input type Mumbers Diameter [mm] Distance [m] Total distance [m] Type

Mew zone Delete zone Mew part Delete part

oK Cancel

To check if there is enough shear reinforcement, a capacity check needs to be performed. This will be

explained in the next chapter.

By selecting the reinforcement it is always possible to change the parameters afterwards through the

property window.

Through view parameter settings a 3D representation of the reinforcement can be obtained:

View parameters setting

Check / Uncheck group Lock position

4 Z & & b

[=] Check / Uncheck all

B Service
Display on opening the service [v

[ Concrete + reinforcement
Display [+
Member data [+
saT detail data [+
Drawing directions for design [~
Main reinforcement [+
Style of main reinforcement all j
Stirrups [v
Style of stirrups all j

- a =
Color of reinforcement colour by diameters j
Scheme of reinforcement [~
Reinforcement drawing type 3D j
Rounded bends [v
oncrete [a

Display label [¥
Name [+
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Reinforced concrete (EN 1992) — 1D members

The total practical reinforcement of the beam is shown below:

A zoomed view shows the 3D representation:

52



Checks

In SCIA Engineer, checks can be performed in three different ways:

1. With practical reinforcement inputted on the member, checks can be done one by one for all
sections of the member

2. With practical reinforcement inputted on the member, overall ULS or SLS checks can be done
for a specific section of the member with the tool “Section check”

3. Without practical reinforcement, overall ULS or SLS checks can be done for a specific section
of the member with the tool “Section Check”. Reinforcement will then be added locally in the
Section check tool to be able to perform the various available checks.

First you get an overview of the input data for the checks:
- Internal forces: displaying the characteristic and design values
- Slenderness: determining if 2nd order effects need be considered (for member type 'column’)

- Stiffnesses: displaying the values EA, Ely and El;

Available checks at the Ultimate Limit State are:

- Capacity check: for N-My-Mz interaction - based on resistance calculated from interaction
diagram

- Response check: based on check of ultimate stresses and strains for N-My-Mz interaction
- Check of shear and torsion

- Check of interaction of shear, torsion, bending and normal force

Available checks at the Serviceability Limit State are:
- Stress limitation (for concrete as well as reinforcing steel)
- Crack width limitation

- Simple check for deflection: based on calculation of stiffness ratio, without necessity to
calculate Code Dependent Deflection (CDD)

The capacity, response and shear + torsion check should be okay if no additional reinforcement is
required.

However, these checks give interesting information on the efficiency of reinforcement. For instance, if
in a section only 50% of reinforcement is used, then we can conclude that here less reinforcement
would have been sufficient.

The detailing provisions and the crack limitation are extra checks that are not accounted in the

reinforcement design. If these checks are not okay, then the practical reinforcement needs to be
changed.

In the following chapters, we will explain the checks one by one when practical reinforcement is
inputted. It corresponds to the 15t method to perform a check (see above).
Example 1: ‘beam_practical reinforcement.esa’

The last chapter will be focused on the Section check tool, corresponding to 2™ and 3 methods to
perform a check (see above).

Example 2: ‘beam_without practical reinforcement.esa’
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Reinforced concrete (EN 1992) — 1D members

Capacity response

The Capacity - response is based on the calculation of strain and stress in a particular component
(concrete fibre or reinforcement bar).

The check consists of the comparison of those strains and stresses with the limited values according to
EN 1992-1-1 requirements.

However, this method does not calculate extremes (capacities of the cross-section) like the interaction
diagram, but calculates the state of equilibrium for that section (response).
For capacities of the member, please refer to the “Capacity — diagram” check.

The following checks are performed:
e Check of compressive concrete (cc)
e Check of compressive reinforcement (sc)
e Check of tensile reinforcement (st)

The Unity Check, UC, displayed on the screen will be the maximum value of those 3 checks.
Example: ‘beam_practical reinforcement.esa’
Run the Capacity — Response check in Concrete menu > Reinforcement check (ULS+SLS) > Capacity

— Response (ULS)

The maximum value of the check is given on the middle support. The Standard output gives:

Beam 51 RECT (500; 300)
ECEM 1992-1-1:2004/AC:2008 Section 19 [dx = 5 m]
Member length L=10m Concrete: C30/37
Buckling y-y Ly = 10 m (sway) Bi-linear stress-strain diagram
Buckling z-z Lz = 10 m (sway) Exposure class: XC3
Longitudinal reinforcement B 500A
Bi-linear with an inclined top branch
2 8 & 88 520 (1571 mm2) Tp20 mm (A: = 27199 mmljl
m = 1.466 % (17.3 kg/m)
Shear reinforcement B 500A
z Bi-linear with an inclined top branch
o $10/99.7 mm [n: = 2) (Aew = 157 mmJj
=
- y pw = 1.051 % (12.4 kg/m) Aoum = 1576 mmzjmJ
Cover (stirrup)
Top: 36 mm
Bottom: 36 mm
Left: 36 mm
b * 2420 (628 mm2) Right: 36 mm
300 $10/100 mm, ns=2
Summary of check
Type of Fibre / Eovrr O Check Check uc L Limit Status
component Bar [%¢] [MPa] strain [-] stress [-] [-]
Concrete 1-1.63 -18.7 0.47 0.93 0.95 1 DK
Reinf. 1| 217 434 010 0.95

In the Standard output you can read the UC, and the extreme strain and stress in the studied section.

In the Detailed output you will get all the strains and stresses and the limit strains and stresses:
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Extreme values of stress/strain in component

Type of component Fibre/ = Eim O [ UC[-] Status
Bar [%8.] [%e] [MPa] [MPa]

-163  -35 -187 -20 093 OK

2.64 0 0 0 000 0K

-1.16  -22.5 -233 -454  0.51 OK

217 225 434 454  0.95 0K

Concrete - compression
Concrete - tension
Reinforcement - compression

[ TR R TS ey

Reinforcement - tension

Note that the tensile stress in concrete is not considered, therefore the corresponding UC is 0.

Stress and strain diagrams are also available in the Detailed output:

Stress and strain distribution

2.64
52.17 433.89 LB N BN B

191

-1.16, -232.72 ] ]

-1.63 -18.67

Settings that might influence the check:

o Effective depth of cross-section - d

It is usually defined as distance of the most compressive fibre of concrete to centre of gravity of tensile
reinforcement. In SCIA Engineer, the effective depth of cross-section is defined as distance of the most
compressive fibre of concrete to position resultant of forces in tensile reinforcement.

oo d'o e

Y4

445
=383
N
<

The effective depth d cannot be calculated in the following cases:
- The most compressive fibre cannot be determined (the whole cross-section is in tension)

- Resultant of forces in tensile reinforcement cannot be determined (whole section is in
compression)

- Equilibrium is not found

- Distance of the most compressive fibre and Resultant of forces in tensile reinforcement is less
than 0,5-h
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Reinforced concrete (EN 1992) — 1D members

In those cases, the effective depth is calculated according to formula: d = Coeffq * hy
Coeffq by default 0.9 in Concrete settings > Solver settings > General
] height of cross-section perpendicular to neutral axis

National annex:- | Find | |View vl [Advancedl { Default |
Description Symbol Value Default Unit  Chapter Code Structure  CheckTy. .
<all> D <all> D <all> D <all> D <all> D <all> D <all> D <all> D
[~ Solver setting
= General
Limit value of unity check Limcheck 1.0 1.0 Independent All (Bea.. Solverse..
ﬁ ﬁﬁ m“ﬁhﬁhﬁi Hﬂﬁiﬁ" ﬂﬁ m“ﬁnﬁh Nﬁi ﬁnﬁh I} “ 3.0 Independent All (Bez = Solverse
The coefficient for calculation effective depth of cross-s... Coeff, 0.9 0.9 Independent All (Bea.. Solverse..
The coefficient for calculation inner lever arm Coeff, 09 09 Independent All (Bea = Solverse .
The coefficient for calculation force, where member as ... Coeff,, ., 0.1 0.1 Independent All (Bea... Solverse..
[T Mronn

e Inner lever arm

z is defined in EN 1992-1-1, clause 6.2.3 (3) as the distance between position resultant of tensile force
(tensile reinforcement) and position of resultant of compressive force (compressive reinforcement and
compressive concrete).

The inner lever arm cannot be calculated in the following cases:

- The most compressive fibre cannot be determined (the whole cross-section is in tension)

- Resultant of forces in tensile reinforcement cannot be determined (whole section is in
compression)

- Equilibrium is not found

In those cases, it is calculated according to formula: z = Coeff; * d
Coeff, by default 0.9 in Concrete settings > Solver settings > General

Nationalannex:- l Find ] IView vl [Advanced] l Default ]

Description Symbol Value Default Unit  Chapter Code Structure  CheckTy...

<all> D <all> D <all> ,O <all> D <all> ,O <all> D <all> D <all> D
= Solver setting

= General

Limit value of unity check Limcheck 10 10 Independent All (Bea . Solverse. .

Value of unity check for not calculated unity check Ncal.check 3.0 30 Independent All (Bea . Solverse

0.9 Independent All (Bea . Solverse

The coefficient for calculation inner lever arm Coeff. 0.9 0.9 Independent All (Bea.. Solverse..

The coefficient for calculation force, where member as ... Coeff 0.1 0.1 Independent All (Bea... Solver se...

For additional information about this check and the theoretical background, please refer to our web
help.
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Capacity diagram

Capacity - diagram services uses the creation of interaction diagram (graph presenting the capacity of
a concrete member to resist a set of N+My+Mz).

This check calculates the extreme allowable interaction between the normal force N and bending
moments My and Mz.

Example: ‘beam_practical reinforcement.esa’

Run the Capacity — Diagram check in Concrete menu > Reinforcement check (ULS+SLS) > Capacity —
diagrapm (ULS)

The standard output gives the summary result of the check:

Summary of check

N N N M, My,  Magy. Mag, UC  Status
Nea M. Meo:  Megz: Mg
[kN] [kN] [kN] [kNm] [kNm] [kNm] [kNm] [-1
0 0 0 -261 -261 119 -278 0939 OK
1] 1] 1] 0 0 Meaz/Mra:

The Detailed output gives additional info about how the check is performed:

Summary of check
Forces: MNeg=0kN Mg, = -261 kNm  Mgg: = OkNm
Resistance: MNpg = OkN  Mgg, = -278 KNm  Mgg; = 0 kNm

Calculation of unity check

|
2 z 2 2 z 2
\/N Mesy” + Meg: -
g+ Megy + Meg: _\IU +-261+0 20939 <=1 OK

uc= =
'\/ NR::IZ + MRd}'z + MRa;Z '\j 0°+-278 +0°

Interaction diagrams are also drawn in the Detailed output:

3D interaction diagram - Vertical section N-M,

Ny [kNm]
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Reinforced concrete (EN 1992) — 1D members

3D interaction diagram - Vertical section N-M,,

Mres [kNm]

1000

Settings that might influence the check:
e Interaction diagram method
e Division of strain

e Number of points in vertical cuts

For additional information about this check and the theoretical background, please refer to our web
help.
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Shear + Torsion

Check of Interaction shear and torsion consists of three checks according to clause 6.1 - 6.3 in EN
1992-1-1:

e check of shear
e check of torsion

e check of interaction of shear and torsion

This check can be performed if the following conditions are met:
e The material of all reinforcement bars and stirrups are the same

e The angle between gradient of the strain plane and the resultant of shear forces is not greater
than 15°

e Cross-section with one polygon and one material
Example: ‘beam_practical reinforcement.esa’
Run the Shear + Torsion check in Concrete menu > Reinforcement check (ULS+SLS) > Shear +
Torsion (ULS)

Some parts of the beam do not satisfy:

* Check shear-+torsion (ULSs)
Values: UC
Linear calculation
Combination: ULS
Coordinate system: Principal
Extreme 1D: Global
Selection: All

>
(=

The Standard output allows us to identify which specific check is not satisfied:

Forces

Content of combination: 1.35%LC1+1.35*LC2+1.50%LC3

Neg = 0 kN Mggy = 203 KNmM Mgz = 0 KNM Vegy = 0 kN Veg = =152 kN Tzg = 0 kNm

Resultant of shear force Difference between angles o and ay
Chygy = abs(am_e - fx-.,-] = abs(QD - QD:}: a°

2 2! 2 a2
Veg == Veay + Ve =+ 0 +-152 =152 kN

Summary of check
d=445mm z=383mm b, =300mm b, =300mm Vg =87.8KN Ve = 66.5 kN Vegma = 705 kN Vagns, = 598 kN
Type of check Forces Resistances UC[-] Status
Check shear Vy+Vz 1517 kW BES kN 2.28 MNotOK
Check torsion 0.0 kNm 0.0 kNm 0.00 oK
Interaction check Vy +Vz+T (concrete) 0.00 oK
Interaction check Vy +Vz+T (shear) 0.0 kiN 0.0 kN 0.00 oK
Interaction check Vy +Vz+T (long. reinf) 0.0 kM 0.0 kN 0.00 oK
Summary of check 2.28 NotOK
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Reinforced concrete (EN 1992) — 1D members

Here the shear forces cause a unity check >1.

In the Detailed output we can read notes, warning and errors about the design. For example, for the
shear forces check not satisfied, the report clearly explains that the shear reinforcement is not sufficient

and that we have to increase it.
Shear check

Check VRdmax
Veg = 152 kN £ Vhgmay + Vg + Vi = 398 kN

‘ Mote: The check satisfies for crushing of the compression strut (Vg £ Vagmax + Vg + Veea). ‘

Check Vedmax
Veg = 152 kN £ Vedmay * Vieed + Wig = 705 kN

‘che-: The check satisfies for shear force near the support (Ved £ Vedmas + Vid + Vo). ‘

Check Vgge and Vgy:

Vog= 152 kN > Vey, = 87.8kN and Viy= 152 kN > Vag, + Vg + Vg = 66.5 kN

Error: The check does not satisfy, because of shear reinforcement (Veg > Vag: + Weg + Vi) It is necessary to increase

area of shear reinforcement or to increase dimensions of the cross-section or quality of shear reinforcement.

Unity check

_abs(Veg)  abs(152 kn)
ve= Vay 665 kN =228

Various actions can be done to fix this issue. In this example, we choose to decrease the spacing of
the stirrups in the section where there is an issue.

Select stirrups and click on “Edit stirrups distances” at the bottom of the Properties of the stirrup layers:

Properties 3 x
Stirrups layer (1) ’._',| Al Y
& &

Name RL ~

Type of zone stirrups

Detailing no

Material B 500A -
Calculation of cuts n..  User ™
Number of cuts 2

Diameter of mandrel... 4

= Anchorage

Type A -
Torsion type D -
Anchorage L [mm] 0

Keep formwork ¥ yes

= Geometry

Test of overlapping ... " no

Whole length beam... ¥ yes

Member 51

Position x1 0.000

Position x2 1.000

Actions

Edit stirrup shape >>>

Edit covers >>>

Edit stirrups distances >>
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Column design

Select “Zone 2” and change the distance between stirrups from 0.3m to 0.1m:

2xJ0d8.0-0.00 2x25410.0-0.100 2x31d10.0-0.100 2x10d8.0-0.277 2xL1d8.0-0.099
A
|/0 ) L 0.050 2.500 0.050 0.005 3.000 0.005 0.004 2500 0.004 I/O{I?s&&
A gl A
Minimunn stirrup reinforcement Text scale 1 =
| Zone [ Length [m] | Diameter [mmf] Distance fm) [Real distance ml| Type | Byuser |istance to begin [| Byuser | Distance toend [m] |
zoned ’ﬂz 2500 10.000 01 0100 single - yes - 0050 yes 0050

We could also have added more stirrups like below:

51
| e || Deletear |
Name 52
Color |
Number of vert.. 4
Closed L
Detailing "o
Torsion “no
Shear in joint “no
Analysis model
Shear calculation
Stirrup User defined points A .
New stirrup. m-edge im|'y'pe‘ Rela Abso [mm] From | e [ |d“
Automatic 1|2Edge  [R> 0300 Begin  * Picture propert
2 |2Edge R 0300 End - [+ Draw intersection paints
Di =1 )
g"nm' 3 |4Edge R 0300 Begin [¥] Draw comners points
1 ~ mm 1 . -
4 |4Edge R - 0.300 End - Texts & Pointsscale 05 E|
Add | Dok Deleteall Redraw
o ][ o

Changing the stirrup shape allows us to keep a bigger distance of 0.2m between stirrups in “Zone 2.

After modification, the shear + torsion check is satisfied:

37

s

i
y
\
\
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Reinforced concrete (EN 1992) — 1D members

Settings that might influence the check:

e Coefficient for calculation of effective depth of cross-section

Default value 0.9 in Concrete settings > Solver settings > General

e Coefficient for calculation of inner lever arm

Default value 0.9 in Concrete settings > Solver settings > General

e Angle of concrete compression strut

3 types of input in Concrete settings > Solver settings > Shear:

- User (angle)

user input of the angle — by default

- User (cotangent) user input of the cotangent

- Auto

National annex:-

automatic calculation of the angle fulfilling equation 6.29

| Find ‘ ‘View v| ‘Advanced‘ ‘ Default |

Torsion

The angle should be between Bmin and Bmax defined in the NA for EN1992-1-1.

(=) Standard EN
=) Concrete
= General
Concrete
Non-prestressed reinforcement
Prestressed reinforcement

Durability and concrete cover
=
General
=

General
Prestressing

[ Allowable stress
Stress limitation during tensioning
SLS stress limitation

[ Detailing provisions
Common detailing provisions
Columns
Beams

& General

5 6,=1/x - basic value of inclination 5.2(5)

Value [-] 200,00
& i 5-8.3.1(1)
Formula Formula

E Type of simplified method for analysis ...

