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Chapter 1: Materials

1.1. Verification by the partial factor method
Cfart2.4.2.4.
Partial factors for materials for ultimate limit states, yc and ys should be used.

The recommended values of y. 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 Ve fat and s tat.

Design situations

yc for concrete

¥s for reinforcing steel

ys for prestressing steel

Persistent & Transient

1,5

1,15

1,15

Accidental

1.2

1,0

1,0

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

® ' Concrete setup X
4 Type of values Standard EN Name Stancard EN Gl
E- Conerete
e = -
MNA building & General Concrete
4 Type of functionality ! 4 General
Hollow core beams [ ~Mon-prestressed reinforcement Y Concrate
; -~ Prestressed reinforcement 3 =
Prestressing i Durability and concrete cover National annex
= ULS 4 EN_1992_1_1
Generél 4 rgyrpartial factor for shrinkage actia
- Punching
- 5LS Value[-] 1.00
General 4 i - partial factor for design values o
i Prestressing
] 1.50/1.20
—|- Allowable stress Yalies B ]
.~ Stress limitation during tensioning 4 fop max - Maximum value of the char
i 5LS stress limitation Value [MPa] 90.00
=~ Detailing provisions 4 N
-~ Commaon detailing provisions fs - coull- taking account'of long tet
- Columns Value[-] L.00
~Beaitls 4 a_, - coeff. taking account of long ter
i+ 2D structures and slabs g
‘- Punching Value[-] 1.00
4 kq,eq - coeff. for calculation of ratio
Value[-] .44
4 k3 ;oq - coeff. for calculation of ratio
Formula Fermula
4 k3 ,eq - coeff. for calculation of ratio
Value[-] 0.54
4 k4 req - coeff. for calculation of ratio
Formula Fermula
i 2 4 kg ,oq - coeff. for calculation of ratio v
Select all Unselect all Refresh Load default NA parameters Cancel
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# ' Concrete setup X

4 Type of values Standard EN Name Stancard EN
NA building = Conercte

- < Concrete
[=- General
4 Type of functionality

- Conecrete 4 General

- Mon-prestressed reinforcement I Concrete
i Prestressed reinforcement
i Durability and concrete cover

Hollow core beams [

Prestressing 4  Mon-prestressed reinforcement

- ULs 4 National annex
r-Gener 4 EN_ 1992 11
L Punching
= 5iS 4 rg- partial factor for design values o
i General Values[-] 1.15/1.00

- Prestressing

i p——— =
= Allowable stress 5,d/5,k - ratio of design and characte

-~ Stress limitation during tensioning Value [-] 0.90
- 5L stress limitation 4 f
(=1 Detailing provisions vk.up
ST a] 600.00
- Common detailing provisions Value [MPa]
- Columns P Prestressed reinforcement
;*-Beums I Durability and concrete cover
- 2D structures and slabs
i Punching P ULS
b SLS
I Allowable stress
I Detailing provisions
< >
Select all Unselect all Refresh Load default MA parameters Cancel

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.

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

1.2. Concrete

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

1.2.1.  Strength (art 3.1.2)

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

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

The recommended value of Cmax is C90/105.

6 MJ — 2023/10/02



B Concrete setup X

4 Type of values Standard EN MName Standard EN -
- C t
MA building S 4 Concrete
= General
4 Type of functionality i Concrete 4 General
Hollow core beams Mon-prestressed reinforcement 4 Concrete
1 i~ Prestressed reinforcement 3 "
Presiressing ‘- Durability and concrete cover National annex
=R 4 EN_1992_1_1
Eener:.al 4 1gy-partial factor for shrinkage actic
i~ Punching
=515 Value [] 1.00

General T - partial factor for design values o
Prestressing

Val -] 1.50]1.20
[ Allowable stress alues [-]

Stress limitation during tensioning 4 fop may - maximum value of the char

SLS stress limitation Value [MPa] 90.00
=1k D_etaiﬁng provisions

i~ Common detailing provisions

[

4 a__ - coeff. taking account of long ter

Columns Value [-] 1.00
; S:)E::rsuctures —— 4 u., - coeff. taking account of long ter
. Punching Value [-] 1.00
4 Ky ,ed - coeff. for calculation of ratio
Value [-] ©.44
4 k3 ;oqd - coeff. for calculation of ratio
Formula Formula
4 kg eq - coeff. for calculation of ratio
Value [-] ©.54
4 k4 ;eqd - coeff. for calculation of ratio
Formula Fermula
< > 4 kg g - coeff. for calculation of ratic

v
Select all | Unselect all | Refresh Load default NA parameters Cancel

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:

B Materials x
HHEGEE a2 O &AmB A B
C12/15 Mame C50/60
Clg/zo P Code independent

S < EN1992-1-1

C25/30

Caaf37 Characteristic compressive cylinder strength fck(28) [MPa] 50.00
C35/45 Calculated depended values n
C40/50 Mean compressive strength fem(28) [MPa] 53.00
C45/55 fcm(28) - fck(28) [MPa] &.00
C50/60 Mean tensile strength fctm(28) [MPa] 4.10
Cagpaz fictk 0,05(28) [MPa] 2.90
S fctk 0,95(28) [MPa] 5.30
Cr0/85 Cixodsicel el v
C80/95 Design compressive strength - persistent (fcd = fck / gamma c_p) [MPa] 33.33
Co0/105 Design compressive strength - accidental (fcd = fck / gamma ¢_a) [MPa] 41.67
C6/8 (British BS-E... Strain at reaching maximum strength eps 2 [1e-4] 20.0
C8/10 (British B5-E... Ultimate strain eps cu2 [1e-4] 35.0

C28/35 (British BS-... |
C28/35 (Irish L5-E...
C28/35 (Dutch ME...
C32/40 (British B5-... |

Strain at reaching maximum strength eps 3 [1e4] 17.5
Ultimate strain eps cu3 [1e-4] 35.0
Stone diameter (dg) [mm] 32

C100/115 (Germa... Cement class N (normal hardening - CEM 32,8
C12/15(EM1992-2) Type of aggregate Quartzite )
C16/20(EN1992-2) 4+ Measured values

C20/25(EN1992-2)
C25/30(EN1992-2)
C30/37(EN1992-2)

Measured values of mean compressive strength (influence of ageing)

P Stress-strain diagram

New Insert Edit Delete Close
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B Materials

C12/15
C16/20
C20/25
C25/30
C30/37
C35/45
C40/50
C45/55
C50/60
C5/67
Ca0/75
CTo/85
C&0/95
Co0/105
C6/& (British BS-E..

C28/35 (Irish 1.5-E...
C28/35 (Dutch NE...

C12/15(EN1992-2)
C16/20(EN1992-2)
C2n/25(EN1992-2)
C25/30{EN1992-2)
C30/37(EN1992-2)

MNew Insert

C&/10 (British BS-E...
C28/35 (British BS-...

C32/40 (British BS-...
C100/115 (Germa..

FIBEME a2~ O A@D

Edit

All v Y

Ultimate strain eps cu3 [1e-4]
Stone diameter (dg) [mm]

Cement class

Type of aggregate Quartzite

35.0
32

M {normal hardening - CEM =

L4

4 Measured values

Measured values of mean compressive strength (influence of ageing) |

4 Measured values |

Age of concrete [day]
Mean value of compressive cylinder strength [MPa]
Emod, sec [MPa]

4« Measured values Il
Age of concrete [day]
Mean value of compressive cylinder strength [MPa]
Emod, sec [MPa]

4 Measured values Il
Age of concrete [day]
Mean value of compressive cylinder strength [MPa]
Emod, sec [MPa]
Standard deviation [MFa]
Characteristic compressive cylinder strength (28] (Fck) [MPa]
Graph

[ < |

44.12
343432.2

258.0
50.00
35654.4

0.0
0.00
0.00
4.9
42.0

B Stress-strain diagram

Delete

Close

W

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:

fck(t) = fcm(t) -8 (M Pa)

fek(t) = fex

for 3 <t< 28 days
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) = Bcc(t) fem

where:

With Bec(t) = eHl_(

fem(t)

o)
t

]

Bec(t) isacoefficient 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:

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

(3.1)

(3.2)

= 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)

MJ — 2023/10/02



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

B Mrterials
HE-IEBRIFrE «~ 0 AWBD 2 |

C1zjis Mame C30/3T
C16/20 4 Code independent

t;an.::s Materlal bypa Concrete
g:}:? Thermal sxpansion [m/mi] 0.01e-003
Ca5/45 Unit reass (kg /mn 3] 150000
Canj50 Denaity in fresh state [hg/m" 31 2600.00
Cax{sE | Emodulus [MPa} 32800404 |
€sa/60 Poimon coeff, 0.2

L ndipendan G medul

g:::: Emodului; } LAGGTestd
C84/35 Log. decrement (non-uniform damping only} 8.3
€30/105 Colaur |

C8/E [British BS-EN N4 Specific heat [J/gH] 5.0000e-01
€5/10 (British BS-EN ... Thermal conductivity [W/mi] .5000e+01
€28/35 [British BS-EM... Divclew Irt code. 5

C35/35 (Irish 1.5-EN N4 3

32435 (Duitch NENE. e Price per unit [€/m*3] 1.00
C32/40 (British BS-EM...

C100/115 [German D... Characteristic compressive cyfindar sthength fek{28] (MPa] 30.00
Ci2/15(EN B92-2) Cafculated depended values [
C16/20(EN1992-2] Mean compressive sirength fem{28) [MPs] 389.00
C20/25(EN1992-2) fomi(2a] - fekize) (MPa] 400
C25/30(EN1992-2) )

e Mean tensile strength fobm{28] [MPa] 200
Ca545[ENI5922) fotinoizal IMea] 2497
Ca0/5D(EN1582-2) felh 0,55 (38] (MPo] 340
C45/85(EN1952-2) Diesign compressive strength - persistent (fed = fek / gamma e_p) [MPa) 20.00
C30/60[EN1S92.2) Design compressve strength - accidental [fod = fck | gamma c_a) [MPa] 23.00
CES/ET{EN1S82-2) Skrain sl reaching masicium strength epa e [Le-d] 20.0
C50/75(EN1992-2}

Uttimarte strain eps cud [1e-4] fL W]

CT0/BS[ENISa2-2|
Straln sk reaching el e ed[l=d] 17.5
€20/05(ENL9%2-2) HR S} eRcting mpde et cpe s o )
C90/105(EN1992-2) Ultimarte sirain eps cu3 [Le4q] 5.0
B 4004 Erare Slamctsr (g mm) 33
B 5004 Cementelass N inormal hardening - CEM 32,5 R, CEM 43,5 H)
B 600 Typh of agpregate |5 stow hardening - CEM 32,5 N}
8 4008 g ; e
P Snkwen inines R irapicll harde ning - CEM 42,5 8, CEM 52,5 N, CEM 52,5 R)
R Measured values of mean compressive srength (influerit® BT AEERET
B 4000 4 Siress-strain diagram
B 5000 Type of dingram Bi-tinear stress sirain diagram
B aonl Picture of Srest-dbrain dlagram
B 4208 (Awgtrian DO
B 5504 (Austrian ONO-.

B SS0B [Austrian ONO...

New | toert | Edit | Delete Ciose

The tensile strength refers to the highest stress reached under concentric tensile loading.
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The characteristic strengths for fek and the corresponding mechanical characteristics necessary for design, are

given in Table 3.1:

Table 3.1 Strength and deformation characteristics for concrete
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00K 06 EE +1 1= U ; . " . : y
edpy 0g 27} 10} Pl vl Stk 91 Sl 0e u
AnorAT-06)se+ 9 Z= ("
edy 05 2 "o y ; : : ; . o0} 20
£ ounby 0es 9'z | 9% | L'z | 82 | L'E 't ol
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1.2.2.  Design compressive and tensile strengths (art 3.1.6 )

The value of the design compressive strength is defined as

fed = Oee fox / Y (3.15)

where:
* Y is the partial safety factor for concrete.
* 0occ Isthe 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 acc should lie between 0,8 and 1,0. The recommended value is 1,0.

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

The value of the design tensile strength, fcd, is defined as

feota = Olct fako,05/ Yo (3.16)

where:
* Yc is the partial safety factor for concrete.
* Ot 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 act 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 Concrete setup X
4 Type of values Standard EN Name Standard EN "
NA building = C_c?ncrete 4 Concrete
= General
4 Type of functionality Concrete 4 General

Mon-prestressed reinforcement i Conerele
i Prestressed reinforcement

Durability and concrete cover
- ULS 4 EN_1992_1_1
- General .
Punching

Hollow core beams \:“2‘;[

Prestressing 53‘:_' 4 MNational annex

Ty partial factor for shrinkage actia
Value[] 1.00

e

i General
Prestressing
- Allowable stress

1 - partial factor for design values o
Values [[] 1.50/ 1.20

i~ Stress limitation during tensioning 4 fok max -~ Mmaximum value of the char
1§15 strass limitation Value [MFa] 90.00
= Detailing provisions 7 -
Fotmman debaling proim u_. - coefl. taking account of long ter
Columns Value [-] 1.00
Deais 4 a,, - coeff. taking account of long ter
i+ 2D structures and slabs
i Punching Value[] 1.00
4 ki ,ed - coeff. for calculation of ratio
Value [-] 0.44
4 k3 og - coefi. for calculation of ratio
Formula Formula
4 k3 ,eq - coeff. for calculation of ratio
Value [-] .54
4 kg4 ,ed - coefi. for calculation of ratio
Formula Formula
< > 4 kg ,.q- coeff. for calculation of ratio v
Select all Unselect all Refresh Load default NA parameters Cancel

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.

MJ — 2023/10/02 11
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1.2.3.  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%.

G't:“

0,4 far |

Ec

Eci Eeut
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 fem(t) and fem follows from Expression (3.1).

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

Another option to take into account cracked concrete, is to deactivate the option ‘Calculate dependent
values'. This allows you to set any user value for the E modulus.

12 MJ — 2023/10/02



1.2.4. 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 the “Code-based settings” view
or in the 1D member data. 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” , you can directly input the creep coefficient.

I'u‘iews: Code-based settings YI View settings = Load default Find National annex: “
Description Symbol Value Default Unit  Chapter Code Structu... CheckT...
<alk= Ol =al O <al= Pzl 0O =00 <al O EN1992-1X | <alle /O Solver X

4 3.Materials

4 3.1 Concrete

4 3.1.4 Creepandshrinkage
Ageof concrete at the moment considered t 18250.00 [1m50.00 | day 3L4B1-2 (EN1982-1-1 QA (E:
Relative humidity TRH 150 |50 | [314B12 [EN192-1-1 JAl
Typeinput of creep coefficient Typegltto) Auto [Auta . [3.1402) EN 1982-1-1 JAll

Age of concrete at loading 'r_n 128,00 [Za00 [y 32402081 EN1992-1-1 JAl

Consider drying and autogenous shrinkage Types..(tts) Auto At [3.1.4(6) EM 1982-1-1 JAll
= | ! | o

Age of concrete at the beginning of drying sl'lrinkag-;-. 19 7.00 ] [y 3.1.4(6) B2 VEM 199211 Al

4 5. Structural analysis
I 5.2 Geometric imperfections
4 5.3 Idealisation of the structure
4 5.3.2 Geometric data
Maoment reduction above supports | . | |5322 14) EN1992-1-1 |Beam B...|Salver se
B 5.8 Analysis of second order effects with axial load | | | | | | |
4 6. Ultimate limit states (ULS)
P 6.1 Bending with or without axial force
4 6.2 Shear

i £ 31 Ceansral warificatinmn neacadues

Ok Cancel
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Note that the concrete member data is automatically added on each 1D and 2D element. It can be accessed
by selecting the entity and going to the extra options below:

| %
1 1D MEMBER (1) > CONCRETE 1D DATA (1) A
#8 | |n|r|
MName CMD1D1
Member
Member type  Column ~

| = DESIGN DEFAULTS
REINFORCEMENT
COLUMN

Design of provided reinforcement
Rectangular section  Column / Rectangle o=

LONGITUDINAL
Material B 5008 o=
MAIN (M)
Type of cover Auto s
Diameter [mm] 16,0 s
DETAILING (DET)
Diameter [mm] 10,0 e
STIRRUPS [SW)
Material B 5008 o=
Diameter [mm] 8,0 7

Number of cuts 2
MINIMUM COVER
Design working life [year] 50,00

B CcMD s
Name CMD1D ~
Member BS
Member type Column <
4 Design defaults
P Reinforcement
P Minimum cover

4 Solver setting

4 General

4 Creep and shrinkage
Age of concrete at the moment considered [day] 18250.00
Relative humidity [36] 50
Type input of creep coefficient Aute v
Age of concrete at loading [day] 28.00

Consider drying and autogenous shrinkage Auto v

Age of concrete at the beginning of drying shrinkage [day] 7-00

4 51S
Use effective modulus of concrete
4 Internal forces
lsolated member

|
Actions

Load default values ===

OK Cancel
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{1} The creep coefiicient @t t:) may be calculated from;

o (Llo) = gu - fR(Lls) (B.1)
where:
¢ s the notional creep coefficient and may be estimated from;
o= wru - Mfom) - Ko (B.2)
v 15 & factor to allow for the effect of relative humidity on the notional creep
coefficient:
s T .’.....F'_"'fh'.h”f? for fom < 35 MPa (B.3a)
01- -\rh,,
S [: 3 UT':II;'_'."“ for fon > 35 MPa (B3b)

MJ — 2023/10/02

RH s the relative humnidity of the ambient environment in %

fH{f.m) 1s & factor to allow for the effect of concrete strength on the notional creep
cient:
16.8
Plln) = = (B.4)
\"'l:m

fon  is the mean compressive strength of concrete in MPa at the age of 28 days
At} s afactor to allow for the effect of concrete age at loading on the notional
creep coafficient:

plto)= 5 % (B.5)
i1 is the notional size of the member in mm where:

24
ho=2A (B6)

Ao is the cross-sectional area
is the perimeter of the member in contact with the atmosphere

ﬁc{r 13) is a coefficient lo describe the development of creep with time after loading,

and may be estimated using the following Expression:
o3
_|_t-t)
B.(tiy)= [Eﬁ" +f—f,,]]

is the age of concrete in days at the moment considered

[ is tha age of concrete at loading in days

[—1fy is the non-adjusted duration of loading in days

fih is a coefficient depending on the relative humidity (R4 in %) and the
notional member size (hy in mm}. It may be estimated from:

A =1.5[1+ (0,012 RH)™] hy + 250 < 1500 forfm<35 (B.8a)
fu=15[1+ (0,012 RH)™] hy + 250 a3 < 1500 a5 forfmz35 (B.Bb)
ez are coeflicients to consider the influence of the concrele strength:
a7 r 0r o8
35| 35 35
aslg] @] «-[F] e

om om

(B.7)
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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 f« (to) at an
age to, the age of concrete at the time of loading.

to
1

\N R A
2+-S
3 \ \
5 — [ ————— c20i25
I A 25130
— — C3037
10 — T C35/45
\\ \E\\ C40/50
—1
. I ———] 838552 Cssi67
N\ N — Caue- C70/85
30, \ == C90/105
5
100
70 60 50 40 30 20 10 O 100 300 500 700 900 1100 1300 1500
@(, to) h o(mm)
a) inside conditions - RH = 50%
Note:
©) - intersection point between lines 4 and 5 can also
@ be above point 1
- for &, > 100 it is sufficiently accurate to assume f,
® ® =100 (and use the tangent line)
2
Y
to
1
N NR
21
3 s \\
5 \\ \-\ = C20125
\\ N ) C25/30
10 _— 1 C30/37
] Ca5/45
S — CAOI50_ 45155
20 s —— C50/60 5567
e C70/85
S0 \ T8O _ co0r105
50
100
60 50 40 30 20 10 Oq00 300 500 700 900 1100 1300 1500
@ (o, to) h o(mm)

b) outside conditions - RH = 80%

Figure 3.1: Method for determining the creep coefficient ¢(w, t) for concrete under
normal environmental conditions
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1.2.5.

Stress-strain relations for the design of cross-sec

tions (art 3.1.7)

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

=1

-

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

€c2

Ecu2

T
fup o

o
[}
|
fox Jom . ﬂ:— __________
2
L
/ 1
foa L. R
!
/
/
i i
/ |
/ |
y |
0 £ Lo

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

€3 is the strain at reaching the maximum strength in the bi-linear diagram

€cus

is the ultimate strain in the bi-linear diagram

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

4 Stress-strain diagram

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

Type of diagram Bi-linear stressstrain diagram A

E:

B Bi-linear stress-strain diagram - Concrete: C30/37

___’lstre ss[MPa]

f strain[1e-4]

Close

B Parabola-rectangle stress-strain diagram - Concrete: C30/37

___’lstre ss[MPa]

f strain[1e-4]

Close

MJ — 2023/10/02
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1.3. 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.

1.3.1.  Properties (art 3.2.2)

The behaviour of reinforcing steel is specified by the following properties:
« vyield strength (fyk or fo,2k)
¢ maximum actual yield strength (fy,max)
 tensile strength (fr)
* ductility (euk and fi/fyk)
» 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:

B Materials
= -G E &2 B & & [@ Renforcementsteel L
B 400A | Name B 500B
EA00A 4 Code independent
i Material type Reinforcementsteel
s Th L {mK] 0.01e-003
i O1le
B 5008 ermal expansion [m/mk]
B 6008 Unit mass [kg/m"3] 7850.00
B 400C E modulus [MPa] 2.0000e+05
A7 Poisson coeff, 0.2
B s00C

Independent G modulus

B 4208 (Austrian ONO... | G modulus [MPa] 8:33338+04

B 5504 (Austrian ONO...

B 5508 [Auskriar ONO...| Log. decrement {(non-uniform damping only) 9.2

Specific heat [J/gh] &.0000=-01
Thermal conductivity [W/mK] 4.5000e+01
Bar surface Ribbed
Order in code 5
Price per unit [€/kg] 1.00
4« EN1992-1-1
Characteristic yield strength fyk [MPa] 500.0
Calculated depended values Eﬂ
Characteristic maximum tensile strength ftk [MF 540.0
Coefficient k= ftk / fyk [[] 1.08
Design yield strength - persistent (fyd = fyk / gar 434.8
Design yield strength - accidental (fyd = fyk / ga 500.0
Maximum elongation eps uk [1e-4] 500.0
Class B
Reinforcement type Bars
Fabrication Hot rolled

4 Stress-strain diagram
Picture of Stress-strain diagram

New Insert Edit Delete

Colour [N

Type of diagram Bi-linear withaninclined top branch

Close

The mean value of density may be assumed to be 7850 kg/m8.
The design value of the modulus of elasticity Es may be assumed to be 200GPa.

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

18
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The application rules for design and detailing in this Eurocode are valid for a specified yield strength range, fy
=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 7 400 to 600 50

or fo.zx (MPa)

Minirum value of k = (/) =1,05 | =1,08 21,15 | 1,05 =1,08 21,15 10,0
<1,35 <1,35

Characteristic strain at >25 >5,0 >7.b =25 =50 >7.5 10,0

maximum force, s (%)

Bendability Bend/Rebend test -

Shear strength - 0,3 A £y (A s area of wire) Minimum

Maximum MNominal

deviation from bar size (mm)

nominal mass <8 + 8,0 50

(individual bar =8 +4.5

or wire) (%)

1.3.2.

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

Design assumptions (art 3.2.7)

B1) an inclined top branch with a strain limit of eus and a maximum stress of kfyk/ ys at €uk,
where k = (fi/fy)«.
B2) a horizontal top branch without the need to check the strain limit.

The recommended value of €ud is 0,9 €u. The value of (fi/fy)x is given in Table C.1.

o
I |
fyd=ﬁlk}r}"s 1 i -
. //" , —
Idealised
| Design
frﬂf’lEs L £uk g

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

MJ — 2023/10/02
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In the material library you can choose between the two assumptions:

B Bi-linear without an inclined top branch - Reinforcement steel: B 3004 X

. stress[MPa]

al ¢ . strain[le-4]

Close

1.4.

1.41.

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

B Bi-linear with an inclined top branch - Reinforcement steel: B 3004

. stress[MPa]

.\ strain[le-4]

Close

Durability and cover to reinforcement

Environ

mechanical actions.

mental conditions (art 4.2)

Environmental conditions are classified according to Table 4.1:

20

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 No risk of corrosion or attack
For concrete without reinforcement or
X0 embedded metal: all exposures except whera
there is freezelthaw, 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 fo water contact, not
within exposure class XC2

MJ — 2023/10/02




3 Corrosion

induced by chlorides

XD1 Moderate humidity Concrete surfaces exposed to airborne chiorides
XD2 Wet, rarely dry Swimming pools
Concrete components exposed to Industrial waters
containing chiorides
XD3 Cyclic wet and dry Parts of bridges exposed to spray containing

chiorides
Pavements
Car park slabs

4 Corrosion

induced by chlorides from sea water

XS1 Exposed to airborne salt but not in direct Structures near to or on the coast
contact with sea water

Xs2 Permanently submerged Parts of marine structures

XS3 Tidal, splash and spray zones Parts of marine structures

5. Freeze/Thaw Aftack

sea waler

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 to freezing and airborne de-icing agents
XF3 High water saturation, without de-icing agents | Horizontal concrete surfaces exposed (o rain and
freezing
XF4 High water saturation with de-icing agents or Road and bridge decks exposed to de-icing agents

Concrete surfaces exposed to direct spray
containing de-icing agents and freezing
Splash zone of marine structures exposad to
freezing

6. Chemical attack

according to EN 206-1, Table 2

KA1 Slightly aggressive chemical environment Matural soils and ground water
according to EN 206-1, Table 2

XA2 Moderately aggressive chemical environment | Natural soils and ground water
according to EN 206-1, Table 2

XA3 Highly aggressive chemical environment Matural soils and ground water

In the Concrete settings, in the “Design defaults” view, you can choose the desired exposure class. All items
with a blue background colour can be overwritten in the 1D member data.

Coencrete settings m} *
I\c"rews: Design defaults b I‘u'iew settings « Load default Find MNational annex: “
Description Symbel Value Default Unit | Chapfer Code Structure ' CheckTy...
<all> Ll<ale O] <all= Pl=al= L=, P|<al P=ale 0| <al> |Designe X
4 Designdefaults I I I I
> Reinforcement
4 Minimum cover
Design working life [snon [sooo ar 14412(5),t. | EN1902-1-1 |All (Bea.. |Design de
4 Risk of corrosion attack |
Carrosion induced by carbonation Ixca [xcz .4.4.1..2[5_' EN1202-1-1 QAll (Bea
Corrosion induced by chlorides Mone [Man .4.4.1263 [EN 1992-1-1 JAll (Ben
Carrosion induced by chlarides from sea water [None [Man la412(s) [EN19e2-1-1 Al (Bea
Freeze | thaw attack .Non-;- .||--|| .4.4.l2i_1.2f' | EM 1962-1-1 JAll (Ben ==
Chemical attack [None [an laa12(12) [EN1oez-1-1 fAll(R=a
Risk of abrasion attack None [Mon .4.4.1.2i_].$fl VEM 1902-1-1 JAll (B en
> Possibility of special control
Risk of casting on atypical surface 'Standard [Standard '4_4_]__3[4:. TEN1992-1-1 | All (Bea . | D¢ sign ol
> Comcrete characteristics [ [ | | | |
OK Cancel

MJ — 2023/10/02
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"' CMD X

Name CMD1D ~
Member B1
Member type Column v
4 Design defaults
4 Reinforcement
I Column
4 Minimum cover

Design working life [year] 50.00

4 Risk of corrosion attack
Corrosion induced by carbonation XC3 v
Corrosion induced by chlorides None v
Corrosion induced by chlorides from sea water None v
Freeze [ thaw attack None ¥
Chemical attack Nene ¥
Risk of abrasion attack Nene v

4 Possibility of special control
Special geometric control
Special concrete quality control

Risk of casting on atypical surface Standard v

Actions

Load default values ===

OK Cancel

1.4.2. 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, AcCdev :
Crom = Cmin + ACdev

+ Minimum cover, ¢ min (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

The greater value for cmin satisfying the requirements for both bond and environmental conditions shall be
used:
Cmin = MaXx {Cmin,b; Cmin,dur + ACdur,y - ACdur,st - ACdur,add; 10 mm} (4.2)

where:
*  Cminb minimum cover due to bond requirement
*  Cmindur Minimum cover due to environmental conditions
* Acaury 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 Acdur,y, ACdur,st and Acdur,add , Without further specification, is 0 mm.
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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 (g,)(see 8.9.1)

*: If the nominal maximum aggregate size is greater than 32 mm, Cminp 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 XC1 XC2/ XC3 XC4 xXD1 xD2 / X51 [xD3/X82/X53
Design Working Life of | increase | increase increase increase | increase | increase | increase class
100 years classby 2 |classby 2 | classby2 |classby 2 |classby 2 | classby 2 by 2
Strength Class ¥ = C30/37 | = C30/37 | = C35/5 | = C40/50 | = C4A0/50 | = CAQ/S0 = C45/55
reduce reduce reduce reduce reduce reduce |reduce class by
classby1 |classby 1 | class by 1 [ class by 1 | class by 1 | class by 1 1
Member with slab reduce reduce reduce reduce reduce reduce |reduce class by
geomefry classby 1 |classby 1 | classby 1 | class by 1 | class by 1 | class by 1 1
(position of reinforcement
not affected by construction
procass)
Special Quality reduce reduce reduce reduce reduce reduce |reduce class by
Control of the concrete | class by 1 | class by 1 | class by 1 [ class by 1 | class by 1 | class by 1 1
production ensured

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

Concrete settings m} *
IVIEWE: Design defaults ol I View settings + Load default Find National annex: -
Description Symbol Value Default Unit | Chapter Code Structure = CheckTy...
<all= Pl=zal L <all= Plzalle Ll<.P <l L=<l ) <al= 2 Designt X

4 Designdefaults
P Reinforcement
4 Minimum cover
| Design working life 50,00 sar | 4412(5),t.. |EN 1982-1-1 JAll (Be:

4 Risk of corrosion attack
Corrasion induced by carbonation X3 3 4.4.12(5) EN19e2-1-1 |All

B Design-de

Corrasion induced by chlorides .None .H-‘u- 4.41.215) .EN 1952-1-1 [0 (EF Design de

Carrasion induced by chlorides from sea water | None [ Tlans |4.4.1215) EN1992-1-1 |All (Bea.. Designde
Freeza [ thaw attack MNane [Mone 4412(12) |EN1982-1-1 |[All [Bas Dresizn de =

Chemical attack |None [ Tans .4.41.2112] EN1992-1-1 |All (Bea., b g de

Risk of abrasion attack [ Nane [Meon |24 1.2113) [EN1992. 11 [All(E=a..  Desi 1 ol

4 Possibility of special control

Special geometric cantraol 4.4.1.3(3) EM 1962-1-1 | All (Baa [resizn o
I Special concrete quality contral 4.4.1.2(5) EN 19e2-1-1 I All(Bea.. [Designd
Risk of casting on atypical surface Standard Standare 4.4.1.3(4) EM1982-1-1  [All (Eas [resign o

r Concrete characteristics

oK Cancel
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24

B CMD X

Mame CMD1D ~
Member B1
Member type Column v
4 Design defaults
4 Reinforcement
P Column

4 Minimum cover

I Design working life [year] 50.00 I
4 Risk of corrosion attack

Corresion induced by carbonation XC3 e
Corrosion induced by chlorides Mone o
Corrosion induced by chlorides from sea water None b
Freeze | thaw attack Nomne v
Chemical attaclk None ¥
Risk of abrasion attack None v

4  Possibility of special control

Special geometric control

I Special concrete quality control I
Risk of casting on atypical surface Standard v

Actions

Load default values ===

OK g Cancel

The recommended values of Cmindur are given in Table 4.4N (reinforcing steel):

Table 4.4N: Values of minimum cover, Cmind4ur, requirements with regard to durability for
reinforcement steel in accordance with EN 10080.

Environmental Requirement for Cmingur (MM}
Structural Exposure Class according to Table 4.1
Class X0 XC1 XC2 /1 XC3 XC4 XD1/XS1 | XD2/XS2 | XD3/ XS3
S1 10 10 10 15 20 25 30
52 10 10 15 20 25 30 35
53 10 10 20 25 30 35 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
56 20 25 35 40 45 50 55

The concrete cover should be increased by the additive safety element Acaur.y.

Where stainless steel is used or where other special measures have been taken, the minimum cover
may be reduced by Acaurst. 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 AcCdur,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 ki for Abrasion Class XM1, by k2 for XM2 and by ks 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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The abrasion class can be inputted in the concrete settings or the 1D member data:

Concrete settings ] X
IVIews: Design defaults ¥ I!V[ewseiﬁngs '| | Load default | | Find | National annex: -
Description Symbol Value Default Unit | Chapter Code Structure  CheckTy...
<alb Pl=al Pl<al P o<ale Pl<.P<ale  Ol<al 2 <al> O|Designe X
4 Designdefaults ‘ | ‘
I Reinforcement | | |
4 Minimum cover ‘ | ‘
Designworking life 50.00 E year |4412(8)t. [EN 1982-1-1 |All (Bea,. [Design de.
4 of corrasion attack ‘ | | ‘
Carrosion induced by carbanation Xc3 | idA.ll(sJ !EN 1962-1-1 Design de,.
Corrosion induced by chlorides Naone |4.4.1.2(5) IEN lom-1-1 | - Designide..
Carrosion induced by chlorides from sea water None i4.4 1.2(5) !EN JeEz-1-1 \ All (Bea, . |Design de
Freeze | thaw attack None |4.4.1.2(13) IEN 1o92-1-1 | Al | Design de. =
Chemical attack None |44.1.2(12) !EN 1962-1-1 (Al (Bea, . |Designds
I Risk of abrasion attack Nane l4412013) [EN1se2-1-1 Al (Bea. |Design da
l Possibmty of special contral | I | | |
Special geometric control i4.4.1.3[3:l iEN 1990-1-1 |All [Bea.. [Designde.
Special conerete quality cantrol | |4.412(5)  |EM 1989-1-1 Design de,.
Risk of casting on atypical surface Standard | Standard i4.4.1.3(4) EN 1962-1-1 Design de.
 Concrete characteristics |
| OK | | Cancel |
7 CMD *
Name CMDI1D ~
Member B1
Member type Column v
4 Design defaults
4 Reinforcement
P Column
4  Minimum cover
Design working life [year] 50.00
4 Risk of corrosion attack
Corrosion induced by carbonation XC3 b
Corrosion induced by chlorides Mone
Corrosion induced by chlorides from sea water None
Freeze | thaw attack Mone v
Chemical attack None ¥
I Risk of abrasion attack Mone e I
4 Possibility of special control
Special geometric control
Special concrete quality control
Risk ul Lasting un alypical wirface Stancard 0
Actions
Load default values  >>>
L

. DK Cancel |
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The values of ki, k2 and ks are available in the National Annex:

B Concrete setup

Standard EN
£ Congrete
[=)- General
i - Concrete
- Non-prestressed reinforcement
Prestressed reinfarcement
Durability and concrete caver
S ULs
i - General
-5l
. - General

4 Type of values
WA building
4 Type of functionality
Hollow core beams
Prestressing

Prestressing
\j Allowable stress
i Stress limitation during tensioning
i - 5L5 stress limitation
[=I- Detailing provisions
-~ Commaon detailing provisions
-~ Columns
Beams

Select all Unselect all Refresh

Name Standard EN L
4 Concrete
4 General
4 Concrete
4 National annex
B EN_1992_1_1
I Non-prestressed reinforcement
b Prestressed reinforcement
4 Durability and concrete cover
4 National annex
4 Clause 4.4.1.2(5)
Formula Tables 4.3N, 4.4N, 4.5N
4 Acy,, - additive safety element for concrete cover 4.4.1

Value [mm] 0.0

5

Ac jy 5t - reduction of minimum concrete cover for use o
Value [mm] 2.0
4 Ay add - Teduction of minimum concrete cover for use

Value [mm] 0.0

4 kyp - values of abrasion for classes XM 1,2,3 4.4.1.2(13)
Values [mm] 5.0{10.0/ 15.0

4 Acy . - value of deviation for concrete cover 4.4.1.3(3)
Values [mm] 5.0/10.0 /5.0
4k, - minimum value of concrete cover 4.4.1.3(4)
Values [mim] 40.0] 75.0 /5.0

> ULS v

Load default NA parameters Cancel |

cmin

+

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 Acdev is 10 mm.

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

The recommended values are:

e 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 = ACgev 2 5 mm

e 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 Acgev

may be reduced:

10 mm = AcCgey 2 0 mm

26
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The special geometric control can be checked in the concrete settings or the 1D member data:

MJ — 2023/10/02

Concrete settings [m} *
IVlews: Design defaults v I|\|i1_e3.v_5e_ai_:!:£plg_sl| |_1_oa_§f?ﬁ_n_.rtli| |__F:_n_d | National annex: “
Description Symbol Value Default Unit | Chapter Code Structure  CheckTy...
<all> Dl Olcal Plealle Ol O <l Olcale O <alt O] Designe X
4 Designdefaults | | |
b Reinforcement ! ! !
4 Minimum cover | | |
i -Design warking life S0.00 :-'_'.._. (i} el i4.4.li(5],t... | EMN 1962-1-1 !.'!II (Bea,.. |Design de,.
4 Riskof corrosionattack | | | |
"~ Corrosion induced by carbanation ;e :?'-'C:‘ i4.4.12[53 iEN 1962-1-1 | All(Bea, . |Design de,
Carrosion induced by chlorides MNone | Mane |44.12(5) | EN1992-1-1 |All (Bea.. |Designde.
Lot ion induced by chlarides from sea water MNone :N-'.-||>_- i4.4.12£53 |EN 1962-1-1 !.’!II (Bea,. |Desgn de,.. |
thaw attack - Naone | Mane (4412(12) | EN19e2-1-1 |All [Bea.. [Design de. i}'>
Chemical attack Mone | Mape [4.412012) |EN1%e2-1-1 |All (B |Desdande. —
Risk of abrasion attack Nane Mane |4.4.1.2(13) | EN19€2-1-1 | All (Bea.. |Design de.
4 Possibility of special control I I | ! |
N Special geometric control | 441303 | EN 1562 L1 | Al (Bea... |Design de.
Special concrete quality contraol : i4.4.12[53 [EN 1962-1-1 | All (Bea. | Design de.
Risk of casting an atypical surface Standard | Standard (441304 EN1562-1-1 |All [Bea.. |Design de.
r Concrete characteristics | | |
| 0K | | Cancel |
®7 cMD X
Name CMD1D A
Member B1
Member type Column v
4 Design defaults
4 Reinforcement
P Column
4 Minimum cover
Design working life [year] 50.00
4 Risk of corrosion attack
Corrosion induced by carbonation XC3 v
Corrosion induced by chlorides None v
Corrosion induced by chlorides from sea water None ¥
Freeze | thaw attack None v
Chemical attack MNone v
Risk of abrasion attack None v
4 Possibility of special control
| Special geometric control |
Special concrete quality control
Risk ol Lasling ur alypital surface Standard v U
Actions
Load default values ===
OK | Cancel |
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The values of Acdev can be found in the National Annex:

B Concrete setup

4 Type of values
MA building
Type of functionality

Standard EN

- Conerete

B General

i Concrete

Mon-prestressed reinforcement
Prestressed reinforcement
Durability and concrete cover

Pl

Hollow core beams

Prestressing

-ULS
i General
~5L5

i General

Prestressing

[Z- Allowable stress
i Stress limitation during tensioning
SLS stress limitation
[=)- Detailing provisions
Commaon detailing provisions
Columns
Beams

Select all Unselect all Refresh

Pl

4

X
MName Standard EN Ll
Concrete
General
4 Concrete
4 National annex
> EN_1992_1_1
B Non-prestressed reinforcement
P Prestressed reinforcement
4 Durability and concrete cover
4 MNational annex
4 Clause 4.4.1.2(5)
Formula Tables 4.3N, 4.4N, 4.5N
4 Acgyy, - additive safety element for concrete cover 4.4.1
Value [mm] 0.0
4 Aejy, s - reduction of minimum concrete cover for use o
Value [mm] 0.0
4 Ac g add - reduction of minimum concrete cover for use
Value [mm] 0.0
- k_x“ - values of abrasion for classes XM 1,2,3 4.4.1.2(13)
Values[mm] 5.0/ 10.0 [ 15.0
4 Acy., - value of deviation for concrete cover 4.4.1.3(3)
Vﬂlﬁ [mm] 5.0/10.0 /5.0
4 Kgmin - Minimum value of concrete cover 4.4.1.3(4)
Values [mm] 40.0/75.0 /5.0
ULs .
Load default MA parameters [ : Cancel [
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Chapter 2. Design and Check

2.1 Analysis models

2.1.1 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) Abeam 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) A slab is 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:

- therib 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.

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.

2.1.2 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:
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TSN

MEMBER (1)

Name

Layer

Type

Analysis model
FEM type
Cross-section

Alpha [deg]

Member system-line at

ey [mm]
ez [mm]

LCS

LCS Rotation [deg]

¥ BUCKLING

Rustam lanathe and huckdine sattines

Bl
Layerl »~

general (0)

beam (80)

column (100)
gable column (70)
secondary column (60)
rafter (90)

purlin {0}

roof bracing (0)
wall bracing (0)
girt (0)

truss chord (95)
truss diagonal (90)
beam slab (99)

Nafanlt s

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 Settings for slabs). As diameter for the longitudinal reinforcement, the default diameter for 2D
structures — and not for beams! — is taken from the Concrete Settings.

The Column calculation is used for the Types ‘Column’, ‘Gable column’ and ‘Secondary column’.

Also there, you have the choice for the 3 different analysis models, by means of the option “Member type”:

The 1D member data overwrite both the element properties and the default settin

settings.

30

BT CMD

4 Design defaults
4 Reinforcement
= Beam | Rib
P Minimum cover
4 Solver setting
4 General
b Creep and shrinkage
I SLS
B Internal forces
4 Design As
[> Beam, Column, Rib, Beam Slab
P Conversion to rebars
P Interaction diagram
I Shear
3

Torsion

Actions

Name CMD1D
Member BS
Member type Beam

Column

Beam slab

X

~

Update support width ===

Load default values  >>>

OK Cancel

gs in the Concrete
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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.

Z z
A A
R ORI R X Boo® B
>y By
I S I S S X X &

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, you 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 the Concrete workstation and
“Concrete settings”, on the “Complete setup” view :

Concrete settings O X
I\Jiews: Complete setup ¥ I View settings « Load default Find National annex: “
Description Symbol Value Default Unit Chapter Code Struc... Check...
=all> Pl<alr Pl<al Ol<al= PO <al> Pl<al Ol<. Ol<al=LO

4 Designdefaults
> Reinforcement
r Minimum cover

4 Solversetting

4 General
Limit value of unity check Lim.check | 1.0 [Lo . . .In-'.lepen-:l___. Al (Be., | Salver
Walue of unity check for not calculated unity check Meal chec | | | .|n-'.|-:‘|3?nc|__ Al [Be,. | Solver
The icient for calculation effective depth of cross-section Coeffy .|nr.|epen- [aiiBe. | Salver
The coefficient for calculation inner lever arm Coeff, 0.9 . .|I1-'.|:‘|J?n|:|__ Al (Be. | Solver =
I The caefficient far calculation force, where mernber as under compressian i:-':--':l’fcﬂ 0.1 I 0.1 . . .In-'.lepe-n-:l___. Al (Be., | Salver
4 Creepandshrinkage
Ageof concrete at the moment considered t [1ms0,00 | 1eesnon| day 304812 EN 1992-... | & Salver
Relative humidity RH 50 [5m 314B.1-2 EN 1992- Solver
Typeinput of creep coefficient .T\,-pex,p[t Lo Auto [Auto [ .3.1.4[2] TEN 1980 & Salver
Ageof concrete at loading ty 28.00 day | 314(2),.. TEN 1952- Solver
Consider drying and autogenous shrinkage .T)-pesﬁ[t.l: Auto [Aute . [a1. |6 TEN 1592-.. | & Salver
Ageof concrete at the beginning of drying shrinkage te 7.00 [7.00 day | 3.1.4(6);.. VEN 1982-.. |4 Solver
T | ! ! ! |
|lea sffartive madulie of concreta 103 ERL e LA e LS ol
0K Cancel

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 Ned < 0,1*Ac*fcd, the member is not considered to be in compression,
which means the type ‘Beam’ is the right choice.
» If the axial compression load Neq > 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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2.1.3 Example

100,00
100,00

cplurgn (100)
beam (80)
%%ﬁ -:‘ -

LMLy 4
T

2m
2m

2 mmA2
%Eﬁ
201 mmA2
108 mm~2
mA2
mA3
108 mmAZ

Overall Design (ULS)

Linear calculation

Load case: LC2

Coordinate system: Member

Extreme 1D: Member

Selection: All

Longitudinal required reinforcement

dx Case Member A req+ Az req- Asy reat Asy req- A<z req Asy rea As req ReinfReq
[m] [mm2] [mm?] [mm2] [ mm?2] [ mm?2] [mm2] [mm?]
Asz req bar+ Az req bar-  Asy req bar+ | Asy req bar-  Asz req bar | Asy req bar | As req bar
[mm2] [mmZ] [mm?] [mm?] [ mm?] [ mm 2] [mm?]
Bl 0,000 |LC2 Column 201 201 201 201 402 402 804 ([z]ad16*,
201 201 201 201 402 402 804 |[y]l4d16*
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-]2¢16*,
[y+]2¢16%,
[y-12¢16*

Shear reinforcement

Name dx Case Member L o s e ShearReinf

[m] [mm2/m] [mm2/m]
Bl 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 (6.410°.0,09 )= -57.6 kN
Check condition:

MNeg < Neom = -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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2.2 Beam design

2.2.1 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

‘D“ —27.00

Al
1
A 20

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

The inputted loads are:
» BGL1: self-weight
» BG2: permanent load
0 Line load: -27 kN/m
0 Point load: -100 kN at position x = 0,25
» BG3: variable load
0 Lineload: -15 kKN/m
o0 Point load: -150 kN at position x =0

2.2.2 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 settings 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 a = d (for beams
as slab). This "shift rule" may also be used as an alternative for members with shear reinforcement, where:

ai=z(cotB-cota)2 (for beams) (9.2)
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The additional tensile force is illustrated in Figure 9.2:

- Envelope of Med/z + Nea - acting tensile force Fs - 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, you 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:

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):
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Concrete settings

I Views: Complete setup

o I View settings « Load default Find

=all=

Description

P

4 Designdefaults
> Reinforcement
 Minimum cover
4 Solversetting
B General

4 Internal forces

Shear force reduction above supports

Moment reduction above supports

Symbaol Value

<al> O =ale O =ale O

Default

Unit

Chapter
<all>

62.1(8)

[53220)

O

et

National annex “

Code Stru...
<all  P=. ):] <a.. S

TEN 190211 | fe

EN 1962-1-1 | [

DI Shifting of moment curve to cover additional tensile force caused by shear

9.2,1.2(2)

EN 1502-1-1 f e

[

7 v ¥ v

Geometric imperfection in ULS

Geametric imperfection in 5L

Minimum eccentricity

First arder eccentricity with the equivalent moment
Secand arder eccentricity

Internal forces modifications

Design As
Conversion to rebars

Interaction diagram

Shanr

| BluLs
| SiisLs

Smin

L

V]

P
sl

[6.104)

BT

52(2)
52(3)

5.8.82(2)

JEN 1962-1-1 | Cf

JEN1962-1-1 | O

EN/1992-1-1 |«
EN 1982-1-1 | Cs

EM1962-1-1 | (0

OK

Chec...

Cancel

==

+

B CMD

4 Design defaults
F Reinforcement
B Minimum cover
4 Solver setting
4 General
P Creep and shrinkage
b SLS

4 Internal forces

Name CMD1D

Membsr BS

Member type Beam

Shear force reduction above supports

Moment reduction above supports

I Shifting of moment curve to covar additional tensile force caused by shear L/ﬂ

4 Internal forces m

P Design As
P Conversion to rebars

B Interaction diagram

P Shear

Chapter - 9.2,1.3(2)
Code : EN 1992-1-1

REDUCTION OF BENDING MOMENT (art 5.3.5.5 (3) & 5.3. 2.2 (4))

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

P Beam Remark : If the check box is ON, the additional tensile farce caused by the shear force is taken into account using the shift rule |

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 center-to-center distance between supports, may be reduced by an amount AM¢q

as follows:
AMeo = FEd,sup t/ 8
where:
*  Fedsup is the design support reaction
et is the width of the support
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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):

4 Design defaults
P Reinforcement
P Minimum cover
4 Solver setting
4 General
¥ Creep and shrinkage
P SLS

4 Internal forces

Shear foree reduction above supports

Moment reduction above supports I

Concrete settings O *
IViews: Complete setup hd I:V'rew settings = Load default | | Find Mational annex “
Description Symbel Value Default Unit | Chapfer Code Structu... CheckT... .
=all> Bl =al> O <all Pl=alr Pl Pl<al Pl<ale Pl=ale O|<ale O
4 Designdefaults I I I I I .
i Reinforcement
b Minimum cover
4 Solversetting
b General
4 Internal forces
* Shear force reduction above supports [62.1(8) [EN 1992-1-1 | Beam B Iver e
| Moment reduction above supports | 532204 |EN1992-1-1 Il-:'--:\nu E lver =
Shifting of moment curve to cover additional tensile fore... é 92.1302) |EN1992-1-1 |BEeamHi lyer < o
Geometric imperfection in ULS :ejIULS @ . [ |52(2) ;EN 1992-1-1 | Columin lver
Genmetric iHTPEI:f-ECtiDI.ﬂ.in S8 .ei._gj;s. . | .5.2[3:1 [EN 1992-1-1 |Calumn | Salver se
Minirmum eccentricity :em,,, :In first arder I first ar .6.1[4,1 ;EN 1992-1-1 |Column, | Solver
First order ecce.r.m:icit'y with the equivalent mament [ _. - m .-3..8.8.21:2'1 ER 1982-1-1 | Colummn lver s
Second order eccentricity :ez @ ﬂ . [588 [EN1992-1-1 | Columin lver
> Internal forces modifications
p Designfs
> Conversion to rebars
i Interactiondiagram
B Chaxe
OK Cancel
i CMD X
Name CMD1D
Member BS
Member type Beam ¥

Shifting of moment curve to cover additional tensile f

4 Internal forces modifications
F Beam
Design As

(2

P Conversion to rebars
E  Interaction diagram
(2

Shear

Chapter:53.2.2(4)
Code: EN 1992-1-1

Remark : Bending moment above support is reduced if this item 15 set ON:

- for standard support, formulz 5.9 is used

- for column support the reduced moment is the same as on the face of the column

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))

36

.llﬂ“llh.
]

Using form

Mgq

Fa

F

el

P TN

d, sup

ula 5.9 (5.3.2.2 (4))

t
Edsup g
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In SCIA Engineer, the width “t”, used for the moment reduction at supports, can be set in the properties of that

support:

Y

SUPPORT IN NODE (1)

Name

Type

Angle [deg]
Constraint

X

Y

z
Rx
Ry
Rz

Snl

Standard ~~

Sliding ~

Free

Free

e

o

Rigid

Free
Free

Free

o=y

o

o

| Default size [m]

0.20

|~ GFOMFTRY

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.

B
g

v v vV v v v v vvZw

OK Cancel

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

e t=0,2m

5 CMD

4 Design defaults

Reinforcement

Minimum cover

4 Solver setting

General

Internal forces
Design As
Conversion to rebars
Interaction diagram
Shear

Torsion

Stress limitations
Cracking forces
Crack width
Deflections

Actions

Name CMD1D
Member BS
Member type Beam

I Update support width === I

Load default values

By

B Supports width

Name

1 B1

Load default

2

Position [m] Width [m] Shear reduction
0.000 0.200
6.000 0.200

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

*

Moment reduction

OK Cancel

L FEd,sup = 477,5kN
e AMeq = 477,5%0,2/ 8 = 11,94kNm
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The original moment My at the support was 254,16 kNm:

—254. 16 kNm

234,38 khm

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

— 254,16 kMm

™~
1Ly
7|

234,38 kNm

With moment capping at support taken into account the recalculated moment is 242,22 kNm.

— 242,22 kNm

234,38 kNm
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* 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):

Concrete settings O X

Views: Completesetup ¥ |View settings v | | Load default Find MNational annex -
Description Symbol Value Default Unit  Chapter Code Structu... CheckT..

<all> L=l 2 =l Pl=al= Pl=.L|=al L=al> Pl=ale Pl=al= 2

4 Designdefaults
> Reinforcement
r Minimum cover

4 Solversetting

r General
4 Internal forces
| Shear force reduction above supports ﬁ 6.2.1(8) EN 1962-1-1 JEzam B [Solver s
¢ Reduceshear forces Ontheface a Onthela 6.2.1(8) EM1992-1-1 |Beam B ailver
Moment reduction above supparts . On the face (support/column) deaniBo | Solver & i
Shifting of moment curve to cover additional tensile Farc... On the face (support/column) + effective depth of cross-section SIS
Geometric imperfection inULS .ei.ULS .Iﬂ ﬁ: . 5.2(2) EN1992-1-1 |Column | Sabver
Geometric imperfection in 5LS .ei.SLS [ | | '5,2(3:. .EN 15E2-1-1 [ alumn Salver
Minimum eccentricity .emi,‘ In first order .. In first or. | 6_i|:4:| EN1992-1-1 | Calumn | Solver s
First arder eccentricity with the equivalent moment . Q’g E} . .5.8.-‘3.2[2] [EM1992-1-1 | Column | Salve
Second arder eccentricity .ez .Iﬂ {’2: . 588 EN1992-1-1 | Calumn | Solver s
> Internal forces modifications . | . . . . .
i Designhs
> Conversionto rebars
t lnteracting diamean
OK Cancel

B CMD X

4 Design defaults
¥ Reinforcement
& Minimum cover
4 Solver setting
4 General
P Creep and shrinkage
b SLS

4 Internal forces

I Shear force reduction above supports I
Reduce shear forces On the face (support/column) ~

Mement reduction above supports On the face (supportfcolumn)
On the f. rt/col + effective depth of ti
Shifting of moment curve to cover additional tensile force caused by shear n the face [support/column) + effective depth of cross section

4 Internal forces modifications

F Beam
Design As
Conversion to rebars

Interaction diagram

¥ v v v

Shear
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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:

he f fth | At the face of the column + effective
At the face of the column depth of the cross section (based on

.. VEa ... VEd

A Jﬂlr' g

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. The reduction of shear forces at supports is illustrated for

our example below with t= 0,2 m.

The first image displays the original V::

m

At /

| ? 205,00 kN

—372,50kN |

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

mm

|
| ? 15883 kN

- 266,33 kM {

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

il Hiin—

180,33 ki

—247 B3 kN
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2.2.3 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. There are two types of
theoretical reinforcement:

* Required reinforcement: The required reinforcement is a numerical value (mm?2) of the reinforcement
that is necessary in every section of the beam.

e Provided reinforcement: The provided reinforcement is a template added to each beam/column
consisting of basic and additional reinforcement.

The configuration of theoretical reinforcement can be found in the Concrete settings, in the “Design defaults”
view. Templates of longitudinal reinforcement and stirrups for different shapes of beam are available. The
concrete cover can be set for upper, lower and side faces.

Concrete settings ] X
IVlews: Design defaults > I View settings = Load default Find National annex: -
Description Symbol Value Default Unit  Chapter Code Structure | CheckType
<alt- Pl<al= P <alr Pl<alz  Pl<. Pl<alz P <alt P <al= P Designde X

4 Designdefaults

4 Reinforcement

4 Beam | Rib
Design of provided reinforcement E Independent  |Beam Rili | Design def
Rectangular section Beam_Rec.. . |Beam_Re Independent  |Bear ik | Design def
T section Beam Tse.. .. Bearm_Tse Independent | Eean Rili | Design def
L section Beam_Lse.. .. Bearm_Lse Independent  |Bear ik | Design def
| section Beam_lse.. ..  Beam | Independent  |Bean Rils | Design def
Other and general Beam_Ot.. .. |Beam_Of Independent  |Bearn Rib | Design def =
4 Longitudinal
4 Upper (z+)
Type af cover | | Auto Ut I 441 EN1992-1-1 | Beam Al | Design defa
Diameter ds 16.0 16,0 mim EN19e2-1-1  |Eeam Rib | Design defa
4 Lower (z-) | | | |
Type of cover Auto Alito 44.1 EN1922-1-1 |Beam.Rib |Design defa
Diameter dy ) 1160 16.0 i EN1992:1-1 | Beam il | Design defa
4 Side (yx)
Type of cover | [Upper Upper | 441 EN1992-1-1 | Beam il | Design defa

b Detailing ldet)

OK Cancel

Several default templates for longitudinal reinforcement and stirrups are available for the different section types
(provided reinforcement). These can be adapted or new ones can be made.

B Provided reinfercement (design) X

= i E 0 « s Ami
Beam_Rect_Basic_AddList_All
Beam_Rect_Empty
Beam_Rect_Basic_Vertic
Beam_Rect_Basic_Horiz
Beam_Rect_Basic_Add_Vertic

Beam_Rect_Basic_Add_Horiz Upper

Beam_Rect_Basic_AddList_Vertic
Beam_Rect_Basic_AddList_Horiz

=

Mame Beam_Rect_Ba .
Description Basic and lista : )
. Side Side

Member type Beam
Cross-section Rectangle

Mode Standard

Lower

New Insert Edit oK

This template exists of basic, additional and shear reinforcement. The purpose is to compare these templates
with the required reinforcement, to model the user reinforcement that is introduced later on or to convert it
automatically to user reinforcement.
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= Longitudinal reinforcement

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 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. Next to the basic and
additional reinforcement you can also set a diameter for the detailing reinforcement. The detailing
reinforcement is reinforcement that statically is not required but that needs to be added to the cross-section to
fulfil the detailing provisions.

Member Beam — Longitudinal
| Cross-sectior Recta ‘ ‘ w B, | H,
Mode Standard
Basic reinforcement Additional reinforcement Detailing
Upper Edge Diameter Number Area Type Diameter  Number Area Diameter
e [mm] H [mm"2] [mm] [ [mm*2]  [mm]
i [ — Upper |18 0 9 Fix 160 0 g
| il 160 i 0 Fix 16.0 i i 10.0
Livwer 16.0 0 g Fix 16.0 o o
i z
Side T Side Shear reinforcement
Numberof ...  Diameter Spacing/m... Symmetrical
Max. numb... Type of inp...
- [mm] [mm]
=
8 z 20 Multiple 50
H
=
Lower

oK Cancel

= Shear reinforcement

For the shear reinforcement the number of cuts, the maximum number of stirrup zones, the diameter and the
spacing can be set. For the spacing different types of input can be used: Multiple and User defined . Multiple
means that the spacing between the stirrups will be the multiple of a set value. With User defined reinforcement
you can set the spacings that can be used. SCIA Engineer will automatically select the spacing depending on
this template and the general settings in the design defaults. The option Symmetrical allows you to define
whether the zones in each span will be symmetrical or not.

Member Beam — Lengitudinal
| Cross-sectior Rectangle ‘ ‘ hd By Hy
| Mode Standard
Basic reinforcement Additional reinforcement Detailing
Upper Edge Diameter Number Area Type Diameter Number Area Diameter
| e [mm] [ [mm"2] [mm] [ [mm*2]  [mm]
i P Upper 16.0 0 0 Fi 160 0 0
i 160 o 0 Fix 160 0 0 100
Lowser 160 o o Fix 16:0 a o
i z
Side T Side Shear reinforcement
Numberof .. Diameter Spacing/m... Symmetrical
Max. numb... Type of inp...
= [mm] [mm] =
2 ) F 8.0 Multiple 50
Lower

oK Cancel
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+ CONFIGURATION FOR CONVERSION TO REBARS

The configuration for conversion to rebars can be found in the Concrete settings, in the “Complete setup” view.
Different options are available:

Concrete settings O X
I Views: Complete setup VI View settings « Load default Find Mational annex “
Description Symbol Value Default Unit | Chapter Code Structu...  CheckType
<all> Bl<al O <al DPl<ale P|<.L<al Pl<ale POl<al O|<alr P

4 Designdefaults

> Reinforcement

I Minimum cover
4 Solversetting

> General
Internal forces
Design As
Conversion to rebars

[

==

Unify upper reinforcement abowve middle support Independent |Beam.B..|Saclver setti

Minimum length of long.reinforcement 1000 mrm Independent | 100 (Fes

Unifarmly distributed reinforcemnent for the column Independent | Calumn

oa:sa

Mumber of corrected bars (neighbouring sections) Independent | 11} [Eea

Type of zone for corrected shear reinforcement Geometrical | Geametri Independent | 1D (Bea.. | Saolver setti

Interaction diagram
Shear

Torsion

Punching

Stress limitations

v v v v v

Crarking farces

OK Cancel

= Unify upper reinforcement above middle support

Unifies the number of bars of upper reinforcement at the middle support. The maximum number of bars from
the left and right side of the support are taken into account.

= Minimum length of longitudinal reinforcement

Sets a minimum length for the longitudinal reinforcement.

U A = i
L)
X s 7\

| Li2lwe |

J r.}
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= Uniformly distributed reinforcement for the column

Uniform distribution of reinforcement along the whole length of the column, with maximum area from y and z
edges in all sections taken into account.

[ 0

=  Number of corrected bars (neighbouring sections)

Additional reinforcement is tested in each section for number of bars and diameter in neighbouring sections. If
the additional reinforcement can be distributed to the stirrup links between basic reinforcement bars, the
number of bars and diameter of additional reinforcement is increased to fulfil conditions. The reason for the
correction of the number of bars of additional provided reinforcement is to have logic and symmetrical
reinforcement in the cross-section along the beam.

3$10+2418
341042418
3910+218

3910+2$14
39104218
3¢10+2914

3$10
:E: 3910
3$10
3910

X

= Type of zone for corrected shear reinforcement

None - Zones for shear reinforcement are not created. Conversion of provided reinforcement to real bars is

not possible.

(A) Geometrical — Member is in every span divided geometrically in zones with the same length.

(B) Spacing — Member is in every span divided in zones according to the most occurrent spacing.

44

(A)

{s,prov,mini} {s.prov,min]
IRy
¥ L1-0,5L JL L2=0,51 +

|zone,1 xzone=xbegmost xend,most |zone,?

' (B)

5,010V, most

(& prov minl } [ s,provming]

R
L1=lzone,1 L2=L-l,zone,1
- — -
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* 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:

e 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 16 mm. 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

é

1335 mmAZ

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

Longitudinal required reinforcement

Name dx Case Member Asz_req+

Asz_req- Asy_req+ Asy_req- Asz_req As_req ReinfReq
[m] [mm?] [mm?] [mm?] [mm?] [mm?] [mm?]
As_req bar+ Asz_req bar-  Asy_req bar+  Asy_req bar-  Asz_req bar X A _req bar
[ mm?2] [ mm?2] [ mm?2] [ mm?2] [ mm?2] [mm2] [ mm?2]

2,333- 0 1335 0 0 1335 0 1335 |[z-17016
0 1407 0 0 1407 0 1407

51 2,833~ |ULS |Beam 1470 0 0 0 1470 0 1470 |[z+18016
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 about d = lever arm of reinforcement:

d = h — cover — Qstirup — dlongitudinal 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 Mys. 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 ¢ = 16 mm could be
proposed, since the detailing provisions are not met (bar distance too small).
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If the default diameter is set to 20 mm, the following results are obtained:

1479 mm*2

1343 mmA2

Longitudinal required reinforcement

Name dx Case Member Asz_req+ Asz_req- Asy_req+ Asy_req- Asz_req Asy_req As_req ReinfReq
[m] [mm?] [mm?] [mm?] [mm?] [mm?] [mm?2] [mm?]

As: req bart | Asz_req bar-  Asy req bar+ | Asy req bar | Asz req bar  Asy req bar | As_req bar
[ mm?2] [ mm?2] [ mm?2] [ mm?2] [ mm?2] [mm 2] [ mm?2]

2,333- 0 ) 0 1343 0 [z-15420
0 1571 0 0 1571 0 1571

51 4,833- |ULS |Beam 1479 0 0 0 1479 0 1479 |[z+]5¢20
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 —@stirup — Piongitudinal 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.

Note: 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.

" CMD x

Name CMD1D ~
Member BS
Member type Beam ¥
< Design defaults

4 Reinforcement

4 Beam [ Rib
Design of provided reinforcement u
Rectangular section Beam_Rect_Empty ¥ o
4 Longitudinal
Material B 5008 v o
4 Upper (z+)
Type of cover User L
User defined concrete cover of upper reinforcement [m 30.0
Diameter [mm] 16.0 ¥
4 Lower (2-}
Type of cover User ”
User defined concrete cover of lower reinforcement [mi 30.0
Diameter [mm] 16.0 ~
< Side (yt)
Type of cover Upper X
4 Detailing (det)
Diameter [mm] 10.0 ¥
4 Stirrups (sw)
Material B 5008 S o
Actions i
Update support width ===
Load default values  >>>
| Chapter :4.4.2

| Code: EN 1992-1-1
| Remark ! Information about type of cover of lower reinforcement

oK Cancel
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Next to the required reinforcement area, also the provided reinforcement can be viewed. Both can be displayed
as a value in reinforcement area (value As or Aswm) or as the amount of bars (value N¢ or Now). Also the
weight of the reinforcement can be shown (value Gl or Gw).

()
i
= RESULTS (1 % _
= 2l = = RESULTS (1) A X
Name Reinforcement 1D design —
Name Reinforcement 1D design
w SELECTION -
-
Type of selection Al s SELECTION
Type of selection  All v
Filter No s
Filter No v
Results in sections  All e
Results in sections Al -
¥ RESULT CASE
-
Typeof load Combinations s RESULT CASE
Type of load Combinations o
Combination ULS-Set B (auto) s
Combination ULS-Set B (auto) L
¥ EXTREME 1D
-
Extreme 1D Global s EXTREME 1D

E Extreme 1D Global v
Type of values § Required s -
Type of values§| Provided e

Values m g
1 L\\, Values [ERVE
nterval | ASreq : a;m %
~ LIMIT STATE CONDITION | B interval | M’pm ©
Aswm,req i Lprov
= ¥ LIMIT STATE CONDITION
Design ULS | No,req pr— Aswm, prov
¥ OUTPUT SETTINGS Ne,req (z) /i | Ne,prov
Output | NOWsreq » OUTPUT SETTINGS Ne,prov (1)
i Gl,re Now,prov
1 req Qutput
v DRAWING SETUP 1D Gw,req | Gl,prov
Display value nama | Components ~ DRAWING SETUT 1D : Gw,prov
= Display value name Components
Display values (‘;" po

The option Required — not covered will show the amount of provided reinforcement that is missing. For
example: AAsreq = Asreq - Asprov , thus the amount of reinforcement which still has to be added to the template
to resist the (recalculated) internal forces. If Asprov > Asyreq , AAsireq = 0

9
= RESULTS (1) A%
Name Reinforcement 1D design
¥ SELECTION
Type of selection  All N
Filter No -
Results in sections  All w
¥ RESULT CASE
Typeofload Combinations oV
Combination ULS-Set B {auto) W
¥ EXTREME 1D
Extreme 1D Global v
Type of values | Required - Not covered 2
Values m ]}}
Interval | BAsireq
i AAs,req(I)
¥ LIMIT STATE CONDITION Afswm,req
Design ULS |  ANg,req
¥ OUTPUT SETTINGS ANow,req
Qutput __ggr_nponents
w NDAWING CETHD N

Unity checks can be performed on the provided reinforcement compared to the required reinforcement. This
will give you an idea of the efficiency of the reinforcement.