Formula Method based on nominal curvature (5.8.8)
" Crage

Value [] 0.18
8 k. - coeff. for calculation Vrd,c 6.2.2

1,shear
Value [-] 0.15

& Vin ~ coeff. for calculation Vrd,c for shear

Formula Formula
E v - strength reduction factor for concret...

Formula Formula
& k - Coefficient for calculation of longitu...

Value [-] 0.40

6, in -~ Min. angle between the concrete cot
Value [deg] 21.80

= —
Bminlpmshessed min. angle between the cc

Value [deg] 21.80
—

©nay - Max. angle between the concrete co

Value [deg] 45.00

E 6 Minimal angle between the concrel

minc "~

Value [deg] 0.00
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Description Symbol Value Default Unit  Chapter Code Structure CheckTy..
<all> D <all> D <all> D <all> D <all> D <all> D <all> D <all> D
[~ Solver setting

General

Internal forces

Design As

Interaction diagram

= Shear

» Type calculation/input of angle of compression strut Type 8 r(angl 623 EN 1992-1-1 All (Bea... Solver se...
Angle of compression strut ] 0 deg 623 EN 1992-1-1 All (Bea... Solverse..
Cotangent angle of compression strut cot(®) gi:(:g?;ﬁ) ent 623 EN 1992-1-1 All (Bea... Solver se...

Type input of angle of compression strut Type 6; User(angle) User(angl... 6.2.4(4) EN 1992-1-1 Beam,B... Solver se...
Angle of compression strut 6, 40.00 40.00 deg  6.2.4(4) EN 1992-1-1 Beam,B... Solverse. .
Cotangent of angle of compression strut cot(8y) 1.2 12 6.2.4(4) EN 1992-1-1 Beam,B... Solver se...




e Angle of shear reinforcement

Practical reinforcement can only be introduced at 90°.

e Type for determination equivalent thin-walled cross-section

For additional information about this check and the theoretical background, please refer to our web
help.

Stress limitation
Stress limitation is based on the verification of:

e compressive stress in concrete - the high value of compressive stress in concrete could lead
to appearance of longitudinal cracks, spreading of micro-cracks in concrete and higher values of
creep (mainly nonlinear). This effect can lead to a state where the structure is unusable.

e tensile stress in reinforcement - stress in reinforcement is verified due to limitation of
unacceptable strain existence and thus appearance of cracks in concrete.

Example: ‘beam_practical reinforcement.esa’

The stress limitation check is done according to the following steps:
1. Verification of crack appearance

2. Verification of the stresses

The Standard output shows those 2 steps:

Verification of cracks in cross-section

Load Type of E. Combi. MNgg Mgy Mea: - h forer Cracks
module [MPa] [kN] [kNm] [kNm] [MPa] [mm] [MPa] appear
Short | E; 0 Char. 0 -188 0 126 500 2.9 YES

Stress limitation in concrete

Check type Load Ng; Mgy, Mg Yi = o, O fim o./C.im Status
[kN] [kNm] [kNm] [mm] [mm] [MPa]l [MPa] [-]

§7.2(2) Char. Short 0 -188 0 OFF

§7.2(3) Q.-P. Short 0 -188 0 0415 -025 -212 -135 1.57 Not OK

Stress limitation in non-prestressed reinforcement

Check type Load Nz Mg, My, 2 z o. O iim o./o.;, Status
[kN] [kNm] [kNm] [mm] [mm] [MPa]l [MPa] [-]
§7.2(5) Char. Short 0 -188 0 0.09 0.2 300 400 075 OK

Verification of crack appearance

Crack appearance is verified for characteristic load combination in accordance to chapter 7.1(2) in
EN1992-1-1:

e o Sfaer nocrack appears

o Oq>foaet crack appears

Ot maximal tensile stress in concrete fibre
feteft effective concrete tensile strength
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Verification of stresses

There are 3 stress limitations checked:
e Occhariim S ki Xfek  concrete stress under Char. load — 7.2(2) - exposure classes XD, XF, XS
®  Ocgplim < Ka % fex concrete stress under Quasi Perm. load — chapter 7.2(3)
®  Oscharim < Kz X fyk reinforcement stress under Char. Load — chapter 7.2(5)
Values of ki, kz, ks, are defined in the NA, standard values are respectively 0.6, 0.45, 0.8
Additionally, when the stress in the reinforcement is caused by an imposed deformation, then the

maximal strength is increased to ka x fyk, where ks is NA parameter with standard value ks = 1,0.
This option can be activated in Concrete settings > Stress limitations:

Concrete settings = =
National annex: - ‘ Find | |V\ew v‘ ‘Advanced‘ ‘ Default ‘ Remark ~
Description Symbol Value Default  Unit  Chapter Code Structu... CheckT.
<all> D <ar O <ar O <a- O <l 0O <al> 0O <al- O <al- O
[=I Solver setting
General
Internal forces
Design As D
Interaction diagram
Shear k3 x fyk
Torsion
© e b
Indirect load (imposed deformation) I 7.2(5) EN 1992-1-1 All (Bea . Solver s
racking forces Ee kdx fyk
Deflections
Detailing provisions "]
When the stress in reinforcement is
caused by the indirect load (imposed
deformation) then the stress should not
exceed different maximal value
v
OK | | Cancel

By default, stress limitation check is done for short-term state.
It is possible to perform a long-term state. Effective E modulus of elasticity is calculated as follows,
using the creep coefficient:

Eceff = Ecm / (1+ @)
Long-term behaviour can be activated in Concrete Setting > Solver settings > General > SLS > Use
effective modulus of elasticity.

The creep coefficient can whether be calculated by the software or inputted manually in the Concrete
settings.
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Concrete settings

National annex: -

‘ Find ‘ ‘ View v‘ ‘Advam}ed‘ ‘ Default |

Use effective modulus of conerete
Defaull sway type

Minimal concrete cover
Intemal forces
Design As
Interaction diagram
Shear
Torsion

Description Symbol Value Default  Unit Chapter Code Struct.. CheckT...
<all> 0 <l O <a O <al O <al> 0 <al> 0O <al O <al- O
[=] Solver setting

[~ General

Limit value of unity check Lim.check 10 1.0 Independe. . All (Bea . Solver s
Value of unity check for not calculated unity check ~ Ncal.check 3.0 3.0 Independe... All (Bea_. Solver s
The coefficient for calculation effective depth of cr... Coeffy 08 09 Independe... All (Bea_. Solver s
The coefficient for calculation inner lever arm Coeff, 09 09 Independe. . All (Bea . Solver s
The coefficient for calculation force, where membe.. Coeff |~ 0.1 0.1 Independe... All (Bea_. Solver s

= Creep
Type input of creep coefficient Type ¢ Auto Auto AnnexB.1 EN 1992-1-1 All (Bea... Solver s
Relative humidity RH 50 50 % AnnexB.1 EN 1992-1-1 All (Bea . Solver s
Age of concrete at loading 1, 2800 28.00 day AnnexB.1 EN 1992-1-1All (Bea_. Solvers
Age of concrete at the moment considered 1825.00 1825.00 day AnnexB.1 EN 1992-1-1 All (Bea... Solvers.

= sLs

v I 7.1(2) EN 1992-1-1 All (Bea... Solver s

A

Remark Q)

<<

Possibility to use effective E modulus of
concrete. It means the longterm
behaviour of concrete is covered in the
analysis of the crack width and stiffness
calculation

OK ‘ ‘ Gancel

Note: Scia Engineer is not able to use characteristic or quasi-permanent combinations together in one
step. Therefore, the same forces (load combination) are used for crack appearance and final stress

values.

Crack width

The crack width is calculated according to clause 7.3.4 in EN 1992-1-1.

The following preconditions are used for calculation:

e The crack width is calculated for beams and columns and for general loads (N+My+Mz)

e Cross-section with one polygon and one material is considered in version SEN 17

e The material of all reinforcement bars must be the same in SEN 17

e Appearance of cracks should be calculated for a characteristic combination according to EN
1992-1-1, clause 7.2(2). A simplification is made in SEN 17 that the normal stress is
calculated for the same type of combination as used for the calculation of crack width, inputted
in service Crack control.

Example: ‘beam_practical reinforcement.esa’

First a determination whether the section is cracked or un-cracked is performed by comparing:

e Oc<0«s Uncracked

e 0Ou>0c Cracked

Value for acr can be set in the Concrete settings > Cracking forces. Two options can influence this

value:
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National annex: - [ Find l [ View v ] IAd\mncedl I Default I Remark
Value of strength which is used for
Description Symbol Value Default  Unit | Chapter Cade Structu... CheckT... caleulation of first crack. It is possible to
<all> 0 <al 0O <al 0 <al O <al 0 <al- 0O <alk O <al> O select between
. 1) 0 MPa - the first crack appears when
I Solver setling tensile stress occurs in the cross-section
General 2) feteff - the first crack appears when

tensile effective strength of concrete is
Internal forces reached in the cross-section

Design As
Interaction diagram
[ | Shear

Torsion
Stress limitations
[ Cragki
Type of strength for calculation of cracking force fm‘e" T um 7.1(2) EN 1992-1-1 All (Bea.. Solvers__ | | <<
Value of strength for calculation cracking force foem M 7.1(2) EN 1992-1-1 All (Bea... Solvers...
D
Detailing provisions
[

Value of strength for calculation of cracking forces:
e 0o =0 Mpa cracks appear when tensile stress occurs in the section

e Ocr = feteft cracks appear when tensile effective strength of concrete is reached in the section

Type of strength for calculation of cracking forces:
If previous option is set on Ocr = feter, Which is the default value then:

o faerr =fum  mean tensile strength of concrete at 28 days set in the material properties.

o fuef =fums mean flexural tensile strength (EN 1992-1-1,clause 3.1.8(1)). This value should be
used if restrained deformations such as shrinkage or temperature movements are
considering for calculation crack width.

Al enBEik| o> & @R

C12/15 Colour ~
C16/20 Specdific heat [J/gK] 6.0000e-01
C20/25
/ Temperature dependency of specific h... None -
C25/30
C30/37 Thermal conductivity [W/mK] 4.5000e+01
C35/45 Temperature dependency of thermal c.. None -
C40/50 Order in code 5
C45/55 & Material behaviour for nonlinear ...
C50/60 .
Material behaviour Elastic b2
C55/67
C60/75 = EN 1992-1-1
C70/85 Characteristic compressive cylinder str... 30.00
(80/95 Calculated depended values
C90/105

Mean compressive strength fcm(28) [... 38.00
3.00

Mean tensile strength fctm(28) [MPa] m
fctk 0,05(28) [MPa] 2.00
fctk 0,95(28) [MPa] 3.80

Note: The value presented in material properties (picture above) is the mean tensile strength at 28
days. If cracking is expected earlier than 28 days, it is necessary to input this value fcm(t) into the
material properties (EN 1992-1-1,clause 3.1.2(9)).
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The check of crack appearance, with values of cracking forces (Ncr, Mcry, Mcrz) can be read in the
Detailed output:

Material characteristics

Effective strength of concrete: Modulus of elasticity of concrete:
foior = Foum = 2.9 MPa E.=E., =33 GPa
Strength in concrete, when crack is appeared:
O = 2.9 MPa
Forces Cross-section characteristics
Content of combination: Type Css-uncracked  Css cracked
LC1+LC2+LC3 tiy [m] 0 0
Characteristic values tiz[m] 6.82:10" -0.117
Nehar = 0 kN Mychar = -188 kNm Mzehar = 0 kNm Aj [mﬁ 0.163 0.0533
Quasi-permanent values liy [md] 3.6310° 1.91.10°
Ngp=0kN Mygp = -188kNm Mg, = 0 kNm liz[m’] 11910 370-10°

Angle of bending moment resultant

ap = -90°

Calculation of cracking forces (uncracked section)
Maximal stress in concrete
gg=12.6 MPa
Cracking forces
r=0kN Mcy=-43.3 kNm Mgz =0kNm
g = 12.6 MPa > o, = 2.9 MPa =»> Cracks appear

Note: The crack is appeared, because maximal tensile stress is greater than cracking strength.

Here, modulus E is taken for short-term state. As mentioned previously, long-term state with an
effective modulus Eer can be chosen in Concrete settings > General > SLS > Use effective modulus E.

In this example, cracks appear.
Crack width is then calculated according to EN 1992-1-1, formula 7.8: W = Srmax * (€sm - €cm)

For further details about the calculation, the Detailed output can be analysed. The following picture
shows only a part of the report:
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Maximum crack spacing

Smax = 45 mm < 5*(c+0.5%5) = 275 mmor pps =0, therefore:

ki ko ka-deq 0.8-0.5-0.425-0.02
Srmax = Kz C + Do =3.4-0.045+ 0.0478 =232 mm (7.11)
Mean strain in the reinforcement
g5 — ki~ ferer -(1 +0g-p ff]
; Ppeft P 060,
Esm_cm = Max ; (7.9)
- E. E;
6 2.9-10°
300-10° - 0.46 - | =————|- ( 1+ 6.06-0.0428) 6
0.0428 0.6-300-10
= max : 3 =1.3 %o
200:10° 20010
Calculated crack width
W = Esm_cm " Semax = 1.3-232=0.303 mm (7.8)
Limit value of crack width
Wmax = 0.4 mm
Unity check
Calculation unity check
Ue = W 0.303 mm - 0.757
Wmax 0.4 mm
Check crack width
w = 0303 mm = < wWp,;, = 04dmm
Mote: Check crack width satisfies, because the crack width is lesser than limit value.
Standard output will give the summary values:
Summary of check
Ner =0kN Mcy =-433 kN Mz =0kN o, =300 MPa Simax =232 MM Emem = 1.3 %0
a, a w W ;,
< < Cracked fim ucC [-] Status
[MPa] [MPa] [mm] [mm]
12.6 2.9 YES 0.303 0.4 0.76 0K
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The limit value of the crack width wmax is by default automatically calculated according to EN 1992-1-1
(Table 7.1N). The allowable crack width can be seen in the NA setup:

ABEemi| vl S SH Al
Standard EN

Austrian ONORM-EN NA

Belgian NBN-EN NA

British BS-EN NA

Cypriot CYS-EN NA

Czech CSN-EN NA

References

= EN 1990: Basis of structural design
EN 1990 (Basis of structural design)

£ EN 1991: Actions of structures

EN 1992: Design of concrete structures

EN 1992-1-1 (General rules and rules for buildings)

EN 1992-1-2 (General rules -Structural fire design)

EN 1992-2 (Concrete bridges - Design and detailing rules)
EN 1168 (Precast concrete products — Hollow core slab)
£ EN 1993: Design of steel structures
= EN 1994: Design of composite steel and concrete structures
EN 1994-1-1 (General rules and rules for buildings)
EN 1994-1-2 (General rules - Structural fire design)
= EN 1995: Design of timber structures

[ New | Insert | Edit | Delete

[= Standard EN Name Standard EN
(=} Concrete

) General = Concrete
Concrete # General
i~ Non-prestressed reinforcement
Prestressed reinforcement s s
E Durability and concrete cover = SLS

= l‘:iLS & General

- SLS & National annex
i~ General - - .
—— 8 ka,crat:k - coefficient for calculation maxima
[=) Allowable stress Value [] 340

i Stress limitation during tensioning 5k, - coefficient for calculation maxima
.crac!

i~ SLS stress limitation

= Detailing provisions Value [-] 043
- Common detailing provisions = W - for non-prestressed structure 7.3.1(!
i Columns
i~ Beams 03/04/04

% Prestressing

# Allowable stress

# Detailing provisions

N

Reference: EN 1992-1-1, Clause 7.3.1(5)
Description: Maximum calculated crack width for reinforced members and prestressed members with
unbonded tendons and for :
A) exposure classes X0 and XC1
B) exposure classes XC2,XC3 and XC4
C) for other exposure classes
Application: For 1D members: Check cracks
For 2D members: Design reinforcement for ULS and SLS
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The user can manually input the limiting crack width in Settings per member > 1D member data:

Concrete 3

Concrete settings (structure)

Name CMD1 A
Reinforcement drawing setting

Member S1

Member type. Beam -

I;dvanced mode o I

= Solver setting

Reinforcement design
Reinforcement input+edit
Reinforcement check (ULS+SLS) - 1D memby # General
Section Check - results & Internal forces

% Design As

# Interaction diagram
# Shear

% Torsion

Gl Cracking fe s

° Crack width

Type of maximal crack width User -
User defined crack width [mm] 0.300
= Deflections v
Actions
Update support width >>>
Load default values >>>

-

OK

4] P I
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Deflection

The calculation of deflection is done according to chapter 7.4.3 from EN 1992-1-1.
Two kinds of deflection calculations are possible in the software:

¢ Simplified method where the calculation is done twice, assuming the whole member to be
uncracked and fully cracked, and then interpolating formula 7.18 according to clause 7.4.3(7).
This is the default used method.

e Code dependent deflection. This is the most rigorous method to calculate deflection by
computing the calculation of curvatures at frequent sections along the member and then
calculate the deflection by numerical integration. This method is available if additional
functionalities are activated.

Simplified method

The calculation procedure for the simplified method can be described in the following steps:

1. Calculation of short-term stiffness using E modulus at 28 days.

2. Calculation of long-term stiffness using effective E modulus based on creep coefficient.

In the current version of the software, 17.1, it is not possible to distinguish between the short-term and
long-term part of the load in a combination. Therefore, some preconditions have been established for
determination of the long-term part of the load. The long-term part of the load (LongTermPercentage) is
estimated based on the type of combination. There are three main SLS combinations:

SLS characteristics - LongTermPercentage = 70 %
SLS frequent - LongTermPercentage = 85 %
SLS quasi-permanent- LongTermPercentage = 100 %

The creep-factor is calculated by the software depending on the relative humidity, outline of the cross-
section, reinforcement percentage, concrete class, etc. It can also be manually inputted in the Concrete
setup > General > Creep:

Concrete settings
National amwex'- Find View w | Advanced | Default
Description Symbol  Value Default  Unit Chapter Code Struct.. Check.. ~
0 <l O <l O o e 0 <al> 0 <a. O < O
—| Solver selling
— General
Limit value of unity check Lim check 1 Independe.. A
Value of unity check for not calculated unity check  Ncal.check 3.0 Independe... A
The coefficient for calculation effective depth of cr... Cosff, 089 Independe... A
The coefficient for calculation inner lever arm Coeff, 09 Independe.
The coefficient for calculation force, where memb... Coeff. =~ 0.1 Independe.
Cree
Type input of creep coefficient Type o Auto =N Aut AnnexB.1 EN1992-1.. A
Relative humidity RH Auto AnnexB.1 EN1992-1.. A
Age of concrete at loading ty I.I;-:ud- 2 ! AnnexB.1 EN1992-1.. A
Age of concrete at the moment considered  t 1825.00 2 i AnnexB.1 EN1992-1.. A
SLS
Use effective modulus of concrete 71(2) EN 1992-1.. A
+ Default sway type
+ Mimimal concrete cover
 Intemnal forces
+ Design As
+ Interaction diagram
+ Shear
+ Torsion v

3. Calculation of stiffness ratios between each state, short and long term.
It is the ratio of linear stiffness of the concrete component divided by the resultant stiffness
taking cracks into account. The calculation of resultant stiffness is based on clause 7.4.3 (3),
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formula 7.18. For additional information about the resultant stiffness, please refer to our
webhelp or to the Concrete menu > Reinforcement check > Stiffnesses.

ratio = Stiffnessiin / Stiffnessres, for example ratiouz = Elziin/ Elzres

4. Calculation of deflection components

Several components are needed to calculate the total and additional deflection.
In the following part we will note “s” for short term and “I” for long term.

The components are:

Oiin linear (elastic) deflection, diin = Oiin,s + Oiin,I

Oimm immediate deflection, dimm = iin, - ratios

Os short-term deflection, ds = diins - ratios

O1.creep loNg-term deflection + creep, Oicreep = Oiin, - ratio
Ocreep Creep deflection, Screep = Biin, - (ratior - ratios)

O Iong-term deflection, o= 6I,creep - 6creep

Oadd additional deflection, dadd = &s + 6I,creep - Oimm

Otot total deﬂection, Otot = Os + 6I,creep

5. Check of deflections
Two deflections are checked:
Total deflection: The appearance and general utility of the structure could be impaired when the
calculated sag of a beam, slab or cantilever subjected to quasi-permanent loads exceeds span/250.
6tot,lim =L /250
Additional deflection: Deflections that could damage adjacent parts of the structure should be limited.
Oadd,lim= L / 500
L is the buckling length multiplied by a (3 factor of the member in the corresponding direction.

Final unity check is:

otot _ dadd
otot, lim’ Sadd, lim

Unity check = max {

}
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The limits of deflection can be changed in Concrete setup > Deflections:

National annex: -

Description

<al>

Symbol

Value

| Find

Default  Unit Chapter Code

D < O <a-

0 < O

<all>

O <

Struct..  CheckT.

0 <O <a- O

| View = | |advanced| | Default |

— Solver selling

+ General

+ Intemnal forces

] Design As

+ Interaction diagram

+ Shear

-+ Torsion

-+ Stress imitations

+ Cracking forces

~| Deflections
Coefficient for increasing the amount of reinforcem... Coeff,__,
(Maximal total deflection Lix; x =

1.0 10

50.0
00.0
Use Psi2 fa... Use Psi2

Independent All (Bea... Solver s
EN 1992-1-1 1D (Be.. Solvers
EN 1992-1-1 1D (Be... Solvers.
Independent All (Bea

74.1(4)
74.1(5)

[Maximal additional deflection Lix, x =
Type of vanable load coefficient for the automatic g

+ Detailing provisions

Solver s.

Example: ‘beam_practical reinforcement.esa’

Look at deflection check for the “SLS gp” combination.

Various results can be displayed on the screen: UC, total and additional deflection or limits for total and
additional deflection.

Open the Standard output for the UC. At position dx = 2.5m we have the following result:

Basic values of deflections

Type of Ratio Ratio &in 'Eimm Sadd sshort &ong 5Iong+creep 8creep

deflection short[-] long[-] [mm] [mm] [mm] [mm] [mm] [mm] [mm]

Uy 2.88 5.22 0 0 0 0 0 0 0

u; 2.5 338 -3.08 -7.7 -2.69 0 7.7 -104 -2.69
Check of additional and total deflections

Type of L 8206  Oaddim UCiss Otor  Srotim UG ue Limit Status

deflection [m] [mm] [mm] [-] [mm] [mm] [-] [-]

Uy 10 0 0 0 0 0 0 0 1 OK

Uz 10 -2.69 20 013 -104 -401 026 026 1 oK

List of errors/warnings/notes: NO

All ratio of stiffnesses and deflection components are resumed in a table.
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Open the Detailed output, for the same position dx = 2.5m.
All previously mentioned steps for the calculation of the deflections can be found here.

For example for the long-term stiffness, we can obtain the long-term part of the loads and the
calculated creep coefficient:

Long-term stiffnesses and curvatures under total load

Settings
Long-term part of applied load = 100%
Creep coefficient ¢ = 2.21

Uncracked (state 1) and cracked (state Il) cross section properties are also shown in a table:

Cross-section characteristics

Type of t, 5 A I I, x A, A A,

] ) ] i 1 b
component [m] [m] [m [m’] [m [m] [m] [m [m
Linear 0 0 015 313107 113107 025 - - -
Uncracked 0 -0.019 0193 469107 135107 027 157107 e2810° 22107
Cracked 0 0053 0102 289107 667107 0197 157107 62810° 22407

Check of concrete stresses and calculation of cracking forces
Maximal tensile stress in concrete fibre
Oer=7.76 MPa
Cracking status
Ocr > fere = 7.76 MPa > 2.9 MPa  => Cracks appear.
Stress in reinforcement for cracking load
0y =99.3 MPa
Stress in reinforcement for acting load
;= 262 MPa

Distribution coefficient

{= max(ﬂﬂ - B[%]): max(ﬂ:1 -0.5- (%I}: 0.928 7.19)

N, M, M., et forere Cratked section O o B 4 E.
[kN] [kNm] [kNm] [MPa] [MPa] [MPa] [MPa] [-] [-] [GPa]
0 59.6 0 7.76 29 YES 99.3 262 05 0928 33

Which allows to calculate the stiffness’s ratio, for example the bending stiffness’s ratio:

Bending stiffness Ely
Elyjin = Ec-ly = 33-3.13-10° = 103 MNm’
Ely = Ecet-lyi = 10.3-4.69-10° = 48.1 MNm®

Elyi= Ecet-ly = 103-2.89-10° = 20.7 MNm”

1 1 2
El, = = =30.5 MN+m’ (7.18)
YT L 1-T o028 1-0928 m (
Elyn  Ely 29.7 48.1
: El, 305
Iy = ——4—=—=—=0,
RatioEly Bl 103 0.296

Bending stiffness Elz
Elziin = Ec-le = 33+1.13-10° = 37.1 MNm®
Elzi = Ece bt = 10.3-1.35-10° = 13.8 MNm®
Bl = Ecef Iz = 10.3-667-10° = 6,85 MNm”
1 1

2
le= = =7.11 MNsm* (7.18)
b=—7 ,1-C 0928 1-0928 71T MNem (718)
Ely  Elzf 6.85 138
Ratioflz =—2—= 211 _ g 199
O S i 370
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And final the short and long-term ratios:

Short-term ratios Long-term ratios
Bending stiffness Ely Bending stiffness Ely
& 3
i Elys 41210 . ly__ 30510
Ratiolys = —-=——"5—=04 Ratiolyl = —%— = =—=>——=0,296
Y B 103-10° Y B 10390
Bending stiffness Elz Bending stiffness Elz
. Bl 810° . 108
Ratioklzs = —=-= 12210 _ ¢ 347 Ratioflzl = —2- = T110__ g 409
Elzin ~ 37.110 Elzjin  37.1-10
Ratios Ratios
- 1 1 . 1 1
ra%0us = Rtioklzs - 0.347 o0 ratioy = o= oor - 02
. 1 1 _ P 1 I
ralious = patioklys 0.4 a0 = potioklyl - 0.29 0

Then all deflection components are calculated together with the limit deflections:

Deflections

Linear deflection
Sjiny =Uys + Uy =0+0=0mm
Slinz = Uzs + Uz = 0 + -3.08 = -3.08 mm
Immediate deflection
Simmy = Uy ratio,; = 0-2.88=0 mm

Simmz= Uz ratioes = -3.08:2.5=-7.7 mm
Short-term deflection

Ssnorty = Uy - ratioys = 0-2.88= 0 mm

Ssnortz = Uzs - ratiogs = 0-2.5 =0 mm
Long-term + creep deflection

Siongcreepy = Uy * Fatio, =0-5.22=0 mm

6long creepz = Uzl * ratiog = -3.08-3.38 = -10.4 mm

Creep deflection
Screepy = Uy ( ratioy, - ratioys )= 0-(5.22-2.88)=0mm
Breepz = Ui+ ratiow - ratiows )=-3.08 (3.38-25)=-2.69 mm

Long-term deflection
Siongy = Slong creepy— Ocreepy=0-0=0 mm
Slongz = Srongcreepz — Screepz = -104 - -2.69 = -7.7 mm

Additional deflection
6!004‘ e 6shorty + 6lor\g,creep‘,«‘ 6nmm, =0+0-0=0mm

Sadaz= Sshortz + Slong creepz = Simmz =0 +-104 - -7.7 = -2.69 mm

Limit additional deflection

Sadd lim y=0mm

Sldﬂ R o e -20 mm

Total deflection
Srory = Ssnorty + Siong creepy=0+0=0 mm

Stotz = Sshortz + Slong creepz = 0+ -10.4 =-10.4 mm

Limit total deflection
&ol,umy= 0mm

- loz -10
Srotfimz = Limeor =350 -40 mm
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Limitations of the deflection check:
e Deformation caused by shrinkage is not automatically considered.
e Verification based on limiting span / depth ratio according to 7.4.2 is not implemented.

e Calculation of deflection depends on the internal forces used for the reduced stiffness.
Therefore, the check of deflection doesn’t work for cases where the internal forces are equal
to zero but deflections are not zero. Typically, this is the case for a cantilever structure with
free overhang.

Code dependent deflection CDD

The CDD calculation is a more rigorous calculation of the deflection. The calculation procedure is the
same as for the simplified method, but with following differences:
o 3 types of combinations are used to calculate the deflections

e Calculation of stiffness is more precise

To be able to use this method in SCIA Engineer, the following settings should be set beforehand:

1. Use the post processing environment v17 in the Project menu:

Project data
Basic data| Functionality Actions Protection

Data Material

Name: - Concrete
Material C30/37

Part - Reinforcement... B 500A
Steel

—— Description: - Timber
E Masonry
-~

Author - Other
Aluminium

Date: 03.01. 2007

-
Code
Structure: Post processing National Code:
environment
B

¢, | Frame XZ & 7

Model National annex

[ one - - Standard EN

0K | Cancel
2. Activate functionality « Code dependent deflection » :
Project data
Basic dataActions Protection
Dynamics AlIB |Com:rete |
Initial stress Fire resistance
Subsoil Hollow core slab
Nonlinearity Code dependent deflection v
Stability
Climatic loads
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3. Inthe Concrete menu > Reinforcement check, you will then see a new check named Code
dependent deflection:
Concrete

Types of combinations

a

X

I Concrete settings (structure)
IE Reinforcement drawing setting

H & Setting per member

=1iTi 1D members
¥ Internal forces

[t Slenderness
& Stiffnesses
F Capacity-response (ULS)
+ Capacity-diagram (ULS)
mt Shear + Torsion (ULS)
F Stress limitation (SLS)
= Crack width (SLS)

+ ¥ Reinforcement design
+ 0 Reinforcement input+edit
|-/®= Reinforcement check (ULS+5LS)

Three different combinations are automatically created by the software in the background to calculate

the deflection:

1. Combination for calculation of total deflection

Generated directly from the user choice of combination in the CDD check, properties window:

Properties & x
Code dependent deflection (1) - | V8V 7
ST -
Name Code dependentd...
= Selection
Type of selection All
Filter No x

Automatic combinati...

= Result case for d...

Type of load

Combination
Envelope (for 2D dr...
Type of reinforcement
# Extreme 1D
Direction (local)
Values
Qutput

Print combination key

Print explanation of s...

Combinations
SLS

Absolute extreme

User -

z (1D/2D) "
uc -

Brief

)
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Reinforced concrete (EN 1992) — 1D members

2. Combination for calculation of immediate deflection

Uses the generated combination for total deflection and removes variable load cases with
duration type Medium, Short or Instantaneous.
Duration type is defined in the Load cases properties:

A eBhkix o & W Al

LC1 - SW Name LC3
LC2 - per
LC3 - var

Solver index (3)
Description var
Action type Variable
LoadGroup LG2
Load type Static

Specification

Duration Short
Long
Medium
Short

instantaneous

Master load case

3. Combination for calculation of deflection due to creep

Uses the generated combination for total deflection and multiplies variable load cases by a
coefficient defined in Concrete settings > Deflections:

National annex:- I Find | IVIEW vi LAdvanced| | Default ‘

Description Symbol  Value Default  Unit Chapter  Code Structure CheckTy...
<all> D < O <a- 0 <a- O <al O <alb 0O <al O <al- O
—| Solver setting
General
Internal forces
Design As
Interaction diagram
Shear
Torsion

Stress limitations

Cracking forces

Deflections
Coefficient for increasing the amount of reinforcement ~ Coeff,,,, 1.0 10 Independent All (Bea = Solver se.
Maximal total deflection Lix; x = Xt

ODEHEEHEEEBEHBEEHE

741(4) EN 1992-1-1 1D (Bea... Solver se.
741(5) EN 1992-1-1 1D (Bea... Solver se.
Independent All (Bea.. Solver se

Use Psi2 factor

User input

Additional characteristic combinations are generated for each previously mentioned combination to
determine if the section is cracked or uncracked.
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Types of reinforcement

For the CDD method, it is possible to calculate the deflection with required, provided or user inputted
reinforcement. This choice is done in the Properties window of the CDD check:

Properties a
Code dependent deflection (1) - MY
@" x
_Name -Code dependent d... Al
= Selection
Type of selection All -
Filter No >

Automatic combinati...

= Result case for d...
Type of load Combinations =
Combination SLS =

Envelope (for 2D dr... Absolute extreme =

Type of reinforcement

* Extreme 1D
Direction (local)
Values
Qutput Brief
Print combination key ¥

Print explanation of s...

Calculation of deflection

The following deflections are calculated in the CDD check:
din linear (elastic) deflection, calculated for the total combination and for linear stiffness.

dimm immediate deflection, the deflection after applying permanent and long-term variable loads which
means calculated for short-term stiffness and immediate combination

Oshort Short-term deflection, the deflection which considers cracking of cross-section calculated for short-
term stiffness and total combination

Ocreep Creep deflection, calculated as the difference between deflection calculated for long-term and
short-term stiffness for the creep combination. Screep = Ocreep, long - Ocreep, short

Oadd additional deflection, the deflection after applying a variable load and considering creep calculated
as the difference between total and immediate deflection. dadd = Otot - imm

Ot total deflection, the deflection which considers creep and cracking calculated as the sum of short-
term deflection and deflection caused by creep. Otot = Oshort + Ocreep
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Reinforced concrete (EN 1992) — 1D members

All those values can be displayed on the screen:

Properties ax
Code dependent deflection (1) A
S
Name Code dependentd.. *
= Selection

Type of selection All
Filter No
Automatic combinati...

= Result case for d...

.6 mim

Results in sections All

Direction (local)

Output
Print combination key|
Print explanation of s.
=~ Errors, warnings ...