= RESULTS (1) Alx
Name Reinforcement 1D design
¥ SELECTION
Type of selection All e
Filter No wr
Results in sections  All o
¥ RESULT CASE
Typeof load Combinations w
Combination ULS-Set B (auto) “
¥ EXTREME 1D
Extreme 1D Global w
Type of values || Provided - Utilization o
LE1UT U C (A, prov) \l}
Interval | uciasprov)
| UC[Asw,prov)
w LIMIT STATE CONDITION o
Design ULS | As,req-prov
¥ OUTPUT SETTINGS As,prov
Qutput Aswm,req
| Aswm,req-prov
¥ DRAWING SETUP 1D Aswm, prov
Display value name | Components
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* CALCULATION OF SHEAR REINFORCEMENT Aswm

Shear reinforcement

Name dx Case Member  Aqwm req Asam_prov  ShearReinf

| [mm2Z/m] [mm2/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
VRdc = design shear resistance of the member without shear reinforcement
VRds = 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 < VRdc Shear force carried by concrete. No shear reinforcement necessary
(minimum shear reinforcement according to detailing provisions)
*  Ved > VRrd,c and Ved < VRd max Shear reinforcement necessary in order that: Ved £ VR

= Members NOT requiring design shear reinforcement: V.~ Ed < VRd,c (art 6.2.2)

VRd,c = [Cra,c k(100 pi fck)l/3 + K1 Ocp] bwd (6.2.a)
with a minimum of:
VRd,c = (Vmin + K1 Ocp) bw d (6.2.b)
where:
o fex = characteristic concrete compressive strength [MPa]
. k = size factor: k = 1 + V(200/d) < 2,0 (with d in mm)
* P = longitudinal reinforcement ratio: pi = As/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 fea [MPa]
e d = effective height of cross section

The recommended value for Crd,cis 0,18/yc, that for ki is 0,15 and that for vmin iS given by expression:
Vmin = 0,035 k372, fcil/2 (6.3N)
The shear force Vedq, calculated without reduction by 8, should always satisfy the condition:
Ved 0,5 bw d v fed (6.5)
where v is a strength reduction factor for concrete cracked in shear.

The recommended value for v follows from:

v=0,6[1-%] (6.6N)
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In SCIA Engineer, it is possible to input following parameters:

B Concrete setup X
4 Type of members Standard EN Name Stanclard EN -
= C_:mcrete 4 Concrete
(= General
20 E4 Concrete P General
4 Type of values Mon-prestressed reinforcement 4 ULS
R Prestressed reinforcement G
NA building Durability and concrete cover General
4 Type of functionality P Bg=1/x - basic value of inclination 5.2(5)
Hollow core beams 3‘7 Gener.al B oAy, 5-8.3.1(1)
Ay Punching
Prestressing [ P Type of simplified method for analysis second order ef...
General 4 CRd "
Prestressing =
] 0.18
llowable stress Yaield
Stress limitation during tensioning 4 Ky chear - Coeff. for calculation Vrd,c 6.2.2(1)
5LS stress limitation Value[] 0.15
ailing provisions v
Cowmimon detiilivg rasin 4 v in - coeff. for calculation Vrd,c for shear 6.2.2(1)
Columns Formula Formula
Beams 4 v - strength reduction factor for concrete cracked in =...
2D structures and slabs
... Punching Formula Formula
Pk - Coefficient for calculation of longitudinal shear stre...
P B in - min. angle between the concrete compression strut
Ll S prestressed ~ Min- angle between the concrete compre
P 8 ... - max. angle between the concrete compression strui
P 8 in.c - Minimal angle between the concrete compression
P B8 in.t - Minimal angle between the concrete compression =
P B 0. f - Maximal angle between the concrete compression
P vy, - strength reduction factor for concrete cracked in she
£ 2 P va - streneth reduction factor for concrete cracked in she ud

Select all Unsealect all Refresh Load default MA parameters Cancel

Note: 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.

shear reinforcement
/ compression chord

Y _Z Fed
— YT T A T T & F | ﬂ
= R /e N
Rd
Yy g
: ) Fta
tensile chord/ bw =bwi
compression strut < >
The angle 6 should be limited.
The recommended limits of cot 6 are given:
l<cotb6=<25 (6.7N)
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The angle 0 can be inserted in SCIA Engineer:

Concrete settings

Plsalr  Pl<ale O] <ale O

O x

National annex “

Structu... | CheckT...

==

Views: Complete setup ¥ I\l'r_ew settings v | | Load default | Find
Description Symbel Value Default Unit | Chapfer Code
=all= el 2 <all Pl P = ) <all=
4 Designdefaults I I I I
P Reinforcement
b Minimum cover
4 Solver setting
b General
B Internal forces
B Ijesiéﬁ:ﬂ:s
p Cenwversionto rebars
B Ir.\tera.ct.ior.l.(.:lia‘gram
4 ear
Type calculation/input of angle of compression strut Type B User(angle] | Userlangle |623 |EM 1992-1-1
Angle of compression strut .6 |40.00 [40.00 .-I--;;. 623 ;EN 1982-1-1
| Co.tangent éngle af .cﬁmﬁression strut .cot[BJ [12 [12 [ [623 VEM 1992-1-1
Caonsider effect of axial force in nonprestressed shear che... Type agy . . 56.2.2il] :EN 19692-1-1
4 Shear betweenweb and flanges -
Typeinput of angle of compression strut .Typeaf .User[angle] [User \.ngl.--: .62.4[4] ;EN 1900-1-1 |
”.Angle. af cémhressi{:n strut - .Bf lanon [4000 deg [G2.404) VEM 1992-1-1 |
Cotangent of angle of compression strut .cot[ﬁf'J [1z [12 [ .62_4[4] ;EN 1902-1-1 P
. oy 2loich s At : | ! ! et S |

OK Cancel

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

A
VRds = % Z fywa cOt 8 (6.8)
and
VRd,max = Gew bw Z va fea/(cot © + tan 0) (6.9)
where:
* Asw = cross-sectional area of the shear reinforcement
e s = spacing of the stirrups
o fywd = design yield strength of the shear reinforcement
LAVEL = 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 vi is v (see Expression 6.6N)

If the design stress of the shear reinforcement is below 80% of the characteristic yield stress fyk, vi may be

taken as:

vi=0,6 for fex < 60 MPa

vi=0,9 —fu«/200 > 0,5

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

50

for fok = 60 MPa

(6.10.aN)
(6.10.bN)
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These code related parameters can be found in the Concrete setup:

B Concrete setup X

4 Type of members Standard EN Mame Standard EN A

=} Conerete
4 4
= ﬂ =) General Concrete

2D - Concrete P General
4 Type of values on-prestressed reinforcement 4 ULS
— restressed reinforcement 3
NA building urability and concrete cover General
4 Type of functionality B 8g=1/x - basic value of inclination 5.2(5)
Hollow core beams | b g 5.8.3.1(1)
Prestressing |14 5515 P Type of simplified method for analysis second order ef...
lfeﬂteral ; 4 cRd,c
i Prestressing -
S il ble st P Ky shear - coeff. for calculation Vrd,c 6.2.2(1)
tress limitation during tensioning P v i, - coeff. for calculation Vrd,c for shear 6.2.2(1)
<SS stress limitation P v - strength reduction factor for concrete cracked in s...
[=1- Detailing provisions & i R R .
B k - Coefficient for calculation of longitudinal shear stre...

b

alumns

ams

D structures and slabs
- Punching

8 in - Min. angle between the concrete compression strut

Walue [deg] 21.80
¥ nin.prestressed - Min. angle between the concrete compre
4 8 .., max. angle between the concrete compression struf

Value [deg] 45.00
8 in.c - Minimal angle between the concrete compression
8 1in.1 - Minimal angle between the concrete compression =

8 nauf - Maximal angle between the concrete compression

w7 ¥ W

4 wq, - strength reduction factor for concrete cracked in she
Valus[-] 0.60

vqp, - strength reduction factor for concrete cracked in she

[

Formula Formula
4 a_, (non-prestressed structures)

Valus[-] 1.00
4 a, (prestressed structures)

Formula Formula

=

k - shear calculation factor for plain and lightly reinfo...

b4

kycoefficient for calculation opy .., 6.5.4(4)

ks-coefficient for calculation og, ... 6.5.4(4) i

Selectall Unselect all Refresh Load default NA parameters cancel

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

1315 mmA2/m

Shear reinforcement

Name dx Case Member Aowm_req Acum_prov ~ ShearReinf

[m] [mm?/m] [mm?/m]
51 7,333- |ULS Beam 298 309 ($p8/325mm,
(ns=2)
51 4,900 |ULS Beam 1315 1340 |$p8/75mm,
(ns=2)

The maximum value of 1315 mm? corresponds to a two section stirrup of ¢ = 8mm every 75 mm.
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2.2.4 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:

B Longitudinal reinforcement *

EEPEFE &« O wh

LR_B_R1
LR_B_R2
LR_C_R1 -
LR_B_R3 o O

LR_B_R4

Mame LR_B_R1

Description Long. reir
Stirrup nam StirrupRe
Number of I 2
Diameter [m 16.0
Area [mm"2 S04

Type of bear beams an

New Insert Edit Delete OK

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

Do you want to use parameters of reinforcement [diameter of long.reinforcement, stirrup and concrete cover)

from the Concrete member data
Ofrom the Design defaults

@from the defined template
oK

The practical reinforcement is shown graphically on the screen:

52
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Chapter 2: Design and Check

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

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

|7 Stirrup shape manager x
HEEFE &2 O @
StirrupRe
StirrupR10
StirrupR11
StirrupR12
StirrupR13
StirrupR14
StirrupR15
StirrupR16
StirrupR17
Mame StirrupR9
Description Stirrups temg
Number of stirr. 1
Diameter [mm] 8.0
Number of cuts 2
| New | insert | Eqit | Deietel oK
The stirrup shape can be edited or a new one can be made. Therefore user points may be added.
Stirrup shape X
s ]
bece || Deea
Name 51
Position number 1
Diameter [mm] 8.0 -
Cotor NN
Mumber of vertex 4
Torsion [ ves
Shearin joint | ne
Analysis model Structural mo...
SHEAR CALCULATION
STIRRUP USER DEFINED POINTS Number of cuts 2
ltem-edge index Type Rela Abso [mm] ‘ron » — — .
—— - = fmxd Diameter of mandi 25 dss
| cutniatic PICTURE PROPERTIES
L 2 Draw intersection points
Diameter B praw corners points.
5 R T < 3 Texts & Points scal 0.5 .
Draw dimensions
[ mad [ peime [ pemeal ] || Redraw ‘
ok || Cance |
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For the longitudinal reinforcement, we can define precisely where the extra practical reinforcement needs to
be putted:

842 mm”2

[Paintin 810 of length]|

1 A NN
i B
4 e
INPUT PANEL & Concrete
= All categories @ All tags
ForeBE9® ToEE9S .,

E wP@P® o

The selected zone of the member can be modified by the properties panel or by the menu Library / Concrete,
Reinforcement / Longitudinal Reinforcement Library:

Lengitudinal reinfercement x

Filter All v

2 11-S1E4
= :
r’.—‘\"'
Delete || Deleteall
Mame L2-S1E2 A
3 1 Position numbe 2

Diameter [mm] 16.0
Mumber of bar: 2
Area [mm*2] 402
Layer type Uniform
Cover type Surface to v
Cover [mm] 0.0
Left bar Before the v

L_o 4 nJ Right bar Before the v
i Stirrup name 51 s
- - -~ e e
Analysis model Automatic design
| LONGITUNIDAL REINFOR... | NEW REINFORCEMENT PARAMETERS | TYPE OF BEAM | REINFORCEMENT LAYERS AREA
New layer Number of bars 2 ¥ beamsandribs ¥ Selected layers 402 mm®*
Add bars to corners Diameter [mm] 8.0 - All layers 804 mm*
Stirrup name 51 ¥ STIRRUPS PICTURE P._ROPERTlE.S_
i ik Draw dimensions
3 | Edit stirrups
Bars positions Edpeindex 2 2 - : Texts scale 0.5 =
| COLLISION OF BARS Redraw
Collision * Between existing bars
Move laver OK Cancel
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Here can be set on which face extra reinforcement needs to be added:

Lengitudinal reinforcement *
Filter All 2
a ] L1-51E4
= L2-51E2
3

Delete Delete all
Mame L3-S1E4 A
3 ] Position numbe 7

Diameter [mm] 20.0
Number of bar: 3
Area [mm*2] 9421
Layer type No corner +
Cover type Surface to v

Cover [mm] 0.0

Stirrup name 51 v
o8& & @ O E i 4 -
4.
Detailing no
~ . ma .
Analysis model Automatic design
LONGITUNIDAL REINFOR... | NEW REINFORCEMENT PARAMETERS TYPE OF BEAM REINFORCEMENT LAYERS AREA
Mumber of bars 3 v beams and ribs v Selected layers 942 mm?"
Diameter [mm] 20.0 v Alllayers 1747 mm*
Stirrup name 51 v STIRRUPS PICTURE PROPERTIES
i cai Draw dimensicns
i Edit stirrups
Bars positions bdge inds: < hd i Texts scale 0.5 =
COLLISION OF BARS I
Collision
* Move laver OK Cancel

For reasons of simplicity, we will add 3 bars of 20 mm 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 x

2x QdS.O-O.”;I) 2x9d8.0-0.300 2x31d8.0-0.100 2x10d8.0-0.277 2x|,1d8.0-0.099
| OW 0.050 0.050 0.004 0.004 0.004 0.004 0@886

| 2.500 3.000 2.500
1 1
Zone 1 Minimum stirrup reinforcement out ceale =]
Zone |Length[m] Diameter [mm] Distance [m] |Realdistance [m]  Type By user Dlistance tobegin[m By user Distance toend[m]
one
Zoned i[s 3.000 3.000 0.100 0.100 single v yes ~ 0.004 yes 0.000
Zone 4 ]

Additional stirrup reinfarcement
Symmetrical

Parts from both points

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

Mewzone | Delete zone New part | | Delete part

To check if there is enough shear reinforcement, a capacity check needs to be performed. This will be
explained in the next chapter.
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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 - Concrete
Lock position
4 m Structure Labels @Model Concrete IrComposite I‘aiodelling..-'Drawing GA&ributes Misc. @View 4
[W] Check / Uncheck all
B | Service
Display on opening the service |7
[E] | Concrete + reinforcement
Display |7
Member data |7
SaT detail data v
Drawing directions for design |_
Main reinfarcement v
Style of main reinforcement all ;I
Stirrups v
Style of stirrups all =
Mber of stirrups iJl -
Color of reinforcement colour by diameters -
Scheme of reinforcement
Reinforcement drawing type 3D ;l
Rounded bends v
=] | Concrete labels
Display label |7
MName |7
lear dafinad reinfrrramant i

The total practical reinforcement of the beam is shown below:

A zoomed view shows the 3D representation:
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2.2.5 Conversion of theoretical reinforcement into

practical reinforcement

Since SCIA Engineer 19 it is also possible to convert theoretical reinforcement into practical reinforcement. As

mentioned in previous chapter there are two types of theoretical reinforcmeent: Required reinfocement
mm?2 necessary in each section) and Provided reinforcement

(:

(= template of reinforcement with various

ammounts of additional reinforcement possible). It is only possible to convert Provided reinforcement into
practical (=user) reinforcement.
Let's have a look at this example : open beam.esa
Set the template of provided reinforcement.
Provided reinforcement (design) edit - Beam_Rect_Empty O >
Member Beam — Longitudinal
Cross-sectior Rectangle ‘ ‘ v Hy
Mode Standard
Basic reinforcement Additional reinforcement Detailing
Upper Edge Diameter MNumber Area Type Diameter Number Area Diameter
= [mm] [ [mm*"2] [mm] [ [mm*2]  [mm]
] e Upper 20,0 Fi 628 List by m... 20,0 0711234  DiSl4E..
Sids 16,0 0 0 Fix 16.0 0 0 10.0
b Lowe 20.0 Fia 628 List by n.. 20,0 0513234 BESdEE
o
Side T Side Shear reinforcement
- Numberof ... Diameter Spacing/m... Symmetrical
Max. numb... Type of inp..
= [rmm] [mm]
[::] S 2 8.0 Multiple 50
Lower
OK Cancel

Go to Reinforcement design and look at the value As,prov(¢). This is the provided reinforcement that will be
converted into practical reinforcement.

“ overall Design (ULS)
Values: As,prov ()
Linear calculation
Combination: ULS
Coordinate system: Member
Extreme 1D: Global
Selection: All
Note: Longitudinal reinforcement is
designed in the centre of the edges of
the cross-section. Checks use the real
position of the reinforcement.

7z

2020+ 2@20

2020+2@820

Press ‘Conversion for real bars’
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ACTIONS 33

@ Refresh

@ Edit provided reinforcement template

@ Concrete setup

Ig) Conversion for real bars I
() Preview
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The following reinforcement is generated.

The practical reinforcement is added as reinforcement data. You can edit the reinforcement by selecting it and
then click on ‘Edit reinforcement’.

ACTIONS =2
Edit reinforcement I

Now the parts of the reinforcement that needs edditing can be slected. The diameter, number of bars, length,
spacing , ... can be changed in the properties window.

Remark:
It might occur the error message ‘Conversion of reinforcement was not done because th e Type of zone
of shear reinforcement is set to ‘None’ in the Desi  gn defaults’ appears within the summary after
conversion when converting the provided reinforcement into real bars. This behaviour is caused due to the
option ‘None’ is selected for the setting ‘Type of zone for corrected shear reinforcement " within the design
defaults.

T
| Summary after conversion

Member  Additional data  Status Explanation

Not OK Conversion of reinforcement was not done because the Type of zone for shear reinforcement is set to ‘None' in the Design defaults.
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In the example, we will increase the length and diameter of reinforcement area 5.

¥ LONG REINFORCEMENT LAYER
GENERAL

Name Longs
Position number
Type s
Torsional E:f
BASIC PARAMETERS
No.ofbars 2

Diameter [mm] 22.00
Area As [mm*2]
Edge type
Material B 600C
GEOMETRY
Edge
Stirrup
Coord. definition  Absolute
Begin[m] 4.00
End[m] 6.00
Length [m]
Edge distance [mm]
Anchorage length at begin [m]  0.00

Anchorage length atend [m] 0.00

DETAILED INFO
BAR-1
Info

BAR-2

Info

Note that the converted reinforcement cannot be put together with the practical user reinforcement on the
same element. You can either input your own reinforcement template using the first option or convert the
reinforcement template using the second option. In general, it is advisable to use the first option for elements
with a more difficult layout of the reinforcement (multiple reinforcement layers) as this is easier to adjust. For
elements that have a very similar reinforcement layout, the converted reinforcement can be a useful tool.
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2.2.6 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
e Slenderness: determining if 2" 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)

There is also an Overall check available. This will simply check all the checks you have activated, but for a
more detailed report, you will need to go into the check itself.

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

+ 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)
» Check of tensile reinforcement (st)
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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 Design > Concrete 1D > ULS response check.

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

Beam S1

ECEN 1992-1-1:2004/AC:2008

RECT (500; 300)
Section 26 [dx = 5 m]

Member length:

L=10m

Concrete: C30/37

Bucklingy-va Ly = 10 m (sway) Bi-linear stress-straindiagram
Buckling 224+ L, = 10 m (sway) Exposure class: XC3
e Longitudinal reinforcement: B 500A
Bi-linear with an inclined top branch
® & @ & @ 5420 (1571 mm2) A P

I

y

500

7620 mm (A, = 2199 mm’)

P, = 1466 % (17.3 kg/m)
Shear reinforcement: B 500A

Bi-linear with an inclined top branch

$10/997 mm (ns = 2) (Asw = 157 mm’)

pw = 1051 % (12.4 kg/m) (Asym = 1576 mm:/m]
Cover (stirrup)

Top: 36 mm
Bottom: 36 mm
L] ] 2620 (628 mm2) Left: 36 mm
Right: 36 mm
L
300 $10/100 mm, ns=2
Summary of check
Type of Fibre/ & Ous Check Check ucr Limit Status
component  Bar [%c] [MPa] strain[-] stress[-] e
| Concrete 1/-163| -187 047 0.93 0.95 1 oK
| Reinf. 1] 217 434 0.10 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:

Extreme values of stress/strain in component

Type of component Fibre/ £ Em O Biimy UCI[-]1 Status
Bar [%6c] [%e] [MPa] [MPa]
Concrete - compression 1 -163 -35 -187 -20 093 oK
Concrete - tension 3 264 1] 1] 0 000 OK
Reinforcement - compression 3 -116 -225 -233 -454  0.51 OK
Reinforcement - tension 1 217 225 434 454 095 0K

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

17 433.89 LI N B

191

-1.1g, -232.72

-1.63 -18.67
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Settings that might influence the check:
» Effective depth of cross-section - d

It is usually defined as distance of the most compressive fibre of concrete to center 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.

ob do o

X

z =383

H = 445

T

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

In those cases, the effective depth is calculated according to formula :

d = Coeffd * hi
With:
» Coeffa by default 0,9 in Concrete settings, in “Complete Setup” view, and in “Solver settings” /
“General”
* hi height of cross-section perpendicular to neutral axis
Concrete settings O X
Views: Complete setup ¥ |View settings v Load default Find National annex: “
Description Symbol Value Default Unit | Chapter Code Structu... | CheckT...
=all= ,-':Z' =all= ,-':Z' =all= ,-':Z' =all= ,-':Z' =:”,,-':Z' =all= ,-':Z' =all= ,-':Z' =all= ,-':Z' =all= ,-':Z'
4 Designdefaults
I Reinforcement
r Minimum cover
4 Solversetting
4 General
Limnit value of unity check Lim.check | 1.0 L0 Independent | All (Bea lver s
Walue of unity check for not calculated unity check Meal.check 3.0 3.0 Independent | All (Bea lver s
I The coefficient for calculation effective depth of cross-sec..| Coeffy 09 I Independent |All (Ees ler
The coefficient for calculation inner lever arm Coeff; 09 Independent | All (Bea lver s -
The coefficient for calculation force, where member as u..| Coeff gy 0.1 0 Independent | All (Bea lver s
4 Creanandchrinkacs

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
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In those cases, it is calculated according to formula:

z = Coeff, * d
With:
» Coeff; by default 0,9 in Concrete settings, in “Complete Setup” view, and in “Solver settings” /
“General”
Concrete settings O X
Views: Complete setup ¥ |View settings v Load default Find National annex: “
Description Symbol Value Default Unit | Chapter Code Structu... | CheckT...
<all> Pl<al  POf<al= Pl<ale P =<.LP|<al LOf<al> Pl<al O|<al> O
4 Designdefaults
- Reinforcement
. Minimum cover
4 Solversetting
4 General
Limnit value of unity check Lim.check | 1.0 L0 Independent | All (Bea lver s
Walue of unity ch r not calculated unity check Meal.check 3.0 3.0 Independent | All (Bea lver s
The coefficient for calculation effective depth of cro Coeffs 0.9 Independent | All (Bea bver
IThe-:-;-eFfi-:ient for calculation inner lever arm Coeff, 09 I Independent | All (Bea lver s -
The coefficient for calculation force, where member as u... | Coeff g 0l 0.1 Independent | All ([Eea bver
4 Creepandshrinkage

For additional information about this check and the theoretical background, please refer to our web help.
d 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 Design menu > Concrete 1D > ULS capacity diagram check

The standard output gives the summary result of the check:

Summary of check

N Ne: Nee M, Mg, Mgg. Mg, UC  Status
Ngy. M. Mg M,  Mpg
[kN] [kN] [kN] [kNm] [kNm] [kNm] [kNm] [-1
0 0 0 -261 -261 119 -278 0939 oK
0 0 0 0 0 Meaz/Mra:

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

Summary of check
Forces: Neg = OkN Megy = -26T kKNmM  Meg: = 0kNm
Resistance: Npg = OKN  Mgay = -278 KNM  Mgg: = 0 kNm

Calculation of unity check

1 1
‘\/ NEdZ + MEdyZ + MEd22 B ‘J 0°+-261 +0°

7=0939 <=1 OK

uc=

1
\} NRd2 + MR:I;,Z + Mad;2 ‘J 0°+-278 +0°
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Interaction diagrams are also drawn in the Detailed output:

3D interaction diagram - Vertical section N-M,

Z
z

-4000 -

-35i

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

[kN]

-4000

Mres [kNm]

Settings that might influence the check

Interaction diagram method
Division of strain

Number of points in vertical cuts

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

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

check of interaction of shear and torsion

This check can be performed if the following conditions are met:

The material of all reinforcement bars and stirrups are the same

The angle between gradient of the strain plane and the resultant of shear forces is not greater than 15°
Cross-section with one polygon and one material
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Example: beam practical reinforcement.esa

Run the Shear + Torsion check in Design > Concrete 1D > ULS Shear and Torsion check

Some parts of the beam do not satisfy:

Check shear+torsion (ULS)
Values: UC

Linear calculation
Combination: ULS

Coordinate system: Member
Extreme 1D: Global

Selection: All

]
AT WA
7N

=
|l
L
|
|l

f

.

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

Forces
Content of combination: 1,35*LC1+1.35*LC2+1.50LC3
Meg = 0 kN Mgg, = 203 kNm - Meg = 0 kNmM Vegy = 0 kN Veg = -132 kN Tegg = 0 kNm

Resultant of shear force Difference between angles oy and oy

L Oy = abs(m_a - c{-.,-] = abs{QD - QE}): 0°

2 2! 2 2 ~
Veg =7 Veay +Vee =1/ 0 +-132 =152 kN

Summary of check
d=445mm z=383mm bk, =300mm b,; =300 mm Vs = 87.8 kN Vag = 665 KN Vegmay = 705 kN Vggna, = 598 kN
Type of check Forces Resistances UC[-] S
Check shear Vy+Vz 1517 kN 665 kN 228 NotOK
Check torsion 0.0 kNm 0.0 kNm 0.00 oK
Interaction check Vy +Vz+T (concrete) 0.00 0K
Interaction check Vy +Vz+T (shear) 0.0 kM 0.0 kM 0.00 QK
Interaction check Vy +Vz+T (long. reinf) 0.0 kN 0.0 kN 0.00 oK
Summary of check 2.28 Not OK

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 demax
Veg = 152 kN £ Vrgmay = Voeg + Vg = 598 kN

|N01e: The check satisfies for crushing of the compression strut (Veg £ Vadmax + Vea + Vo) |

Check VEdmax
Veg = 132 KN 2 Vegmay + Veed 7 Vig = 703 kKN

|N01e: The check satisfies for shear force near the support (Ved £ Vedmax + Vid + Veea). |

Check Vage and Vrge
Veg = 132 kN = Vpg, = 87.8kN and Vgy = 152 kN = Wy, # Vg + Vi = B85 kN

Error: The check does not satisfy, because of shear reinforcement (Veg > Vage + Vees + Vaa). It is necessary to increase

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

Unity check

_ abs(Vig) _ abs(152 kn)
T Way  6BIKN

uc =2.28
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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:

REINFORCEMENT LAYER (1)

Name
Type of zone
Detalling

Position number

Material
Calculation of cuts number
Number of cuts
Diameter of mandrel dm =x"ds(s), x =
w ANCHORAGE
Torsion type
Anchorage L [mm]
Keep formwork
¥ GEDMETRY
Test of averla g]pil‘!g SﬂrfLIPS
Member
Whole length beam/span
Coord. definition
Position x,
Position 1,
Origin
w DESCRIPTION POSITIONS
Vertical [m]
SCHEME OF REINFORCEMENT

Horizontal position in X direction [m]
Vertical position in Z direction
ACTIONS 2
@ Edit stirrup shape
(>) Editcovers

(>) Editstirrups distances

RL

stirrups

£ )

B 500A
User ~
2.00

4,00

Do

120.00

@

Rela *~
0.000

1.000

From start

-0.40

4

o’

Select “Zone 2" and change the distance between stirrups from 0.3 m to 0.1 m. Apply the same procedure for

“Zone 4" and modify the spacing to 0,2 m:

Stirrups zones

66

ZXJ#)dS,O-O% 2x25d10,0-0,100 || 2x%31d10,0-0,100 2x14d8,0-0,192 2x[1d8,0-0,099
|0,R | 0,050 2.500 0,050 0,005 3.000 0,005 0.004 2.500 0,004 0[]}886
A 7
i Minimum stirrup reinforcement Text scale 1 =
1 Zone | Length[m] | Diameter [mm]| Distance [m] | Real distance [m] By user Distanceto begin [m] By user  Distance to end [m]
1 2,500 10,000 0,100 0,100 single - yes - 0,050 yes 0,050
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We could also have added more stirrups like below:

Stirrup shape

X
51
> 52
]
;r 1{
Delete Delete all
Name §2
cotor [N
3 1 Number of verte 4
Closed [E3
Detailing no
Tarsion no
Shear in joint no
e
| +
Analysis mo.
|
| SHEAR CALCULATION
STIRRUP USER DEFINED POINTS Number of cuts 4
New stirrup em-edge inde Type Rela ibso [mm From
Diameter of mand 4 dss
g 1tvye e e i bl PICTURE PROPERTIES
2 2.Edge Re~ 0.300 End v "
£2 Draw intersection points
Diameter 3 a.Edge Re v 0.300 Begin ¥ 2 Draw corners points
8.0 mm 4 A.Edge Re v 0.300 End v Texis & Points scz 0.5 f
Add Delete Delete all Redraw

0K Cancel

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:

TIHWM 1\ TII T T SRR |---|'|"|’|"|"|ﬂ|ﬂi||||
JXHRITYN | ] ] EENEEEEEEEE R

Settings that might influence the check:
» Coefficient for calculation of effective depth of ¢ ross-section
Default value 0,9 in Concrete settings > Complete Setup view > Solver settings > General
» Coefficient for calculation of inner lever arm
Default value 0,9 in Concrete settings > Complete Setup view > Solver settings > General
e Angle of concrete compression strut
3 types of input in Concrete settings > Solver settings > Shear:

o User (angle) user input of the angle — by default
0 User (cotangent) user input of the cotangent
o0 Auto automatic calculation of the angle fulfilling equation 6.29
Concrete settings [m] X
Views: Complete setup ¥ |View settings = | | Load default Find National annex:-
Description Symbol  Value Default  Unit Chapter  Code Structus. CheckT..
<all= Pl<ale O <alk Pl<al DOl<.Plsale LPl<ale  O<ale 2<all O
4 Designdefaults | | |
& Reinforcement
B Minimum cover
4 Solversetting
b General
& Internal forces
b DesignAs
- Conwversionto rebars
b Interaction diagram | | | | | | =
4 Shear
b Type calculationfinput of angle of compression strut Typed Userfangle) & URerlangl 623 EN1992-1-1 | All (Bea wlhver
Angleuf compression strut 8 Auto i} .-I-;' 623 EN1992-1-1 | All (Bea.. | Soher
Cotangent angle of compressian strut cotl8) Userlangle] | 523 [EN 19211 | All (Bea. | Sobeer
Consider effect of axial force in nonpresiressed shear che. | Typeas, _ Lussricotangent) 52.2(1) EN1992-1-1 |10 (Bea... | Sobver
4 Shear betweenweb and flanges
Typeinput of angle of compressien strut Types: Userlangle) [Userfangle)] 6.2.4(4) EN1992-1-1 |Beam B, | Sobuer e
Angle of compression strut I [anon [amon dex  |62414)  |EN1992-1-1 |Beam B |Soler ¢
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The angle should be between 8min and Omax defined in the NA for EN1992-1-1.

Standard EN
=J- Concrete
=- General
Concrete
Non-prestressed reinforcement
Prestressed reinforcement
Ali d concrete cover

=-ULs

General
Prestressing
[=)- Allowable stress
Stress limitation during tensioning
SLS stress limitation
(=)~ Detailing provisions
Common detailing provisions
Columns
Beams

Angle of shear reinforcement

k - Coefficient for calculation of longitudinal shear stress resisted by

Practical reinforcement can only be introduced at 90°.

_Value[:] 040
Omin -~ Min. angle between the concrete compression strut and the bear
Value [deg] 21,80
O min.prestressed -~ Min. angle between the concrete compression strut an
Value [deg] 21,80
Onax - Max. angle between the concrete compression strut and the axis
Value [deg] 45,00
O min.c - Minimal angle between the concrete compression strut and the
Value [deg] 0,00
O min - Minimal angle between the concrete compression strut and the
Value [deg] 0,00
O maz ¢ - Maximal angle between the concrete compression strut and the
Value [deg] 0,00
Vi, - strength reduction factor for concrete cracked in shear (fck<60MF
Value [-] 0,60

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:

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.
tensile stress in reinforcement
strain existence and thus appearance of cracks in concrete.

- stress in reinforcement is verified due to limitation of unacceptable

Example: beam practical reinforcement.esa

The stress limitation check is done according to the following steps:

Verification of crack appearance
Verification of the stresses

The Standard output shows those 2 steps:

68

Verification of cracks in cross-section

Load Type of E_ Combi. Ngg Mgy, Meg: [ h forert Cracks
module [MPa] [kN] [kNm] [kNm] [MPa] [mm] [MPa] appear
Short | E; 0  Char. 0 -188 0 12.6 500 2.9 YES
Stress limitation in concrete
Checktype Load Nez Meyy Mew: ¥ z o Ocim  O/Ccim  Status
[kN] [kNm] [kNm] [mm] [mm] [MPa] [MPa] [-]
§7.2(2) Char. Short 0 -188 0 OFF
§7.2(3) Q.-P. Short 0 -188 0 0.15 -0.25 =212 -135 1.57 Mot OK
Stress limitation in non-prestressed reinforcement
Check type Load N Mg, Mg, ¥ z; o, O im oo, Status
[kN] [kNm] [kNm] [mm] [mm] [MPa] [MPa] [-]
§7.2(5) Char. Short 0 -188 0 0.09 0.2 300 400 0.75 OK
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Verification of crack appearance

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

* ouSfaer no crack appears

* Oy >faet crack appears

With:
*  Oc maximal tensile stress in concrete fibre
o foteff effective concrete tensile strength

Verification of stresses

There are 3 stress limitations checked:
*  Occharim < ki *fck  concrete stress under Char. load — 7.2(2) - exposure classes XD, XF, XS
*  Ocgpim < K2 * fek concrete stress under Quasi Perm. load — chapter 7.2(3)
*  Oscharim < ks *fyk  reinforcement stress under Char. Load — chapter 7.2(5)

Values of ki, ko, 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 * fyk, where ks is NA parameter with standard value ks = 1,0.