Show Information a.. @5

Show errors

-11.0mm

Type of load Combinations = N
Combination SLS
Envelope (for 2D dr.. Absolute extreme ~ P EEESEN 7N . I
) P TTT I T 1 TTT 7T
Type of reinforcement  User -
= Extreme 1D
Extreme 1D Global z \\ //

For the CDD check, only a brief output is available in 17.1:

For 1D member

Name dx Case ah,-,r ﬁcreep,yr aadd,v aadd,lu,v a‘tal.,y btot,l'n,yr uc
[m] Typeof [mm] [mm] [mm] [mm] [mm] [mm] [-]
reinf. (4] lin,z ﬁcreep, z aadd,z (4] add, lim,z atot,z (1] tot, fim,z Check
[mm] [mm] [mm] [mm] [mm] [mm]

51 2.500- |SLS/1 0.0 0.0 0.0 0.0 0.0 20.0 0.0 40.0 |0.55
User -3.4 -6.8 -8.0 -3.0 -4.2 10.0] -11.0 20.0 |OK

51 5.500- |5LS/2 0.0 0.0 0.0 0.0 0.0 20.0 0.0 40.0 (0.03
User 0.2 0.5 0.5 0.1 0.1 10.0 0.6 20.0 |OK
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Detailing provisions

Scia Engineer distinguishes three types of member with their detailing provisions:

e Beam - verification of longitudinal and shear reinforcement

e Column - verification of main and transverse reinforcement

e Beam slab - verification of longitudinal reinforcement only

All detailing provisions are taken into account automatically in Concrete settings > Detailing provisions:

Concrete settings - O
National annex:- ‘ Find ‘ ‘ View v| ‘Advanced| ‘ Default |
Description Symbol Value Default  Unit Chapter  Code Structure CheckT...
<all> D <all> D <all> D <all> O <all> D <all> D <all> O <all> D
= Interaction diagram
-+ Shear
=+ Torsion
- Stress limitations
=+ Cracking forces
=+ Deflections
El Detailina Erovisions h
| Beam (Rib) "]
= Longitudinal "]
Check min. bar distance v v 8.2(2) EN 1992-1-1 Beam,Rib Solvers
Minimal bar distance Sio,min 20 20 mm - 8.2(2) EN 1992-1-1 Beam,Rib Solver s
Check max. bar distance Independent Beam Rib Solver s "
Check max_ bar distance (torsion) v v 923(4) EN 1992-1-1 Beam Rib Solver s
Maximal bar distance (torsion) Siot max 350 350 mm  9.2.3(4) EN 1992-1-1 Beam,Rib Solvers.
Check min. reinforcement area v v 9.2.1.1(1) EN1992-1-1 Beam,Rib Solver s
Check min. reinforcement area for secondary ... v v 9.2.1.1(1) EN1992-1-1 Beam,Rib Solver s
Check max reinforcement area v v 921.1(3) [EN1992-1-1 BeamRib Solvers
—| Stirrups ™
Check min_ mandrel diameter 8.3(2) EN 1992-1-1 Beam,Rib Solver s
Check max. longitudinal spacing (shear) v v 9.2.2(8) EN 1992-1-1 Beam,Rib Solvers.
Check max longitudinal spacing (torsion) v v 9.2.3(3) EN 1992-1-1 Beam,Rib Solver s
Check max. transverse spacing v v 9.2.2(8) EN 1992-1-1 Beam,Rib Solvers.
Check min. percentage of stirrups v v 9.2.2(5) EN 1992-1-1 Beam,Rib Solvers.
Check max. percentage of stirrups v v 6.2.3(3) EN 1992-1-1 Beam,Rib Solvers.
-+ Beam slab ]
+ Column "] v
‘ OK | ‘ Cancel

Following table shows which checks of detailing provisions are performed:

i\)/l/s;nber Longitudinal (main) Shear (transverse)
8.2(2) - Minimal clear spacing of bars 6'.2'3(3) - Maximal percentage of shear
L oo reinforcement
9.2.1.1(2) - Minimal area of longitudinal L
; 9.2.2(5) - Minimal percentage of shear
reinforcement :
. T reinforcement
9.2.1.1(3) - Maximal area of longitudinal . N .
; 9.2.2(6) - Maximal longitudinal spacing
Beam reinforcement of stirrups (shear)
9.2.3(4) - Maximal center-to-center bar P ; .
; . 9.2.2(8) - Maximal transverse spacing of
distance based on torsion ;
. stirrups (shear)
Code-Independent - Maximal clear ; N .
. 9.2.3(3) - Maximal longitudinal spacing
spacing ; .
of stirrups (torsion)
8.2(2) - Minimal clear spacing of bars 9.2.3(3) - Maximal longitudinal spacing
9.5.2(1) - Minimal bar diameter of of stirrups (torsion)
Column longitudinal reinforcement 9.5.3(1) - Minimal diameter of transverse
9.5.2(2) - Minimal area of longitudinal reinforcement
reinforcement 9.5.3(3) - Maximal longitudinal spacing
9.5.2(3) - Maximal area of longitudinal of transverse reinforcement
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Reinforced concrete (EN 1992) — 1D members

?;I/sember Longitudinal (main) Shear (transverse)
reinforcement
9.5.2(4) - Minimal number of longitudinal
reinforcement bars

Beam 8.2(2) - Minimal .clear spac_ing of bars

Slab 9.3.1.1(3) - Maximal bar distance of -

longitudinal reinforcement
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Section check

The Section check tools can be used in two different ways: with or without practical reinforcement

inputted beforehand.

Section check can be launched:

In the properties window for an individual check

Concrete 3 X Properties x| Check shear+torsion (ULS) ~
WV .
e ) Check shear+torsion (ULS) (1) m Values: UC )
& & - Linear calculation
Reinforcement drawing setting Combination: ULS
& Setting per member Name Check shear+torsio.. ~ || Coordinate system: Principal
) & Reinforcement design 5 Selection Extreme 1D: Global
& Reinforcement input +edit : Selection: All
117 Reinforcement check (ULS+SLS) - 10 memb||  Type of selection Al
Internal forces Filter No > @
Slendemess Results in sections Al - o
zt\frng:es . = Result case N
apacity-response
Type of load Combinations ! -1 e o A~
Combination uLs & : - e —T— s === -|-|1-HH-H£
= Extreme 1D L\§ = o
Grriln(ER) Extreme 10 Global -
Deflection (SLS)
Detailing provision Values uc :
Section Check - results = QOutput settings
Output Standard - )
% Drawing Setup 1D
& L. i bt
Actions
Refresh 2> | g o [k 1 s O R < > I
New combination from Combinationkey 222l - i line T
- , oecion Check >>> Wb o mE s =) T NG X | A o Bt KRR et a Y s
Table results >>>
Close
Preview >>>

Concrete

Concrete settings (structure)
Reinforcement drawing setting

[F & Setting per member

5 Reinforcement design

I Reinforcement input+edit

=110 Reinforcement check (ULS+5LS) - 1D membx
Internal forces
Slenderness
Stiffnesses.

Capacity-response (ULS)
Capacity-diagram (ULS)
Shear + Torsion (ULS)
Stress limitation (SLS)
Crack width (SLS)
Deflection (SLS)

beled an input for Section Check tool: a section on the member to define a new section >

In the properties window for the Section Check — results service

Properties 3 x
Section Check - results (1) =BV
rEr
Name Section Check - results
= Result case
Type of load Combinations =
Combination uLs 3
= Selection
Type of selection All >
Output Brief -

Print combination key ¥
Print checks per secti... ¥
= Checks
Capacity-response [.. ¥
Capacity-diagram (.. ¥
Shear+Torsion (ULS) ¥

Detailing provision ¥

|8 & & bl %85 s 10

> I N

Command line

n

B 2= B & o | R R RN aY

NwG XA

Actions
55>
Section Check >33
| " | »
Table results >33
New | Close
e rar Preview >>>

[select an input for Section Check tool: a section on the member to define a new section |
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Reinforced concrete (EN 1992) — 1D members

With practical reinforcement

Example 1: ‘beam_practical reinforcement SC.esa’

Section check can be opened from all individual checks.

In this example, select Stress limitation check (SLS) and click on “Section check” in the Properties

window:

Select the beam and then click on the position for which the check should be done. Choose section 19
at the middle of the beam:

Concrete

7 Setting per member
&+ Reinforcement design

Internal forces
Slenderness
Stiffnesses

Deflection (SLS)
Detailing provision
Section Check - results

Concrete settings (structure)
Reinforcement drawing setting

# . Reinforcement input+edit
Reinforcement check (ULS+SLS) - 1D memby

Capadity-response (ULS)
Capacity-diagram (ULS)
+

Properties B ox
Check Stress limitation (1) - |\ V7
& &=
Name Check Stress limitati..
= Selection
Type of selection All =
Filter No N
Results in sections All =

= Result case

Type of load Combinations -3
Combination SLS -
= Extreme 1D
Extreme 1D Global =
Values uc -
= Qutput settings
Output Brief -
Print combination k.. ¥
R L V— Cat an &
Actions
Refresh >>>
New combination from Combination ke >>
Section Check >3
Table results >3
Preview >>>

i

" Check Stress limitation
Values: UC
Linear calculation
Combination: SLS

Coordinate system: Principal
|

Extreme 1D: Globa
Selection: All

[0 92 ka 2|20 55 o) 10 BBIER R ¢

Command line

RLEEEL S NES

EERo4 o

> [T

ax

Rk i e A Rt A ]

elect an input for Section Check taol: a section en the member to define a new section >

Value

1.12

Home
n
— — — - < x - M H
I A i Lo 2 o | = Save  Cancel
=t == At Y - | d &close & close
Longitudinal reinforcement Stirrups Application
Section | Info Report Check
Gridsize:| 100 |mm/| 4 .| Check: Stress limitation (SLS) Check value: = m—
=88 Standard “| pireme: SLS/ [5LS] 1.12
L samEdma g Ea HEEEEE R 7| Internal forces {check)
Section SC1 RECT (500: 300) —
- E EC EN 1992.1.1:2004/AC:2008 Beam 51 [dx = 5 m] gra
Member length: L=1om Concrete: C30/37 . )
B - Buckling y-y L, = 10 m (sway) Bi-linear stress-strain diagram
ingzz 2= 10m (sw E lass:XC3 )
peina prmeen Longttwcint rioforcement B 5904 Crack width (515)
+ T Bi-linear with an inclined top braneh o
420 (1571 mm) 7420 mm (& = 2198 mm’) =|| ¥ Stress limitation (SLS)
T = o= 1,466 % (17.3 kgim) i
reinforcement: B 5004 Deflection (SLS)
. e o EEEREEEE 81 linear with an inclined top branch . >
g $10/99.7 mm [, = 2) (A = 157 mm’) Detailing provisions
Reinforcement (layout) | Reinforcement (free) ¥ B = 1,050 % (124 ky/m) (A = 1575 mm’/m)
; Diameter [ TT ‘:'"'!l;ﬂ-wn Extreme
= = . At
‘ RN | OTIIN NEESRTIN | W] Material | Detailing T Name
Left: 36 mm
B0 0 195 20 B 500A 1 et Right: 36mm o SLS/1(SLS)
B1 90 195 20 B 5004 0 |, e10r100mm, 2
B2 -90 -195 20 B 500A
83 % 195 20 — Verification of cracks in cross-section
Load Typeof E. Combi. Mii Moy M @c b for  Cracks
B4 45 195 20 B 500A f module_[MPa] [KN] [kNm| [kNm] [MPal [mm] [MPa] appear “ll= :
Eer o e Fam—rT 0 awm s 2a ves
5 S00A a [} -
= 0 ks @ B 500a —— Overall check status:
B6 -45 195 20 B500A | [ - Not satisfied

Output finished: Check name: Check Stress limitation | Combi name: CO0
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This window is composed of 3 mains parts:
1. Definition / modification of the reinforcement
2. Preview of the report

3. Checks to be performed according to the previous selected combinations or load cases. By
default, only the individual selected check will be performed. The user can activate more
checks if wanted.

When selecting a SLS combination in the Properties windows, only SLS checks will be available.
When selecting a ULS combination in the Properties windows, only ULS checks will be available.

In this example, stress limitation in the concrete is not OK. One solution is to redesign the longitudinal
reinforcement to satisfy the SLS stress limitations. We could then close the Section check tool and
change the practical reinforcement for this beam or we can adapt locally the reinforcement in the
studied section (Section 19). We will choose to adapt the reinforcement in the Section check tool itself.

When practical reinforcement was already inputted, it can be edited in the tab “Reinforcement (free)”:

Section | Info

L, %I E Grid size:| 100 [ mm / 4

Reinforcement (layout) f§ Reinforcement (free)

Bar Y [mm] Z [mm)] i?nr:l:]er Material | Detailing
BO 90 195 20 B 500A
B1 -90 195 20 B 500A 1
B2 -90 -195 20 B 500A 1
B3 90 -195 20 B 500A
B4 45 195 20 B 500A
B5 0 195 20 B 500A
B6 -45 195 20 B 500A -

Each present bar, position and diameter, is listed in the table. They can be modified, deleted or new
bars can be added.

Increase the diameter of top layer bars BO, B1, B4 and B6 from 20mm to 25mm:

Section | Info Report Check
tes /B B Gridsize:| 100|mm/| 4 Standard «| Check: Stress limitation (SLS) Checkalue: () gg v - Name Value
Extreme : SLS/1 [S| &
*—T i T - - Bl Internal forces (check)
Shear reinforcement: B 500A a
Bi linear with an inclined top branch
STen
I
L Top: 36 mm
5
Crack width (SLS)
| ‘ "o 7| Stress limitation (SLS) 098
- » >
Deflection (SLS)
. »
Verification of cracks in cross-section Detailing provisions
Reinforcement (layout) | Reinforcement (free) Load Typeof E Combi. Ny Moy Mo oo [} fo  Cracks —
Diameter X . a module [(MPa] kNI [kNm] (kNm] [MPal [mm] [MPa] appear |
Bar Y [mm] Z [mm] 3 [om Material | Detailing Short E. 0 Char 0 134 0 847 500 29 YES N Naloe
90 195 25 s SLS/1 (SLS) 0.98
Stress limitation in concrete e
90 195 25 Checktype Load Noo My, My z o, . @/, Status
(kNI [kNm] (kNm] [mm] [mm] [MPa] [MPal (-]
-90 -195 20 §7.2(2) Char.  Short 0 134 []
§723)QP. Short 0 134 0 015 -025 132 135 0981 oK
920 -195 () \
45 195 \ Stress limitation in non-prestressed reinforcement o |k ~
< 1 5
0 195 20 \ 4 Overallcheck status:
45 105 i Satisfied 0.98 &
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The stress limitation check is now satisfied.

Without practical reinforcement

Example 2: ‘beam_without practical reinforcement SC.esa’

When no practical reinforcement was inputted beforehand, it is possible to run the section check tool in

order to check a specific section of a member with a local reinforcement on this specific section.

In the Concrete tree, select “Section check — results”.

In the properties window, choose the ULS combination to perform all ULS checks:

Concrete a x

IE' Concrete settings (structure)
IE! Reinforcement drawing setting
[ & Setting per member
[ & Reinforcement design
6 Reinforcement input+edit
=i Reinforcement check (ULS+SLS) - 1D membe
¥ Internal forces
1% Slenderness
Et Stiffnesses
F Capacity-response (ULS)
4 Capacity-diagram (ULS)
mit Shear + Torsion (ULS)
-I" Stress limitation (SLS)
= Crack width (SLS)
= Deflection (SLS)

12 Detailing provision
l Section Check - results l

M | »

v | Close

Select Section 9, in the middle of the first span.
All checks are not satisfied, and the overall UC is 3. The value 3 means that the check could not be
performed due to an error in the calculation. In this case, it is because there is no reinforcement yet.

Properties a x
Section Check - results (1) [ -]V
& =
Name Section Check - results

= Result case

Type of load Combinations -
Combination uLs =

= Selection
Type of selection All ~
Output Brief =
Print combination key ¥
Print checks per secti.. ¥
= Checks

Capacity-response (... ¥
Capacity-diagram (... ¥
Shear+Torsion (ULS) ¥

Detailing provision ¥

Actions
Refresh >>>
Section Check >>>
Table results >>>
Preview >

We will start by inserting the reinforcement. First choose the reinforcement template:

Home

& L] & n.
- .

- -
. - -

Longitudinal reinforcement

Stirrups

Then change the diameter of the reinforcement template. For bottom longitudinal bars, change
diameter to 20mm in the tab “Reinforcement (layout):
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J Section |m]

-I_—.Er ﬁ- Grid size: mm / II’

& D8/200
= ! 2016 e
o F =54 .
= 2020
X0 E -
Reinforcement (layout) lReinforcement (free) l
rs
Longitudinal 3
.. Bars Diameter . -
Layer Position Nx @ [mm] Material Detailing
L1 top 2 16 B 500A 1
L2 bottom 2 B 500A
Shear
. Diameter Spacing . -
Stirrup | Legs count & [mm] s [mm] Material Detailing
51 2-lea 8 200 B 500A (] M
Note that it is also possible to define the shear reinforcement in this window.
The results for all ULS checks are now:
R . P ,
Report Check ‘
- ) . ) =
‘Standafd . ::t:t“:azalgz E'Sigt]:mse (ULS) Check value: 0.85 v =] MName ‘ Value
: Internal forces (check)
p Capacity-response (ULS) 0.85
Section SC1 RECT (500; 300) —
EC EN 1992-1-1:2004/AC:2008 Beam S1[dx = 2.5 m] [ Capacity-diagram (ULS) } 081
Member length: L=10m Concrete: C30/37 .
Buckling y-y L, = 10m (sway) Bi-linear stress-strain diagram Shear+Torsion (ULS) 0.38
Buckling z-z L: = 10 m (sway) Exposure class: XC3 . .
I Longitudinal reinforcement: B 500A D Crack width (SLS)
Bi-linear with an inclined top branch o ‘ i
(O %) | 2416 402mm2) 26716 mm + 2620 mm (A = 1030 mm?) | stress limitation (SLS)
o1 = 0.687 % (8.09 kg/m) o
Shear reinforcement: B 500A ]| Deflection (SLS)
. Bi-linear with an inclined top branch . .
2 $8/200 mm (1 = 2) (A, = 101 mm’) Detailing provisions _0‘?1
2 Y Pw = 0335 % (3.95 kg/m) (Awurm = 503 mm’/m)
Cover (stirrup) Extreme
Top: 25 mm
Bottom: 25 mm Name Value
Left: 25 mm
oo | 2nmsmm Right: 25 mm < ULS/2 (ULS) 085
| L | o820 mm. ns=2 A ULS/1T(ULS) 0.59
] # ULS/3 (ULS) 043
Summary of check
Type of Fibre/ o oo Check  Check . Limit Status
component  Bar [%e] [MPa] strain [-] stress [-] [-1 - [ M ‘ n
4
4 Il »

o—8N— &

Overall check status:
Satisfied

0.85 &

Once the section is reinforced and checks are satisfied, the user can save the design of this section

with the option “Save and close”:
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Application

A label will then be added on the beam:

N
ex
VianEA

It is possible to run the Section check for SLS combination as below:

Concrete

2 X Properties

Concrete settings [structure)

710 Setting per member
114 Reinforcement design

# i Reinforcement input+edit

™ Internal forces
1% Slenderness
E Stiffnesses

¥ Capacity-response (ULS)
I Capacity-diagram (ULS)
mt Shear + Torsion (ULS)

. Stress limitation (SLS)

= Crack width (SLS)

= Deflection (SLS)

@ Dotailing oo
B Section Check - results

I Reinforcement drawing setting

i Reinforcement check (ULS+SLS) - 1D memby|

2 x [T

Result case

Section Check - results (1) - | bW 2
& &
Name Section Check - results

Type of load Combinations
ﬁ —
Combination SLS

Selection

Type of selection Al
Qutput Brief
Print combination key ¥
Print checks per secti.. ¥

Checks

Stress limitation (SLS) ¥
Crack width (SLS) v

Deflection (SLS) o

Detailing provision

>

>

x

>

Refresh >>>
Section Check >>>
Table results s

P o A ka2 0 B 0000 5 R <
Command line

> [

a x

| Wi KRR U M s e

If required, Section check tool can still be opened to redesign the section to satisfy the SLS checks by

clicking on Section check in the Properties window.
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Column Design

Reinforcement design methods

For column design, there are 3 types of calculation:
- Axial compression only
- Uniaxial bending

- Biaxial bending

When taking a closer look at the column calculation, 2 different approaches can be distinguished:

- For the ‘Axial compression only’ and ‘Uniaxial bending’ calculation, SCIA Engineer uses the
same computing heart as for beams.