This option can be activated in Concrete settings > Stress limitations:

Concrete settings [m| X
Views: Complete setup ¥ |View settings = Load default Find National anneix: “

Description Symbol Value Defa.. U.. Chapt.. Code Stru.. Chec... Remark
zall= P <al.. P|<al O|=<. O <al.. 2| <al O <.. P|<.. 2

4 Designdefaults

> Reinforcement

. Minimum cover D
4 Solversetting

> General
I Internal forces k 3 X fyk
i Designis
> Conversionto rebars
& Interactiondiagram = E
I Shear
- Torsion
4 Stress limitations k 4 X fyk

b Indirect load limposed defarmation 7.2(5) EN 1982, All (B Solbeer

Stress limit in the reinforcement Auto Auto 7.2(5) EN 1902, AlL(E...| Sclver

b Cracking forces When the stress in reinforcement is caused by the
> Crack width indirect load (imposed deformation) then the stress
& Deflections should not exceed different maximal value
> Detailing provisions

0K 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+(p)

Long-term behaviour can be activated in Concrete Setting > Complete Setup view > Solver settings > General
> SLS > Use effective modulus of elasticity.
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The creep coefficient can whether be calculated by the software or inputted manually in the Concrete settings.

Concrete settings [ X
Views: Complete setup ¥ |View settings + Load default Find National annex: “

Description Symbol Value Defa,. U.. Chapt. Code Stru,., Chec... Remark
=all= Pl=a.. Pl=ale B|=. P a2 =ale D=0« 2

4 Designdefaults

= Reinforcement

= Minimum cover D
4 Solversetting | [ | | | | [ | |

4 General

Lirnit value of unity check [Lim.ch...| .Inclepe... [air (B | cm
Yalue of unity check for not calculated.. [ Meal Indep B..|Sal
Thee ient fa ulation effective. | Caeffy |09 | | .Incl-epe... [N
The coefficient for caleulation inner le.. | Coeff, 09 Indepe.. AllE [5al E
The coefficient for caleulation force, w.. | Coeff qp 0.1 0 Indepe.. AR |
la Creepandshrinkage | | | | | | | 5o E cm
Age of concrete at the moment co... [t 1825.00 day |3.14.B0 0 EN 1992, JAIl (1 | —_—
Relative humidity RH 50 3.14B. EN 1o JAl B 5ol 1 + ¢
Typeinput of creep coefficient .T\,‘pef,p.__.&utr_\ [Auts | | 3.1.4(2) [EN 1992 Ja B | 5ol
Age of concrete at lnading |t 28.00 | 2800 | day |3.1.4(2). EN 1962, JAIl (B | 5ol Possibility to use effective E modulus of concrete. |t
Cansider drying and autogenaous s... | Typez.[ No At 314067 |EN 1902 RAll (B | meansthe langterm behaviour of concrete is coverad
. SLS | in the analysis of the crack width and stiffness
p Use effective modulus of concrete T.1{2) EN 1922, JAll (B, | Solv calculation

4 Default sway type

Sway around y axis Indepe.. | All

Sway around z axis

Indepe.. A
> Internal forces
> Desion s

OK Cancel

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:
» The crack width is calculated for beams and columns and for general loads (N + My + Mz)
» Cross-section with one polygon and one material is considered in version SEN 17
» The material of all reinforcement bars must be the same in SEN 17
» 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:
* Oca<0Oc Uncracked
* Oua>0cq Cracked
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Value for acr can be set in the Concrete settings > Cracking forces. Two options can influence this value:

Concrete settings [m] x
Views: Complete setup ¥ Vieiw settings = | | Load default Find Mational annex: -

Description Symbol Value Defa.. U.. Chapt.. Code Stru... Chec... Remark
<alb- Pl<al.. O <at Ol=.. O Dl ate Pl O D Value of strength ed for caleulation of first

crack. Itis poss
4 Designdefaults

2 11 0MPa  the first crack appears when tensile stress
b Reinforcement

accursin the cross-section

B Minimum cover 2} Feteff - the first appears when tensile effective
4 Solversetting | I strength of concrete is reached in the e oss-section
> General

Internal forces
Design As

Conversion to rebars

Shear
Torsion =

3

b

P

i+ Interaction diagram
3

=2

b Stress limitations
p]

Cracking forces
Type of strength for calculation of crac.. foay | fom i 74(2] | EN 1992. AlE.. | Solver

b Value of strength for caleulation cracki St et 7] |EN 1592 Al (B | Solver
Crack wiclth
Deflections

vy v

Detailing provisions

OK Cancel

Value of strength for calculation of cracking force s:
* Oc=0MPa cracks appear when tensile stress occurs in the section
* O = faeft 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 = feterr, Which is the default value then:
» foeff = fm mean tensile strength of concrete at 28 days set in the material properties.
o fetert = fotm 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.

B Materials *

IEGIFE «» 0 &@B A Y|
C30/37 E modulus [MPa] 3.3000e+04 ~
B 5004
B &ooC

Poisson coeff. 9.2
Independent G modulus
G modulus [MPa] 1.3750&+04

Log. decrement (non-uniform damping only) @-15

Colour |
Specific heat [J/gk] ©6.0000e-01
Thermal conductivity [W/mK] 4.5000e+01

Order in code 5
Price per unit [§/m"3] 1.00
4 EN1992-11
Characteristic compressive cylinder strength fcb 30.00
Calculated depended values
Mean compressive strength fem({28) [MPa] 38.00
fem(28) - fck{28) [MPa] &-00
I Mean tensile strength fctm({28) [MPa] 2.90 I
fctk 0,05(28) [MPa] 2.00
fctk 0,05(28) [MPa] 3.80

Design compressive strength - persistent (fcd =1 20.00
Design compressive strength - accidental (fed = 25.00
Strain at reaching maximum strength epsc2 [1 20.0
Ultimate strain eps cu2 [1e-4] 35.0 ]

New Insert Edit Close

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 fum(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:
forert = fom = 2.9 MPa E.=Eqn =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
LCT1+LC2+LC3 tiy[m] 0 0
Characteristic values tiz[m] 68210 -0.117
Nenar = O kN Mychar = -188 kNM  Mzchar = 0 kNm Aj [mﬁ 0.163 0.0533
Quasi-permanent values liy (m"] 363107 191107
Ngp =0 kN M,z = -188 kNm Mg, = 0 kNm liz [’ 119107 370-10°

Angle of bending moment resultant

o = -90°

Calculation of cracking forces (uncracked section)
Maximal stress in concrete
Gt =12.6 MPa
Cracking forces
Ne = OkN My = -43.3 kNm Mz =0 kNm
o4 = 12.6 MPa > o, = 2.9 MPa => Cracks appear

|No‘[e: 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 Eerf can be chosen in Concrete settings > Complete Setup view > 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 = Sr,max ® (Ssm - Ecm)

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

Maximum crack spacing
Smax = 45 mMm = 5%(c+0.5%dgg) = 275 mmor ppes =0, therefore:

k- ko ks deq 0.8-0.5-0.425-0.02
o T 3.4-0.045+ o458 =232 mm (711

Srmax= K3+ C +

Mean strain in the reinforcement

fetert
as — ki- T+ og-
; t(pp.eﬁ (1 ce-pper) 0.6-0;

Esm_cm = Max E E. } (7.9)
6 2.9-10°
300-10° - 0.46 - | = -(1+6.06-0.0428) 5
0.0428 0.6-300-10
=max f 3 =1.3 %o
200-10° 20010° |
Calculated crack width

W = Esm_cmSemax = 1.3+ 232=0.303 mm (7.8)

Limit value of crack width

Wmax = 0.4 mm
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Unity check
Calculation unity check

uc = w__ 0.303 mm - 0757
Wax 0.4 mm

Check crack width

w=0303mm = <w,; =04mm

Note: 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 Mey =-433 N Mz =0kN 0. =300MPa  Simac = 232 mm €cmem = 1.3 %0
o o w wj; Limit check
= . Cracked fim UcC [-] Status
[MPa] [MPa] [mm] [mm] [-1
12.6 2.9 YES 0.303 0.4 0.76 1 0K

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:

MJ — 2023/10/02

B Manager for Naticnal annexes

HiEE «as O @B A

Standard EN

Austrian ONORM-EN NA
Belgian NEN-EN NA
British BS-EN NA
Cypriot CYS-EN NA

C=ark CSRL_ER KA

Name Standard EN
National annex Standard EN
References
<« EN 1990: Basis of structural design
EN 1990 (Basis of structural design)
4 EN 1991: Actions of structures
EM 1991-1-3 (General actions - Snow loads)
EM 1991-1-4 (General actions - Wind actions)

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)
4 EN 1993: Design of steel structures
EN 1223-1-1 (General rules and rules for buildings)
EM 1993-1-2 (General rules - Structural fire design:l
EM 1993-1-3 (General rules - Supplementary rules for cold-f
FM 1993-1-5 (Plated structural elements)
New Insert Edit

OK
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B Concrete setup

4 Type of values
NA building
4 Type of functionality
Hollow core beams
Prestressing

Standard EN
- Concrete
=) General
-~ Concrete

- Prestressed reinforcement
- Durability and concrete cover

General

i General
- Prestressing
llowable stress

- 515 stress limitation

(= Detailing provisions

-Commaon detailing pravisions
-Columns

-Mon-prestressed reinforcement

- Stress limitation during tensioning

| Select all | | Unselect all

! Refresh

X
Name Standard EN
4 Concrete
P General
> ULS
4 B1S
4 General
4 National annex
k3 crack - coefficient for calculation maximal final crack
Valus [-] 3-90
4 kg4 _grack - coefficient for calculation maximal final crack
. Valus [-] 0.43
4 Wi ., - for non-prestressed structure 7.3.1(5)
Values [mm] 0.3/0.4/0.4
P Prestressing
P Allowable stress
I Detailing provisions
Load default NA parameters | | oK || Cancel |

You can manually input the limiting crack width in the 1D member data:

3
B
-]
]
-4
B
-]
B
B

B CMD

4 Design defaults
4 Reinforcement
b Beam [ Rib
P Minimum cover
4 Solver setting

General

Internal forces
Design As
Conversion to rebars
Interaction diagram
Shear

Torsion

Stress limitations

Cracking forces

Name CMD1D
Member S1

Member type Beam

4

Crack width

Type of maximal crack width User
User defined crack width [mm] 0.300

Deflections

Actions

e

Update support width

>33

(e EREuaR

74
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&
The

DEFLECTION

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:

The

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.

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. More information about this method can be found in the chapter Code dependent
deflections.

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, 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:

e SLS characteristics - LongTermPercentage = 70 %

» SLSfrequent - 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 > Complete setup view > General > Creep:

Concrete settings [m] Pad

Views: Complete setup ¥ View settings = Load default Find National annex -
Description Symbol Value Default Unit  Chapter Code Structure  CheckTy...

<all= S =all 2| =all> Pl <al PO <. Bl<all> 2 =all= O <al O <al O

4 Design defaults
i Reinforcement
> Minimum cover

4 Solversetting

4 General
Limit value of unity check Lim.check Lo L0 Independent | Al (Bea I oset
Yalue of unity check for not calculated unity check Meal.check |30 endent | Al (Fea sl

The coefficient for caleulation effective depth of cross-secti.. | Coefiy ek} endent | All [Bes

The coefficient for calculation inner lever arm .|H-.‘|f:|.">:‘|\dcl1l [an 1 i
The coefficient for calculation force, where member as un.. 101 | Independent |41l (Bea er set
4 Creepandshrinkage B
Age of concrete at the moment considered t |1825.00 e (B 314812 |EN1992-1-1 |All [Bea Iver set
Relative humidity RI 50 |50 314B 12 |[EN1992-1-1 |All([Bea. |Solver set
b Typeinput of creep coefficient Typegltio] Auto A Auto 3.1.4(2) EN'1ge2-1-1 | All (B=a Iver set
Ageof concrete at loading tg iy 3,142 B1 .EH 1962-1-1 | kIl (Bes | alver set
Consider drying and autogenous shrinkage Type seqltts) User value At 3.1.4(6) EN1992-1-1 | All (B=a slver
a SLS — | —— | | |
Use effective modulus of concrete T.112) EN 1952-1-1 Al [Bea Iver set
4 Default sway type | | | | |
Sway around y axis Independent [ a1l Bea [Salve T oset
Sway around z axis f wolve t

Independent | Al (Fea
b Internal forces

& Design fs

0K Cancel

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), formula 7.18.
bending stiffness around y-axis (Ely) = 1 / [¢/(Ely)u + (1-C) / (Ely)|]
bending stiffness around z-axis (Elz) = 1/ [¢/(Elz)n + (1-C) / (Elz)|]
axial stiffness (EA) = 1 / [(¢/(EA + (1-Q) | (EA)|]
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In this formula (El) is the linear stiffness, (El)i is the stiffness of the cracked element (= long term
stiffness = Ein / 1 + @) and C is the distribution coefficient.

2

{=1-p| =

Os
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:

. in linear (elastic) deflection, Sin = Biin,s + Oiin,l

. Oimm immediate deflection, dimm = Oiin, - ratios

»  Os short-term deflection, &s = &iins - ratios

e Oicreep long-term deflection + creep, di,creep = Oiin, - ratio

»  Ocreep Creep deflection, dcreep = Oiin,i - (ratior - ratios)

e O long-term deflection, &1 = Oicreep - Ocreep

. Oadd additional deflection, Oadd = &s + Oi,creep - Oimm

. Ot total deflection, dtot = &s + Oi.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,im= L / 500

L is the buckling length multiplied by a B factor of the member in the corresponding direction.

Final unity check is:

Stot dadd
Stot, lim’ 8add, lim
The limits of deflection can be changed in Concrete settings > Complete setup view > Deflections:

Unity check = max {

Concrete settings O x

Views: Complete setup v \View settings | | Load default Find National annex -
Description Symbel Value Default Unit | Chapter Code Structure | CheckTy...

<all> P <all S <all Pl zall O <. O <all> O] <all Pl <ale O =al= O

4 Designdefaults
& Reinforcement
B Minimum cover
a4 Solversetting
F General
Internal forces
Design As
Conversionto rebars
Interaction diagram
Shear
Torsion =
Stress limitations
Cracking forces
Crack width

Deflections

di o e T e e e

Coefficient for increasing the amount of reinforcement Coeff g Lo L0 Independent | All Bea
=

Maximal total deflection Ljx;x = Kiot 250.0 250,0 7.4.104) EN1962-1-1 | 1D (Bea

Maximal additional deflection Lix; x = Ko 500.0 7.4.1(5) EN1982-1-1 | 1D [Bea

Type of vanable load coefficient Tor the automatic generati.. Use Psiz factor | Use Psiz | Independent | All (Eea

& Detailing provisions

OK Cancel
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Example: beam practical reinforcement.esa

Look at deflection check for the “SLS qp” 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 = 2,5 m we have the following result:

Basic values of deflections

Typeof  Ratio Ratio  &in Smm  Baga  Osor  Bpng  Bongscress  Bereep
deflection short[-] long[-] [mm] [mm] [mm] [mm] [mm] [mm] [mm]
Uy 2.88 5.22 0 0 0 0 0 0 0
Uz 2.5 338 -3.08 -1.7 | -2.69 0 -7.7 -104  -2.69

Check of additional and total deflections

Type of L 8¢ Bagdim UCis St Bioim UG verd Limit Status
deflection [m] [mm] [mm] [] [mm] [mm] [-] [-1

Uy 10 0 0 0 0 0 0 0 1 OK
Uz 10 | -2.69 20 013  -104 -401 026 0.26 1 OK

List of errors/warnings/notes: NO

All ratio of stiffnesses and deflection components are resumed in a table.
Open the Detailed output, for the same position dx = 2,5 m.
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 @ =221

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

Cross-section characteristics
Type of t t A I I; x Ay A, A,
component [m] [m] [m] [m]1 (m (m] [(m] [m] [m]
Linear 0 0 015 313107 11310% 025 - -
Uncracked 0 -0.012 0193 46910° 135107 027 157.10° 628107 2.2‘10'3:

Cracked 0 0053 0102 28910° 667-10° 0197 157.10% 62810° 22707 |

Check of concrete stresses and calculation of cracking forces
Maximal tensile stress in concrete fibre
Get=T7.76 MPa
Cracking status
Ocr > feren = 7.76 MPa > 2.9 MPa  => Cracks appear.
Stress in reinforcement for cracking load
05 =99.3 MPa
Stress in reinforcement for acting load
gy = 262 MPa

Distribution coefficient

f & & 2!
{ = max [0‘1 - ﬂ-t %‘:— ]): max [0.1 -0.5- ( 3"5'; ]]: 0.928 (7.19)
Ncr Mycr M;:r O fcl:ﬁ Cracked section LA o, B ( Ec
[kN] [kNm] [kNm] [MPa] [MPa] [MPa] [MPa] [-] [] [GPa]
0 59.6 4] 7.76 29 YES 993 262 0.5 0928 33 |
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Which allows to calculate the stiffness’s ratio, for example the bending stiffness’s ratio:

Bending stiffness Ely
By = Ec-ly = 33-3.13:10° = 103 MNm®
Elyi = Ecerly) = 10.3-4.69-10° = 48.1 MNm®

Elyy = Ecerlyp = 10.3-2,89-10° = 29.7 MNm’

1 1 >
El,= = = 30.5 MN+m 7.18
VST 1-C oo 1-0s m )
By By 297 48.1
! By, 305
Ratiokly = By =303 =0.296

Bending stiffness Elz
Blain = Ec+le = 33-1.1310° = 37.1 MNm”

Elz) = Ecef ki = 10.3-1.35-10° = 13.8 MNm°

Elat = Ecefe len = 10.3-667-10° = 6.85 MNm®
Eiow 1 - 1 =711 MNem” @-18)
En © Bl 685 13.8
El; 7.1
ioFlz = ——=——=
RatioElz o 371 0.191

And final the short and long-term ratios:

Short-term ratios

Bending stiffness Ely
Elys 412100
Elysn  103-10°

RatioElys = 0.4

Bending stiffness Elz
By _12910°

Ratioklzs = gri-= —25 5= 0,347
Ratios
ratio, N | S =2.88
Y7 RatioElzs 0347
; 1 1
ratiogy=————=—-=2.5

RatioElys 0.4

Long-term ratios

Bending stiffness Ely

1 ol
Ratioflyl = == 22510 0,506
lyin - 103.10
Bending stiffness Elz
Bl  7.11:10°
Ratioktd = —2-= L1110 __ 4 109
Elin  37.1-10°
Ratios
; 1 1
ratiow = B otokil - 0191 - 22
ratio = ] ! =3.38

RatioElyl  0.296

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

Deflections

Linear deflection
Sy = U + Uy =0+0=0mm

Siinz = Uz + Un =0+ -3.08 = -3.08 mm

Immediate deflection
Bimmy = Uy rali0y,: = 0:2.88=0 mm

immz= Uz- ratioes = -3.08-2.5=-7.7 mm

Short-term deflection
Binorty = Uy * Tatioy,; = 0-2.88= 0 mm

Gsnortz = Uz - Fatiogs=0:2.5 =0 mm

Long-term + creep deflection
Siong creepy = Uy ratio, = 0-5.22=0 mm

5lung_c.'e~en:= Uz * ratiow = -3.08- 3.38 =-10.4 mm

Creep deflection
Oereepy = u,r[ ratioy, - ratioys _‘]= 0- { 5.22 - 2.88}= 0 mm
Bereep: = st ratio - ratios: )=-3.08+(3.38-2.5)=-2.69 mm

Limitations of the deflection check:

Long-term deflection
Biangy = Biongareeny— Bereepy =0~ 0=0mm

Biangz = Brongcreenz — Boeepz=-104 - -2.69 = -7.7 mm

Additional deflection
5zau,=6;mn;+ 5|:W;[re¢o,' 5'vﬂm; =0+0-0=0mm

Bagaz= Sshortz + 5|nna:re-:n: = Bmmz=0+-104 - -7.7= -2.69 mm

Limit additional deflection
Bad tim y=0mm

5 i Y
2ddlm= " Limagg 500

=-20 mm

Total deflection
Broty = Bshorty + Oiongcreepy=0+ 0=0 mm

Bror: = Bsnorts + Blong creepz = 0 + -10.4 =-10.4 mm

Limit total deflection

Seottimy =0 mm

» Deformation caused by shrinkage is not automatically considered.

»  Verification based on limiting span / depth ratio according to 7.4.2 is not implemented.

» 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.
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+ DETAILING PROVISIONS

SCIA Engineer distinguishes three types of member with their detailing provisions:
« Beam - verification of longitudinal and shear reinforcement
»  Column - verification of main and transverse reinforcement
» Beam slab - verification of longitudinal reinforcement only

All detailing provisions are taken into account automatically in Concrete settings > Complete setup view >

Detailing provisions:
Concrete settings o x
Views: Complete setup ¥ [Wiew settings + | | Load default Find National annex -

Description Symibol Value
<all> Pl al> P «alp
« Designcefaults

b Reinforcement

© Minimum cover
4 Solversetting

b General

b Internal forces

b Designfs

b Conversion to rebars

P Interaction diagram

b Shear

b Torsion

b Stress limitations

b Cracking forces

b Crack width

b Deflections

Structure CheckTy.

O < 2 i £

4 Detailing provisions
4 Beam | Rib
4 Lengitudinal

Check min. bar distance

Check max
Check min. p

& Beam slab
p Column

OK Cancel

Following table shows which checks of detailing provisions are performed:

Member

type

Longitudinal (main)

Shear (transverse)

8.2(2) - Minimal clear spacing of bars 6.2.3(3) - Maximal percentage of shear reinforcement
9.2.1.1(1) - Minimal area of longitudinal reinforcement | 9.2.2(5) - Minimal percentage of shear reinforcement
Beam 9.2.1.1(3) - Maximal area of longitudinal reinforcement | 9.2.2(6) - Maximal longitudinal spacing of stirrups (shear)
9.2.3(4) - Maximal center-to-center bar distance based | 9.2.2(8) - Maximal transverse spacing of stirrups (shear)
on torsion 9.2.3(3) - Maximal longitudinal spacing of stirrups (torsion)
Code-Independent - Maximal clear spacing
8.2(2) - Minimal clear spacing of bars 9.2.3(3) - Maximal longitudinal spacing of stirrups (torsion)
9.5.2(1) - Minimal bar diameter of longitudinal|9.5.3(1) - Minimal diameter of transverse reinforcement
reinforcement 9.5.3(3) - Maximal longitudinal spacing of transverse
Column | g 5 2(2) - Minimal area of longitudinal reinforcement reinforcement
9.5.2(3) - Maximal area of longitudinal reinforcement
9.5.2(4) - Minimal number of longitudinal reinforcement
bars
Beam 8.2(2) - Minimal clear spacing of bars
Slab 9.3.1.1(3) - Maximal bar distance of longitudinal|-
reinforcement
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S 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

INPUT PANEL. | &5 Al workstations + |ﬁ1
|"= All categories - | € Basic modelling RESULTS (1) v
:i 1D member Ctrl+B i Name  Section Check - results
~ SELECTION

Typeof selection  All ~

I
H, | =3 Beam
g

w RESULT CASE
Typeofload Combinations
Combination ULS ~/

v OUTPUT SETTINGS
Output
Print combination key

@
3
5
<

Print checks per section

w CHECKS

Capacity-response (ULS)

Capacity-diagram (ULS)
Shear+Torsion (ULS}

AAAA |88

Detailing provision
| ACTIONS 3

() Refresh

(3) Section Check

it
RN IR VY

I Preview

pdg 360 3

aes

« Inthe properties window for the Section Check — results service

| INPUT PANEL | & All workstations [ = E
I_E All categories | @ sasicmodelling RESULTS (1) v
l Name  Section Check - results

v SELECTION
Type of selection  All

¥ RESULT CASE
Typeofload Combinations

Combination  ULS ~~

= w OUTPUT SETTINGS
IF Output  Brief ~~
Print combination key
Print checks per section

L; v CHECKS

Capacity-response (ULS)

Capacity-diagram (ULS)
Shear+Tarsion (ULS)

|
BRAAK A8

Detailing provision
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= With practical reinforcement

Example 1: beam_practical reinforcement SC.esa

Section check can be opened from all individual checks.

In this example, select Design > Concrete 1D > SLS reinforcement 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 20 at the

middle of the beam:

Interval
w OUTPUT SETTINGS
Output  Brief
Print combination key  @[%)
| w DRAWING SETUP 1D
. & Display value name (0 )
= = - Display values (%)
R ~ rF‘ Display urits (@7
S % : < — == F\‘ Display case (3 )
8 = DAY ERNRN ATy i M Deppwimian (1)
&HIHHI 1 O L A R AR R R RN T T- bksulay:nrfuunax\unkey 0 )
Display combination name (3 )
i = Color scheme  Defined by result
K L Graphtype Filled light

I Envelopesdrawing 0 to extreme
s Label colour bygraph (@Y
Drawing plane 3D

Label orientation  Perpendicular to axis v
é w ERRORS, WARNINGS AND NOTES SETTINGS
ACTIONS 33
@) Refresh

The Section check tool opens:

adae s

() New combination frem Combination key
v iieessmme | (@) Section Check
Q) Preview

Section Cherk (tool)

= =i - x = | =l x
‘ | ‘ } E . Save  Cancel
| . = &cose & close

Longitudinal reinforcement Stirmups - Application
Section | Infe. Report Check
s B 8 Grdsize 100 jmm/| 4 Standarg - Check: Stress limitatian (SLS) Checkvalie: 1) ) v = Hame. value Status
B Em L e m bR RO A Internal forces (check)
- -
.
] L Section 5C1 RECT (500; 300)
EC EN 1992-1-1:2004/AC:2008 Beam 51 [dx = 5 m] 7 Stress limitation (SLS) 089 o
Member length: L=10m Concrete: C30/37 Crack width (5L}
Buckling y-y+ L, = 10m (sway) Bi-linear stress-strain diagram el
i Buckling z-zt- L = 10 m (sway) Exposure class: XC3 Deflection (SLS)
LV Longitudinal reinforcement: B 500A Detailing provisions
J = — Bi-linear with an inclined top branch
» ) - 6 & 6 & | se20a5m1mm2 it Extreme
_ 7$20 mm (A, = 2199 mm")
= = - = ® o= 1466 % (17.3 kg/m) | HName Value Status
= - Shear reinforcement: B 500A +  SiS/2 (sLS) —l o
Beifaomet vouth Reinforoement (frec) z Bi-linear with an inclined top branch o ssnms 073 o
Longitudinal g J_. $10/99.7 mm (1, = 2) (Agy = 157 mm’)
‘ = y D = 1.050 % (12.4 kg/m) (Apym = 1575 mrt
jiameter <
| 8ar Yimml - Zimml | G Material | Detaiing Cover (stirrup)
N Top: 36 mm
%0 195 20 8 S00A d4 Bottom: 36 mm
90 195 20 . & | 2920 (628 mm2) Left: 36 mm
& 0 e 20 & 500 Right: 36 mm
s s |2 5 5004 | 050 $10/100 mm, ns=2
B4 a5 185 20 85008
85 0 195 20 T
= L
5 45 195 20 Overal check status:
= . : F— * Satisfied 0.89 V
Ready

This window is composed of 3 mains parts:
» Definition / modification of the reinforcement

» Preview of the report

» Checks to be performed according to the previous selected combinations or load cases. By default, only
the individual selected check will be performed. You 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.
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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

by B B Grid size: | 100 | mm / . 4

TR ST, THE IR VI CHE )
2 SE T T SR e S S S e
Reinforcement (layout)
[ Bar Y [mm] Iz [mm] i?rr:iaer Material | Detailing
BO 90 195 20 B 500A
B1 -90 195 20 B 500A )
B2 -90 -195 20 B 500A 1
B3 90 -195 20 B 500A
B4 45 195 20 B 500A
B5 Q 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 20 mm to 25 mm:

Section | Info Report Check
5 Check: Stress fimitation (SLS) Check value: - MNarne value Status
Grid size;| 100 [mm/| 4 .
o B i s 100 o Sanama | Check Sttt 076 &
TR e e e ternal forces fcheck)
‘R RS =
| Section SC1 RECT (500; 300)
| EC EN 1992-1-1:2004/AC:2008 8eam $1 [dx = 5m] % Stress limitation (SLS) 016 o
L Member length: L=10m Concrete: C30/37 = S
L Bucklingy -y~ L, = 10 m (sway) Bi-linearstress-strain diagram — | SERR MG
- A Bucklingz-zL- L: = 10 m (sway) Exposureclass:XC3 s Defiection [SLS)
I L Lengitudinal reinforcement: B 500 Detailing pravisions
i . Bi-linearwith an inclined top branch
* = F OO OW | 5425 2a5emma) . ¥
== + 2620 mm + 5625 mm (A, = 3083 mm’) Xeme
A SRR R P = 2.055.% (242 kg/m) Name Value Status
Shear reinforcement: B 500A & sis/2 (515 375 o

Reinforcement flayout) | Reinforcement ffree)

z 2 =
e - Bi-linearwith an inclined top branch 8 SIS/ (5L} 358 o
ngitudinal § $10/99.7 mmi(n, = 2) (As, = 157 mm") -
T ¥ 9% (1 ’
Dameter B | Puw = 1.050 % (12,4 kg/m) (Agum = 1575 mn
Bar wimm) |zl | O Matesal | Detaiing Cover (stirrup)
0 185 25 0 Top: 36 mm
an o 25 = Bottom: 36 mm
¥ s
= 2 - 1) . 2420 (628 mm2) Left: 36 mm
-0 -135 20 Right: 36 mm
20 95 20 s008 : o $10/100 mm, ns=2
N 45 185 2 A
0 105 2
85 45 105 25 5004 ' L " Overal cheek
verall check status:
e 85008 i = ’ + satisfied 0.76 &

Ready
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= 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 menu, select “Section check results”.

In the properties window, choose the ULS combination to perform all ULS checks:
RESULTS (1) A

Name Section Check - results

SELECTION
Type of selection  All ~~
¥ RESULT CASE
Type of load Combinations

Combination ULS »

OUTPUT SETTINGS

4

Output Brief v
Print combination key @)
Print checks per section @___
¥ CHECK,

Capacity-response (ULS) ﬂ_j
Capacity-diagram (ULS) @Y
Shear+Torsion (ULS)  @v)

Detailing provision ﬁ J

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.

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

'y FIEE v [

Longitudinal reinforcement Stirrups

o«
«

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

Section | Info

Grid size:| 100 | mm / 4|
LEHA

2arz00
. 8 2016
o2 2020
Reinforcement (layout) fReinforcement (free)
VA
Longitudinal |
o Bars Diameter s o
Layer Position Nx ] Material Detailing
L1 top 2 16 B 500A 1
L2 bottom 2 B 500A
Shear
Stirrup | Legs count gl?rr:;t]er i?:’!crlnn]g Material Detailing |

I 51 2-lea 8 200 B 500A | k=
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Note that it is also possible to define the shear reinforcement in this window.

The results for all ULS checks are now:

Report | Check
|standard - | :::r:n :aﬂﬁgﬁp;nse (ULs) Check value: 0.85 v = Name | _—
| [#] | Internal forces (check)
‘ ¥| Capacity-response (ULS) 085§
% [ Capacity-diagram (ULS) 0.81
sectlon SC1 RECT (500; 300) 7| Shear+Torsion (ULS) T )
EC EN 1992-1-1:2004/AC:2008 Beam 51 [dx = 2.5m] | ; =2 o =
Member length: L=10m Concrete: C30/37
Bu‘:k[mgy—)rL L, = 10 m (sway) Bi-linear stress-strain diagram -
Buckling zz#L L; = 10 m (sway) Exposure class: XC3 [
Ne— Longitudinal reinforcement: B 500A % Detailing provisions 0.71
(3 &) | 2016 (402 mm2) Bi-linearwith an inclined top branch =
2616 mm + 2420 mm (A, = 1030 mm?) ExiEine
p = 0.687 % (8.09 kg/m) Lo Name | Value |
Shear reinforcement: B 500A + ULS/2 (ULS) ")
_‘l_ Bi-linear with an inclined top brand—; | 4 ULS/(ULS) 0.59
8 - $8/200 mm (n. = 2) (A, = 101 mm°) e usmws e
Pw = 0.335 % (3.95 kg/m) (Asum = 503 mm
Cover (stirrup)
Top: 25 mm
Bottom: 25 mm
Left: 25 mm
| ] [ ] 2¢20 (628 mm2) Right: 25 mm

300 $8/200 mm, ns=2

Once the section is reinforced and checks are satisfied, you can save the design of this section with the option

“Save and close™:
) |E | X

Restore Save Cancel
default [ 8 close | & close

Application

A label will then be added on the beam:

M

3 P
i RESULTS (1)
e Name Section Check - resuits
L ~ SELECTION
= ~N e TR A~
2 ~ RESULT CASE
Lo
T | Typeofload  Combinations
) = oY 7
A — » OUTPUT SETTINGS
v GHECIS
Stress Imitation (5L5) @
B Crackwidth (515) @D
I Deflection (5LS) @)
v Detaiing provison ()
" ACTIONS >
a [® Refrest |
4 ® section Check
® Freview

Ay
—BE ¢ 27 e o aes
) ’ i

@@

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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2.3 Column design

2.3.1 Reinforcement design methods

For column design, there are 3 types of calculation:
e 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

As2
|

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.
* DESIGN WITH AXIAL COMPRESSION ONLY

F

l

\J

rrr7

= No reinforcement required: N gq < Nrq

Example: Axial compression only.esa

Studied column: B1

Geometry

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

Concrete grade: C45/55
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Concrete Setup

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

Concrete settings

Views: Internal forces ¥ |View settings =

Description
=<all>
4 Solversetting
4 Internal forces
* Shear farce reduction above supports
Maoment reduction above supports

Load default

Symbol

L <all=

Shifting of moment curve to cover additional tensile fore..

Geometric imperfection in ULS
Geametric imperfection in SLS

Minimum eccentricity

SULS
|Sists

Smin

b First arder eccentricity with the equivalent moment

Secand arder eccentricity
4 Internal forces modifications
Limit ratic for uniaxial method
 Beam

4 Column

=2

Piim

Find
Value Default
L =alt= DO <altx
&
2
Infirst arder 10 st o
[ ]
1]
2
{010

Unit
Dl<.0

Chapter

=all=

6.2.1(8)
532204
92.1.3(2)
|52(z)
5.2(3)
7| [6.14)
| sm222)
BT

}';I

TEN 1962-1-1
TEN 1962-1-1
JEN 196211
EN 196211 :

Independent | 10 (Fe Solver s

O

National annex: -

Structu... CheckT...
S| <all= JJ|Interna X

X

Code

=all=

[Feam.B... | Solver se
Beamn B... [Salver se

EN 1902-1-1

EN 1562-1-1
Calurin

EN1962-1-1 | Calumn
Calumin
e

EM 19e2-11 |

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

Views: Complete setup ¥ |View settings =

Description

<all=
P LAtk WIaKn

> Deflections
4 Detailing provisions
r Beam [Rib
> Beam slab
4 Column
4 Longitudinal
Check min. bar distance
Check max. bar distance
Check max. bar distance (torsion)
Check min. reinforcement area
Check max. reinforcement area
Check min. bar diameter
Check min. number of bars
4 Transverse
Check max. percentage of stirrups
Check min. mandrel diameter
Check max. longitudinal spacing

p Check min. bar diameter

Load default

Symbol
L <al=

Find
Value Default
L <al= L <all=

Unit  Chapter
L <. O <al

82(2)

9.2.3(4)
9.52(2)
9.52(3)
9.52(1)
9.52(4)

6.2.3(3)
8.3(2)
9.5.3(3)

9.53(1)

P

]

Mational annex: -

Structu... CheckT...
Ll <ale O|<al> O

X

Code

<all=

EN 1952-1-1
Independent |
EN 1962-1-1
EN 1962-1-1
EN 1962-1-1
EN 1952-1-1
EN 1962-1-1

Column
slumin ilver se >

EN 1962-1-1
EN 1962-1-1
EN 1962-1-1
EN 1962-1-1

OK Cancel

Loads

e LC1: Permanent load > F = 1100 kN
e 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 = 2985kN

86
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Bar diameter

The bar diameter is taken from the Concrete Settings > Complete setup View, or from 1D member data if
applied (1D member data always overwrite the Concrete Settings data, for the specific member they are
assigned to).

Concrete settings O X
Views: Complete setup ¥ \View settings « Load default Find Mational annex: “
Description Symbol Value Default Unit | Chapter Code Structu...  CheckT..
<all> S <all> S <allz Plsat Pi<.Pl<ale LOls<ale Pis<ale O <al O
4 Designdefaults I
4 Reinforcement
> Beam [ Rib
i Beamslab
4 Column
Design of provided reinforcement ] | Independent | Column | Design o
Rectangular section .CU|LII‘I‘II‘I_.. Colummn .Independenl [Coturmn |1 1z d
Circular .Cnlumn_.. e | Calurmin .Inclependent I alurmn .I'-- s d
Oval .Column_.. | Ealumn .Independem [Caturmn |1 iz i ==
Other and general Calumn_.. Calumin Independent | Column | Design o
4 Longiludimi | | [
4 Main (m)
Type of cover Auto [&uts 441 [EN1992-11 |Column | Desian d
Diameter Hon [16.0 [ 161 [mm | [EN192:1-1 |Column | Design d
b Detailing [clet) | | | | | |
4 Stirrups {sw)
Diameter .dss 80 [rim [EN1992-1-1 [Colurmn | Ds g il
Murnber of cuts .ns 2.0 | .Inclependent [Calumin | Design d
o Minimans couar
OK Cancel

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.

7 Provided reinforcement (design) x
) o
H-IED as e
Column_Rect_Empty
Column_Rect_Basic_Edge¥
Column_Rect_Basic_EdgeZ
Column_Rect_Basic_Add_E... Provided reinforcement (design} edit - Column_Rect_Empty o X
Column_Rect_Basic_Add_E... .
Ny Member  Column — Longitudinal
Name Column_Rect, Crcasassitioe | atanipte .| E
Description Empty reinfor Mods Standard =
Member type Column Basic reinforcement Additional reinforcement Detailing
Cross-section Rectangle Edge Diameter Number  Area Type |Diameter | Number  Area  Diameter
Mode Standard mm] [ {mm*#2] mml 00 [mm#2]  [mm]
Ed Edi Ed 16.0 o 0 Fix 16.0 0 ] 10.0
ge z ge z Ed 160 o 0 Fiie 16.0 o 0
Edge z Edge z  Sheerrenforcement
Number of ..  Diameter Spacing/m... Symmetrical
Max. numb... Type of inp..
= [mm] [mm]
=i 20 Multiple
New |nsert| Edit I 0K ! Cized

Note: To change the default diameter from @l6mm 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).
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Results

Go to Steel workstation > 1D Reinforcement design:

I—j‘.

tanl

s

(L ﬁ 1D REINFORCEMENT DESIGN
HRe s B8Yme?

G

Ask the value of Asreg for member B1, and click the action button [Refresh].

=]

4

SELECTION

RESULTS (1)

Name Overall Design (ULS)

Type of selection  Current v

Filter No

Results in sections  All ~~

¥ RESULT CASE

Type of load

Combination ULS

 EXTREME 1D

Extreme 1D

Type of values

Global

Combinations

Required -~

Values As,req v

OUTPUT SETTINGS

interval () )

» DRAWING SETUP 1D
b ERRORS, WARNINGS AND NOTES SETTINGS

Run using Model Data files (Debug) (O )
ACTIONS

@ Edit provided reinforcement template

2

(® Concrete setup

@ Preview

A

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

88

Name | dx |Case | Member Asz_req+ Asz_req- Asy_req+ Asy_req- Asz_req Psy_req As_req | ReinfReq
[m] [mm?] [mm? [mm?] [mm?] [mm?] [mm?] [mm?]
-Aﬂ_ren_haﬁ -Aﬂ_req_bar- Asv_req_haH Asv_ren_har- Aﬂ_mq_bar kv_raq_bar -As_mq_bar
[mm?] [mm?] [mm?2] [mm?] [mm?] [mm?] [mm?]
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
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If you set output settings on Detailed, you can see the explanation that reinforcement is not necessary.

RESULTS (1) A
Name Overall Design (ULS)
w SELECTION
Type of selection  Current v~

Filter No
Results in sections ~ All
w RESULT CASE
Typeofload Combinations ~
Combination ULS

w EXTREME 1D
Extreme 1D Global

Typeof values Required -

Values As,req v

Interval @

Output Detailed ~~

p DRAWING SETUP 1D
» ERRORS, WARNINGS AND NOTES SETTINGS

¥ OUTPUT SETTINGS

Run using Model Data files (Debug) CD
ACTIONS 33>

() Feiresh

@ Edit provided reinforcement template

@ Concrete setup

@ Preview

Explanation errors/warnings and notes

Index Type Description Solution
Statically required reinforcement: The
N1/1 Note i .
reinforcement is not neccessary.
Chaar dacian: NMacian ic nat dana hacanica
Remark: this result is obtained only because all detailing provisions are deactivated in the Concrete

Settings!

Check of reinforcement

Nrd = fed - 0 - Ac =30 * 1 * 3502/ 1000 = 3675kN

Since Nrda = 3675kN > Ned = 2985kN, indeed no theoretical reinforcement is required.
= Reinforcement required: N g4 > Nrg

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
2000KN.

Loads

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

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

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

Overall Design (ULS)

Linear calculation

Combination: ULS

Coordinate system: Principal

Extreme 1D: Global

Selection: B2

Longitudinal required reinforcement

dx Case Member Asz_req+ Asz_req- Asy req+ Asy reqa- Az req Asy req As_req ReinfReq

[mm?2] [mm?2] [mm2] [mm32] [mm2] [mm?2] [mm?]
k—z_req_bar+ k—z_req_bar- kv_req_bar+ kv_req_bar- k—z_req_bar kv_req_bar As_req_bar

[mm?] [mm?] [mm2] [ mm2] [mm?2] [ mm2] [mm?]
1500 | [z]6d 16,
402 402 402 402 804 804 1608 | [yl6d16

Shear reinforcement

Name dx Case Member Aswm_req Aswm_prov  ShearReinf

[m] [mm?/m] [mm?/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
Extremne 1D: Global

Selection: Al
Column B1
ECEMN 1992-1-1:2004/AC:2008
. Member length Ld=45m
Buckling length y Ly =9.01 m
Buckling length z Lz=9.01m

Longitudinal reinforcement

¢ = 16mm, ¢ =30 mm,

Rectangle (350; 350)
Section 0 [dx = 0 m]
Materials

Concrete C45/55
Reinforcement B 5008

Shear reinforcement

Nirag = 2, Bareg =8 MM, 0pep =90°

Design of longitudinal reinforcement
A 1.357LCT1+1.507LC2 1 Ny = -4200 kN, Mgy, = 0 kNm, M z4, = 0 kNm

Required
¥y z A e Asgermin Asdeima DA As.rsq As.rsq.bar .
Bloe Ll ml omd [omd (omd i omd e
1 1 0 -0.129 | 375 0 0 0 375 402 3pl6
2 1 0.129 0 375 0 0 0 375 402 3pl6
3 1 ] 0.129 375 ] ] ] 375 402 3pl6
4 1 -0129 0 375 0 0 0 375 402 3pl6

Required bars Provided bars

350
4
L ]
1=
L]
[#
350
4
=
z

¥ ¥
L L ] L ]
L L
350 330

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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+ 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:

» Auto (by default)

» Uniaxial around y axis

» Uniaxial around z axis

» Biaxial (always used for circular and oval columns)

Concrete settings [m] X
Views: Complete setup ¥ \View settings « | | Load default Find Mational annex: “
Description Symbol Value Default Unit Chapter Code Struc.., Check...
<all> El=ale P|=<al Ol=ale O <alx Ol=<al P|=<a..O=a.. O
First arder eccentricity with the equivalznt moment (v ] v} 5.8.8202) [EN1292-.. | Colummn | Solver
Secand arder eccentricity .r-,z ._"'-, .;731:, [ 588 [EN 1982~ | Calumn | Salver
4 Internal forces modifications | [ |
Limit ratio for uniaxial method .p"m lo.10 [o10 | | .In-:lepe-n-j.... 1D (e | Solver
r Beam | | |
4 Column
» T}-pé Auto A Mo [ .Independ.... -'--Iu......'-‘-l e
Auial force (Mgg) .NE‘, Auto | | .Inclepend.... Calumn| Solver
Bending moment about Y-axis (M egy! Mgy Uniaxial ¥-Y .Independ... Calumn | Soelver Ex
Eending moment abaut 7-axis l'rv1Edel Meg, g:::l_’:?lz_z | .Inclepend... Calupin| Solver
Torsional moment (1 g4 Ted Usar Independ... Caliumn | Selver
Shear force in Y-axis (Vgg, | .\'IEﬂ’s' User with limit . . .Inclepend___. Calurmn| Solver
Shear tarce in £-axis Veg) VEde [+] [ Independ...| Calumn | Solver
> Beamslab | | [ | | |
4 Designfs
4 Beam, Column, Rib, Beam Slab
Coefficient iﬁ.n:reasing st.aricall\,- required reinforcement in beam for u., | Coeffgz yp  0.00 .Independ.... Beam,..| Solver
Coefficient increasing statically required reinforcement in beam for lo.. | Coeffo gy o | 0.00 Independ...| Beam, | Solva
e e e s B e e b e T o Peat ldpn. lean el E e TR e
oK Cancel

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:
__ Min{|MEdy, max|,|MEd; max|}

o If pm < pmjim Uniaxial method pPM =
Max{|MEdy, max|,|MEdz max|}
o If pm = pmiiim Biaxial method
With:
*  Medy.max maximal design moment around y axis from all combinations in current section
*  Medz.max maximal design moment around z axis from all combinations in current section
*  PMlim limit ratio of bending moments for uniaxial method loaded from Concrete settings
Settings for limit ratio:
Concrete settings m] x
Views: Complete setup ¥ \Viewsettings = | | Load default Find National annex -
Description Symbol Value Default Unit Chapter Code Struc... Check...
<alb- Pz P|<alt L <alx O <alr Ol <al> 0O <an O <an 2
4 Solversetting
B General
4 Internal forces
Shear force reduction above supparts | | 62.1(8) |EM1992-... | B=am 0]
Moment reduction above supports 5‘3.22|4:1.EI'I 1992- .. | Beam Ieer
Shifting of mement curve to cover additional tensile force caused by shear (] 92:13{2) |EN1962-.. |Beam lver
Geometric imperfection in ULS BuLs = [«] 52(2) | EN 1992-.. | Caltimn | Solver
Gesmetric imperfection in 5L5 leias 5213  |EN 1982 | Column | Seher
Minfmum eccentricity i 0 it st ord... In first 61(4)  |EN 1982-. | Calummn | Solver =
First arder eccentricity with the equivalent moment | [« & 5.8.82(2) .EN 1992-... | Column | Solver
Second order eccentricity e ] a 588 EN 1962-.. | Calumn | Soleer
4 Internal forces modifications | | |
ILim\Y.r:vtig for uniaxial method Plim 0.10 0.10 I .Indrpend. 10
- Beam
4 Column
b Type | Auto Auta .Independ. Colimn | Soler
Axial force (Neg) Neg 2 v Independ...| Calimn | Solver
Bending moment about V-axis (Megy) .rvIE,-). .Independ_ Colimn | Soler
Bonding mameant ahaut 7-avic (M- hi- = m [indanand. | Ealimn ] Sali
OK Cancel
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= Uniaxial bending calculation

/777

Principle

The reinforcement is designed for Nes and one bending moment Med,y or Med,z:
» Uniaxial around y: Meq; is ignored, the reinforcement is designed only for Neds and Med,y
e Uniaxial around z: Meqy is ignored, the reinforcement is designed only for Neq and Meq,z

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

o If Medy > Medz 2> As = Asy is designed for forces Nes and Meay

o If Med,z> Medy 2 As = Asz is designed for forces Nesa and Mea,;

Example: Uniaxial bending.esa

Geometry

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

Concrete grade: C45/55

Concrete Setup

Item Concrete settings > Internal forces ULS: ‘eccentricities’ are not taken in account (only 15t order moments
are considered).

Concrete settings [m} X

Views: Complete setup ¥ |View settings v | Load default Find National annex “
Description Symbol Value Default Unit Chapter Code Struc.. Check..,

<all> Pl<ale PO <ale  Of=<al O <ale O|<all> P|<a..P|<a. O

4 Designdefaults
= Reinforcement
& Minimum cover

4 Solversetting

B General
4 Internal forces
Shear force reduction above supports [ [ [ .-5_2_1|'S] | EW 1807 .. | Bearm .| Salver
Maoment reduction above supports | 5322 (4) |EN 1962-... | Beam IS Eien
Shifting of moment curve to cover additional tensile force caused by shear | .-?'-_‘jr [ .9.2.1.3[2] |EN 1992 ... [ Bieam,. | Salver 2
Geametricimperfection in ULS SuLs [~ | 52(2) EM 1962 ..« --||||\.|..'- alver
Geometric imperfection in SLS .'i‘i.sLS [ .5.2ij| .EH 1962 .. Ik --qu.... alver
Minimumy eccentricity e Iri first ard 8 [0 fira | B.114) EN 19&2-.. |( --|IIH|||." alver
First arder eccentricity with the equivalent moment ] (] S.882(2) |EN 1992-.. | Calurmn | Solver
p Second order eccentricity e [ | 588 N 1962 | Columin| Solver
4 Internal forces medifications | [ | | | |
Limit ratio for uniaxial method Plim 0.10 010 | .Inclepend.... 10 (B IS0l El
I Beam
4 Column
Te o THE | Tl ey Ao (e
OK Cancel
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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).

Concrete settings [m] X

Views: Complete setup ¥ |View settings Load default Find National annex: “
Description Symbol Value Default Unit  Chapter Code Structu... CheckT..

=all= 2 =al 2O =alls Ll<ale P|=<.LO|<al L=<alk Ll <ale O <al> O

L@t K WG
> Deflections
4 Detailing provisions
> Beam [Rib
> Beam slab
4 Column

4 Leongitudinal

Check min. bar distance 82(2) EN 1992-1-1 | Column ler s
Check max. bar distance Independent | Column lver = »>
Check max. bar distance (torsion) 9.2.304) EN 1992-1-1 | Column ler s
Check min. reinfercement area 9.52(2) EN 1992-1-1 |Column | Solver
Check max. reinforcement area 9.52(3) EN 1992-1-1 | Column ler s
Check min. bar diameter 9.52(1) EN 1982-1-1 | Column lver «
Check min. number of bars 9.52(4) EN 1992-1-1 | Column ler s

4 Transverse

Check max. percentage of stirrups 6.2.3(3) EN 1992-1-1 | Column
Check min. mandrel diameter EN1962-1-1 | Column
Check mazx. longitudinal spacing EN 1992-1-1 | Column
b Check min. bar diameter EN1962-1-1 | Column

OK Cancel

Loads

Column B1:
e LC1: Permanent load > F = 500 kN; My = 100 kNm
e LC2: Variable load > F = 1000 kN; My = 100 kNm

Column B2:
e LC1: Permanent load > F = 500 kN; My = 100 kNm
e 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 Neds = 1,35 * 500 + 1,50 * 1000 = 2175 kN
Design 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 around y and z axis

M, e = -285 kNm M, ., =0 kNm
Calculation maximum ratic of bending moments

pl_.r = |:|
Determinaticon type of calculation
o = 0« Drsm = 0.1and |M-;--|-;>| = 285 kNm > |M;_-|-a.| =0 kNm =>

= = Uniaxial method around y axis. Moment M, will not take into account (M, = 0 kiNm).
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The numerical results of the calculation are as follows (standard output):

RECT (350; 350)
Section 0 [dx =0 m]

Materials

Column B1

EC EM 1892-1-1:2004/AC:2008

_Member length ld=45m
Buckling length y y=801m
Buckling length z z=901m

Longitudinal reinforcement

® =16 mm, c =30 mm,

Design of longitudinal reinforcement

Concrete

C45/35

Reinforcement B 3004

Shear reinforcement
Nireq = 2, Qereq = 8 MM, Orzg = 90°

Azz. 1.35*LCT+1.507LC2 : Neg = ~2175 KN, Mzg, = -285 KNm, Mzg: = 0kNm

A -0 1.35LCT+1.50%LC2 @ Mgy = 2175 kN, Mgy, = -285 kNm, Mg = 0 kNm

Required
Edge Layer Yy z Asstat As.dat_m'ln As.dat_max Ms_tar ns_req As_req.bar Reinf
[m] [m] mm’] [mm] [mm] [mm] [mm]  [mm]
1 1 ] -0128 1552 0 o o 1552 1608 8016
3 1 0 0129 1552 0 1] 1] 1552 1608 816

Summary of reinforcement

Top:

Bottom :

Right :

Left:

Total vertical:
Total horizontal:
Total:

Required bars
3

Asyreqg =0 mm1
Asreq = 3104 mm?

2
Ao =0 mmz

Provided bars

S Aﬁ
L B BN IR BN B BN BN |
2l o bl I s ~
- y - y
L IR BN IR BN B BN BN |
S Aﬁ
L 350 L L 350 |
1 1 1 1

Looking at the Detailed output for column B2:

Determination type of calculation
Calculation maximum bending moments around y and 7 axis

My.max = -285 kNmM Mzmse =-22.5 kNm
Calculation maximum ratio of bending moments

pm = 0.0789

Determination type of calculation

pm = 0.0789 < pmiim = 0.1 and [My.max| = 285 kNm > [Mzmax| = 22.5 kNm =>

= > Uniaxial method around y axis. Moment M will not take into account (Mz = 0 kNm).
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And the Standard output:

Column B2

EC EN 1892-1-1:2004/AC:2008
Member length
Buckling length y
Buckling length z

ld=45m
y=901m
z=801m

Longitudinal reinforcement

¢ =16 mm, ¢ =30 mm,

Design of longitudinal reinforcement

RECT (350; 350)
Section 0 [dx=0m]
Materials

.

C45/55
B 5004

Concrete

Reinforcement

Shear reinforcement
Nireq= 2, ¢s.rs:| =8 mm, Okpq =907

Asze 1.35*LCT+1.507LC2 ¢ Neg = -2175 kN, Meg, = -285 kNm, Mgy = 0 kNm
Azt 1355LCT+1.50°LC2 1 Ngg = -2175 kN, Mg, = -285 kNm, Mz = OkNm

Required
Edge Layer z Asstat Asdatmin Asdat.max A-Asmm AsJeq AsJeq.bar Reinf
[m] [m] [mm’] mm]  [mm] [mm7] [mm
1 1 ] -0.129 1552 ] 1552 1608 8¢16
3 1 0 0129 1552 0 1552 1608 8416

Summary of reinforcement

Top:
Bottom :
Right :
Left:

Total vertical:

Totalhorizo
Total:

ntal:

Required bars

3

o

350
4

£

y

L
350

A proy = 0 mm

Provided bars

>

| —

350
4
=
4

L 350 |

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.

You have the possibility to force the biaxial method design on column B2 using 1D member data:

7 CMD

P Design defaults
4 Solver setting
P General

4 Internal forces

Geometric imperfection in ULS
Geometric imperfection in SLS

Minimum eccentricity Infirst order ecc. v
Second order eccentricity

4 Internal forces modifications

Name CMD1D ~

Member type Column .

x

4 Column

Type Biaxial v

P Design As

P Interaction dia;

Actions

Axial force (Ngy)

Torsional moment (Tg)
Shear force in Y-axis (V)
Shear force in Z-axis (Vg

b Conversion to rebars

gram

Bending moment about Y-axis (M)

Bending moment about Z-axis (M)

Load defaultvalues >>>

OK Cancel
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Amount of required reinforcement will be slightly higher in this case since Meg: is also considered.

Column B2 RECT (350; 350) J
EC EN 1992-1-1:2004/AC:2008 Section 0 [dx = 0 m]
 Member length d=45m Materials
Buckling length v Ly =901m Concrete C45/55
Buckling length z z=901m Reinforcement B 5004
Longitudinal reinforcement Shear reinforcement
® =16 mm, ¢ =30 mm, Nireq= 2, Qhreq = 8 MM, Obreq = 30°

Design of longitudinal reinforcement
Acza T35 LCTH150%LC2 1 Ngg = -2175 KM, Mg, = =285 kKNm, Mzg; = -23 kNm
A i 1.35°LCT+1.50°LC2 1 Ngg = -2175 kN, Mgy, = -285 kKNm, Mgy, = -23 kNm

Required
Edge Layer z As.sml Asdst_l;in As.dsLl;ax Ms.tarz As.rsqz As.rsq.blar Reinf
m] [m] [mm7] [mm] [mm7] [mm] [mm]  [mm]
1 1 i} -0.129 2046 O 0 0 2046 2212 11916
3 1 (1] 0129 2046 0 1] 0 2046 2212 11416
= Biaxial bending calculation
45— M,
| & My
\ 4
A
L
\/
/

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.

(Vo) (Moo} 1 0 (5.39)

MRdz MRdy

where:
¢ Medzy design moment, including a 2" order moment (if required)
*  Mrdzy moment resistance
e a exponent:
for circular and elliptical cross sections: a = 2
for rectangular cross sections:
Ne/NRrd 0,1 0,7 1,0

a= 1.0 1.5 2,0

with linear interpolation for intermediate values
0 Ned design value of axial force
0 Nrd =Ac- (fea + ps - fyd), design axial resistance of the section, where:
= Ac gross area of the concrete section
= fea design value of concrete compressive strength
= fya design yield strength of reinforcement
= ps  mechanical reinforcement ratio in the calculation of limit slenderness
obtained with an iterative calculation
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+ CIRCULAR COLUMN

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: Ned = 2175,00kN
Mya = 142,50kNm
Mzd = OKNm

Concrete Setup

Geometrical imperfection and 2" order moments are deactivated: Concrete settings > Complete Setup view :

Concrete settings O *

Views: Complete setup ¥ |View settings = | | Load default Find National annex: -
Description Symbol Value Default Unit Chapter Code Struci. Checki.

<all= Pl<all ) =all> ) <alz O <al O <all O =a.. 0 =a. O

4 Designdefaults
> Reinforcement
B Minimum cover

4 Solversetting

P General
4 Internal forces
Shear force reduction above supports [ [ [ [ 62 18] | En1992-. | B | Selver
Moarment reduction abave supports | 5322 (4) | EN1962-... | Beam, .| Solver
Shifting of moment curve to cover additional tensile force caused by shear | l'_r | .9.2.1.3[23 [EN 19062 .. | Bream alver =
Geometric imperfection in ULS SuLe |1 52(2) EN 1982-... | Calunin | Soler
Geometric imperfection in SLS .'i'i.SLS [ |5213) | E 1992-... | Cailiarmn | Salver
Minimum eccentricity e In first ardJ i it .| 6104 |EN 1982- .. | Column | Solver
First arder eccentricity with the equivalent moment | [~] (] | .B.S.S.EI'E‘ .EH 1992-... Ik alumn| Solver
b Second arder eccentricity ey [ v] I 5.8.8 .H\i 1952- I wlumn | Solver
4 Internal forces modifications | [ | |
Limit ratio for uniaxial method Phm 010 010 Independ...| 10 (Be. | Solver
e | | ] ] i ] ]
4 Column
e |FE e | BTl e st s
OK Cancel

All detailing provisions are considered.
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Design defaults

The bar diameter is set to @20 mm in Reinforcement design > Design defaults > Tab Columns, or from 1D
Member data if applied.

Concrete settings m] X

Wiews: Complete setup ¥ |View settings = | | Load default Find National annex n
Description Symbol Value Default Unit  Chapter Code Structure  CheckType

<all> P o=all= P =all- Plsal- P s Pl=al 2| <all= Pl=ale Pl<al 2

4 Designdefaults

4 Reinforcement

I Beam /Rib
r Beamslab
4 Column
Design of provided reinforcement ] .\ndependent Column | Design del
Rectangular section Colurmnn_R.. .. Calumn_R Independent | Colurnn | Design del
Circular Column_C... .. |Columin_€ Independent | Colummn Diesign def
Oval .Cn\urrm_ .... nn_0 [ .\nd-':pen\'lem [Calumn |D sigr del
Other and general Column_... . | Column O Independent | Colurmn | Design del =
i Longitudinal | | | |
4 Main (m)
Type of caver | User Auto [aa1 [EN1992-11 [ Colin | D) sigh del
Concrete cover (¢ [= 135.0 0.0 min 441 EM 1582-1-1 Calumn Dresign del
Ciarmeter do o 20 min EM1992-1-1 | Colimn  |Design del
b Detailing (det) | | | |
4 Stirrups [sw)
Diameter doe B0 min EM19682-1-1 | Column | Design del
Mumber of cuts ng 2.0 20 | .\nd-:pﬁ.-mlrm [Calin |D g del

I Plate
r Wall/ Deep beam

OK Cancel

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
Edg& Layer y z As.statz As.det.nzqin As.det.rgax Mstug A:req , As‘req.bzar Reinf
[m] [m] [mm7]  [mm] [mm7] [mm] [mm] [mm]
- - - - 1142 1257 5001 0 1257 1571 5¢20"

Summary of reinforcement
Total : Agreq = 1257 mm”

Required bars

_\.h

400

In this example Asreq is determined by the minimum amount of reinforcement according to the detailing
provision, As detmin.

Since Asreq = 1257mm?, the software will propose 5 bars of @20mm (5*314mm2 = 1571mm?2 = As reg,bar) Which
is the closest amount of bar with Asreqbar > 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 As req,bar.
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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 Asreqbar 85 mentioned above.

views: Complete setup ¥ |View setlings = Load default Find MNational annex: -
Lestphon [ Sysishot Nakie 7 Provided reinforcement (design) %
<all> Bl<ale  D-<al> g
4 Design defaults | e AEFE «» AwB
4 Reinforcement Column_Circular_Basic_AddList
> Beam /[ Rib Column_Circ_Empty |
> Beamslab Column_Circ_Basic
4 Column | | | Column_Circ_Basic_Add
Design of provided reinforcement [~] ¥ Column_Circ_Basic_AddList
Rectangular section Calumn_R., .., | () =
wl Circular Column_ v Name Column,_Circ_
Oval T Description Empty reinfor
Other and general |Column_0... .., |© Member type Column
4 Longitudinal Cross-section Circular
4 Main(m) Mode Standard
Type of cover Auto A
Diameter o 16.0 L
b Detailing {det)
4 Stirrups {sw)
Diameter des a0
Mumber of cuts ng 2.0
> Plate
- Wall/ Deep beam
' Minimum cover
New Insert Edit Delete OK
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 Settings > Complete setup view.
Concrete settings O X
Views: Complete setup ¥ |View settings = Load default Find National annex “
Description Symbol Value Default Unit  Chapter Code Structure  CheckType
<all= L <al= L <all= Ll <al= L=< LOf<al= L <all= Ll <ale L|<al L
> Deflections
4 Detailing provisions -
> Beam [ Rib
> Beamslab -
4 Column =
4 Lengitudinal -
Check min. bar distance 8.2(2) EM 1962-1-1 | Column lver sett
Minimal bar distance Sie.min 20 mm 8.2(2) EN 1962-1-1 Column lver sett
Check max. bar distance Independent clumn
Maximal bar distance Sie.max 350 i mm Independent | Column ==
Check max. bar distance (torsion) 9.2.3(4) EM 1562-1-1 | Column
Maximal bar distance (torsion) Skt max 350 3 mm | 9.2.204) EM 1992-1-1 | Columin
Check min. reinforcement area 9.52(2) EN 1962-1-1 Column
Check mawx. reinforcement area 95203 EM 1962-1-1 lumin
Check min. bar diameter 2.52(1) EM 1562-1-1 | Column
Check min. number of bars 9.5204) EM 1562-1-1 Column lver sett
I Minimal number of barsin circular col.. N g ZII I- I 95204 EM 1962-1-1 Column lver sett
4 Transverse - -
Check max. percentage of stirrups 6.2.3(3] EM 1962-1-1 Column lver sett
Check min. mandrel diameter 2.3(2) EM 1952-1-1 Column lver sett

100
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If we increase the loads:
F, = -1250kN
M = 50kNm

The results are as follows.

Example: Circular column_increase.esa

Overall Design (ULS)

Linear calculation
Combination:

co1

Coordinate system: Principal
Extreme 1D: Global
Selection: Al
Longitudinal required reinforcement

Name | dx | Case | Member Asz regs Asz req- Asy req+ Asy req- Asz req Asy req As req ReinfReq
[m] [ mm?] [mm2] [mm?] [mm?2] [mm?] [mm?] [ mm?2]
Asz req bar+ | Psz req bar- | Asy rea bar+ | Asy rea bar- | Asz req bar | Asy req bar | As req bar
[ mm2] [mm2] [mm2] [mm2] [mm2] [mm2] [ mm2]
B1 0,000 |CO1 Column 1041 1041 1041 1041 2082 2082 4164 | 14420
1100 1100 1100 1100 2199 2199 4398

The corresponding bar configuration is:

MJ — 2023/10/02

Required bars
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2.3.2 Calculation of internal forces

d DETERMINING IF MEMBER IS IN COMPRESSION

2" order effects, geometrical imperfection and minimal eccentricity are considered only if:

*  Member type = Column

e 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 > Complete setup view:

Concrete settings

Condition is:
e |f Nea < - Coeffecom * fed * Ac
e |f Neqa > - Coeffcom * fed * Ac

Member is in compression
Compression is not sufficient (zero or relatively small)

Unit
P <al>

Views: Complete setup ¥ |View settings + Load default Find
Description Symbol Value Default
<all> Pl<al PO <al Pl<al P <.
4 Designdefaults
> Reinforcement
E Minimum cover
4 Solversetting
4 General
Limit value of unity check Lim.check | 1.0 1.0
Yalue of unity che rnot calculated unity check Meal.check | 3.0
The coefficient ulation effective depth of crosssec.| C 09
The coefficient for calculation inner lever arm 09
I The coefficient for calculation force, where member as u.. 0.1 1
4 Creepandshrinkage
Age of concrete at the moment considerad t 1825000 da,
Relative humidity RH 50
Type input of creep coefficient Type gltta) | Auto Auto
Loe of Fancrete at lnading ta I8 00 R A=

Chapter

314812
3.14B.1-2
3.1.4(2)

21 AR

o

Code

<all= jo.

Independent
Independent
Independent
Independent

Independent

EM 1962-1-1
EM 1982-1-1
EM 1962-1-1
FH15E3-1-1

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 (faa v Ac )= - 0.1 (3010°-0.123) = 368 kN

Check condition:
MNeg < MNogm = - 1100 kM < -368 kN ...

compressionmember

Mational annex: “

Structu...
<al> O <all> O

[m] >

CheckT...

(i ==

Mote: First and second order eccentricity shall be taken into account, because the member is considered as a

comprassion member (significant normal force is presented).
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+ CHOICE BETWEEN 1%t and 2" ORDER CALCULATION

Slenderness — Check of the criteria A < Aim
o If A < Aim, 15t order effects have to be taken into account with geometric imperfection (art 5.2)
e If A > \im, 2™ order effects have to be taken into account with geometric imperfection (art 5.2)

The values for A and Aim, and the corresponding check, can be found in the main menu Deign > Concrete 1D
> Slenderness for design :

n <

RESULTS (1) A

Name Slenderness{Design)

4

SELECTION

Type of selection  Current v
Filter No
Resultsin sections ALl
¥ RESULT CASE
Typeofload Combinations

Combination ELU-Set B (auto) -

w EXTREME 1D
Extreme 1D Global
Interval @
w OUTPUT SETTINGS
Output  Brief ~

Print combination key  @l~)

» DRAWING SETUP 1D
P ERRORS, WARNINGS AND NOTES SETTINGS

Run using Model Data files {Debug) CD
ACTIONS 22

() FRefresh

(® Mew combination from Combination key

@) Preview

The Standard output shows the check of A > Aim 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 = 0m]

Slenderness

Axis Braced Ly Iml  Bayy 1 oz [m] Ay [] Mjinzry [-] Ay > Nimzry J
yy- No 45 2 9.01 89.2 46.5 2" order
77— No 45 2 9.01 89.2 46.5 2" order
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+ 1t 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 First order eccentricity with the equivalent moment

forces.