- For ‘Biaxial bending’ calculations, SCIA Engineer uses a combination of the computing heart
for beams and the so-called interaction formulas.

Furthermore, the uniaxial bending calculation always has as result a 1-directional reinforcement
configuration, with the same number of reinforcement bars at parallel sides.

The biaxial bending calculation has as result a 2-directional reinforcement configuration. The number of
bars may differ per direction, but is always the same for parallel sides:

As1 As1

The uniaxial bending calculation is a relatively simple calculation type, while the biaxial bending
calculation requires an iterative process.

Keep this in mind as the reason why the uniaxial bending calculation will go a lot faster.
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Design with axial compression only

e

No reinforcement required: Ned < Nrd

Example: ‘Axial compression only.esa‘

Studied column: B1

Geometry

Column cross-section: RECT 350x350 mm?Z
Height: 4,5 m

Concrete grade: C45/55

Concrete Setup
Iltem Concrete settings > Internal forces ULS: ‘eccentricities’ are not taken in account.

Concrete settings

Mational annex: -

90

‘ Find ‘ ‘ View w | | Advanced ‘ ‘ Default ‘
Description Symbol Walue Defautt Unit | Chapter Code Structure  CheckT ...
<all D oal: £ b D oa: DD al: £ <alb D ol O oar D
= Solver setting
General
= Intemal forces
Absolute limit ratio for modfication of intemal forces Ratigint,ab= 5,00 5,00 kN Independent 10 (Bea... Solverse..
Relative limit ratio for modification of intemal forces Ratigintrer 0,10 0.10 Independent 1D (Bea... Solverse...
Modffication of intemal forces No No Independent 10 (Bea... Solverse..
Use equivalent first order value v v 58822 EN1992-1-1 Column  Solverse..
Determination of unfavourable direction Auto Auto LR % ] EN 1982-1-1 Column  Solverse...
= Intemal forces ULS
Take into account additional tensile force caused by s... v 92132 EN1992-1-1 Beam.Ri... Solverse..
Use minimum walue of eccentricity v 6.1(4) EN 1992-1-1 Column  Solverse...
b Use geometric imperfection v 5.2(5) EN 1992-1-1 Column  Solverse...
Use second order effect v b8 EN 1992-1-1 Column  Solverse...
Estimation ratio of longtudinal reinforcement for recale... ps 2.00 623 EN 1992-1-1 Column  Solverse...
Shear force reduction above supports 6.2.118) EN 1992-1-1 Beam B... Solverse..
Moment reduction above supports 5322(4) EM1992-1-1 Beam,B.. Solverse..



The Detailing provisions are not taken in account, in order to view the pure results (according to the
Eurocode, always a minimum reinforcement percentage must be added).

Concrete settings

[EIRTE 2 - | Find ‘ | Wiew v| Advanced ‘ Default ‘

Description Symbol WValues Defautt Unit | Chapter Code Structure | CheckT...
<all> ,C‘ <all: ,C‘ <all D <all D D <all - }D <all D <all: D <all ,C‘
= Solver setting
General
Internal forces
Design As
Interaction diagram
Shear
Torsion
Punching
Stress limitations
Cracking forces
Deflections
Detailing provisions
Beam (Rib)
Beam slab
= Column

= Longitudinal

Check min. bar distance 8.2(2) EN 1992-1-1 Column
Check max. bar distance Independert  Column

IHEFEFEBEEBEE

FEEEE

<

Check max. bar distance torsion)
Check min. reinforcement area
Chechk max. reinforcement area
Check min. bar diameter

Check min. number of bars

oW E 99

5.2.3(4)
5.5.2(2)
5.5.2(3)
5.5.2(1)
5.5.2(4)

EN 1552-1-1
EN 1552-1-1
EN 1992-1-1
EN 1992-1-1
EN 1992-1-1

Calumn
Calumn
Caolumn
Calumn
Calumn

W W W W

Transverse e —

Loads

LC1: Permanent load > F = 1100 kN

LC2: Variable load > F = 1000 kN

This means the column is loaded with a single compression force.

Combination according to the Eurocode:
ULS Combination =1,35* LC1 + 1,50 * LC2
Design normal force Neq = 1,35 * 1100 + 1,50 * 1000 = 2985 kN

Bar diameter

The bar diameter is taken from the Reinforcement design > Design defaults > Tab Columns, or from
1D member data if applied (1D member data always overwrite the Concrete Setup data, for the specific
member they are assigned to).

Design defaults - =

Concrete & X
- National annex: - ‘ Find ‘ ‘ View v| |Advanced‘ ‘ Default ‘

IE! Concrete settings (structure)

IE Reinforcement drawing setting Description Symbol Value Default Unit  Chapter Code Structure CheckTy...
Setting per member <all> D <k O <alk 0 <a- O <l 0O <alk D <ar O < O
e Rainforcoment dacian [~ Design defaults

Beam (Rib)

ETi 1D members 2 Beam siab
f Reinforcement input+edit = Column
[ Reinforcement check (ULS+SLS) - 1D =/ Longitudinal

S @i - i Use a template of provided reinforcement v v Independent Column  Designd.

Rectangular section Column__ olumn_ Independent Column  Designd.
Circular Column_.. . Column_ Independent Column Design d.
Oval Column_... ... Column_... Independent Column  Designd...
Other and general Column__. .. Column_ Independent Column  Designd. >

= Main
Type of cover Auto Auto 441 EN 1992-1-1 Column  Designd.

= Stirmups
Diameter of stirrups dge 80 8.0 mm EN 1992-1-1 Column  Designd.
Number of cuts ng 20 20 Independent Column  Designd.
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Reinforced concrete (EN 1992) — 1D members

By default, the diameter for the main column reinforcement is put to $16mm. Based on this diameter
and the exposure class (by default XC3), the concrete cover is calculated. This information is
necessary to be able to calculate the lever arm of the reinforcement bars.

LI - =R ]

BREINF_Column_R... ~

BREINF_Column_R...
BREINF_Column_R...
BREINF_Column_R...
BREINF_Column_R...

v

Name BREINF_...

Description  Without...
Membert... Column
Cross-sect..

Mode

Rectangle

Standard

[“New | insen

==H

Edge z

Mode

Edge y

Edge z

Edgey

Membertype | Column

Cross-section | R

Edge z

Basic reinforcement edit

Edge y

‘ -

(o |

Longitudinal reinforcement

Basic provided reinf.

Dia..  Nu Area

Additional provided reinforc..
p— &

Dia.. § Type Nu Arez  Reinf

fmm] | H fmm. .

Imm] H fmm...

Edge y
Edge z

Edge z

Edge y

160 0 a
160 0 Q

both ¢
no Cor...

160 fFc 0 1]
160 fFc 0 0

oK || Cancel

| ok |

Note: To change the default diameter from ¢16mm to $20mm for example, edit the template
“Column_Rect_Empty” (or the corresponding empty template for the specific columns shape), and
change the value of the diameter to be taken into account (additional provided reinforcement).

Results

Go to Reinforcement design > 1D members > Reinforcement design.
Ask the value of Asreg for member B1, and click the action button [Refresh].
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Concrete 1 x

I Concrete settings (structure)
IE Reinforcement drawing setting
Setting per member
=& Reinforcement design
IE Design defaults
=00 1D members

¥ Internal forces

einforcement input+edit
[0 Reinforcement check (ULS+SLS) - 1D membg
Section Check - results

4 ‘ 1l | (3

New |Close

Properties

Overall Design (ULS) (1)

o x i

v
&

= Selection
Type of selection
Filter
Results in sections

= Result case
Type of load
Combination

= Extreme 1D
Extreme 1D

Name Overall Design (ULS) ~

Current -
No -
All "
Combinations "
uLs -
Global "

Type of values Required =
IVaIues As,req b I

= Qutput settings
lOutput

Brief

Print combination k...

+ Drawing Setup 1D

v

# Errars aarninos v
Actions

Refresh >>>
Table results >35>
Preview x>\




The graph appears to be null on the screen. The Brief output (Preview button), gives As,req = 0.

Overall Design (ULS)

Linear calculation
Combination: CO1

Coordinate system: Principal
Extreme 1D: Global

Selection: All
Longitudinal required reinforcement
Name | dx |Case | Member | Ac reqs Asz_req- Asy_req+ Asy_reg- Acz_ Aey_req As req | ReinfReq
[m] [mm?] [mm?] [mm?] [mm?] [mm?] [mm?] [mm?]
Aﬂ_rﬂ]_hﬂr+ -Aﬂ_req_har- Asv_rﬁ]_har-l— Asv_req_har- -Aﬂ_rﬁ]_har M_rﬂ]_har -As_raq_har
[mm?2] [mm2] [mm?2] [mm?2] [mm?2] [mm?2] [mm?2]
B1 0,000 (CO1 Column 0 0 0 0 0 0 0
0 0 0 0 0 0 0

Shear reinforcement

Name | dx |Case | Member | Aswm req | Aswm_prov | ShearReinf
[m] [mm?/m] | [mm?/m]
B1 0,000 [CO1 Column 0 0

If you set output settings on Detailed, you can see the explanation that reinforcement is not necessary.

Properties a x
Overall Design (ULS) (1) A
&
Name Overall Design (ULS)
5 Selection
Type of selection Current -
Filter No >
Results in sections All -

5 Result case

Type of load Combinations -

Combination ULS -
= Extreme 1D

Extreme 1D Global -

Type of values Required -

Values As,req V7

% Drawing Setup 1D

# Errors, warnings ...

Bun ucina Maodal Nia

Explanation errors/warnings and notes

Index

Type

Description Solution

N1/1

Note

Statically required reinforcement: The

reinforcement is not neccessary.

Chaar dacian: Macian ic nat danae haranca

Remark: this result is obtained only because all detailing provisions are deactivated in the Concrete

Setup!

Check of reinforcement
Nrd =fca - o - Ac
=30-1-3502/1000 = 3675 kN

Since Nrd = 3675 kN > Ned = 2985 kN, indeed no theoretical reinforcement is required.
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Reinforced concrete (EN 1992) — 1D members

Reinforcement required: NEd > NRd
Example: ‘Axial compression only.esa‘
Studied column: B2

For this example, the same configuration as above is used, only the permanent point load is increased
to 2000 kN.

Loads
LC1: Permanent load > F = 2000 kN
LC2: Variable load > F = 1000 kN

Combination according to the Eurocode:
ULS Combination =1,35*LC1 + 1,50 * LC2
Design normal force Neq = 1,35 * 2000 + 1,50 * 1000 = 4200 kN

Results
Remark that SCIA Engineer shows on the screen the reinforcement per direction. The total
reinforcement area is in fact 750 + 750 = 1500 mm?2.

* overall Design (ULS)
Values: As,req
Linear calculation
Combination: ULS
Coordinate system: Principal

Extreme 1D: Global
Selection: B2 bd\
F— \
] \‘-
—] \\—
—_| \\
'\\
g |
N . —_|
—] \
r"],/qj ﬂ?m'\e
W
"3((\(0
3 ’
|00 [ a2 25| |4 2 50 < > AN
Report preview 1 x
@%& Default - F‘HHH|@\ @

Overall Design (ULS)

Linear calculation
Combination: ULS
Coordinate system: Principal
Extreme 1D: Global

Selection: B2
Longitudinal required reinforcement
dx Case Member l%—zireqﬁ Aszireq- Asvireq-r kvireq- kzﬁreq Asvireq &Jeq ReinfReq
[m] [mm?] [mm?] [mm?] [mm?] [mm?] [ mm?] [mm?]
Aszireq‘bar-i AleecLbar- AsvirecLba r+ AstecLbar- Aszireq‘bar AsvirecLbar &7rth
[mm?] [mm?] [mm?] [ mm?] [mm?] [ mm?] [mm?]
B2 0.000 |ULS Column 375 375 375 375 750 750 1500 | [z]6d16,
402 402 402 402 804 804 1608 | [y]6d16

Shear reinforcement
Name dx Case Member Aswmreq  Aswm_prov  ShearReinf
[m] [mmZ/m] [mm?2/m]
B2 0.000 |ULS Column 0 0
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When asking for the Standard output for Reinforcement design, the proposed configuration can be

found:

Overall Design (ULS)

Linear calculation
Combination: CO1
Coordinate system: Principal
Extreme 10: Global

Selection: Al
Column B1 Rectangle (350; 350)
EC EN 1992-1-1:2004/AC:2008 Section 0 [dx = 0 m]
" Member length ld=45m Materials
Buckling length y Ly =9.01m Concrete C45/55
Buckling length z Lz=9.01m Reinforcement B 5008

Lengitudinal reinforcement

&= 16mm, c =30 mm,

Design of longitudinal reinforcement

Shear reinforcement

Mirsg = 2 Boreg =8 MM, Borgy = 90°

A 1.35°LC1+1.507LC2 : Ngg = -4200 kN, Mg, = 0 kNm, M gq; = 0 kNm

Required
Edge I.ayer z As.stat1 ’qs.::lzt_rl"lin As.dzt_r;ax Msmr As.rz::]2 As.lzq.l;_al Reinf
[m] [m] [mm’] [mm’] [mm7] [mm]  [mm7]  [mm’]
1 1 0 -0.129 375 0 0 0 375 402 3416
2 1 0128 0 375 0 0 0 375 402 3416
3 1 0 0.129 375 0 0 0 375 402 3gl6
4 1 -0129 0 375 0 0 0 375 402 3416
Required bars Provided bars
3 3
L L

z z
Y  J
L L
L L
330 350

Explanation of the number of reinforcement bars

Default bar diameter has been set to $16 in Design default.
The table indicates that each edge needs 3¢16.
On the final picture, this leads to a total of 8¢16 in the section of the column.
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Reinforced concrete (EN 1992) — 1D members

Design with bending moment and axial force

Four calculation methods are available in SCIA Engineer in concrete settings > Design As > Beam,

Column, Rib, ... > Design method:

o Auto (by default)
e Uniaxial around y axis

e Uniaxial around z axis

e Biaxial (always used for circular and oval columns)

Concrete settings

Naiionalannex‘- ‘ Find ‘ ‘ View v‘ ‘Advanced| | Default ‘
Description Symbol Value Default |Unit Chapter Code Struct.. CheckT.. »
<all> Q <all> D <all> Q <all> D <all> D <all> Q <aH>Q <all> D
[=| Solver setting
General
Intemnal forces
= Design As
Coefficient for reduction of strength of the concrete ... Red, 085 085 EN 1992-1-1 All (Bea... Solvers
[/ Beam, Column, Rib, Beam Slab
Limit ratio of bending moment for uniaxial method py, 0.10 0.10 Independent 1D (Be.. Solver s
Auto Auto Independent Beam,B... Solver s
}lDeswgn method (columns) IAuto " Auto Independent Column  Sclver s.
Coefficient increasing statically required reinforc... Coeff ., Auto Independent Beam,B... Solver s
Coefficient increasing statically required reinforc... Coeff,, 32:::: ::gﬂgg; Independent Beam,B... Solver s
Coefficient increasing statically required reinforc... Coeff,,,  |Biaxial Independent Column ~ Solver s.
Design longitudinal and shear reinforcement du... v v Independent 1D (Be... Solvers
Interaction diagram
Shear
Torsion
Stress limitations
Cracking forces
Deflections
[~ Detailing provisions -
Beam (Rib) "] v

<<

Remark »

Ratio,,, < Ratiog, D |E|
Ratio, > Ratioy, @
Uniaxz: D

Auto:

Uniaxy:

Biaxial:

=0/

Auto - Automatic determination of

design method according to bending
moments ratio rhoo,M

Uniaxial around z - Design for uniaxial
bending moment Mz only. Moment My

will not be taken into account (My = 0

KNm)

Uniaxial around y - Design for uniaxial v

Cancel

oK H

The “Auto” selection of the design method is based on the limit ratio of bending moment for the uniaxial
method. The program will automatically select the uniaxial or biaxial method depending on the values
of bending moments around y and z axis.