Concrete settings

Views: Complete setup v View sett... ¥ | Load default Find
Description Symbol  Value Default
<all> Pl <all> O <all> O <all> O

4 Design defaults
> Reinforcement
I Minimum cover
4 Solver setting
I General
4 Internal forces
Shear force reduction above supports
Momentreduction above supports

Shifting of moment curve to cover additional tensi...

Geametricimperfection in ULS gjuLs
Geometricimperfection in SLS ejsLs
Minimurm eccentricity (e In firstord... I first

> IFHutordz-r eccentricity with the f.--qm\;atemmcmeml

Second order eccenftricity ey
b Internal forces modifications
Design As
Conversion to rebars
Interaction diagram
Shear
Torsion

v v v v v

The 2 options are:

Unit Chapter Code

<all> O <all= O

6.2.1(8) EN1992-...
5.3.2.2(4) EN1992-...
9.2.1.3(2) EN1992-...

5.2(2)  |EN1992-.. (i
5.2(3 | EN1992-.. C«
6.1(4) | EN1992-.. Ci

5.8.8.2(2) |[EN1992-...

5.8.8 EN1992-... |{

»  First order eccentricity with the equivalent moment
the column will be taken to calculate an equivalent 15t order bending moment. This leads to the
same 13t order bending moment along the whole length of the member.

in Concrete Setup > Solver setting > Internal

National annex: -
Struc... Check... Remark
<@... ,O <all= ,O
Mg, = 0,6 - Mpz +0,4-Myy = 0,4 - Mgz
Beam,
Beamn,
Beam

<=
slumin | Salve

LA The firstorder momentis taken into

accountas equivalent firstorder moment, if
this parameter is ON.

|

|

|

|

lurnn | Selver

|

Column [Salve
|

OK Cancel

= YES, bending moments at the ends of

gy = Moez/Ngg @nd eg; = Mgey/Ngg

With

MOe = (0,6 * Moz) + (0,6 * MOl) 2 0,4‘ * MOZ

«  First order eccentricity with the equivalent moment
from bending moments in current section. As a result, bending moments in each section can be

different.

= NO, 1st order eccentricity is calculated

Coy = M,/Ngq and eg, = My/NEd

Values of the 1st order eccentricities and moments can be viewed in Design > Concrete 1D > Internal forces

for design.
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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 = 0m]

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 Ly Iml  Boyy [l Ly, [m] Ay [l Ny [] Ay ® Nimayy
-y No 45 2 9.01 89.2 455 T ety
Z-7— No 4.5 2 9.01 89.2 46.5 2nd order
Unfaveourable direction
Second order effect and imperfections
Cvio Ney Moesyz  Mayz Megyz:  ozy izyy Cominzy  ©0Edzy  C2zy Ctdzy
[kN] [kNm] [kNm] [kNm] [mm] [mm] [mm] [mm] [mm] [mm]
y-y— -300 -30 o] -30 100 0 0 100 o] 100
Z— -300 o] o] o] 0 0 0 0 o] o]
Design forces (recalculated)
N M Me, V, VEd2 Mg .
Type of load Ed Edy Ed Edy Ed Ed
[kN] [kNm] [kNm] [kN] [kN] [kNm]
Design forces (recalculated) -300.0 -30.0 0.0 0.0 0.0 0.0

d 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

Views: Complete setup ¥ View settings «

Description
<all=
4 Designdefaults
& Reinforcement
r Minimum cover
4 Solversetting
- General
4 Internal forces
Shear farce reduction above supparts

Moment reduction above supports

Load default

Symbol
2 <al>

Shifting of marment curve to cover additional tensile fore

Find

Ll -<all

<]

Value

Default

| <all>

Unit
Pi=.L

I Geametric imperfection in LIS

EULS

E

]

Geametric imperfection in 515
Minimum eccentricity
First arder eccentricity with the equivalent moment
Second arder eccentricity
& Internal forces modifications

> DesignAs

= Conversiontorebars

MJ — 2023/10/02

|Fusts

Emin

|

[InFirst areer .. I Tiret

Chapter
<al O

62108
[532214)
la2.13(2)
[52(2)
[5203)
[&.1(4)
|sam2(2)

588

TEN 19601
TEM 19501
TEM 19501
TEM 19501
TEM 196501
TEM 19501
TEN 1960-1-
TEM 198501

Code

=all=

National annex: -

Structu... | CheckT...

P <al> 2| <al O

>

>
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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:
Oiy@ = B0 0h " Umy() (5.1)

*+ Bo basic value of inclination
* O reduction factor for length of column or height of structure: a, = 2/V1;2/3 < a, <1

* Omy reduction factor for numbers of members: a,, ,(,) = J(O,S (1+ 1/my(z)))

o | length of column or height of structure depending on:
o isolated member | =L, where L is the length of the member
0 notisolated member | = H, where H is the total height of building (buckling system)
* myz humber of vertical members contributing to the total effect of the imperfection perpendicular

to y(z)
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:

Ciy = ei,Z ) 10,2/2: €iz = ei,y ) 1O,y/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.

You 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

Concrete settings m] *
Views: Complete setup ¥ |View settings = | | Load default Find National annex: -
Description Symbol  Value Default  Unit Chapter Code Struc.. Check... Remark
<all> Pl<al Ol<allz [ <all= O <alz O <alle O <a.. O] =al. 2
4 Design defaults A} No Ep=ete;
- Reinforcement =
win e=eg+e;
= Minimum cover
4+ Solversetting B) Min. ecc. to first order ecc.
I General = . :
€p maX(E1+e|JEOm|n)
4 Internal forces e=e +e
Shear force reduction above supports 6.2.108) ER 1992-1.. Bearr sl =0 2
Mament reduction above supports 532.2 (4) |EN 1992-1..{Beam .| Solver C) Min. ecc. to final ecc.
Shifting of moment curve te cover additional .. ] | 92.1.3i2) EH. 1982-1..| Beam ey ey=e,+€,
Geometricimperfection in ULS SuLs y [~} 5212) EN 1982-1.. Colurmin | Solve <=
Geosmetric imperfection in SLS g88 EN 1992-1..4 Calurnin | Saber e= max( eO+EZJeOmin)
;I Minimum eccentricity Stk In first ord..| I first I EN 1992-1.. Colurmin | Solue
First order eceentricity with the equivalent mo. | : ) EN 19921 ol
ik R il ! eomin=max(h/30;20mm)
Second arder eccentricity e EN 1982-1..) Columin | Solve
P Internal forces modiifications | | | The minimum value of the eccentricity can be set as
i Designfs fallows:
b Conversionto rebars A) Switched OFF, no minimum value is accounted for
= % B The minimurm is considered for the calculation of
I Interaction diagram 5
the first arder eccentricity
v Shear | | | €) The minimum is considered for the final value of the
[

Torsion eccentricity
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Buckling data for  and m

y(2)

Settings for | and my(z) for the calculation of the geometrical imperfection can be set in the properties of the

columns.

Properties > System lengths and buckling settings

MEMBER (1)

I
g A
. Name
Layer
Type
Analysis model
FEM type
Cross-section
Alpha [deg]
Member system-line at

ey [mm]

ez [mm]

LCS

LCS Rotation [deg]
[  BUCKLING

B8

Calquel —
column (100)

Standard v

standard

C52 - Rectanglie (350; 3506} -_—

0.00

Centre *~

0.00
0.00

standard

0.00

Default v —

—

lSysiem lengths and buckling sett...
| Material and no. of parts
Secondary member

I v GEOMFTRY

Qo

i System lengths and buckling settings

IFRAEBYFFS Ao

Settings  Results

Name  BGL
Buckling span
[~ vy

Sway y-v

zz= 72

v

Buckling length factors
Beta yy factor

p Active buckling corstraints
4 Spansettings

Member imperfection in 2nd order analysis

Total height

o
Deflection span
Deflectionz= yy ¥
Deflaction y= Tz ¥
Settings per span for y-y axis
Calculate v Sway yy
1
From setup v
Calculate ~
Save Cancel
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When opening the buckling menu, you need to define both the ‘Active buckling constraints ' and ‘Span
settings ’ for buckling around the local y-axis (buckling span y-y) and local z-axis (buckling span z-z).
» Total height determination : set type of calculation of total height of building or length of the isolated
columns.
0 Calculate: H tot will be calculated automatically as sum of lengths of all the members in the
buckling system
0 Input: manual input value for Hiet in edit box Tot. height
* 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

Axis N M OEdy/z ME‘,’f’z M Edy/z €0zy ©0Edz/y €221y Ecezy
[kN] [kNm] [kNm] [kNm] [mm] [mm] [mm] [mm]

y-y— -405 -49.1 0 -49.1 100 121 0 121

77— -405 8.1 0 8.1 0 -20 0 -20

After calculation of 15t order eccentricity including effect of imperfection, the 1st order moment, including the
effect of imperfections around y (z) axis of LCS is calculated:

MOEd,y(Z) = NEd ' eOEd,Z(y) eOEd,Z(y) = eO,y(z) + ei,y(z) > eO,min,y(z)

* eoyz 1storder eccentricity
* @iy eccentricity caused by geometrical imperfection
* eomin Minimum first order eccentricity

+ 2"d 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:
» General method according to clause 5.8.2(2) — based on a nonlinear calculation
« Simplified method based on nominal curvature according to clause 5.8.8
» Simplified method based on nominal stiffness according to clause 5.8.7

The simplified method is taken into account:
* For ultimate limit state
 For Member type = Column with compression according to "Determination if member is in
compression”
» If option “Use second order effect” in switched ON, see Concrete settings > Internal forces.
This option is activated by default.
» If slenderness A > Aim, See chapter "Slenderness criteria"

Simplified method based on nominal stiffness

The total design moment, including second order moment, may be expressed as a magnification of the bending
moments resulting from a first analysis, namely:

B
Mgq = Mggg- |1 +———
(i)
Ngq
Where:
* Moed is the first order moment
B is a factor which depends on distribution of 15t and 2" order moments:
2
p="T /co
* ¢ is a coefficient which depends on the distribution of first order moment

* Ned is the design value of axial load
* Ns is the buckling load based on nominal stiffness
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Simplified method based on nominal curvature

The nominal 2" order moment is calculated according to clause 5.8.8.2(3) in EN 1992-1-1:

Mz,y(z) = Nggq - €2,2(y)

With:
* Nes design axial force
* e2zy 2" order eccentricity

When all mentioned criteria above are met for the simplified method, the 2™ order eccentricity is calculated
according to formula:
€2y = (1/Dz) Loy /Cay)
Otherwise:
€2y()=0
With:
*  (1/r)zycurvature around z(y), calculated according to clause 5.8.8.3
Czy) factor depending on the curvature distribution around z(y) axis according to clause 5.8.8.2(4)
o =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).
0 =10 otherwise.

* Ayy slenderness
*  Azy),im limit slenderness
* lozy effective length of the column around z(y) — buckling length

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 g <
1) and one formula for a sway structure (resulting in a buckling factor § = 1):
e For a non-sway structure:
(p1p2 + 5p1 + 5p2 + 24)(p1p2 + 4p1 + 4p + 12)2

a (2p1p2 + 11p; + 5p, +24)(2p1p, + 5p1 + 11p, + 24)

. For a sway structure:
B L
=X [—
P1X

With:
- B buckling factor
e L system length
- E modulus of Young
o | moment of inertia
e G stiffness in node i

e M moment in node i
e O rotation in node i

<= 4py1p, + %py
% (py + p2) + 8p1p2

L
P = — C.
pl El 1

_ M
bj

The values for Mi and @ 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.
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The calculation of the (3 ratios is automatically done when calculating the structure linearly. For this, two
additional load cases are calculated in the background:

* Load case 1:

o on the beams, the local distributed loads qy=1 N/m and gqz=-100 N/m are used

o on the columns the global distributed loads Qx =10000 N/m and Qy =10000 N/m are used
* Load case 2:

o on the 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, you 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.

Concrete settings O X

Views: Complete setup ¥  |View settings = Load default Find National annex -
Descripfion Symbol Value Default Unit | Chapter Code Structu... | CheckTy...

<all> Dl zale O <al Plealr 2«0 <l O <l 0O <alr O <al O

4 Designdefaults
F Reinforcement
B Minimum cover
4 Solversetting

4 General
Limit value of unity check [Lim.check |10 Lo | | Independent | All L Saluer
Value of unity check for not calculated unity check Neal.check 20 3.0 Independent | Al Eea | ol
The caefficient for calculation efective depth of cross-sec | Coefiy 08 Independent | All (Bea | Solver
The coefficient tar calculation inner lever arm Caeff; 09 Independent | All (Fea wolyver
The coefficient for calculation force, where member asu. .Cneﬁwm 0.l [0t | | Independent |All (Bea. | Solver >>

I+ Creepandshrinkage
P SLS
4 Default sway type

Sway around y axis Independent |/

Independent | A

<<

Sway around 7 axis

nternal forces
Design As
Conversion to rebars
Interaction diagram
Shear

Torsion

OK Cancel

You can easily modify these default settings for a specific column in the project within the buckling menu. This
menu can be accessed — as explained in the previous section — by navigating to the option ‘System lengths
and buckling settings ' within the properties of the member.

W
MEMBER (1) A

g~

Name B8

Layer Calguel ~~ —
Type column {100)
Analysis model  Standard -
FEM type standard -
Cross-section €S2 - Rectangle (350; 350) ==
Alpha [deg] 0.00
Member system-line at  Centre v~
ey [mm] 0.00
ez [mm] 0.00
LCS  standard
LCS Rotation [deg] 0.00
w BUCKLING

ISylern lengths and buckling sett... Defauit = I

Material and no. of parts

Secondary member  ( .'l )
w GFOMFTRY
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B System lengths and buckling settings

FiFf 28¢FFsS @

o
A

Settings Results
Name BG1

Buckling span Deflection span
oYy Deflection z=
1= 77 ¥ Deflectiony =

b Active buckling constraints
4 Span settings

Buckling length factors
Betayy factor Calculate

ISway Yy From setup

Memberimperfection in 2nd order analysis

Total height Calculate

my 3

Yy >

zz v

Settings per span for y-y axis
Sway y-y
4

Save Cancel

This new setting has the name, here BG1, which you can attribute to others similar columns in their properties

window:
MEMBER (1) A
g A/ |
. . . Name Bl
Layer Standaard ~~
Type column (100) ~
Analysis model  Standard ~
FEMtype standard
Cross-section €S2 - CIRC (400) =
Alpha 0 v .
Member system-lineat  Centre
ez [mm] 0.00
LCS standard »~

¥ BUCKLING
ystem lengths and buckling sett._..

Material and no. of parts

Secondary member

& v [

Default
BG1

\JJ

w GEOMETRY
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The calculated effective length can be viewed in Design menu > Concrete 1D > Slenderness for design:

[B]le v @

Concrete settings

Concrete 1D

Concrete 2D

Bill of reinforcement (1D)

f=5 Internal forces for design

1 Slenderness for design

€ 1D reinforcement design

EF Editreinforcement in section

Stiffness
Slenderness(Design)
Linear calculation
Load case: LC1
Coordinate system: Member
Extreme 1D: Global
Selection: All
Column B1 CIRC (400)
ECEN 1992-1-1:2004/AC:2008 Section 0 [dx = 0 m]
Slenderness
Axis Braced Ly m]  Bayy [ | lozy [m] Ay [ Nimzsy [ Az > Nimzpy
y-yL No 45 2 9.01 903 296 e
z-zL No 45 1 45 451 296 7™ el

Manual input of effective length

The same option — as seen for the automatic calculation — allows you to manually define the buckling length

of the system. The option ‘Buckling length factors
the table ‘Settings per span for y-y/z-z axis

account.

B | System lengths and buckling settings

Flf 2 8VFs @6

o

112

' can be accessed within the section ‘Span settings . In
"you can insert the buckling length which needs to be taken into

Settings Results
Name BG1

Buckling span Deflection span

® oy Deflectionz=
1= 72 ¥ Deflectiony =

b Active buckling constraints
4 Span settings

Buckling length factors

Betayy factor Length v

Sway y-y From setup v
Member imperfection in 2nd order analysis

Total height Calculate v

YV

=z ¥

Settings per span for y-y axis
Ly [m] Swayy-y
1 1.000

Save Cancel
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Comparison of the two simplified methods

Whatever the reinforcement in the column, the method based on nominal curvature gives more or less the
same result, while the method based on the nominal stiffness is very affected by the reinforcement of the

column.

And on the other hand, the method based on the nominal stiffness is not usable anymore if the applied normal

effort Neq is too close to the buckling effort Ns.

* RECALCULATED INTERNAL FORCES

In Concrete Menu > Reinforcement Design > 1D member > Internal forces.
The design moment, Meq, is equal to Med = Moed + Mo.

With:
e Mz 2" order bending moment
* Moed bending moment taking into account 1%t 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
Mzd = 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 Design > Concrete 1D > Internal forces for design.

The Standard output is chosen:

Internal forces (FEM-based)
Sxtreme: ULES/2 (ULS)
Type: Combination (linear)
Designsituation: EN-ULS (STR/GEQO) SetB

N M, v, V. M
Type of load 2 M: : 2 3
[kN] [kNm] [kNm] [kN] [kN] [kNm]
internal forces (FEM-based) 4050 405 00 00 00 00
Content; 1.35%LC1
Second order effect and imperfections
Axis N:y Mooz Mz M:ey: ey - minziy  S0Edy Gy Erayy
[kN] [kNm] [kNm] [kNm] [mm] [mm] [mm] [mm] [mm] [mm]
Y-y -405 -49,1 -73.2 122 100 21,2 20 121 181 302
7zl -405 2.6 63 716 o -21.2 -20 -21.2 -156 -177
Design forces (recalculated)
N Mz, M:i- V: Veg- M:
Yype of inad Ed Edy td dy Edz dx
[kN] [kNm] [kNm] [kN] [kN] [kNm]
| Design forces (recalculated) -405.0 -122.3 716 0.0 0.0 0.0
Results
The results for the reinforcement design are shown below:
Design forces
Case Ney Vegy Ve T _MEd,- Mo M M
[kN]  [kN] [kN] [kNm] [kNm] [kNm] ¥yt zzh
[uLs/1 -300.0 0.0 0.0 0.0 -30.0 0.0 - - - -
!ULS,F2 -405.0 0.0 0.0 0.0 -1223 716, 238 2nd 238 2nd
luLsn LCT
luLsr2 135°1C1
Ln'r_lgitudinal reinforcement
Basic Additional Detailing Ao Acpin Boeq Acpoy Acmsx Smin  Smay  Status
. [mm°] [mm°] [mm’] [mm’] [mm’] [mm] [mm]
[1] 24186 -- - 500 61 500 402 1225 242 258 Neot OK
237 -
[2] 216 -- - 385 61 385 402 1225 70 86 0K
»37 -
[3] 2916 -- --- 500 61 500 402 1225 242 258 Not OK
»37 -
[4] 2916 -- - 385 61 385 402 1225 70 20 0K
»37 -
3Y 4416 -~ = 1000 804
et - = o s
T 8416 » = 1770 1608

Note that biaxial bending method was used for reinforcement calculation.
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2.4 Plate design

2.4.1 Used example
+ INPUT OF GEOMETRY

Project data: 2D environment = Plate XY

Project data

Basic

data

Functionality Actions

| DATA

Name:

Part:
Description:
Author:

Date:

Structure:

Post processing
environment

Model:

UnitSet Protection

Example project

ACT Reinforce Concrete
Plate design

SCIA Engineer

03.09.2021

£ Plate XY
@ default

= One

MATERIAL

=
Concrete _f:_,(g

jal C25/30

Reinforcement mate B 500A

v ey

.t aue

Steel

Masonry
Aluminium

Timber

Steel fibre concrete
Other

CODE
National Code:

B = =

National annex:

- Standard EN

‘Thick-walled' Concrete cross-sections: the advanced 2D FEM method is off!

OK

Cancel

The Reinforcement material (e.g. BSO0OA) chosen in the Project data window, will define the steel quality used
for the theoretical reinforcement design.
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Properties of the slab and the line supports:

B 2D member

Name S§1
Elementtype Standard
Element behaviour Standard FEM
Type plate(30)
Material C20/25
FEM model Isotropic
- FEM nonlinear madel none
Thicknesstype constant
Thickness [mm] 250
z LCS type Standard
) LCS angle [deg] 0.00

X Y Layer Layerl

P Structural model

X B Line support on 2D member edge

Name Slel
Y Constraint Hinged
Z Rigid
Rx Free
Ry Free

™2 4 Geometry
=3
System GCS
Coord. definition Rela
Position x1 0.000
b Pasition x2 1.000

z
/l Origin From start
N -
[

€| <€ g

* LOADS
= Load cases & Load groups
Load Case Action type | oad Group Relation EC1-Load
Self-weight Permanent LG1 / /
Walls Permanent LG1 / /
Service load Variable LG2 Standard Cat B: Offices
B Load cases % | Wi Load groups X
B iEFES «» O = A v Y BFIEFE «2 0 =B
LC1 - Self weight MName LC1 LG2 Name LG2
LC2-Walls Description Selfweight Relation Standard v
LC3 - Service load Action type Permanent ¥ Load Variable
Load group LG1 Yo Structure Building
Load type Selfweight = Load type CatB: Offices ¥
Direction -Z
New  Insert | Edit Delete Close Mew | Insert | Edit ‘ oK

= Load combinations
Type EN-ULS (STR/GEO) Set B
Type EN-SLS Quasi Permanent

B Combinations

EAEFE «» O

Input combinati

ons .

ULS-SetB (auto)
SLS-Char {auto)
SLS-Quasi (auto)

4 Contents of combination

Actions

New | Insert | Edit

Name SLS-Quasi(auto)
Description
Type EN-5LS Quasi-permanent
Updated automatically
Structure Building

Active coefficients

LC1- Self weight[-] 1.000
LC2 - Walls [-] 1.000
LC3-Service load [-] 1.000

Explode to envelopes >>>
Explodeto linear >>>
Show Decomposed EN combinations >>>

Close
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= Result classes

All ULS+SLS

B | Result classes X

B fEFE a2 O a v Y |

AlLULS Name AlLULS+SLS

ALLSLS Description

ALULS+SLS 4l Gist
ULS-SetB {auto) -EN-ULS (STR/GEQ) SetB
SLS-Char(auto) -EM-SLS Characteristic
SL$-Quasi(aute) -EN-SLS Quasi-permanent

New | Insert | Edit | Delete Close

* FINITE ELEMENT MESH
= Introduction

2 types of finite elements are implemented in SCIA Engineer:

e The Mindlin element including shear force deformation, which is the standard in SCIA Engineer.

The Mindlin theory is valid for the calculation of both thin and thick plates.

» The Kirchhoff element without shear force deformation, which can be used to calculate and design

only thin plates.

The element type used for the current calculation is defined in the Tools menu > Calculation & Mesh > Solver

Settings:

B Solver setup %

Name SolverSetupl ~
Specify load cases for linear calculation

4 Advanced solver settings

4 General
MNeglect shear force deformatio >> A
Bending theory of plate/shell analysis Mindlin v
%ype of solver Direct v

Number of sections on average member 10
Warning when maximal translation is greater than [mm] 1000.0
Warning when maximal rotation is greater than [mrad] 100.0
Coefficient for reinforcement 1
4 Effective width of plate ribs
Mumber of thicknesses of rib plate 20
4 Detection of adjacent beam [ edge
Parallelism tolerance [deg] 10.00 v

= Mesh generation

Via the tools menu - Calculation & mesh > Generate mesh

MJ — 2023/10/02
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= Graphical display of the mesh

Set view settings for all entities, via right mouse click in screen or more options > View settings for all entities

r

| MORE OPTIONS

Structure nodes

Local axes

Labels of local axes

0808

| Structural shape labels
@ View settings for all entities A
. il

e Structure tab - Mesh - Draw mesh
e Labels tab > Mesh > Display label

= Mesh refinement
Via the tools menu - Calculation & mesh - Mesh settings
Average size of 2D (mesh) elements is by default =1 m

B | Mesh setup 24

Name MeshSetupl

Average number of 1D mesh elements on straight 1D members 1

Average size of 10 mesh element on curved 1D members [m] 0.200
Average size of 2D mesh element [m] 1.000
Connect members/nodes

Setup for connection of structural entities

I Advanced mesh settings

Bwdted OK Cancel

OR

The mesh size can be changed in the FE analysis window before running the calculation.

B FE analysis x

Calculations 4 Mesh setup

Average number of 1D mesh element 1
[ Linear analysis
Load cases: 3

Average size of 1D mesh elementon ¢ 0.200

I Average size of 2D mesh element [m] 1.000
Qifigriptgcesses Connect members/nodes
Testinputofdata Setup for connection of structural en

I Advanced mesh settings
Save projectafter analysis 4 Solver setup
Specify load cases for linear calculati

> Advanced solver settings

Calculate
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‘Basic rule’ for the size of 2D mesh elements: take 1 to 2 times the thickness of the plates in the project. For
this example, take a mesh size of 0,25 m.
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2.4.2 Results for the linear calculation
* SPECIFICATION OF RESULTS

After running the linear calculation, go to the Results menu - 2D members > 2D Internal Forces.

Specify the desired result in the Properties panel:

System :

RESULTS (1) (A

Name

w SELECTION
Type of selection

Filter

w RESULT CASE
Type of load

Combination
Envelope (for 2D drawing)
Averaging of peak
Location
System
Extreme
Type of values
Values

w» OUTPUT SETTINGS
Print combination key
Standard result
Results on sections
Restilts on edges

b TABLE SETUP

2D internal forces

All ~

No v

Combinations ~
ULS-Set B (auto)

Absolute extreme

o

In nades avg. on macro v
LCS mesh element v~
Global

Basic magnitudes

moX

@
sp
oD

» ERRORS, WARNINGS AND NOTES SETTINGS

ACTIONS 3>

@ Refresh

@ New combination from Combination key

(®) Drawing setup 20

@) Preview

LCS mesh element: according to the local axes of the individual mesh elements

elements!)
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Location : 4 different ways to ask for the results, see chapter Results

Type forces : Basic, Principal or Design magnitudes, see Annex 1

Drawing setup 2D : Click on the button EI Here you can modify the display of 2D results (Isobands /
Isolines / Numerical results / ...), modify the minimum and maximum settings, ...

After making changes in the Properties panel, you always have to execute the ‘Refresh’ action.
* TYPES OF RESULTS
=  Basic magnitudes

Combination = ULS; Type forces = Basic magnitudes; Envelope = Minimum; Values = m_x

39.56
0.00

mx [kKNm/fm]

-20.00
-40.00
-60.00
-80.00
-100.00
-120.00
-155.46

|

i

These are the characteristic values coming from de FE-analysis in the center of the plate.

= Elementary design magnitudes

Combination = ULS; Type forces = Design magnitudes; Envelope = Maximum; Values = m_xD+

0.00
-20.00
-40.00
-60.00
-80.00

mxp+ [kNT/m]

-100.00
-120.00
-140.00

-170.68

The convention for the sign of the design moments has been changed since the v17 post-processor. Now a moment is positive when
it causes a tensile force on the bottom of the plate and negative when it causes tensile force at the top of the plate.

In the v16 post-processor a design moment is positive when you should reinforce for this moment. This means that for a positive value
for m_xD+ there is a tensile force at the top of the plate and that for a positive value for m_xD- there is a tensile force at the bottom of
the plate.
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The available values are mxD, myD and mcD, where ‘D’ stands for design. The ‘+’ and ‘-‘ respectively stand
for the values at the positive and negative side of the local z axis of the 2D member.

So for instance the value mxD+ is the moment that will be used for the design of the upper reinforcement in
the local x-direction of the 2D member.

The calculation of design moments for plates and shells according to the EC2 algorithm follows the chart from
CSN P ENV 1992-1-1, Annex 2, paragraph A2.8.

m_ozm, o oa=xh=y
mo<m, 1 oa=y, h=x
=
m, = ‘mm.|
YES NO
— m. =0
M =M, +|mm.‘ aD-
% N
_ m,, =m,+m " /|lm
My, =, +|mm, B0~ b | a| \
N ¥
mp =-2- |m$‘ M = —|ma|(__1+ t_m,‘,_. ma)‘ J
M, = ‘m:‘_r|
YES NO
2,
WM. =—M, +‘m:‘1.| Mop, =—M,+ M, .-'|mb|
Myp. = —TH, +|mz‘1. My, =0
m =—2- |???r‘r‘ Mp. = _|m2>|[-.1+ (.m:gu £ My, :I‘ J

What happens, is that for the 3 characteristic (bending and torsion) moments an equivalent set of 3 design
moments is calculated:

mx mxD
my = myD
mxy mcD

It is clear that mxD and myD are the moments to be used for the reinforcement design in the respective
direction. The quantity mcD is the design moment that has to be taken by the concrete. The Eurocode does
not mention any check for this value, but it is however available in SCIA Engineer for the reason of
completeness.

MJ — 2023/10/02 121



Advanced Concept Training — Concrete

The calculation of design forces for walls according to the EC2 algorithm follows the chart from CSN P ENV
1992-1-1, Annex 2, paragraph A2.9.

nozn, 1 oa=xb=y
no<n, 1 oa=ph=x
n,z-— L.
YES NO
Mgp =M, +|7, n, =0
2
M, =1 +|PI Myp =T +71,, "'|Ha|
2] ] Y N
N v
HCD =-2. H"v HCD = _|Ha|t:l+ (:nm Ha } J
X

Analogously, if membrane effects are present, for the 3 characteristic membrane forces an equivalent set of 3
design forces is calculated:

nx nxD
ny = nyD
nxy ncD

Here, the quantity ncD does have a clear meaning: it is the compression force that has to be taken by the
concrete compression struts. Therefore, to make sure that concrete crushing will not occur, the value ncD
should be checked to be < fcd.

Attention: These design magnitudes are not the ones used by SCIA Engineer for the reinforcement design in
the Concrete menu. A much more refined transformation procedure is implemented there to calculate the
design magnitudes from the basic magnitudes.

=  Principal magnitudes
Results menu 2 2D members 2 2D stresses/strain

Combination = ULS; Type forces = Principal stress; Envelope = Maximum; Values = g1+

164

o1+ [MPa]

14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0
2.1

f

The first direction is the direction of maximum tension (or minimum compression). The second direction is the
direction of maximum compression ( or minimum tension).

1" and ‘2’ refer to the principal directions, calculated based on Mohr’s circle.

Keep in mind that the most economic reinforcement paths are the ones that follow the trajectories of the
principal directions!

122 MJ — 2023/10/02



Chapter 2: Design and Check

- COMPARISON MINDLIN ¢ KIRCHHOFF
= Shear force vx
Combination = ULS; Type forces = Basic magnitudes; Envelope = Maximum; Values = v_x

Mindlin
vx-max [kN/m]

84958
587.50
§25.00
46250
400.00
337.50
275.00
21250
150.00
75.00
0.00

Opening] q

-50.00
-100.00
-150.00
-212.50
-275.00
-350.44

-wmsz - Mesh size = 0,05 m

vx-max [kN/m]

44971

Kirchhoff

400.00
360.00
320.00
280.00
240.00
200.00
160.00
120.00

80.00

40.00

Openingl 4

Section at lower edge

240,07

150,45 Mesh size = 0,25 m

205,86

Mesh size = 0,05 m
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= Torsion moment mxy

Combination = ULS; Type forces = Basic magnitudes; Envelope = Maximum; Values = m_xy

Mindlin
mxy-max [kNm/m]
71.80
60.00
| 40.00
' o0
10.00
0.00
Openingl ;ggz
-30.95
SIGA[T
/
|
|
“I
\
Section at lower edge
l —8.25
LTI T IITTY
Wm T 1
6.0 Mesh size = 0,25 m

Mesh size = 0,05 m

mxy-max [kNm/m]

63.62

Kirchhoff

54.00
43.00
42.00
36.00
30.00
2400
18.00
12.00

6.00

e Mesh size = 0,25 m
—15.60

Mesh size = 0,05 m

Conclusion: Kirchhoff gives the expected shear force values, Mindlin gives the expected torsion moments.
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2.4.3 Concrete setups
* GENERAL SETUPS
= Setup 1. National Determined parameters

File > Project settings - National annex [...] > EN 1992-1-1[...]
OR
Click on the flag at the top right of SCIA Engineer - Manage annexes - EN 1992-1-1...]