Rule for automatic selection of the design method:

o If pm =< pm,iim

o If pm 2= pm,iim

MEdy.max

MEdz.max

PM,lim
Design As

96

Uniaxial method

Biaxial method

_ Min{|MEdy max|,

MEd; max|}

Pm

- Max{|MEdy max|,

MEd;max|}

maximal design moment around y axis from all combinations in current section
maximal design moment around z axis from all combinations in current section
limit ratio of bending moments for uniaxial method loaded from Concrete setting >



Settings for limit ratio:

National annex:- [ Find I [V\ew vl IAdvam:edl [ Default l Remark A

Description Symbol Value Default |Unit Chapter  Code Structure CheckT... |~
<all» O <ar O <ar O <ar O <al> 0O <al> O <al> O <al- O
[=] Solver setting

General

Intemnal forces

=] Design As

Coefficient for reduction of strength of the concrete in c._. Red,
=] Beam, Column, Rib, Beam Slab

* min(Meg, |, [Measl) _poio, [
Limit ratio of bending moment for uniaxial method PM 0.10 IJ,W 0 - Independent 1D (Bea... Solver se max{ Mg, |, | Mes. )
—

0385 0.85 - EN 1992-1-1 All(Bea... Solverse

<Ratio,

Design method (beams) Auto Auto Independent Beam,B_. Solver se >Ratioy, I
Design method (columns) Auto Auto Independent Column  Solver se.
Coefficient increasing statically required reinforcem... Coeffy,,,,  0.00 0.00 = Independent Beam,B... Solver se... [«J
Coefficient increasing statically required reinforcem... Coeff,, .  0.00 0.00 - Independent Beam,B... Solver se...
Coefficient increasing statically required reinforcem... Coeff,, 0.00 0.00 - Independent Column  Solver se.
Design jitudinal and shear dueto._. v v Independent 1D (Bea.. Solver se.
Interaction diagram
Shear
Torsion

L Limit ratio of bending moments for using
Stress limitations uniaxial design method. If ratio of
Cracking forces bending moments is lesser than limit

b ratio, uniaxial design method is used and
Deflections ismaller value of bending moment and

[~ Detailing provisions Ishear force is neglected.

Beam (Rib) v v

Uniaxial bending calculation

VAN AN AN

Principle

The reinforcement is designed for Ned and one bending moment Medy or Med,z:
e Uniaxial around y: Med is ignored, the reinforcement is designed only for Nes and Med,y

e Uniaxial around z: Megy is ignored, the reinforcement is designed only for Nes and Med,z

If Auto selection of design method is selected and pm < pwm,im, the rule to choose between uniaxial
method around y or z is:

e If Medy> Medz > As = Asy is designed for forces Ned and Medy

e If Medz> Meay > As = Asz is designed for forces Ned and Mg,z
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Reinforced concrete (EN 1992) — 1D members

Example: open the example ‘Uniaxial bending.esa’

Geometry

Column cross-section: RECT 350x350mm?2
Height: 4,5 m

Concrete grade: C45/55

Concrete Setup

Item Concrete settings > Internal forces ULS: ‘eccentricities’ are not taken in account (only 1st order
moments are considered).

Concrete settings
[ETETE T - | Find | | View w ‘ ‘ Advanced ‘ ‘ Default
Description Symbaol Value Defautt Unit | Chapter Code Structure | CheckT ...
<all» ,'D <all= ,O <all= ,O <all= ,O ‘_Q <all= ,'O <all» jD <all= ,O <all= ,O
= Selver setting
General
= Intemnal forces
Absolute limit ratio for modffication of intemial forces Ratioint,zke 5,00 5,00 kN Independent 10 (Bea.. Solverse..
Relative limit ratio for modification of intemal forces Ratigintret 0,10 0,10 - Independent 10 (Bea... Solverse..
Modffication of intemal forces Nao Ne Independent 10 (Bea... Solverse..
Use equivalert first order value K v 58822 EMN1992-1-1 Column  Solverse..
Determination of unfavourable direction Auta Auto 589 EM 1992-1-1 Column  Solverse...
= Internal forces ULS
Take into account additional tensile force caused by s... — v 92132 EN1992-1-1 Beam.Ri... Solverse...
Use minimum value of eccentricity [ 7 6.1(4) EN 1992-1-1 Column  Solverse...
b Use geometric imperfection [ 7 5.2(5) EN 1992-1-1 Column  Solverse..
Use second onder effect (& W 588 EM 1992-1-1 Column  Solverse...
Estimation ratio of longitudinal reinforcement for recale... ps 0 2,00 % 623 EM 1992-1-1 Column  Solverse...
Shear force reduction above supports [ (& 6.2.1(8) EN 1992-1-1 Beam.B... Solverse..
Moment reduction above supports [ [ 53224 EM19921-1 Beam.B... Solverse..

Item Detailing provisions are not taken in account, to view the pure results (according to the Eurocode,
always a minimum reinforcement percentage must be added).

National annex:- ’ Find ] ’VIE‘W v] ’Ad\mnced] ’ Default ]
Description Symbol Value Default ~ Unit  Chapter Code Structure CheckT... A
<all> D <all> D <all> D <all> D <all> D <all> D <all> D <all> D
= Solver setting
General

Internal forces
Design As
Interaction diagram
Shear

Torsion

Stress limitations
Cracking forces
Deflections

|~ Detailing provisions

1]
v
v

Beam (Rib)
Beam slab
= Column L
= Longitudinal
Check min. bar distance v 82(2) EN 1992-1-1 Column  Solvers..
Check max. bar distance Independent Column  Solver s
Check max_ bar distance (torsion) v 9.2.3(4) EN 1992-1-1 Column  Solvers..
Check min. reinforcement area v 952(2) EN 1992-1-1 Column  Solvers..
Check max_ reinforcement area v 952(3) EN 1992-1-1 Column  Solvers..
Check min. bar diameter v 95.2(1) EN 1992-1-1 Column  Solvers.
Check min. number of bars v 95.2(4) EN 1992-1-1 Column  Solvers.
Transverse T v

0K ] [ Cancel
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Loads

Column B1:

LC1: Permanent load > F = 500 kN; My = 100 KkNm
LC2: Variable load > F = 1000 kN; My = 100 KNm

Column B2:
LC1: Permanent load > F = 500 kN; My = 100 kNm
LC2: Variable load > F = 1000 kN; My = 100 kNm; Mz = 10 kNm

Combination according to the Eurocode:

ULS Combination =1,35* LC1 + 1,50 * LC2

Design normal force Ned = 1,35 * 500 + 1,50 * 1000 = 2175 kN
Desigh moment Myq = 1,35 * 100 + 1,50 * 100 = 285 kNm
Additional design moment in column B2 Mz = 22.5 kNm

Results
Go to Reinforcement design > 1D members > Reinforcement design, ask the value for Asreq, and click
the action buttons [Refresh] and [Preview].

Looking at the Detailed output for column B1.:

Determination type of calculation
Calculation maximum bending moments arcund y and z axis

My mae = -285 kNm Mz . =0 kNm
Calculation maximum ratic of kending moments

pt_r = D
Determination type of calculation
= 0=« DMEm = 0.1and “‘-‘1-‘,--‘—;4 = 285 kNm » |M;_-|—a| =0 kNm=>

= = Uniaxial method around y axis. Moment M ; will not take into account (M = 0 kNm).

The numerical results of the calculation are as follows (standard output):

Column B1 RECT (350; 350) J
EC EM 1992-1-1:2004/AC:2008 Section 0 [dx=0m]
_Member length d=435m Materials
Buckling length y y=901m Concrete C45/55
Buckling length z Z=901m Reinforcement B 5004
Longitudinal reinforcement Shear reinforcement
¢ =16 mm, c =30 mm, Nireq = 2, Qhreq = 8 MM, Otpeq = 90°

Design of longitudinal reinforcement
Arza 1.35°LCT+1.50°LC2 1 Neg = -2175 KN, Megy = -285 kNm, Mzgz = OkNm
Aoz 1355LCT+1.50LC2 ¢ Ny = -2175 KN, Mg, = -285 kNm, Mgz = 0kNm

Required
Edge Layer y z Asstat As,dar_m'ln As,dat_max Ms_tar As_req As_req.bar Reinf
[m] [m] fmm’] [mm] [mm] [mm] [mm] [mm]
1 1 0 -0.128 1352 0 0 0 1552 1608 8016
3 1 0 0.12g 1552 0 0 0 1552 1608 2016
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Reinforced concrete (EN 1992) — 1D members

Summary of reinforcement

Top: Brrege = 1552mm° A = 0mm’
Bottom : Ao =0 mm®
Right : . z
Left: ?
Total vertical:
Total horizontal: Acyrag = 0 mm
Total: Asreq = 3104 mm?
Required bars Provided bars
3 3
S Ah
se s e seae
z z
g - L O i ~
¥ Y
csas o n 00
A4 - S L
I/ 350 I, I, 350 L
7 7 7 T

Looking at the Detailed output for column B2:

Determination type of calculation
Calculation maximum bending moments around y and 7 axis

My.max = -285 kNm Mzmax =-22.5 kNm
Calculation maximum ratio of bending moments

pv = 0.0789

Determination type of calculation
pv = 0.0789 < pmjim = 0.1 and IMy.maxl =285 kNm > |Mz.max| =225kNm =>

= > Uniaxial method around y axis. Moment M: will not take into account (M = 0 kNm).

And the Standard output:

Column B2 RECT (350; 350)
EC EN 1982-1-1:2004/AC:2008 Section 0 [cx=0m]
 Member length d=45m Materials
Buckling length y Ly=801m Concrete C45/55
Buckling length z Z=901m Reinforcement B 500A

Longitudinal reinforcement

& =16 mm, ¢ =30 mm,

Design of longitudinal reinforcement
Asz.i 1.35°LCT+1.50°LC2 1 Ngg = -2175 KN, Mggy, = -285kNm, Mgg; = 0kNm
Az 1355LCT+1.50°LC2 ¢ Ngy = 2175 kN, Mgy, = -285 kNm, Mgz, = 0kNm

Shear reinforcement

.

Nirzg = 2, ¢s.rs:| =8 mm, Ogreq = 90°

Required
z Accat  Acdermin Asdermax BAsir  Acreq  Acre .
Edge Layer Y tat bz detmin  Msdstmax tor req reqbar Reinf
[m] [m] mm’] [mm] [mm] [mm] [mm]  [mm]
1 1 0 -0.129 1552 0 0 0 1552 1608 8416
3 1 0 0.12¢ 1552 0 0 0 1552 1608 8416
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Summary of reinforcement
Top:
Bottom :
Right :
Left:
Total vertical:
Total horizontal:
Total:

Required bars
3

Aszrzqe = 1552 mm’

Asreq = 3104 mm®

Aczpon- =0 mm2
Aszpro- =0 mm2
syprove = 0 mm”
sypproe- = 0 mm2
Aoy =0 mm1
Agyprow =0 mm1
Acproy =0 mm2

g = 0 mm

Provided bars

>

Ao

[ B BN BE BN BE BN BE |
z

g < £
¥

| —

| 30

| | 550 |

Even if an additional bending moment in the z direction is present in column B2, according to the limit
ratio the uniaxial method was used, and the same amount of reinforcement is required for columns B1

and B2.

The user has the possibility to force the biaxial method design on column B2 using 1D member data in

Settings per member > 1D member data:

Concrete 3 X N | CMD
Concrete settings (structure) Name CMD1 ~
Reinforcement drawing setting

=] : Member B2
SN DEr [Nepe
= 1D member data Member type Column -

D buckling data IAdvanced mode

=]

Reinforcement design 5 Solver setting

=]

Reinforcement input+edit
Reinforcement check (ULS+5LS) - 1D membse
Section Check - results

# General

=]

# Internal forces

= Design As

£ Beam, Column, Rib, Beam Slab

Biaxial

0.00

Design method (columns)
Coefficient increasing statically required reinforcem...

Design longitudinal and shear reinforcement due to... ¥

Amount of required reinforcement will be slightly higher in this case since Med: is also considered.

Column B2

EC EN 1992-1-1:2004/AC:2008
Member length ld=45m
Buckling length y Ly =9.01m
Buckling length z Z=901m

Longitudinal reinforcement

¢ =16 mm, c =30 mm,

Design of longitudinal reinforcement

RECT (350; 350)
Section 0 [dx=0m]

=

Materials
Concrete C45/55
Reinforcement B 500A

Shear reinforcement
Nireq = 2, Qireg = 8 MM, Okyeq = 90°

Asza 1L35LCTH1.507LC2 0 Neg = 2175 KN, Mzg, = -285 KNm, Mzg = -23 kNm
A .1 1.35°LCT+1.50%LC2 : Ngg = -2175kN, Mg, = -283 kNm, Mgy, = -23 kNm

Required
Edge 1 ~ z Asr Asertmin Acdetmay BAsgor As_leq ns_req,bar Reinf
[m] [m] mm] [mm’] [mm] [mm’] [mm] [mm]]
1 1 i] 0129 2046 O 0 0 2046 2212 11416
2 1 0 0.129 2046 0 0 0 2046 2212 11916
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Reinforced concrete (EN 1992) — 1D members

Biaxial bending calculation

7/

This method allows to design reinforcement for a normal force (Ned) and biaxial bending moments. This
method is based on an interaction formula, equation 5.39 in EN 1992-1-1.

a
(@)a+(@> <1,0 (5.39)

MRdz MRdy

where:
Medzsy design moment, including a 2" order moment (if required)
MRdziy moment resistance

a exponent:
- for circular and elliptical cross sections: a =2
- for rectangular cross sections:
Ned/NRrd 0,1 0,7 1,0
a= 1,0 1,5 2,0
with linear interpolation for intermediate values
NEd design value of axial force
NRrd = Ac - (fea + s - fya), design axial resistance of the section, where:
Ac gross area of the concrete section
fed design value of concrete compressive strength
fyd design yield strength of reinforcement
Ms estimation ratio of longitudinal reinforcement from the Concrete settings or 1D

member data

The ratio ps can be set in Concrete settings > Solver Settings > Internal forces > Internal forces ULS:
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National annex:- I Find l l View v] lAm:anoed] [ Default ‘ Remark A
Description Symbol Value Default  Unit Chapter Code Struct.. | CheckT..
<all> D <ar O -l 0 <« O <l £ <alk O <al> O <al> O
[=] Solver setting
General
= Internal forces
Absolute limit ratio for modification of internal forces  Ratio,, .. 5.00 500 kN Independe . 10 (Be = Solvers
Relative limit ratio for modification of internal forces  Ratio,; ., 0.10 0.10 - Independe... 10 (Be.. Solvers.. . . .
Maodification of internal forces No No Independe... 1D (Be... Solvers...
Use equivalent first order value = = 5882(2) EN1992-1-1Column  Solvers - . . h=A, /A,
Determination of directic Auto Auto 589 EN 1962-1-1 Column  Solvers...
[~/ Internal forces ULS . - .
Take into account additional tensile force caus... & & 9.2.1.3(2) EN1992-1-1Beam,... Solvers.. <<
Use minimum value of eccentricity ] & 6.1(4) EN 1992-1-1 Column  Solvers...
Use geometric imperfection ] & 52(5) EN 1992-1-1 Column  Solvers...
[l ‘7\ 588 EN 1992-1-1 Column  Solvers...
on ratio of Ic reinfc foopg 2.00 I2 00 % 5831 EN 1992-1-1 Column  Solvers. .
Suppol L] ﬂ 6.2.1(8) EN 1992-1-1 Beam,... Solvers...
Moment reduction above supports ( (8 53.2.2(4) EN1992-1-1Beam,.. Solvers..
RS sl B “ 2 Estimation ratio of longitudinal
Internal forces SLS reinfc for n
Design As reinforcement ratio in design of
—— reinforcement. Mechanical ratio is
Interaction diagram calculated for calculation limit
Shear slenderness (chapter 5.8.3.1(1) and
. second order effect - method based on
Torsion v nominal curvature (formula 5.36) v
OK I l Cancel
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Reinforced concrete (EN 1992) — 1D members

Circular columns

For circular and oval columns, the design method is always the biaxial calculation, regardless of the
design method set in the Concrete settings.

For circular and oval columns, the required number of reinforcement bars is spread equally along the
face of the column.

Example: ‘Circular column.esa’

Geometry

Column cross-section: CIRC diameter 400mm

Height: 4,5 m

Concrete grade: C45/55

Loads

Load configuration: Nea = 2175,00 kN
Mya = 142,50 kNm
Mzd = 0 KNm

Concrete Setup

Geometrical imperfection and 2™ order moments are deactivated: Concrete settings > Internal forces
ULS:

Concrete settings

Batichallagies - | Find | | View - ‘ ‘ Advanced ‘ ‘ Default ‘
Description Symbel Value Default Unit | Chapter Code Structure | CheckT...
<all: D <all: ,O <all D <all: D D <all: D <all D <all: ,O <all ,O
= Solver setting
General
= Intemal forces
Absolute limit ratio for modification of intemal forces Ratigint,st= 5,00 5.00 kN Independent 10 (Bea... Solverse
Relative limit ratio for madification of intemal forces Ratioint,rzt 0,10 0,10 - Independent 10 (Bea... Solverse
Modffication of intemal forces Nao No Independent 1D (Bea... Solverse..
Use equivalent first order value v v 58822 EN1992-1-1 Column  Solverse..
Determination of unfavourable direction Auto Auto 589 EN 1982-1-1 Column  Solverse...

=l Internal forces ULS

Take into account additional tensile force caused by s... J 92132 EM1992-1-1 Beam.Ri... Solverse..
Use minimum value of eccentricity v 6.1(4) EN 1992-1-1 Column  Solverse..
}  Use geometric imperfection v 5.2(5) EN 19892-1-1 Column  Solverse...
Use second order effect v 538 EM 1982-1-1 Column  Solverse...
Estimation ratio of longitudinal reirforcement for recale... ps . 2,00 623 EN 1992-1-1 Column  Solverse...
Shear force reduction above supports 6.2.1(8) EN 1992-1-1 Beam.B... Solverse..
Moment reduction above supports 5322(4) EM19921-1 Beam,B... Solverse..

All detailing provisions are considered.
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Design defaults

The bar diameter is set to $20mm in Reinforcement design > Design defaults > Tab Columns, or from

1D Member data if applied.

Design defaults

_—C

National anne: [ | Find | |View | Advanced | Defaul |
Description Symbol Value Default Unit  Chapter Code Structure | CheckT...
<all> D <all> ,‘O =all> ,‘O =all> D <all> ,O <all> ,O <all> D <all> D
= Design defaults
Beam (Rib)
Beam slab
= Column
= Longitudinal
Use a template of provided reinforcement _ v Independent Column Designd..
= Main
 Type of cover User Auto 441 EN 1992-1-1 Column Designd.
Concrete cover (c) c 350 30.0 mm 441 EN 1982-1-1 Column Designd
Diameter d; 200 16.0 mm EN 1992-1-1 Column Designd.
Stirrups - >
Results

Go to Reinforcement design > 1D members > Reinforcement design.