B | Concrete setup X
4 Type of values = Standard EN Name Standard EN a)
NA building nejete 4 Concrete
R B —-General
4 Type of functionality Concae 4 General
Hollow core beams ’E-] MNon-prestressed reinforcement 4 Concrete
Prestressing m i Prestressed reinforcement 4 National annex
Durability and concrete cover
uts 4 EN_1992 1 1
General 4 ygy-partial factor for shrinkage actii
Punching Value[] 1.00
7 SLSGEHWI 4 yc - partial factor for design values
[=l-Detailing provisions Values[] 1.50/1.20
Comman detailing provisions 4 fog max - maximum value of the char
2D str_uclures and slabs Value [MPa] 20.00
Punching
4 a.. - coeff. taking account of long tei
Value[-] 1.00
4 ay - coeff. taking account of long ter
Value[-] 1.00
4 kq rgq - coeff. for calculation of ratio
Value[-] 0.44
4 ky rgq - coeff. for calculation of ratio
Formula Formula
4 k3 rgq - coeff. for calculation of ratio
Value [-] 0.54
4 ky req - coeff. for calculation of ratio
Formula Formula
4 ks rgq - coeff. for calculation of ratio
Value [-] 0.70
4 kg req - coeff. for calculation of ratio
Value[] 0.80 Y]
Select all Unselect all Refresh Load default NA parameters Cancel
= Setup 2: Concrete settings
Concrete menu - Concrete settings
Concrete settings | X
Views: Complete setup v View sett... v | | Load default Find Mational annex: n
Description Symbol Value Default | Unit ' Chapter Code Struct...  CheckT... Remark
<all= Pl Pl <l P sl O <all> O <al- O <al> O <al> O
4 Design defaults [ ‘
b Reinforcement
F Minimum cover
4 Solversetting
4 General
Limitvalue of unity check Lim.check |10 1.0 Independe...|All {Bea... | Sclv
Value of unity check for not calculated unity check Neal.check 3.0 3.0 Independe..| 4l (Bea
The coefficient for calculation effective depth of cros... Coeffy 0.9 0.9 [ \ndepende....i.ll S¢
The coefficient for caleulation inner lever arm Coeff, 0.9 0.9 Independe. | All(
The coefficient for calculation force, where member ... Coeff gy, 0.1 0.1 Independe... Al i...| S¢
4 Creep and shrinkage . [ [ <<
Age of concrete atthe moment considered t 18250.00 day  |3.14B.1-2 EN1992-1-1
Relative humidity RH 50 5 3.1.4B.1-2 EN1992-1-1
Type inputofcreep coefficient Type @(t,ta) Auto Auto .3.1.4(2) EN 1992-1-1 | 1 3
Age of concrete atloading i 28.00 28.00 day  13.1.4(2),B1 |EN 1992-1-1 |All Salver
Consider dryingand autegenous shrinkage Type egltts Auto 3.1.4(6) EN1992-1-1 |All (Be I €
Age of concrete at the beginning of drying shri... tg 7.00 7.00 day :3.1.4(6)‘82 EN1992-1-1 |All (Bea er s
4 SLs
Use effective modulus of conarete 7.1{2) EN 1992-1-1 |AlliBea
4 Defaultsway type |
Sway around y axis Sway yy -] /] Independe...
Sway around z axis Sway 7z (] [ ] Independe...|All iBe:
i Internal forces |
OK Cancel

All of the adjustments made in one of the two general setups are valid for the whole project .
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+ MEMBER DATA

It is possible to overwrite the data from the general setups per 2D member, namely by means of Member
data. This is automatically defined on any 2D member (same is true for 1D members).

-
2D MEMBER (1) > CONCRETE 2D DATA (1) ﬁ
Name CMD2D
2D member
Member type  Plate s

¥ DESIGN DEFAULTS
REINFORCEMENT
PLATE
LONGITUDINAL
Design of provided reinforcement 'LX_

Design template of provided reinforc... Plate v =
Material B 5008 Y, ?7:
UPPER (Z+)
Type of cover Auto "
Type of first layer  Principal s
Diameter of first layer [mm] 10,0 s

Angle of first layer direction [deg] 0,00
Type of second layer  Principal "
Diameter of second layer [mm] 10,0 W

Angle of second layer direction [deg] 90,00

2.4.4 ULS design
+ REINFORCEMENT DESIGN

= Internal forces
Design menu - Concrete 2D - Internal forces

Basic (centroid) : the values shown here are exactly the same as in the Results menu; they are calculated by
the FEM solver.

Design (centroid) : the values shown here are different from those in the Results menu.
» The design magnitudes in the Results menu are calculated by the FEM solver according to some
simple formulas specified in EC-ENV.
» The design magnitudes in the Concrete menu are calculated by the NEDIM solver, where a much
finer transformation procedure is implemented, based on the theory of Baumann.
These are the values that will be used for the SCIA Engineer reinforcement design.
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Theory of Baumann:

1) Calculation of the lever arm.

The lever arm is necessary for the calculation of surface forces. Value z will be calculated in the direction of
the angle of the first principal moment. The forces will be recalculated and a cross-section set will be created
in this direction. The reinforcement will be designed for these recalculated forces and from the designed
reinforcement the inner lever arm will be calculated.

Principal stresses and directions at both surfaces
0..=0.48 MPa ¢;,.=0.11 MPa -> a,. =-5.86=-5.86"°
0+ =-0.11 MPa oy =-048 MPa -> oz, =-5.86°
-> direction for calculation inner lever arm
oz =-5.86

Recalculated forces to direction of inner lever arm
n,=0.0 m,=49704

O fo  1-2010°

fea = ve = 15 =13.33 MPa
d=210 mm
£ 0.0018 _
N=1-05%=1-05 02 =075
2 2 2 2
Ecu2 _ &2 0.0035 _ 0.0018
2 6 2 6
Pl Ecu2* £ =1 > 0003500018 ~ 238
Bty Bt 0.0035° -
2 2
£ 0.0035
Epal = Cuzf —= 250 = 0617
AR —_— S
faz + e 00035+ 595 200000

Xbal = &bal-d = 0.617-210=0.13
Nebal = - &pal-d-b-n-fqg=-0.617-210-1000-0.75- 13.33 =-1295 kN/m
n; = 0 kKN/m > ncpal = -1295 kN/m => predominant tension

|
d 1_\/1_4.8.abs(mz)—nz-(d.-O.S'h)

I
2-B b‘d-z'r]‘fcd
|
i 2-06.23189' 1_\/1_4.0.389_abs(4970)—0-2(0.21—0.5-250) P
1000-0.21°-0.75- 13.33

z=d-B-x=210-0.389-2 =209 mm

Z, =124 mm

z.=85mm

If value z cannot be calculated it will be calculated according to formula: z=0,9 *d
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2) Calculation of normal forces at the surfaces of 2D element.

The inputted internal forces will be recalculated to both surfaces according the following formulas:

Lower surface

MmO 493
M= T T 0209 T
_ny,my 0 122
Ny =+, =5 Y 0009 - 28 KN/m
_n_xy mxy _2 '0.385 N
e =3 YT T3 T pEmm R
Upper surface
T W A& 4B
N =TT, =5 Tp09 - 230 KN/m
_hy om0 122
W= ~ 5 ~p - paE - e eum
Ny My 0 -0385
=2z —@ OE0G oAy

3) Calculation of principal forces at surfaces of 2D element.

The principal forces at both surfaces and the direction of the first principal force will be calculated according to
the following formulas:

Lower surface
Principal forces at lower surface:

Ny-+Ny. 1 2 2
n|.=?+?-\/(nx.—ny.) +4 - nyy-

1
2
236*58 ;_—\/ (236-58) +4--18" =238 kN/m
|
s 2
n“':nx+ny —1—'\/ Nx- — Ny- +4-nxy-
2
1
2 2
=%—;—-\/ (236-58) +4--18" =57 kN/m

Direction of principal forces:

2 Nyy- .
=0.5-ArcTg (—ﬁ)= 0.5-ArcTg (%)= -6 °
x- — Hy- = O

Upper surface
Principal forces at upper surface:

Nx+ + Ny+ 1 2 2
n|+=—2‘—+-2—- (nx+—ny+) +4 - nyy+

1
p P 2 2
:¥+;_\/ (-236--58) +4-18" =-57 kN/m
1
Ny+ + Ny+ I ? 2
n”*:%_?'J(nX*’_ny*) +4'nxy+
1
B _ 2 2
%%\/ (-236--58) +4-18 =-238 kN/m

Direction of principal forces:

2 N + i
o = 05-ArcTg (ﬁy—)— 90=05 -Arch(ﬁ)— 90 = -96 °
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4) Recalculation of principal forces at both surfaces to inputted directions.

The recalculation of the principal forces to the inputted direction will be done separately for both surfaces by
using Baumann'’s transformation formula.

Lower surface
Angles for Baumann's transformation formula
a1-= Qinp,1-—-=0--6=6°
o2-= Qinp2- —1-=90--6=96 °
03-= Ocon-— 01-=45--6=51"°

Recalculated dimensional forces at lower surface (acc. to Baumann)
ni--sin (0(2.)- sin (0(3.)+ nji- - COS (0(2.)- cos(cxg.)

L sin (0(2. - 0(1-)- sin (0(3- - 0(1-)
23.8 -sin (96)- sin(51)+ 5.7 - cos (96)- cos (51)
- sin(96 - 6)- sin(51 - 6) =0
_ ni-sin (ag.)~sin(a1.)+ ni-- oS (cxs.)- cos(ou.)
eeR-= sin{az- - o-)- sin ((x1- - 02-
23.8-sin (51)- sin(6)+ 5.7 - cos (51)- cos(6)
} sin(51 - 96)-sin(6 - 96) = Bl
ni--sin (0(1.)- sin (0(2.)+ nii- - COS (0(1.)- cos(az.)
A= sin{ot- - 0(3.)- sin (0(2- - 03-
~ 23.8sin(6)-sin (96) + 5.7 cos(6)-cos (96) -

sin(6 - 51)-sin (96 - 51)

Upper surface
Angles for Baumann's transformation formula
Q1+ = Qlinp,1+— 01+ =0--96 =96 °
02+ = Qlinp,2+— Q1+ = 90 — -96 = 186 °
03+ = Ocon+ — A+ = 135--96=231°

Recalculated dimensional forces at upper surface (acc. to Baumann)

N+ - sin(a2+)- sin(a3+)+ nn+-cos(az+)-cos(0(3+)
sin(az+ - +)- sin(a3+ - +)

_ -5.7-sin(186)- sin(231) + -23.8- cos(186)- cos(231)

NEds1+

. . =-21.7 kN/m
sin(186 - 96)- sin(231 - 96)
Nis - sin(a3+)-sin(ou+)+ nu+-cos(a3+)-cos(a1+)
RS B sin(a3+ - 02+)-sin(o+ — 02+
i} —5.7-sm(2§1)-sm(96)+ -2;.8-cos(231)-cos(96) S
sin(231 - 186)-sin(96 - 186)
Ni. - sin{ aq.)- sinl 04 )+ Nys - cos| aq . 'cos(a2+)
W= sin{o, - 0(3+)' sin(fo, — 034
_ -5.7-sin(96)-sin(186) + -23.8- cos(96)- cos(186) _ —

sin(96 - 231)-sin(186 - 231)
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5) Calculation of virtual forces at both surfaces to inputted directions.

The virtual forces are necessary to convert the pressure/tensile forces at the surface back to the center of the
plate. The virtual force represents the equivalent force at the other side of the plate.

Virtual forces at both surfaces

Lower surface
Angles for Baumann's transformation formula
O+ = Qjnp, 14+ — A = 0--6=6°
Oy = Qipp2+ = . =90 --6=96°
3. = Olon: = 0lj. =45 = -6=51 °

Recalculated virtual forces at lower surface (acc. to Baumann)
ni--sin (a2+)- sin (0(3+) + nyj-- cos (0(2+)- cos (0(3+)
sin(a2+ = 0(1+)-sin(0(3+ - 01+
23.8-5in(96)- sin(51)+ 5.7 - cos (96)- cos (51)
- sin(96 - 6)-sin(51 - 6)
ni--sin (a3+) sin (a1+)+ nj- - cos (0(3+)- cos (om)
sm(ag - 0o+)-sin{ag. — o+
23.8-sm( 1) sm( )+57 cos(51) cos(6)
n(51 - 96)-sin(6 - 96)
sm(om) sm(a2+)+ nj- cos(om) cos (0(2 )
n(ou - a3+)-sin{ 0+ — 03+
23.8-sm(6 sm(96)+ 5.7-cos( ) cos(96)
sin(6 - 51)-sin(96 - 51)

NEdsvirt1-

=254 kN/m

NEdsvirt2-

=7.7 kN/m

]

sin

NEdsvirt3-

-3.7 kN/m

Upper surface
Angles for Baumann's transformation formula

1. = Qjpp,1- — A = 0--96=96"°
02- = Qlinp,2- — Q1+ =90 - -96 = 186 °
03- = Olcon+ — O+ =135 - -96 =231 °

Recalculated virtual forces at upper surface (acc. to Baumann)
N+ - sin (0(2_)- sin (CXg_) + N+ COS (0(2.)' cos (0(3_)

o = sin(az_ - 0(1.)- sin(ag_ - a1-
_ -5.7-sin(186)-sin (231) + -23.8 -cos (186)- cos (231)
- sin(186 - 96)-sin (231 - 96) =217 kN/m
' _ n|#-sin(a3_)-sin(a1,)+ nn+-cos(0(3,)-cos(0(1_)
e = sin{oz. — o) sinl o = o
_ -5.7-sin(231) sin (96) + -23.8 - cos (231)- cos(96) _ p—
) sin(231 - 186)-sin (96 - 186) =g
. ~ n1+'sin(0(1.)'sin o2-)+ Ny« cos| a1- -cos(ag.)
Pedoviii= = sin{a1- — a3-)- sin| az- — a3-
_ -5.7-5in(96)- sin (186) + -23.8 - cos (96)- cos (186) 2 i

sin(96 - 231)-sin (186 - 231
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6) Recalculation of forces at surfaces to center of gravity of cross-section.

Using the transformed dimensional forces and virtual forces the internal forces at the center of the plate can
be calculated.

Lower surface
Dimensional forces of lower surface transformed to centroid
Ned1- = Nedst- + Nedsvirt1+ = 25.4 + -21.7 = 3.7 kN/m
Meg1- = Negst- * Z- = Nedsvirtt+ * 2+ = 25.4 -85 = -21.7 - 124 = 4.9 KNm/m
NEd2- = Neds2- + Nedsvirz+ = 7.7 + -4.0 = 3.7 kN/m
Medz- = Nedsa-* Z- — Nedsvirte+ *Z+ = 7.7 -85 = -4.0-124 = 1.2 kNm/m
Ned3- = Neds3- + Nedsvira+ = -3.7 +-3.7 = -7.4 kKN/m
Med3- = Neds3- * Z- = Nedsvirta+ * Z+ = -3.7 -85 = -3.7 - 124 = 0.1 kKNm/m
Upper surface
Dimensional forces of upper surface transformed to centroid
Ned1+ = Neds1+ + Nedsvirt1- = -21.7 + 25.4 = 3.7 kKN/m
Meg1+ = - Neds1+ * Z+ + Nedsvirtr- * Z- = - -21.7 - 124 + 25.4 - 85 = 4.9 kKNm/m
Nega+ = Nedso+ + Nedsvirt- = 4.0 + 7.7 = 3.7 KN/m

Medo+ = - Nedso+ * Ze + Nedsvirt-* Z- = - -4.0- 124 + 7.7 -85 = 1.2 kNm/m
Ned3+ = Neds3+ + Nedsvira- = -3.7 + -3.7 = -7.4 kN/m
Med3+ = - Neds3+ * Z+ + Nedsvirta- - Z- = - -3.7 - 124 + -3.7 -85 = 0.1 kNm/m

The available values are: mEd,1+, mEd,2+, mEd,c+, mEd,1-, mEd,2-, mEd,c-, nEd,1+, nEd,2+, nEd,c+, nEd,1-
, NEd,2-, nEd,c- and VEd. “+” and “-* stand for the design values at respectively the positive and the negative
side of the local z-axis of the 2D member. “1” and “2” stand for the reinforcement directions, which are by
default respectively the local x- and y- direction of the 2D member. (mEd,c+ and mEd,c- are the design

moments that would have to be taken by the concrete, but they have no real significance for the reinforcement
design.)

Combination = ULS; Type values = Design internal forces; Value = mEd,1+

;HE;I + [kNm/m]

2

Compare the result for this value med,1+ (Concrete menu) with the result for the equivalent value mxD+
(Result menu) shown on page 120.

Despite the different transformation procedures, the general image of the results will be similar for orthogonal
reinforcement directions (acc. to the local x and y axes). The largest difference is caused by the shift rule that
is only taken into account in the design magnitudes calculated by the NEDIM solver (values mEd,1 and mEd,2).
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The shift rule takes into account the additional tensile force caused by the shear force by shifting the moment

line by a distance ai. ai is determined as in the image below.

O

1D: a, = Coeff,-d - (cot O
2D: a,=d

cota)/2

The shift rule is taken into account in the default concrete settings. You can deactivate this option in the

concrete settings.

Concrete settings
views: Complete setup v Viewsett... = | | Load default Find

Description Symbol
<all> P <all>
4 Design defaults

I Reinforcement

> Minimum cover

4 Solver setting

£

General

.

Internal forces
Shear force reduction above supports
Momentreduction above supports

Value

P <all>

» [shifting of moment curve to cover additional tensile force caused by shear

Geometricimperfection in ULS &uLs
Geometricimperfection in SLS GisLs
Minimum eccentricity €min

Firstorder eccentricity with the equivalent moment

Second order eccentricity ey

v

Internal forces modifications
Design As

Conversion to rebars

Interaction diagram

Shear

Torsion

Punching

Stress limitations

v v v v v v ww

Cracking forces

In firstorder .

1]

Default

P <all-

- {In firstor

Chapter

<all>

6.2.1(8)
5.3.2.2(4)
9.2.1.3(2)
5.2(2)
5.2(3)
6.1(4)
5.8.8.2(2)
5.8.8

Code

<l O

EN1992-1-1
EN1992-1-1
EN 1992-1-1
EN 1992-1-1
EN1992-1-1
EN1992-1-1
EN 1992-1-1
EN1992-1-1

National annex: -

Structure CheckTy...
<all>- O <all>

Beam,Be...|S

Beam,B
Beam.Ri
Column
Column
Column
Column

Column

Remark

Ff,d- (o0 - cora) f 2

==
If the check box is ON, the additional tensile

force caused by the shear force is taken
into accountusing the shift rule

0K Cancel

If we uncheck this option the general image of mEd, 1+ is closer to the one obtained for mxD+ (page 120).

132

med1 + [kiNm/m]
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= Provided reinforcement

Before calculating the theoretical reinforcement it is possible to add a template of reinforcement to your
plate(s). This template can be used to:
» Compare the template with the calculated theoretical reinforcement. By doing this it is easy to see
where this basic template is not sufficient.
» Perform the punching design, Crack width check and the code dependent deflections.

The reinforcement added by the template is called Provided reinforcement

To add Provided reinforcement go to Concrete menu - Concrete settings - Design defaults

Concrete settings m] x

Views: Complete setup ¥ |View sett.. = || Load defauit Find Nalionalannsx:-
Description Symbol Value Default  Unit | Chapter |Code Struct...  CheckT..

<all> Pl<al O <al> Pl P <al> Pl<all> PO <al> O <al> O

4 Design defaults

4 Reinforcement

> Beam/Rib
b Beamslab
b Column
4 Plate
4 Longitudinal
Design of provided reinforcement &2 E Independe... Plate S... |Design d
Design template of provided reinforcement Plate_Basic_Ad... ... Plate_Ba, Independe... Plate Design d oy
4 Upper (z+)
Type of cover Typecs Auto Auto 4.4.1 EN1992-1-1 Plate,S
Diameter of firstlayer dgqe 10.0 1 mm EN1992-1-1 Plate,S
Angle of firstlayer direction Oy 0.00 [ deg EN1992-1-1 Plate S
Diameter of second layer dgos 10.0 1 mr EN1992-1-1 |Plate,S.
Angle of second layer direction [P 90.00 90,00 deg |EN1992-1-1 Plate 5
b Lower(z-)
4 Shear
Diameter of shear reinforcement 8.0 8.0 i EN1992-1-1 Plate,S ign d
Arrange perimeters of shear links automatically v/ 94,3 EN1992-1-1 |Plate,S... |Design d

[ Minimum cover.

oK Cancel

Click on the 3 dots next to the ‘Design template of provided reinforcement’. This opens a window with all the
default templates.

B | Provided reinforcement (design) X

HIEFE o« Ami
Plate_Basic_AddList_All
Plate_Basic_Lower

Plate_Basic_Both

Plate_Basic_Add_Lower
Plate_Basic_Add_Both
Plate_Basic_AddListDiam_Lower
Plate_Basic_AddListDiam_Both

Name Plate_Basic_AddLis

Description Basicand listadditi

Member type Plate, Shell{Plate)
Cross-section Rectangle
Mode Standard

New | Insert | Edit 0K
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You can select one of these templates, make a new one or edit one of the existing templates. Select the first
template and click ‘Edit’.

Provided reinforcement (design) edit - Plate_Basic_AddList_All a X
Member  Plate, Shell(Plate) Longitudinal
Cross-sectic ¥, By By
Mode Standard Definition of Basic By Diameti v
Basicreinforcement Additional reinforcement
Layer Diameter  Spacing Area Type Diameter Spacing Area
[mm] [mm] [mm*2/m] - [mm] [mm] [mm?2/m]
[1+] 10.0 200 393 Listby spacing 10.0 0;100;150;200 0;785
[2+ 10.0 200 393 Listby spacing 10.0 0;100;150;200 0;

[ 10.0 150 524 Listby spacing 10.0 0;100;150;200
[2] 10.0 150 524 List by spacing 10.0 0;100;150;200

OK Cancel

In this window the reinforcement can be defined. There are 2 types of reinforcement in templates:

» Basic reinforcement: This type of reinforcement is added over the entire plate.

« Additional reinforcement:  This type of reinforcement is only added in zones where, according to
the calculated theoretical reinforcement , extra reinforcement is needed. You can define a single
diameter and spacing as extra reinforcement. Or a list of reinforcement with either various diameters
or various spacings.

Note: In the design defaults you can change the reinforcement directions. These directions are respected by
as well the provided as the theoretical required reinforcement.

Eondrete sattings o x

views: Complete setup v \Viewsett.. v | | Load default Find Na1innalann:-
Description Symbol Value Default Unit | Chapter Code Struct... CheckT...

<all> Pl O <all> Ll O <l Pl<ale O <l O <l 2

4 Design defaults
4 Reinforcement
Beam /Rib

Beamslab

v

Column
Plate

[

4 Longitudinal

Design of provided reinforcement | Independe... Plate,S... |Design d
Design ternplate of provided reinforcement Plate_Basic_Ad... ... Plate_Ba Independe...|Plate,S... |Design d
4 Upper(z+) =
Type of cover Typecs Auto Allto 441 EN1992-1-1 |Plate,s
Diameter of firstlayer dgqs 10.0 10:6 mim EN 1992-1-1
Angle of firstlayer direction aj, 0.00 0.00 deg EN1992-1-1
Diameter of second layer dgos 10.0 10.€ I EN1992-1-1 P
Angle of second layer direction %, 90.00 leg EN1992-1-1 |Plate,s
4 Lower(z:)
Type of cover Typec. Auto Auto 4.4.1 EN1992-1-1 |Plate Design d
Diameter of firstlayer des 10.0 10.0 it [EN 198211 |Plate,s.. Designd
Angle of firstlayer direction Qg 0.00 ( leg EN1992-1-1 P Design d
Diameter of second layer dep. .10.0 10.0 mm .EN1992—1—1 Design d
Angle of second layer direction Oy 90.00 90. leg EN1992-1-1 |Plate,S... |Design d
P Shear

0K Cancel

134 MJ — 2023/10/02



= Theoretical reinforcement
Concrete Menu-~> ULS & SLS 2D Reinforcement design
In the menu Reinforcement design (ULS) you have 5 types of values:

* Required: These values represent the theoretical reinforcement calculated by SCIA Engineer. This
takes into account the detailing provisions.

4 Plate, Shell{Plate)
4 Longitudinal
Check min.ratio of principal reinforcement 2
Type of the minimurm tension principal reinforcementf... .Auto
Type of the minimum tension principal reinforcementf.. .Auto
Check max. ratic of principal reinforcement 4
Check min. transverse ratio of secondary reinforcement
Check min. bar distance
Minimal bar distance slp.min |20
Check max.spacing of principal lengitudinal reinforcement =
Check max.spacing of secondary longitudinal reinforcem... ]
4 Shear .
Check min. ratio of shear reinforcement
Check min. thickness of member with shear reinforcement /
Min. thickness of member with shear reinforcement N min | 200

Check max. spacing of shear links

Max. spacing of shear links Coeffsmaxps |08

291
260
240 =
220

Asreq1+ [I"I"I"‘I"I2 {m]

200
180
160
140
120
100
80
60
40
20

As,reql+: Theoretical required reinforcement on the top side of the plate (positive z direction) in the
first reinforcement direction. Taking into account the detailing provisions.
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» Required — Statically: These values represent the theoretical reinforcement calculated by SCIA
Engineer without the detailing provisions taken into account.

262
240 I
220

200 —
180 —
160 —
140 =

e 120[.
l__.;m. 100

Asule1 + [rm2/m]

7L

BTN : 60
HLE w0

As,ultl+: Theoretical required reinforcement on the top side of the plate (positive z direction) in the
first reinforcement direction. Without taking into account the detailing provisions.

» Required — Not covered: These values show if there is extra reinforcement needed on top of the
provided reinforcement. Areas where this value is 0 are areas where no extra reinforcement is
needed (compared to the provided reinforcement). Areas where these values are not O are areas
where the provided reinforcement is not sufficient.

878

(Y]
s
B Asreq i+ [I'I1 m!fm ]

660

360

=

AAs,reql+: Theoretical additional required reinforcement on top of the provided reinforcement on the
top side of the plate (positive z direction) in the first reinforcement direction.
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» Provided: These values show you the provided reinforcement defined in the templates.

No.prov,1+
g10,0/200 + ¢10,0/100! (insufficient) ﬁ
p10,0/200 + @10,0/100
p10,0/200 + @10,0/200
p10,0/200 + ¢10,0/300
p10,0/200 + 210,0/400
T ¢10,0/200

=

BV

i

N

i

As,prov,1+ or N @,prov,1+: Provided reinforcement on the plate in mm2/m or as the amount of
reinforcement respectively. If elements are red the additional reinforcement in the template is not
sufficient.

» Provided — Utilization: Unity checks where provided reinforcement is compared to the required
reinforcement. This will give you an idea of the efficiency of the reinforcement.

= Calculation of longitudinal reinforcement
The theoretical longitudinal reinforcement is calculated out of the design internal forces.

Direction of reinforcement layer [a=90"
[2-]: lowersurface

Meg = -0.293 kNm/m | ngg = 166 kN/m  [ULS/2]
fog= 167 MPa (yc =15, ae= 1)
fya= 435 MPa (ys= 1.15)
@10 mm :dy=45 mm -> d=205 mm
x=-5mm -> z=185 mm
A =187 mm’/m (tensile)
p=0.091%

250
2

EEN
i

Direction of reinforcement layer [a=0°

[1+]: uppersurface
Mgy = -154 kNm/m | ngg = 166 kN/m [ULS/2] 2048 mm/m

fog= 167 MPa (yc= 1.5, otec = 1) ; I
f,a=435 MPa (ys=1.15) &
- un
un

@10 mm :d=35 mm -> d=215 mm
x=58 mm -> 2:192 mm

A, ,:=2048 mm /m (tensile)
p=0.953%

21

o

i i reinfor: nt layer [a=
[2+]: uppersurface
meg = -0.293 kNm/m | ney = 166 kN/m [ULS/2]
fea= 167 MPa (yc= 1.5 dee = 1)
fya =435 MPa (ys=1.15)
@10 mm :d1=45 mm -> d=205 mm
x=-5mm -> z=185 mm
A ;=195 mmllm (tensile)
pi=0.095%

149

250
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= Calculation of shear reinforcement

Before calculating the shear reinforcement two checks are done:
*  Ved £ Vrdamax: The design internal forces on the plate should be lower or equal to the maximum shear
resistance of the plate.

C‘(Lw'bw' Z-Vy 'fod
cotg(6) +tg(6))

*  Ved < Vrac: If Veais smaller than Vrac No shear reinforcement is required. If this is not the case punching
shear reinforcement will be automatically calculated by SCIA Engineer.

VRd,max = (

1
Vide = max(mG -(cm k-(100-pi-fu )T +ki- 0 )-d;OJ
1
- max(m5 : (0.12- 198- (10045810 25)° +0.15-o)-0.21;0)= 112 kN/m

Visemn = max(10°-( Voo + ks -0cp ) :0) = max(10° - (0.486 +0.15-0)-0.21:0) = 102 kny/m
Vede = max(de:;dewin): max(112 kN/m;102 kN/m): 112 kN/m

Check shear capacity (without shear reinforcement)

Check vag max
Veg = 823 kN/M € Vagrmax = 878 kN/m (OK)

Check vege
Veg = 823 kN/m <= vpg. = 112 kN/m (OK, no shear reinforcement is required)

When Ved > Vramax the following error appears in the output of the reinforcement design.

Punching shear resistance at the column Increase the column size or change plate
Warning  perimeter (vRd,max) is not sufficient acc. to properties (use higher grade of concrete
§6.4.3(2). material or increase the thickness).

This error message is found at locations with high peak values for the shear stress. Most of the time these
peak values are singularities, and do not occur in reality. You have roughly 2 options: you can just ignore the
peaks or average them, for example by means of Averaging strips.

+ Practical reinforcement design

Next to theoretical required and provided reinforcement you have also practical or User reinforcement. This
type of reinforcement can be added to the plate via the Concrete menu—> 2D Reinforcement.

B | Reinforcement 2D x

Name RR1
2D member Slabl

4 Reinforcement

Type Bars v

Material B 500A )

Surface Upper N
Number of directions 2 v
Direction closest to surface 1 v

Angle of first direction [deg] 0.00

i * .\E Diameter (dl} [mm] 10.0
sl sl @d Concrete cover (cl,cu) [mm] 30
Bar distance (sl) [mm] 200
Offset[mm] 0
Reinf. area [mm*2/m] 393
4 2

Diameter (dl) [mm] 10.0
Concrete cover (cl,cu) [mm] 40
Bar distance (sl) [mm] 200
Offset[mm] 0
Reinf. area [mm*2/m] 393
Total weight [kg] 58.26
4 Geometry
Geometry defined by Polygon v
Actions

Load from setup >>>

0K Cancel
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This reinforcement is to be added separately at the upper and lower side, and in the different reinforcement
directions.

Note: You can add multiple layers of practical reinforcement on the same area. The reinforcement added to
this area is the sum of all these layers.

+ Combination Provided reinforcement and user reinfor cement

After running the reinforcement design, it might be possible the provided reinforcement is insufficient in certain
areas. This means you should introduce some additional reinforcement. In this case you can apply two different
workflows:
(a) Define all the reinforcement as practical reinforcement;
(b) Combine the provided reinforcement and the practical reinforcement which will only be defined in
the areas where it is necessary to define additional reinforcement.

This principle will be explained by using the following example for the ULS reinforcement design in direction
1 or the local x-direction . Within the design defaults, you can define a template for the provided reinforcement
which can be used within the actual design. In this case the basic reinforcement will be set to @10 & 150 and
the addition reinforcement will be set to zero.

Member Plate, Shell(Plate) Longitudinal

Cross-sectic ¥ B, B,

Mode Standard Definition of Basic By Diamet: v

Basic reinforcement Additional reinforcement
Layer Diameter Spacing. Area Type Diameter Spacing Area

[mm] [mm] [mmA~2/m] = [mm] [mm] [mm*2/m]

[1] 10.0 150 524 Listby spacing 10.0 1] 0
2+ 10.0 150 524 Listby spacing 10.0 0 0
1.0 150 524 Listhyspacing 10:0 1] o
10.0 150 524 Listhyspacing  10.0 0 0

OK Cancel
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When running the ULS design for the value As_prov,1- , it can be seen the provided reinforcement of @10 a

150 will be insufficient to withstand the acting loads. This indicates the application of additional reinforcement
will be necessary.

Reinferov,1-
$10/150 (insufficient)
$10/150

148 /

AN

When generating the value As_add,req,1- , you can see the exact amount of reinforcement in mm2/m which
needs to be added on top of the provided reinforcement. In this case an additional reinforcement of 578 mm2/m
will be necessary. This value can be translated into the configuration of @10 a 100 as practical reinforcement.

Asaddreql-[mm2/m]
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This value can be translated into the configuration of @10 a 100 as practical reinforcement. Since there is no
required additional reinforcement in direction 2, only one direction of reinforcement will be added to the 2D
member by using practical reinforcement as defined within the previous section.

® | Reinforcement 2D s

Name RR3
2D member Slab1

4 Reinforcement

/ Type Bars v
Material B 500A A

Surface Lower v

Number of directions 1 v

Angle of first direction [deg] 0.00
il Diameter {dl) [mm] 10.0

—= > \ Concrete cover (cl,cu) [mm] 40
cl] Offset[mm] 0

T
sl sl ddl Bar distance (sl) [mm] 100

Reinf. area [mm*2/m] 785
Total weight [kg] 359.44

4 Geometry

Geometry defined by Polygon v

Actions

Load from setup ===

0K Cancel

B 500A (10.0} a 100 mm
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When generating the results once more for the value As_prov,1- and activating the option ‘Consider user
reinforcement ’, it can be seen the user defined reinforcement of @10 a 100 is added on top of the basic
reinforcement of @10 a 150 which is defined within the design defaults.

Extreme Global

Typeof values Provided & User
Values As,prov,1-

Consider user reinforcement

$10/150 + $10/100

The applied values are visible within the preview of the reinforcement design.

Longitudinal reinforcement - Summary

Designed reinforcement layers (in direction from the member local x axis):

Basic Additional o A.s.mi- AS.ult Mssuv AS’B! AS.P"N AS.maK Smin(c)  Smax Status
User  Auto []  [mm7] [mm] [mm7] [mm7] [mm7] [mm’] [mm] [mm]

[2+] ¢10/150 -— - 90.0 277 53 - 277 524 10000 58 60 OK
0.11% 0.21% =37 =400

[1-1 ¢10/1 50 ¢10,n'100 |- 0.0 291 1102 -— 1102 13@9 10000 55 60 OK
0.44% 0.52% »37 5400

[2-]1 ¢10/150 - - 90.0 277 70 — 277 524 10000 58 60 OK
0.11% 0.21% =37 <400

A req - required reinforcement area as max(As uix As min)* AAg seni As proy - Provided reinforcement area; Ag min/max - Min/max
reinforcement area; Smax(min) - Maximum spacing of bars (minimum clear distance between bars

The option ‘Consider user reinforcement ' is also accessible within all the reinforcement checks — crack width,
punching and CDD. This allows you to easily check the reinforcement introduced by both the template and the
practical bars.
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2.4.5 SLS Design of 2D members — Crack width and st ress limitation

Next to the ULS design of 2D members the Eurocode defines some restrictions related to SLS design as well,
more specifically the crack width and the limitation of the tensile stress in the reinforcement. Due to these SLS
conditions you might need to increase the amount of reinforcement which should be sufficient to withstand the
acting ULS forces. The total amount of reinforcement to fulfil the conditions for both the ULS and SLS design
can be calculated within SCIA as well as the increment of statically required reinforcement.