Choose Standard output in the Properties window and open the Preview at the bottom of the

Properties window:

Required
y z A ctat Asdetmin Asdetmax DAstor As‘req As.req.bar q
Edge Layer Reinf
ml  [m]  [mm] [mm] [mm] [mm] [mm] [mm]
- - - - 1142 1257 5001 0 1257 1571 520"

Summary of reinforcement

Total : Agreq = 1257 mm®

Required bars

400

In this example Asreqis determined by the minimum amount of reinforcement according to the detailing

provision, As detmin.

Since Asreq= 1257 mmz2, the software will propose 5 bars of $20mm (5*314mmz2 = 1571mm? = Ag req,bar)

which is the closest amount of bar with Asreq,bar > As req.

Note that SCIA Engineer uses the real area of the bars to calculate the required reinforcement area.

So, the final required reinforcement displayed on the screen is Asreq,bar.

105



Reinforced concrete (EN 1992) — 1D members

Remark 1: If you choose a template without bars predefined in Design Default, for example
“Column_Circ-Empty”, the software will display only the Asreq and not Asreq,bar @S mentioned above.

Design defaults

View | |Advanced| | Default

National annex: -

Description Symbol Value Defé

<all> D <all> D <all= D <all

= Design defaults
Beam (Rib)
Beam slab Column_Circ_Basic_Add
= Column Column_Circ_Basic_Ad...
= Longitudinal
Use a template of provided reinforcement | V]
Rectanﬂulalsemion Column R .
Cores Column_( l Description  Empty re...
Ol TS Member t.. Column
Other and general Column_Ot . _
5 Main Cross-sect... Circular
Type of cover Auto Mode Standard
= Stirmups
Diameter of stirrups dgg 80
Number of cuts ng 20
Remark 2:

According to EN1992-1-1 art 9.5.2(4), there is a minimum number of bars in a circular column.
This parameter is set by default to “4” in Concrete Setup > Detailing provisions > Column >

Longitudinal.
Concrete settings O x
HETERE TR - ‘ Find ‘ ‘ View ‘ ‘ Advanced | ‘ Default
Description Symbol Value Defautt Unit | Chapter Code Structure | CheckT... |
<alls D <all» Q <all» D <alls ,’D <..D <all» D <alls D <alls Q <alls Q
Intemnal forces
Design As
Interaction diagram
Shear
Torsion
Stress limitations
Cracking forces
Deflections
= Detailing provisions o
Beam (Fib) ]
Beam slab ]
E Column | =
= Lengitudinal ]
Check min. bar distance W I 8.2(2) EM 1992-1-1 Column  Solverse..
Minimal bar distance Sz, min 20 20 mm  8.2(2) EN 1992-1-1 Column  Solverse...
Check max. bar distance [l [l Independent Column  Solverze...
Check max. bar distance ftarsion) W I 9234 EM 1992-1-1 Column  Solverse..
Maximal bar distance torsion) Siot, max 350 350 mm  9.2.34) EN 1992-1-1 Column  Solverse...
Check min. reinforcement area W v 9522) EN 1992-1-1 Column  Solversze. .
Check max. reinforcement area '1? v 95.2(3) EN 1992-1-1 Column  Solverze...
Check min. bar diamster WV i 952(1) EN 1992-1-1 Column  Saolverse..
el tenicls = = 9.52(4) EN 1992-1-1 Column  Solversze. .
l p  Minimal number of bars in circular column iz, min 40 4 9.5.2(4) EN 1992-1-1 Column  Solverze...
|
Check max. percentaoe of stimuos i v 6.2.313) EN 1992-1-1 Column  Solverse.. ¥
ok || Cancel
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If we increase the loads:

Fz =-1250 kN

M =50 kNm
the results are as follows:

Exemple: “Circular column_increase.esa”

Overall Design (ULS)

Linear calculation
Combination:
Coordinate system: Principal
Extreme 1D: Global

co1

Selection: Al
Longitudinal required reinforcement
Name | dx | Case | Member | As reqt Asz req- Asy reat Asy req Asz req Asy req As req | ReinfReq
[m] [mm2] [mm?2] [mm2] [mm?2] [mm2] [mm?2] [ mm2]
Asz req bar+ | Asz req bar- | Asy req bar+ | Asy req bar- | Asz rea bar | Asy req bar | As req bar
[ mm2] [mm2] [mm?2] [mm2] [mm2] [mm2] [ mm2]
B1 0,000 |CO1 |Column 1041 1041 1041 1041 2082 2082 4164 |14¢20
1100 1100 1100 1100 2199 2199 4398

The corresponding bar configuration is:

Required bars

$400

107




Reinforced concrete (EN 1992) — 1D members

Calculation of internal forces

Determining if member is in compression

2" order effects, geometrical imperfection and minimal eccentricity are considered only if:

Member type = Column
Compression in the column is relatively high

In SCIA Engineer, there is a parameter which allows to decide whether a member is in compression or
if the compression is too small to be considered.

In Concrete settings > Solver setting > General:

S cmeess - °EE

National annex: -

| Find | ‘V\ew v‘ ‘Advanced‘ ‘ Default ‘

Remark o)

Description

Symbol  Value Defa.

U.. Chapter Code

Stru

Che_

<all>
=] Solver setting
= General

Limit value of unity check

Value of unity cheek for not calculated unity check
The coefficient for calculation effective depth of cross-section

The coefficient for calculation inner lever arm

D <all> D <all> D

Lim.check 10 10
Ncal.che.. 3.0 3.0
Coeff, 09 09
Coeff. 9 0.9

0.
—
;I The coefficient for calculation force, where member as under compression ~ Coeff, . 0.1 I.‘I
—

Creep

SLS

Default sway type
Minimal concrete cover
Intemal forces

Design As

Interaction diagram

Shear

B B

Torsion
Stress limitations
Cracking forces

Deflections

HEHBEHBBHB

Detailing provisions

<.

D <all> D

Indepe.
Indepe.
Indepe...
Indepe.
Indepe...

Al
AlB.
All(B...
AlB.
All(B...

Solve.
Solve.
Solve...
Solve.

Solve...

n

Ngy < Coeff i Ag feg

The coefficient for calculation force,
where member is considered as under
compression. If NEd <= Ncom =>
member under compression

OK | ‘ Cancel

Condition is:

(] If Ned < - Coeffecom “fed * Ac
(] If NEd > - Coeffcom 'fcd " Ac

Member is in compression

Compression is not sufficient (zero or relatively small)

This result can be viewed in Reinforcement design > 1D member > Internal forces.

The Detailed output gives:

Compression member

Limitaxial force to consider member as compression

Neom = - COeffom - (fa Ac )= -0.1- (30-106-0.123]: -368 kN

Check condition:

Meg < Negm = -1100 kM < -368 kN ...

compressionmember

MNote: First and second order eccentricity shall be taken into account, because the member is considered as a

compression member (significant normal force is presented).
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Choice between 15t and 2" order calculation

Slenderness — Check of the criteria A < A Iim

If A < im, 15t order effects have to be taken into account with geometric imperfection (art 5.2)

If X > him, 2" order effects have to be taken into account with geometric imperfection (art 5.2)

The values for A and Lim, and the corresponding check, can be found in the Concrete menu >

Reinforcement design > 1D member > Slenderness

Concrete o ox

IE Concrete settings (structure)
IE Reinforcement drawing setting
Setting per member
E# Reinforcement design
1B Design defaults
BT 1D members
 |pternal force
T Reinforcement design
fi Reinforcement input+edit
[T Reinforcement check (ULS+SLS) - 1D
Section Check - results

L FT— »

New | Close

Properties 2 x i
Slenderness(Design) (1) | AV
&&=
Name Slenderness... ™
= Selection
Type of selection All =
Filter No =
Results in sections All -

= Result case

Combinatio ~

Combination uLs =
= Extreme 1D

Extreme 1D Global -
IVaIues A = I
= Output settings

Output Standard ™
# Drawing Setup 1D

# Errors, warnings ...

B ino Madal D

Actions

Refresh >>>
New combination from Combina... >>>
Table results >3

Preview >>>

The Standard output shows the check of A > Lim and indicates whether a 15t or 2" order calculation
should be done.

Slenderness(Design)

Linear calculation
Load case: LC1

Coordinate system: Principal

Extreme 1D: Global
Selection: All

.Column B1

RECT (350: 350)
EC EN 1992-1-1:2004/AC:2008 Section 0 [dx = 0 m]
Slenderness
Axis Braced Ly Iml  Bzyy [l ey [ml Ay [-] Ay > Nimasy I
y-y-- No 45 2 9.01 89.2 2" order
- No 45 2 9.01 89.2 2" order
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Reinforced concrete (EN 1992) — 1D members

1st order effects

1st order effects (eccentricity) are always considered.

There are 2 ways to calculate the 15t order moments and eccentricity in SCIA Engineer depending on

check box Use equivalent first order value in Concrete Setup > Internal forces.

Concrete settings

- oEN

National annex: -

‘ Find ‘ ‘V\aw v‘ |Advam:ad| ‘ Default ‘

Intemal forces SLS
Design As

Interaction diagram
Shear

Torsion

Stress limitations

Cracking forces

Description Value Default  Unit  Chapter Code Structure CheckT_..
<all> ,O <all> ,O <all> ,O <all> ,O <all> ,O <all> ,O <all> ,O
= Solver setting

General

= Interal forces

Absolute limit ratio for modification of internal forces intaps 900 5.00 kN Independent 1D (Bea  Solver s
Relative limit ratio for modification of internal forces intret 010 010 Independent 1D (Bea . Solvers
M Mo No Independent 1D (Bea... Solver s...
Use equivalent first order value v I v 5882(2) EN1992-1-1 Column Solvers
Determination of unfavourable direction Auta Auto 589 EN 1992-1-1 Column  Solvers

=/ Internal forces ULS
Take into account additional tensile force caused ... v v 9213(2) EN1992-1-1 Beam,R_. Solvers
Use minimum value of eccentricity v v 6.1(4) EN 1992-1-1 Column  Solver s.
Use geometric imperfection v v 5.2(5) EN 1992-1-1 Column  Solvers...
Use second order effect v 588 EN 1992-1-1 Column  Solver s
Estimation ratio of longitudinal reinforcement forr__. 2.00 2.00 % 5831 EN 1992-1-1 Column  Solver s.
Shear force reduction above supports 6.2.1(8) EN 1992-1-1 Beam,B._.. Solvers.
Moment reduction above supports 5322(4) EN1992-1-1 Beam,B.. Solvers

<<

Remark 2

Mg, = 0,6 - Moy + 0,4 - My = 0,4 - My,

The first order moment is taken into
account as equivalent first order
moment, if this parameter is ON.

0K ‘ ‘ Cancel

The 2 options are:

Use equivalent first order value = YES, bending moments at the ends of the column will be
taken to calculate an equivalent 15t order bending moment. This leads to the same 15t order
bending moment along the whole length of the member.

€0y = Mgez / NE4, €0z = Mpey / NE4

Use equivalent first order value = NO, 15t order eccentricity is calculated from bending
moments in current section. As a result, bending moments in each section can be different.

egy = Mz / Neg, epz = My / Ngg

Values of the 1st order eccentricities and moments can be viewed in Reinforcement design > 1D

member > Internal Forces.
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Standard output gives:

Internal forces (Design)

Linear calculation
Combination: ULS
Coordinate system: Principal
Extreme 1D: Global
Selection: All

Column B1
EC EN 1992-1-1:2004/AC:2008

RECT (350; 350)
Section 0 [dx = 0 m]

Internal forces (FEM-based)

Extreme: ULS/1 (ULS)
Type: Combination (linear)
Design situation: EN-ULS (STR/GEQ) Set B

N M, M, v, v, M,
Type of load
[kN] [kNm] [kNm] [kN] [kN] [kNm]
Internal forces (FEM-based) -300.0 -30.0 0.0 0.0 0.0 0.0
Content: LC1
Slenderness
| Axis Braced LyIm] By 1l Im] Ay 1 Ny [F] Az > Nimzyy
y-y—— No 45 2 9.01 89.2 465 2™ order
-i— No 4.5 2 9.01 89.2 46.5 2nd order
Unfavourable direction
Second order effect and imperfections
s Neg Moeagy:  Maysz My gy €y €0minziy  ©0Edzy  ©2zy €chzyy
[kN] [kNm] [kNm] [kNm] [mm] [mm] [mm] [mm] [mm] [mm]
y-y— -300 -30 0 -30 100 0 0 100 0 100
-— -300 0 0 0 0 0 0 0 0 0
Design forces (recalculated)
N M M V V M
Type of load Ed Edy Ed,z Edy Edz Ed,x
[kN] [kNm] [kNm] [kN] [kN] [kNm]
Design forces (recalculated) -300.0 -30.0 0.0 0.0 0.0 0.0
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Reinforced concrete (EN 1992) — 1D members

Geometrical imperfection (art.5.2)

The effect of geometric imperfections always have to be taken into account: both in a 1st and 2" order
calculation.

Geometrical imperfection is by default activated in Concrete settings > Internal forces

Concrete settings = =
National annex:- | Find || View + | |Advanced| | Default | Remark
Description Symbol Value Default Unit  Chapter Code Structure CheckTy...
<all> 0 <ak O <al- 0 <a- O <al- £ <al> 0 <k O <al- O
[~ Solver setting
General
= Internal forces
Absolute limit ratio for modification of internal forces Ratioy ;s 5.00 5.00 kN Independent 1D (Bea.. Solver set
Relative limit ratio for modification of internal forces Ratioj 1o 0.10 0.10 - Independent 1D (Bea.. Solver set
Modification of internal forces No No Independent 1D (Bea.. Solver set O 8,=0
Use equivalent first order value v v 5882(2) EN1992-1-1  Column  Solver set
Determination of unfavourable direction Auto Auto 589 EN1992-1-1 Column  Solver set g 6,=6y- ay, - a,
=/ Internal forces ULS
Take into account additional tensile force caused by she. v v 92.13(2) EN1992-1-1 Beam[Ri.. Solver set
Use minimum value of eccenmcwy v 6.1(4) EN1992-1-1  Column Solver set <<
Use geometric imperfection v I v 52(5) EN1992-1-1  Column Solver set
Use second order effect v 588 EN1992-1-1 Column  Solver set
Estimation ratio of longitudinal reinforcement for recalcul .. pg 200 2.00 % 583.1 EN1992-1-1  Column Solver set
Shear force reduction above supports 62.1(8) EN1992-1-1 Beam,Be.. Solver set
Moment reduction above supports 5322(4) [EN1992-1-1 BeamBe.. Solver set The geometric imperfection is taken into
Internal forces SLS account for calculation first order
Design As eccentricity, if this parameter is ON.
Interaction diagram
Shear
Torsion
Stress limitations
Cracking forces v
‘ OK ‘ ‘ Cancel

In SCIA Engineer, the geometrical imperfection is represented by an inclination according to clause
5.2(5) in EN 1992-1-1.

For both axis (y and z of LCS), the inclination is calculated as followed:

Bi.yz) = 60 - Gh - Am y(z)

(5.1)
6o basic value of inclination \f
an reduction factor for length of column or height of structure: " = 2NT; 28 an <1
Om.y(2) reduction factor for numbers of members: Omy(z) = V05-(1+1/ My(z)))

I length of column or height of structure depending on:

- isolated member | = L, where L is the length of the member
- not isolated member | = H, where H is the total height of building (buckling system).

My(z) number of vertical members contributing to the total effect of the imperfection perpendicular
to y(2).

Values of | and my will be defined in the buckling data.

The effect of imperfection for isolated column and for structure is always taken into account as an
eccentricity according to clause 5.2(7a) in EN 1992-1-1:

B,_y = BI,Z : IUZ .Ill 2; ei_z = BI'Y : If:|_13.r.l|l 2

The imperfection shall be taken into account in ultimate limit states and does not need to be considered
for serviceability limit states, see clause 5.2(2P) and 5.2(3) in EN 1992-1-1.
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The user can set independently if the imperfection will be taken into account for ULS or SLS in the
Concrete settings.

A minimum 1st order eccentricity is also calculated according to clause 6.1(4) in EN 1992-1-1.
This can be viewed in Concrete settings > Internal forces > Use minimum value of eccentricity

National anne:: [ [ Find ] [ View v] lAd\mnced] [ Default ] Remark ~
Description Symbol Value Default Unit  Chapter Code Structure | CheckTy... ~
<all> D < O <l D - O <al> O <al> D b O <ar O
[=] Solver setting
General
[= Intemnal forces
Absolute limit ratio for modification of internal forces Rat\om‘abs 5.00 5.00 kN Independent 1D (Bea . Solversef._ D
Relative limit ratio for modification of internal forces Ratio ., 0.10 0.10 - Independent 1D (Bea . Solver sef
Modification of internal forces No No Independent 1D (Bea... Solverset.. e =eyte
Use equivalent first order value v v 5882(2) EN1992-1-1 Column  Solverset
Dy of directi Auto Auto 589 EN1992-1-1 Column  Solverset =
= Intemal forces ULS
) v 9213(2) EN1992-1-1 Beam[Ri. Solverset. oy = max [(e1 +ei);%;zo,ﬂm]
)IUse minimum value of eccentricity v l v 6.1(4) EN1992-1-1 Column Salver set._ <<
Use geometric imperfection v v 52(5) EN1992-1-1 Column  Solverset..
Use second order effect v 588 EN1992-1-1 Column  Solverset
Estimation ratio of longitudinal reinforcement for recalcul... g 200 2.00 % 5831 EN1992-1-1 Column Solver set...
Shear force reduction above supports r 6.2.1(8) EN1992-1-1 Beam,Be.. Solverset.
Moment reduction above supports 5322(4) EN1992-1-1 BeamBe . Solverset._ The minimum valus of eccenticty is
[= Intemal forces SLS taken into account for calculation first
Use geometric imperfection I 52(5) EN1992-1-1 Column  Solver set. gﬂe' eccentricity, if this parameter is
Design As
Interaction diagram
Shear
Torsion
Stress limitations v v
> =

Buckling data for | and my(z)

Settings for | and my(z) for the calculation of the geometrical imperfection can be set in the properties
of the columns.

Properties > Buckling and relative length > Edit > tab Buckling data:

Properties a4 x
Member (1) -]V
xE S e x
Name B1 N
Type column (100) -
Analysis model Standard V
Cross-section CS1 - RECT (350; ~ .. C e
Alpha [deg] 0.00 Number of parts 1
Member(s) material Concrete
Member system-line ... Centre ~
ey [mm] 0
ez [mm)] 0
LCS standard >

LCS Rotation [deg] 0.00

Layer Layer1 e
= Geometry
Length [m] 4.500
Shape Line v
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Reinforced concrete (EN 1992) — 1D members

Buckling and relative lengths.

Base settingfl Bucking data

vy ‘ Sway yy zz Sway zz Tot. heigth Tot. heigth [m] my mz

Fixed Settings ~ [7] Fixed Settings - Calculate - 20.00 1.00 1.00

1
2 Free Free

e Tot. height: set type of calculation of total height of building or length of the isolated columns.

o Calculate: H tot will be calculated automatically as sum of lengths of all the members
in the buckling system

o User: manual input value for Hewt in edit box Tot. height

e my/z: number of vertical members contributing to the total effect of the imperfection
perpendicular to y/z axis of LCS.

Eccentricities due to geometrical imperfections can be viewed in Reinforcement design > 1D member >
Internal Forces:

Second order effect and imperfections

S Neg Moeayz  May: Megyz oz €Ominzly  ©0Edzy 2y CEdzry
[kN] [kNm] [kNm] [kNm] [mm] [mm] [mm] [mm] [mm]

y-y— -405 -49.1 0 -49.1 100 20 121 0 121

-i— -405 8.1 0 8.1 0 =20 =20 0 =20

After calculation of 1st order eccentricity including effect of imperfection, the 1st order moment,
including the effect of imperfections around y (z) axis of LCS is calculated:

Mogd,yiz) = Ned * €oEd z(y) €0Ed.y(z) = €0.y(z) * €i.y(z) > €0.min y(z)
€0,y(2) 1st order eccentricity
€iy() eccentricity caused by geometrical imperfection
€0,min minimum first order eccentricity
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2nd order effects

The EN 1992-1-1 defines several methods for 2™ order effects with axial loads(general method,
simplified method based on nominal stiffness, simplified method based on nominal curvature...).

In SCIA Engineer the following methods are available:
e General method according to clause 5.8.2(2) — based on a nonlinear calculation

e Simplified method based on nominal curvature according to clause 5.8.8

The simplified method is taken into account:
e For ultimate limit state

e For Member type = Column with compression according to "Determination if member is in
compression”

e If option “Use second order effect” in switched ON, see Concrete settings > Internal forces.
This option is activated by default.

e If slenderness A > Aim, See chapter "Slenderness criteria”

The nominal 2" order moment is calculated according to clause 5.8.8.2(3) in EN 1992-1-1:
Mz.y(z) = NEd - €2.z(y)

Ned design axial force
€2,2(y) 2nd order eccentricity

When all mentioned criteria above are met for the simplified method, the 2" order eccentricity is
calculated according to formula:

e2y(2) = (1M)z(y) * lozy)? / C2(y)
Otherwise e2yz)=0

(1/r)zy  curvature around z(y), calculated according to clause 5.8.8.3

lo,z(y) effective length of the column around z(y) — buckling length
Cz(y) factor depending on the curvature distribution around z(y) axis according to clause 5.8.8.2(4)
e =8, for constant 1%t order bending moment (non zero) along the column and in case
that equivalent bending moment is taken into account (“Use equivalent first order
value” ON).
e =10 otherwise.
Az(y) slenderness
Az(y),lim limit slenderness

Effective length

The effective length, or buckling length, is by default calculated by SCIA Engineer. Be aware that
formulas for automatic calculation are only valid for simple structures!

Otherwise it is also possible to input the value of the effective length manually.

Automatic calculation of effective length

Calculation of effective length depends on the type of structure, sway or non-sway.

Two approximate formulas are used: one formula for a non-sway structure (resulting in a buckling
factor 3 < 1) and one formula for a sway structure (resulting in a buckling factor § = 1):
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(] For a non-sway structure:

_ (p1p2 + 5p1 + 5p; + 24) (p1p; + 4py + 4p, +12)2
(2p1p2 + 11p;y + 5p; + 24)(2p1p; + 5p1 + 11p, + 24)

7'[2
p=x|—+4
p1x

the buckling factor

the system length

the modulus of Young

the moment of inertia

the stiffness in node i
i the moment in node i

the rotation in node i

e For a sway structure:

with

Z0o—mMr™

=g

‘= 4pyp, + m’p;
m2(p; + p2) +8p1p;

CL
Pi=ET
c =M
Ty

The values for Mi and ¢i are approximately determined by the internal forces and the deformations,
calculated by load cases which generate deformation forms, having an affinity with the buckling form.

The calculation of the f ratios is automatically done when calculating the structure linearly. For this,
two additional load cases are calculated in the background:

e Load case 1:
o onthe beams, the local distributed loads qy=1 N/m and qz=-100 N/m are used
o on the columns the global distributed loads Qx =10000 N/m and Qy =10000 N/m are
used.
e Load case 2:
o onthe beams, the local distributed loads qy=-1 N/m and qz=-100 N/m are used
o on the columns the global distributed loads Qx =-10000 N/m and Qy=-10000 N/m are
used.

Since these load cases, and thus the buckling ratios, are calculated during the linear calculation, it is
necessary to always perform a linear calculation of the structure.

Note: The used approach gives good results for frame structures with perpendicular rigid or semi-rigid
beam connections. For other cases, the user must evaluate the presented bucking ratios.

By default, the structure is considered as sway in y and z direction. It can be modified for the whole
project in Concrete settings > General > Default sway type.

116



National annex: -

{ Find l lVlew vl lAdvancedl l Default l

Minimal concrete cover
Internal forces

Design As

Interaction diagram

Shear

Torsion

Stress limitations
Cracking forces
Deflections

Description Symbol Value Default  Unit Chapter Code Struct.. CheckT...
<all> DO <l P <l O <a- O <all- O <alb 0 <al- 0O <al- O
= Solver setting

= General

Limit value of unity check Lim.check 1.0 1.0 Independe... All (Bea... Solvers...
Value of unity check for not calculated unity check  Ncal.check 3.0 3.0 Independe... All (Bea_. Solvers_.
The coefficient for calculation effective depth of cr.. Coeff; 09 09 Independe... All (Bea_. Solvers_.
The coefficient for calculation inner lever arm Coeff, 09 09 Independe... All (Bea... Solver s...
The coefficient for calculation force, where membe... Coeff,, .~ 0.1 01 Independe. . All (Bea Solvers
Creep
S
= Default sway type
Sway around y axis Swayy V. v Independe... All (Bea . Solvers .
Sway around z axis Sway zz v v Independe.. All (Bea . Solvers

~

The user can change this default setting for specific columns in the project using either:

e Setting per member > 1D buckling data.

Then select the columns on which you want to apply this modification.

Concrete

(== Setting per member

1D member data

Reinforcement design

[ Section Check - results

IE Concrete settings (structure)
|5 Reinforcement drawing setting

Reinforcement input+edit
[ Reinforcement check (ULS+SLS) - 1D memby

Name BB1
Edit buckling
Member(s) material Concrete
IBucinng ky, kz coefficients or buckling lengths user input ~
All other and LTB coefficients default from LIB manager =
= Buckling systems relation
7z 2z o
Secondary member
= coefficient
Beta yy Calculate -
Beta 77 CaI&Iate 2
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e Properties of columns > Buckling and relative length > Edit > tab Base settings:

Properties 1 X
Member (1) B
x[E| ge
Name B1 ~
Type column (100) ~
Analysis model Standard >
Cross-section CS1 - RECT (350; ~ ..
Alpha [deg] 0.00
Member system-line ... Centre ~
ey [mm] 0
ez [mm)] 0
LCS standard >

LCS Rotation [deg] 0.00

Layer Layer1 e
£ Geometry
Length [m] 4.500
Shape Line v

Name

Number of parts

Member(s) material

1

Concrete

Base setlings IBucking data

z

¥

Ly L
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Name Number of parts 1

Buckling systems relation

zz= _ZZ v

Betayy Calculale |
Betazz Calculate v
Swayyy Yes v
Swayzz N0 ]




This new setting has the name, here BC1, which you can attribute to others similar columns in their

properties window:

Properties. ax
Member (1) ‘ = ‘\/ﬁ \
® AT
Name B1 2
Type column (100) -
Analysis model Standard -
Cross-section C51-RECT(350; ~ ..
Alpha [deg] 0.00

Member system-line ... Centre -

ey [mm] 0

ez [mm] 0

LCs standard o
LCS Rotation [deg] 0.00

FEM standard

Buckling and relative ...

ayer

oy
Length [m] 4.500
Shape Line N

The calculated effective length can be viewed in Concrete menu > Reinforcement Design > 1D
members > Slenderness:

Concrete

P Concrete settings (structure)
@ Reinforcement drawing setting
Setting per member

=5 10 member data

0% 1D buckling data
& Reinforcement design

I Design defaults

=T 1D members

ﬁ Reinforcement design

# 0 Reinforcement input+edit

#iTi Reinforcement check (ULS+SLS) - 1D membs

B Section Check - results

x

2 X Properties 2
Slenderness(Design) (1) - [y
ge
Name Slenderness(Design)
! Selection
Type of selection All =
Filter No =

Results in sections All =

~

# Drawing Setup 1D

# Errors, warnings ...

e hadal Da

= Result case

Type of load Combinations -

Combination uLs -

Extreme 1D

reme 10 Global -

ﬁ | -1
= Output settings

Qutput Standard ~

Report preview

Q‘M.\ Default - |+ l_’- | ﬁ U]

Slenderness(Design)
Linear calculation
Combination: ULS

Coordinate system: Principal
Extreme 1D: Global

Selection: All
Column B1 RECT (350; 350)
EC EN 1992-1-1:2004/AC:2008 Section 0 [dx = 0m]
Slenderness
Axis Braced LoyIm]  Bosy B by im] WA Mooy B Ay > Ny |
¥y No 45 2 9.01 89.2 46.5 2" arder
z- - Yes 45 07 3.15 312 46.5 1% order

This value is also displayed in the Standard output for Internal forces, together with the 2" order
eccentricity and the corresponding bending moment:

Report preview

P & Default

- | FHHEMIS ©
Extreme: ULS/1 (ULS)
Type: Combination (linear)
Design situation: EN-ULS {STR/GEO) Set B

N M, M v, V. M,
Type of load & = g : N
[kN] [kNm] [kNm] [kN] [kN] [kNm]
Internal forces (FEM-based) -405.0 -40.5 0.0 0.0 0.0 0.0
Content: 1.35"LC1
Slenderness
| Axis Braced Ly Im]  Bay [1 f loay [M] Ayl Mimay [] Azsy > Nimzry
vy No 45 2 9.01 89.2 40.1 2™ order
22— Yes 45 07 315 312 40.1 1% order
Second order effect and imperfections
v Neg Mocayz i Mzy/: Meay: €0y €y €ominzy  Coedzy [ €2z €y
[kN] [kNm] J§ [kNm] | [kNm] [mm] [mm] [mm] [mm] [mm] [mm]
y-y— -405 -49.1 -65.3 -114 100 21.2 20 121 161 283
77— -405 8.1 0 8.1 0 -7.42 -20 -20 4] -20
Design forces (recalculated)
N; M M Vi V| M
Type of load = Edy Edz Edy £z £
[kN] [kNm] [kNm] [kN] [kN] [kNm]
Design forces (recalculated) -405.0 -114.4 8.1 0.0 0.0 0.0
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Manual input of effective length

The same 2 options as seen for the automatic calculation, allow to manually input the effective length.

e Setting per member > 1D buckling data.

Concrete o

I Concrete settings (structure) < z Name BB
I Reinforcement drawing setting K
Edit buckling

=5 Setting per member

‘ Member(s) material Concrete
Ly L IBucinng ky, kz coefficients or buckling lengths user input -
- -
R e All other and LTB coefficients default from LIB manager -

Reinforcement input+edit
i1l Reinforcement check (ULS+SLS) - 1D membg
[l Section Check - results z

= Buckling systems relation

Secondary member L]

& jent

Beta yy Length -

Sway yy Settings -

Sway 7z Settings

OK Cancel

Click on “Edit buckling” to input the values:

ky | Ly [m] I ly [mn] Sway yy kz Lz [m] I Iz [m] ISwayzz ‘Tot. heigth |ot. heigth [ my

1.000 1.000 1.000 ettings  ~ 1.000 1.000 I 1.000 tettings ~ Calculate 20.000 1.000

e Properties of columns > Buckling and relative length > Edit:

1sttab: Base settings

Base setlings IBucking data
z Name Number of parts 1

¥ Buckling systems relation

- Botayy  Length =
|
Betazz |Length v

Swayyy Settings v

Sway zz ‘Settings v ‘

2nd tab: Buckling data

Base settingj Buckling data I

yy I ly [m] I Sway yy 7z I Iz [m] I Sway zz Tot. heigth | ‘ot. heigth [m my mz
1 | Fixed I1.00 ISeﬂings ~ I Fixed I‘I.OO Fettings ~ Calculate = 20.00 1.00 1.00
2 |“IFree " Free
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Recalculated internal forces

In Concrete Menu > Reinforcement Design > 1D member > Internal forces.
The design moment, Meg, is equal to Med = Moed + M2.

M2 2nd order bending moment
Mokd bending moment taking into account 1st order and geometrical imperfections

Example: ‘2nd order.esa’

Geometry

Column cross-section: RECT 350x350mm?2
Height: 4,5 m

Concrete grade: C45/55

Concrete Setup
All of the default values are kept.
This means that geometrical imperfection and 2" order effects are taken into account.

Loads

Load configuration: Na = 405,00 kN
Myd = 40,50 kNm
Mz = 0 KNm

Buckling data
Sway type is set by default.
Calculation of the effective length is done automatically by the software.

Slenderness criterion
Check if 2" order calculation is required following art 5.8.3.1:
Since A > Aim, a 2" order calculation will be required.

Note: the program automatically takes into account a second order moment if required. So, this check
is just extra information for the user.
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Internal forces

Ask for Meq in Reinforcement design > 1D member > Internal forces.
The Standard output is chosen:

Internal forces (FEM-based)

Extreme: ULS/1 (ULS)
Type: Combination (linear)

Design situation: EN-ULS (STR/GEQ) 5etB

N , M v, V.
Type of load M, z ! = M.
[kN] [kNm] [kNm] [kN] [kN] [kNm]
Internal forces (FEM-based) -405.0 -40.5 0.0 0.0 0.0 0.0
Content: 1.35°LC1
Slenderness
Axis Braced Ly [m] By [-] bzpy [m] Ay [ Aimzy [-] Az > Kimzyy
Yy No 4.5 2 2.01 89.2 40.1 2™ order
- No 45 2 9.01 9.2 40.1 2™ order
Second order effect and imperfections
Axis Ny Moeay:  May: Megy:  eomy egjy minz;y  ©Eazy Sy Ccaryy
[kM] [kNm] [kNm] [kNm] [mm] [mm] [mm] [mm] [mm] [mm]
yy— -405 -49.1 -65.3 -114 100 21.2 20 121 161 283
77— -405 8.6 63.3 73.9 ] -21.2 -20 -21.2 -161 -183
Design forces (recalculated)
N; Mea, M, Veay V' M
Type ofload 7] Edy Edz Edy Edz Edx
[kN] [kNm] [kNm] [kN] [kN] [kNm]
Designforces (recalculated) -405.0 -114.4 73.9 0.0 0.0 0.0
Results
The results for the reinforcement design are shown below:
Design of longitudinal reinforcement
Agz.l 1.35°LCT § Neg = -405 kN, Megy = -114 kNm, Mzgz = 74 kNm
Aczi 1.35%LCT : Ngg = -405 kN, Mggy = -114 kNm, Mgg; = 74 kNm
At 135507 ¢ Neg = -405 kN, Meg, = -114 KNm, Mg, = 74 kNm
A 1.355LCT ¢ Ngg = -405 KN, Mgy, = 114 kNm, Mgy, = 74 kKNm
Required
Edge L r Y z As_nat l“s,clet_m'ln As,det_max Ms_m[ l“ls_req l“ls.req.l:lal Reinf
[m] [m] [mm [mmz] [mmg] [mmz] [mm [mm
1 1 ] -0.129 827 201 1180 0 a2y 1005 a16
2 1 0128 0 458 201 1180 |0 458 603 4d16
3 1 ] 0129 | 827 201 1180 0 a27 1005 816
4 1 -0128 0O 458 201 1180 |0 453 603 4916

Determination type of calculation

Calculation maximum bending moments aroundyand z axis

Mhyma = =114 KNM Mzmay = 73.9kNm
Calculationmaximum ratio of bending moments

pu = 0.646

Determinationtype of calculation

pu = 0846 > prsim = 0.1 08 [Myma| = 0kNmand [Mzysd = 0 kNm => Biaxial method

Note that biaxial bending method was used for reinforcement calculation.
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Theoretical background

An extended manual that also contains some theoretical background can be found through the help
menu of SCIA Engineer:
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