The principle of this design method will be explained by the following example of a 2D plate. On this member
CMD will be applied in which the crack width in the first direction at the bottom surface will be limited to
0,100 mm. The tensile stress in the reinforcement can be limited both within the design defaults and the CMD.
In this example the limit will be set to 150 MPa.

B CMD >

4 Design As
4 Plate, Wall, Shell(Plate), Shell(Wall), Deep Beam
Coefficient for increasing the statically required area of reinforceme 0.00
Coefficient for increasing the statically required area of reinforceme 0.00
4 Interaction diagram
Interaction diagram method NRAMRd v
4 Shear
Type calculation/input of angle of compression strut User{angle) v
Angle of compression strut [deg] 40.00
Cotangent angle of compression strut 1.19175359259421

4| Stress limitations
Stress limitin the reinforcement User input v

Limit stress in reinforcement [MPa] 150.0

4 Cracking forces

Type of strength for calculation of cracking force f_{ctm} v
Value of strength for calculation cracking force f {ct, eff} v

4| Crack width
Type of maximal crack width User-defined for different surfaces v

User defined crack width for upper surface [mm] 0.100

User defined crack width for lower surface [mm] 0.100

| Chapter: 7.3.1(5)
Code: EN1992-1-1
| Remark : User defined crack width for lower surface w-

OK g Cancel

o g

4 Stresslimitations
Indirectlead {imposed deformation)

» Stress limitin the reinforcement Auto A Ruto

I Cracking forces Aute

I Crack width Yield‘strength
« IR Userinput

Since this design method is applicable for the ULS and SLS, it is important to select a result class which
contains both ULS and SLS combination.

RESULTS (1) ™~
Mame Reinforcement design (ULS+SLS

¥ SELECTION
Type of selection  All

Filter No

[v  RESULT CASE
Typeofload Classes »~

Class  All ULS+SLS v

Envelope (for 2D drawing) Absolute extreme
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The first step of the design procedure consists of the determination of As_req for the ULS state for each
direction and each surface. During this step SCIA will determine two values, more specifically:

(a) As_ult: the statically required reinforcement to withstand the ULS acting forces;

(b) As_req: the required reinforcement including the detailing provisions from the EN.

When looking at the given example, it can be seen the required reinforcement As_req,1- is equal to
1614 mm2/m. The statically required reinforcement As_ult,1- is equal to 1102 mm2/m. This value is a bit
lower since it does not contain the increment of longitudinal reinforcement due to the SLS design.

Asreq1-[mMmM2/m]

Reinforg —
£
gal Ca ~
Class: Al E
Extreme S
Selection hes
Location: )
System: ~d
H.,
g
4
%
=]
4
(=}
=2
I3 a
« @

After the calculation of As_ult you can choose to integrate the SLS restriction and you have three possibilities:
e Combination of the ULS and SLS design based on cracks.
» Combination of the ULS and SLS design based on stress limitation.
» Combination of the ULS and SLS design based on cracks and stress limitation.

This can be defined within the properties of the reinforcement design.
v LIMIT STATE CONDITION

Design ULS

Design SLS (crack width) | @)
Design SLS (reinf. stress) | @)
¥ OUTPUT SETTINGS
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After activating these settings the increment of longitudinal reinforcement can be generated, in this case the
value AAs_serv,1- . SCIA will determine the principal forces mEd,ch and mEd,QP in order to calculate the
appearance of cracks based on the designed ULS reinforcement As_ult . Next to the principal forces it is also
necessary to calculate the amount of reinforcement in the direction of the principal forces.

Within the following step, SCIA will determine the maximum allowable crack width based on chapter 7.3.4 from
EN 1992-1-1:2004 and compare it to the defined limit as shown below.

Principal stress g[-]=-4.58°
MEd.char = 65 kNm/m I NEd.char = 0 kN/m
Medge = 47 kKNmM/m | nggqp = 0 kN/m

Recalculation of required areas to direction of principal stress

Ve e
Asuite = Aguig - COS (AGW-) + As -+ €OS (Aaz-)
= 2
= 1102 - cos (-5) +277 - cos(-95) = 1097 mm

AS,SEN‘G = As,uh,u o AAS,SEN.'I— - Cos (AO:W—)Z + AAs,serv.Z— - Cos (AGZ—)Z
= 1097 + 511 cos (5] + 0- cos(-95) = 1605 mm’

Check of cracks occuring (87.1(2))
feter = 2.6 MPa
o = 5.716 MPa > o = 2.6 MPa => cracks appear
Check of reinforcement stress limitation (87.2(5)
o, = 149.3 MPa < 6., = 150 MPa
Effective tension area (8§7.3.2(3))
hee = 644 mm => A_ 4 = 1605 mm?® (Dperr =249 %)
Calculation of crack width (§7.3.4)
N ki-ko-ka-Geq 0.8-0.5-0.425-0.01
Srmax = K3 C+ Do =34-003+ 0.0249 =170 mm (7.11)
Os — k- E'i '(1+Ge'pp.eﬁ)
_ Pp.eff ' 0.6-0,
Egm_Eem = Max E. T
2.6
149.3 - 0.46- -1 1+6.35-0.0249
~ max ( 0-0249) ( ] 0.6-149.31_0468%,
- 200000 200000 T O

Wi = Srmay’ Esm_Eem = 170 mm - 0.468 %0 = 0.0797 mm
Check of crack width
wy, = 0.0797 mm = w,; = 0.1 mm

If the cracks are within the limit, then As_ult is sufficient to fulfill the restrictions for both ULS and SLS. If not,
then SCIA will start the iteration process to increase the As,ult by an extra amount of reinforcement to ensure
the crack width is within the allowable limits. When looking at the table below it can be seen an additional
amount of 1166 mm2/m for the first direction at the bottom of the member should be added to the reinforcement

As_ult,1-.
Longitudinal reinforcement - Summary

Designed reinforcement layers (in direction from the mem xis):
Basic Additional o Acrin Ao AA; o s req As.prcv Acrzx  Sminic)  Smax Status
User Auto [  [mm’] [mm7)[mm3 [mmzl [mm]  [mm] [mm] [mm]
[2+] ¢10/150 - = 0.0 277 33| 0 277 524 10000 58 60 OK
0.11%  0.21% =37 =400
[1-1 $10/150 $10/100 - 0.0 297 1102 511 1613 1310 10000 53 60 Not OK
0.65%  0.52% =37 <400
[2-1 ¢$10M150 - 30.0 77 70 0 277 524 10000 58 80 OK
0.11% 0.21% 237 =400

A req - required reinforcement area as max(Asui Asmin) 88 ;5eni A proy - provided reinforcement area; Ag min/ma: - min/max

reinforcement area; smagmin - Maximum spacing of bars (minimum clear distance between bars

MJ — 2023/10/02

145



Advanced Concept Training — Concrete

When looking at the output for AAs_serv,1- a value of 562 mm2/m can be generated.

erv,1-[MmM 2/ m]

Location:
System:

@D

If this value of AAs_serv,1 will be added to the value of As_ult,1- , it will result in the value As_req,1-. In short
the following summary can be created:
* As_req,i,*/-: Required reinforcement area for ULS and SLS including detailing provisions for the
particular direction (1,2) and surface (+,-).
e As_ult,i,+/-; Statically required reinforcement based on ULS for particular direction (1,2) and
surface (+,-).
* AAs_serv,i,+/-: Increment of statically required reinforcement based on SLS for particular direction
(1,2) and surface (+,-).

The same procedure can be applied for the limitation of tensile stress within the reinforcement. In this case
SCIA will determine the amount of reinforcement for the ULS and use this reinforcement to calculate the actual
stresses in the reinforcement. This value will then be compared to the defined allowable limit. The limit can be
defined in both the design defaults and CMD. You have three possibilities to define the limit of the stresses:

* Auto: based on definition in the national annexes 7.2(5).

* Yield Strength : the limit is determined based on fyk (characteristic yield strength of reinforcement)

» Userinput : the limit must be decided by the user.

This can be checked within the output, in this case the user defined value of 150 MPa can be seen.

Principal stress gy[-]=-0.0672°
Meg crar = 63.2 KNM/M | Ngg crar = 0 KN/m
Medgp = 46.5 kKNm/m | Ngggp = 0 kN/m
Recalculation of required areas to direction of principal stress

2 2
Acuito= Aguit - €OS (ﬂCh_:l + Aguita. - COS(ﬂ-CQ.}
= 2
- 1024 - cos(-0.07) +277 . cos(-90f = 1024 mm
As_.;erv_.cs = "':"; ulto + ﬁAssen‘j-' Cos I:ﬂ.CH_JZ + &As_.ser\'.z-' CDS(&GZ-JZ
- 1024 + 562 cos (-0.07) + 0-cos(-90)" = 1586 mm”

Check of cracks occuring (§7.1(2)
fctleﬂ = 2.6 MPa
o = 5.565 MPa > o, = 2.6 MPa => cracks appear

Check of reinforcement stress limitation (§7.2(5))
o:= 149.4 MPa = o; = 150 MPa

As previously mentioned when the SLS restrictions are not fulfilled an increment must be calculated
serv_coeff will be calculated depending on the following conditions:

» In case of crack width only: serv coeft =W coeft = (Wk / Wkmax)*>+0,01

» In case of reinforcement stress only: Serv coeft =Ss,coefi = (Ss / Ss,iim )+0,005

* In case of reinforcement stress only: Serv coeit = Max(s s,coeff ;W k,coefr )
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When the statically reinforcement is designed based on ULS +SLS, the verification of the detailing provisions
must be done. The same procedure and warnings as used for ULS design will be applied for ULS+SLS
design, only one step further. The final reinforcement area As_req for direction (1,2) and surface (+,-) will be

determined by the following formula, taking into account the minimal and maximal areas from detailing
provisions:

As,req,l,z,:r =min (maX(A sul 1,2+ Asserv,1,2,+; As,min); As,max)
2.4.6 Crack control
i+ INPUT DATA FOR CRACK CONTROL

= Maximum crack width

The values of the maximum crack width (wmax) are national determined parameters, dependent on the chosen
exposure class. Therefore, this value can be found in the setup for National Determined Parameters, via the
File menu - Project settings > National annex [...] > EN 1992-1-1[...].

B | Concrete setup

4 Type of values I EC-EN
NA building [ Concrete

R ~ ) General
4 Type of functionality Coiicrete P General

Name EC-EN
4 Concrete

Hollow core beams - Non-prestressed reinforcement | P ULS

Prestressing [ Prestressed reinforcement 4 SIS
Durability and concrete cover

e 4 General

=uLs
General 4 National annex
Punching

4 K3 crack - coefficient for calculation ma
ESts §

Value [-] 3.40
- General = =
(1 Detailing provisions 4 Ky crack - coefficient for calculation ma
Common detailing provisions Value[-] 0.42
eDishees g s laes 4 W ax - for non-prestressed structure 7
Punching

Values [mm] 0.4/0.3/0.3
b Detailing provisions

Select all Unselect all Refresh

e =

= Type of used reinforcement

You can perform the Crack width check for all three types of reinforcement (Required, provided and user
reinforcement). The crack width check is performed on a Quasi-permanent SLS combination.

If the type of reinforcement used for the crack width check is either the provided or required reinforcement an
ULS combination should be chosen as well. This is necessary because the required/provided reinforcement is
calculated based on an ULS combination. After this reinforcement is calculated it can be used to perform the

crack width check. All this is done automatically and can be set in the properties window of the crack width
check.

w SELECTION
Type of selection  All
Filter No
| l <:> w RESULT CASE
- = = - T fload Combinati '
Combination used to perfrom the crack width check i eiaica
/ // / ‘ / (\J Combination SLS
AR Envelope (for 2D drawing)  Absolute extreme >
Type of reinforcement  Required

¥ RESULT CASE FOR REEUIRED REINFORCEMENT

™
Combination used to calculate the theoretical Typeofload Combinations

reinforcement used in the crack width check Carbinafion Ui% v
| I [ | | I

Required/provided reinforcement
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Il
l_ - | | | | L ¥ RESULT CASE
Combination used to perform the crack . —
@ vpe of load Combinations

width check

Combination SLS v~

i % ) I f i i Envelope (for 2D drawing)  Absolute extreme >~
Amount of reinforcement is already
known -> no ULS combination necessary
v EXTREME 20

p
‘ Kl) H ‘ | | Averaging of peak () )

User reinforcement

Type of reinforcement  User - I

= Theoretical background

Crack appearance

If condition below is satisfied no cracks will appear in the concrete.
Oct,max+ = fct,eff

With:
Ti E‘—l‘j—: .Zymaxi+ = Normal concrete stress on un-cracked section at the most tensioned

0-ct,maxi = A
1t

fiber of concrete cross-section

f.terr = mean value of the tensile strength of the concrete effective at the time

Calculation of crack width

W = €m_cm - Sr,max

With:

feteff
Osix—Kes— o —(1+de it Pp,effit)

Pp,effi+ . Osjit

(€sm — Scm)ii = max

Y

Es,ii Es,ii

: Ky j+Ko i+ Kads i .
min kSCii + 1,i+KX2,i+Kq s,1i.; 1,3- (h - Xii) if Ss i+ < S(Cii + O'Sds,ii)
Srmax,i+ — Pp,eff,i+

1,3 (h—xy) fsei+ = 5(cit +0,5dg4)
+ RESULTS FOR REQUIRED THEORITICAL REINFORCEMENT
Desing menu - Concrete 2D - SLS crack width
Crack width w+

Combination = SLS; Type of reinforcement = Required; Value = w+

w+ [mm]

148 MJ — 2023/10/02



Crack width w-

Combination = SLS; Type of reinforcement = Required; Value = w-

Unity check

Combination = SLS; Type of reinforcement = Required; Value = UC

0.269
0.240
0.220
0.200
0.180
0.160
0.140
0.120
0.100
0.080
0.060
0.040
0.020
0.000

w- [mm]

L J

1.00
0.25

e [-]

—

A green value stands for a unity check < 1 (Wcaic < Wmax), a grey value stands for unity check < 0,25 and a red
value means that wmax is exceeded.
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2.5 Punching

2.5.1 Theoretical background

+ General

Punching shear can result from a concentrated load or reaction acting on a relatively small area, called the
loaded area Aioad Of a slab or a foundation.

The most common situations where punching shear has to be considered is the region immediately
surrounding a column in a flat ceiling plate or where column is supported on foundation plate.

The following problem types can be distinguished: interior, edge and corner columns.

Design of punching shear reinforcement is based on clause 6.4 of EN 1992-1-1: 2004 / A1:2014 + National
Annexes.

The verification reveals either that the load-bearing capacity of the reinforced concrete is sufficiently high, or
that punching shear reinforcement must be designed and installed. If the verification limits are exceeded, the
verification result is marked as not permissible. In this case, you must change the model parameters or select
a suitable design alternative.

The verification of punching failure at the ultimate limit state can be resumed as follows:
» Check of the shear resistance at the face of the column noted uo, and at the basic control perimeter
named us.
» If shear reinforcement is required, a further perimeter uouter Should be found where shear reinforcement
is no longer required.

Those control perimeters are shown in the following pictures:

§=arctan (1/2) - .......... »
= 26,6° - basic control
’ c section

a) Section

- basic control area Acont

- basic control perimeter, u,
[D]- loaded area Ajcad

reont further control perimeter
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* Load distribution and basic control perimeter
= Basic control perimeter ul

The basic control perimeter u: is taken at a distance 2d from the loaded area, where d is the effective depth.

2d L ~ . u
7 N !
r A\
2d 7 \
\
[ \
] |
1 I
i I
\ /
~ - - '
....... ~ — F-==- -~ - :
. ,
| 2d v |2 g ! th
1
} _. : '
AL e ! {
y X oy | 2c
g1 | / ' a
vy I | — ul I ! ~ u_l _____ - -
] ! 2d
| | R
Fi /
s, -
2d ‘ 2d
- o

In case there is openings near the loaded area, they are dealt with according to clause 6.4.2(3).

If the shortest distance between the perimeter of the loaded area and the edge of the opening does not exceed
6d (see figure), part of the control perimeter contained between two tangents drawn to the outline of the
opening from the center of the loaded area is ineffective.

=1, h>l

~
\
-~
1
I
/
-

Vil

‘o ! A - opening

In SCIA Engineer, openings on 2D members are automatically considered according to the previous criteria.
= Effective depth d e
The effective depth of the slab is assumed constant and is calculated acc. to formula 6.32 of EN1992-1-1:
_ (dy+dy)
eff — 2
where dy and d are the effective depths of the reinforcement in two orthogonal directions.
* Punching shear calculation

The punching shear calculation is done according to EN1992-1-1 art.6.4.3.

First the design shear resistances along the control sections are calculated:

* Vg4 design value of the shear resistance of a slab without punching shear reinforcement along
the control section considered
* Vgpues design value of the punching shear resistance of a slab with punching shear reinforcement

along the control section considered

Ved max 9€S19N value of the maximum punching shear resistance along the control section considered
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Then the following checks should be performed.
= Check at the column perimeteru o

At the column perimeter uo, or at the perimeter of the loaded area, the maximum punching shear stress should
not be exceeded.
N

EdO s VRd,max
With :
* Vedo design shear stress at the column perimeter uo
®  VRdmax = 0.5*v *feq
* v=0.6%1 - fk/250)

= Check at the basic perimeteru 1

At the basic control perimeter uz:
« IfvSvy. Punching reinforcementis not needed

* Ifvg>v.,. Punching reinforcement is needed

The punching shear resistance of a plate Vra,c is calculated according to formula 6.47, EN1992-1-1:
VRd,c = CRd,c- k. (100' P1- fck)l/3 + k1ch = (Vmin + klocp)

With:
* P average reinforcement ratio in specific distance around column
o fuk characteristic concrete compressive strength in MPa
® Vmin = 0,035 - k32 . fckl/2

_ 018

e« C =
Rd,c Ye

e k=1+ /Zéﬂsz,o

e dinmm

The maximum shear stress v_, is calculated for considered control perimeter ui according to clause 6.4.3(1)

as follows:
VEdq

Vgq = B-m
1

The B-factor is to consider the non-uniform load transfer (due to unbalanced bending moment). If the load

transfer is non-uniform, local peak loading should be compensated by help of this B-factor.

In case that lateral stability of the structure does not depend on frame action between the slabs and the
columns, and where the adjacent spans do not differ in length by more than 25%, approximate values for 8
may be used according to clause 6.4.3(6).

In SCIA Engineer, you must decide whether these approximate values can be used, because the program
cannot check the preconditions described above.

By default, the recommended approximated values are:

- internal column
- edge column
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Those values might be different according to the National Annexes and can be viewed in the National Annexes

setup:

B Concrete setup

4 Type of members

4 Type of values
NA building
4 Type of functionality
Hollow core beams ﬂ
Prestressing ﬂ

Setect all Unzelect all

Standard EN
= Concrete
=l General
i Conerete
-~ Non-prestressed reinforcement
- Prestressed reinforcement
Durabllity and concrete cover
uLs

2805

General
Prestressing
=i Allowable stress
| [ Stress limitation during tensioning
- 5L stress imitation
=|- Detailing provisions
Cammaon detailing provisions
Columns
- Beams
2D structures and slabs
Punching

Refresh

I General
4 Punching
4 National annex
“ Cpd,o
Value[-] 0.18
ky - factor considering effects of axial load
Value[] 0.10

S

4 ¥in - Min. value of shear resistance

Formula Formula

3

VRd,max - design value of max. shear resista

Formula Formula
4 B, - coefl. to increase shear stress around
Value[] 1.15
4 Bodge - coefl. to increase shear stress arour
Value[] 1.40
4 Bog - coeff. to increase shear stress around
Value[-] 1.50
4 k4 - factor limiting shear capacity of app
Value -] 1.50
4 kg - factor defining placement of last peri
Value (-] 1.50

b SLS
P Allowable stress

P Detailing provisions

Load default NA parameters

W

Cancel

Otherwise, as described in art 6.4.3, the B-factor can be calculated by the following general formula:

Calculation of B-factor with general formula can be set in Concrete setup > Punching:

=1+ |(k

Y Viq

MEd,y Uy

2
+(k Mgq, W )2
z VEd le

. Wi,

Concrete settings
Views: Complete setup

Description

<all=
eSS

Conversion to rebars
Interaction diagram
Shear

Torsion

[

Punching

b Typeof Betafactor

4 Control perimeter

Stress limitations
Cracking forces
Crack width

Deflections

v vV Vv

Detailing provisions

¥ |View settings « Load default

Symbol

L <al=

4 Shear stress calculation

L <al=

Find

Default

P <all=

Code

L <al=

Value Unit  Chapter

P <. O <al>

Type B 64.3(%6) | EM 199211
Reduction of shear stress by soil pressure 6.4.4(2) EN 1562-1-1
Distance of control perimeter for ceiling plate coeff kg gey | 2.00 E ENM 1962-1-1
Distance of control perimeter for foundation plate coeff kyg joun| 2.00 Lan 6.4.2(1) EM 1962-1-1
Distance frem column face to consider openings coeff kopen 00 6.4.2(2) ERM 1962-1-1
Distance from column face to collect input data abo... | coeffl e G.4.4(1) EN 1562-1-1

[m}

X

National annex -

Structu...

OK

CheckT...

Pl <ale PO|<alz O

Cancel

B
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= Design of punching reinforcement if required

In case that v_ > v, , punching reinforcement should be designed.

If punching reinforcement is required, the outer control perimeter uout beyond which the reinforcement is no
longer needed is calculated acc. to clause 6.4.5(4):
B. VEq

VRd,C' d

Uoutef =

Calculation of the required punching reinforcement

In SCIA Engineer, the shear reinforcement is designed using the following assumptions:
» the distribution of the shear links is considered as radial only
» only vertical shear links are supported

» the shape of reinforcement perimeters around the column is the same as for the shape of the basic
control perimeter

The required area Aswreq Of One perimeter of shear reinforcement around the column assumed as radially
distributed vertical shear links is calculated as:
_ (VEdu1 — 0.75 * VRac) " Ug *Sp

sw,re
A ,req ] 5 . f
. ywd,ef

fywd.ef iS the effective design strength of the punching reinforcement according to formula:
fywd,ef = 200 + 0.25 - deff < fywd
Detailing provisions for the punching reinforcement

The required area might be adjusted to fulfil detailing provision rules acc. to clause 9.4.3(1), so that number
of shear links ns per each reinforcement perimeter is:

4 - Asw,req U1 Jast U Jast

n, = max { > ;
L ds St,max,ul St,max,out
e ds diameter of shear link
. &t condition of maximum allowed tangential spacing of links of reinforcement perimeters placed

St,maxul

within the basic control perimeter (u1ast is length of last perimeter of shear reinforcement there)

Us last

e ——— condition of maximum allowed tangential spacing of links of reinforcement perimeters placed

St,max,out

outside the basic control perimeter (us,ast is length of last perimeter of shear reinforcement there)

o
b o o Uy o ° o
° o ¥ o Uy
o ° o ° o ¥
o o o ©° o
o o © o - o
° ° <x.d g, 290 9 R d
° ° o 5 <X.
olo oo o0 o5 Moo-oo”
o
L] ¥ o 5 ] (] =
o ) o
o 9 9 o o © o © o
o o © o o
& & o o ©
o
o o ° o °
o o o
o
St,max,ul St,max,out
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In SCIA Engineer, limitation of spacing Stmaxu1 and Stmaxcut are set in Concrete setup > Detailing provisions >
Punching:

Concrete settings m} x

Views: Complete setup ¥ View settings « Load default Find National annex: -
Description Symbol Value Default Unit  Chapter Code Structu... | CheckT...

<all= P <ale PO <al= Pl<alk P|=<.L|<ale Lf=<al Pl <alr P <al- O

B Lrack width

I Deflections

4 Detailing provisions
> Beam [Rib

> Beamslab
r Column
[ Plate, Shell{Plate)
= Wall, Shell(Wall)
I Deepbeam
4 Punching EES
Check min. shear reinforcement 9.4.3(2) EN1962-1-1 | Plat lver
Check distance of the first perimeter of shear links 9.4.3(1,4) EN 1562-1-1 | Plat lver
Min. distance from column face coeff sg min | 0.30 0.30 2.4.3(1) EN1562-1-1 | Plat lver
Max. distance from column face coeff g pay | 0.50 0.50 9.4.304) EN 1522-1-1 | Plat lver
Check max. radial spacing of shear links 2.4.3(1) EN1562-1-1 | Plat lver
Max. spacing of shear links coeffs, o | 0.75 0.75 9.4.3(1) EN 1982-1-1 | Plat Salver se
Check max. tangential spacing of shear links o 2.4.3(1) EM1952-1-1 | Plat lver
Mazx. tangential spacing within the first control peri.. coeffs, poy ) 1.50 1.50 9.4.3(1) EN 1522-1-1 | Plat lver
Max. tangential spacing outside the first control per... coeff s, o, 5/ 2.00 2.00 2.4.3(1) EM 1952-1-1 | Plat lver
Check minimum number of perimeters of shear links 9.4.3(1) EMN1962-1-1 | Plat lver
lver

Min. number of perimeters of shear links Mg min 9431 EN1962-1-1 | Flat

OK Cancel

The last condition, which must be fulfilled acc. to clause 9.4.3(2) is minimum reinforcement area of single shear
link Aswamin according to formula (9.11):

0,08 ' fck/fywk T
Aswl,min = 15

With:
* 5 spacing of shear links in the radial direction
e St spacing of shear links in the tangential direction

The final designed area of each perimeter of shear reinforcement around the column is:

ng * T * d?
Agw = 4 =N * Aswl,min

The required number of shear reinforcement perimeters around columns, nper, is determined based on clause
6.4.5(4), which specifies that the outermost perimeter of shear reinforcement, as, last = So + Sr * Nper, Should be
placed at a distance not greater than Kout * dett Within uout. The following formula for nperis derived:

_ [qout = S0 — Kout * degr >
nper - S +1f = nper,min
r

With:
« Kot Coefficient to determine the maximum distance of last perimeter from uout. Default value is 1,5.
This is a National Annexes parameter.

*  Npermin Minimum number of reinforcement perimeters around column required acc. to clause
9.4.3(1). Default value is 2 in Concrete settings > Complete setup view > Detailing provisions >
Punching.

* Aot Distance of the outer perimeter uout.

The total amount of shear reinforcement Asw,tot around the column is then calculated as :
Asw,tot = Nper * Asw
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2.5.2 Punching design

* Configuration

The punching check in SCIA Engineer is only available when a real column or a nodal support have been
connected to a plate. No punching check can be performed for a point load or a little surface load applied to
the plate.

SCIA Engineer supports circular and rectangular cross sections only for the punching check.

The column position with regard to the edges of the plate and the openings is recognize. Also, for the punching
check, all edges and angles of the plate are taken as straight... so if they are not in your model, the program
makes an approximation.

SCIA Engineer doesn't support all punching cases of column-plate connection. The list of all current limitations
can be found in our webhelp. Each unsupported configuration is mentioned in the list of Errors/warning/notes
of the report in the punching check report.

Summary
Case Punching Punching UCvrRdmax UGwrdc Shear UGCwrd,cs  UCasw,det uc Errors,

case shape [-1 [-] reinforcement [-1 [-1 [-] warnings,
perimeters notes

N6l ULS/1 |N/A N/A N/A - - . W6/131
NOT OK

N63 ULS/1 |N/A N/A 3.00 3.00 |N/A - - 3.00 We6/124
NOT OK

Concrete

Punching Punching Ve Medy Plate Material  des Uo  VEdu0  VRdmax
case shape [kN] [kNm] h fed [mm] [m] [MPa] [MPa]
Medz [mm] [MPa] m U1 Vedul VRd,c

[-] [kNm] [%] [m] [MPa] [MPa]
N61  |ULS/L |N/A N/A - - N/A [N/A - - - -
- - - - - - - - 3.00
N63  |ULS/1 |NJA N/A - - N/A |NJA - - - - 3.00
- - - - - - - - 3.00

E/W/N Present on members
W6/131 | N61
W6/124 | N63

Description Solution
Node cannot be calculated for punching. The connected

column has not supported type of cross-section.
Node cannot be calculated for punching. The connected |Split the columnin the node to get a separate column
column goes through the plate. above and below the plate.

* Choice of reinforcement

The punching design will check if the longitudinal reinforcement As in the plate is sufficient to resist to the
shear force around a column-plate or nodal support-plate connection.

In SCIA Engineer you can choose between 3 types of reinforcement for the punching check/design:
» As, required — calculated by the software for a specific load combination
« As,provided — user set in Reinforcement design > Design defaults
» As,user - practical reinforcement inputted by user manually in 2D Reinforcement

The choice between As,required, As,provided or As,user is done in the Properties panel for Punching design:

DG X @@ o & &

Concrete settings 3
Concrete 1D >
Concrete 2D [

§ ULS punching

E Bill of reinforcement (10)
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RESULTS (1) A
Mame Pons ontwerp
w SELECTION

Type of selection  Current

Filter No

¥ RESULT CASE
Type ol load Combinations
Combinatian  ULS ~

v REINFORCEMENT

Type of reinforcement  § PR A_“.
LIMIT STATE CONDITION Required
Provided
User
Averaging of peak "R

Design ULS

T T Fep——

+ Punching check
Studied example: punching.esa
Geometry

Concrete class C30/37

Reinforcement class B500B

Plate thickness 200 mm

Column cross-section 10 x R 300x300 mm?2 and 6 x circular C400 mm2

Plate and columns are connected to each other by means of the action Connect members/nodes.

Loads

*Load cases
e SW: Self weight
» DL: Dead Load = Surface load -1 kN/m? + Line force on edges -1 kN/m
e LL:Live Load = Surface load -1 kN/m2
e LL1: Additional case for further study= -25 kN/m2, to be explained later

*Combinations
* ULS (Type EN — ULS (STR/GEO Set B)) = SW, DL, LL
* SLS (Type EN — SLS Quasi Permanent) = SW, DL, LL

MJ — 2023/10/02
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Work method

The Punching Design command can be selected in the main menu “Design”:

O G ¥ m ¥ © o ‘a
Concrete settings 3
Concrete 1D »
Concrete 2D [

§ ULS punching

-! Bill of reinfercement (1D)

The command is available, when EC — EN national code is selected in Project data and the linear or non-linear
static analysis is done for the model containing 2D members from concrete material. Once the command is
selected, appropriate parameters are listed and can be adjusted in property window with following options.

L

RESULTS (1) A

Name

| v SELECTION

Type of selection

Filter

| v RESULT CASE

Type of load
Combination
w REINFORCEMENT
Type of reinforcement
LIMIT STATE CONDITION
Design ULS

Averaging of peak
Location
System
v EXTREME
Extreme

Values

w OUTPUT SETTINGS
Output
Print explanation of symbaols

Print combination key

Show Information about warning...
Show errors

Show warnings

Show notes

ACTIONS 23>

(®) FRefresh

Pons ontwerp

All

No

Combinations ~~

ULS »

Required

In nodes avg. v

Node v~

UG

Brief
{2 )
| O

v ERRORS, WARNINGS AND NOTES SETTINGS

o

None
None “~

None

@ New combination from Combination key

@ Preview

Set the type of Selection to ALL, the Type of load to Combination ULS and the type of Reinforcement to

Required then click “Refresh”
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You will notice that the UC for every node will be displayed along with the control parameter in colour. In total

there are 3 colours (Green, blue and red).

» Green: Shear capacity without reinforcement is sufficient (UCvrd,c < 1.0 and UCyrd,max < 1.0)
» Blue: Shear capacity with shear reinforcement is sufficient (UCvrd,c > 1.0 but UCvRrd,cs < 1.0)
» Red: Plate is not designable by application of reinforcement or maximum shear capacity of concrete

adjacent to the column is not sufficient (UCvrd.cs > 1.0 or UCvrd,max > 1.0)

Punching design

Values: UC ! ! !

®
-®)

7000

Linear calculation | | | §
Combination: ULS | 1 | &
Extreme: Node ]
Selection: All 5 =087 — — = = = — - @ =-180— —@ =037 — _@ -—180— — — — — — — l@'- -
| | |
| | |
[ 1 | 8
| | | a
| 1 | g
I 1 I a8
E =0.97 — - == —(@ -180— —{@' -0:52— —{@ —1E0— — — — — — — o}
t
| | |
I | I -
[ 1 | 3
| | |
P I 1 I
‘ | | |
C = 0.52 — BlE =0.72 - =073 .
=, @ L m [® @
" /™ = §
§| 350§
A /

|

Presentation of results as a numerical output is possible via Preview and / or Table results. For the Punching

Design, there is available two types of output:
e Brief - contains just a summary table with basic results

Punching design

Linear calculation
Combination: ULS

Extreme: Node
Selection: Al
Summary
Punching UCurdmax UCurdc Shear UCuvrdes  UChsw,dat uc
shape [ [ reinforcement [1 [1 (=l
perimeters Check
N15 ULS/1 |Corner Rectangle 0.82 0.96 | not required - - 0.96
column (300;300) oK
N20 ULS/1 | Corner Rectangle 0.86 1.01 | 3x 998(radial) 0.68 1.00|1.00
column (300;300) 80+2x80=240 OK, BUT
N53 ULS/1 |Internal Circle (400) 0.37 1.07 |3x 1208(radial) 0.72 1.00|1.00
column 80+2x80=240 0K, BUT
NS5 ULS/1 |Internal Circle (400) 0.12 0.37 |not required - - 0.37
column oK
N57 ULS/1  |Internal Circle (400) 0.37 1.07 | 3x 1238(radial) 0.72 1.00 (1.00
column 80+2x80=240 OK, BUT
N59 ULS/1 |Internal Circle (400) 0.36 1.06 | 3x 12@8(radial) 0.71 1.00 (1.00
column 80+2x80=240 0K, BUT
N61 ULS/1 |Internal Circle (400) 0.17 0.52 | not required - - 0.52
column OK
NG3 ULS/1 |Internal Circle (400) 0.37 1.08 | 3x 1208(radial) 0.72 1.00 (1.00
column 80+2x80=240 OK, BUT
N88 ULS/1 |Edge column |Rectangle 0.43 0.98 | not required - - 0.98
(300;300) OK
N30 ULS/1 |Edge column |Rectangle 0.43 0.98 | not required - - 0.98
(300;300) OK
N5 ULS/1 | Corner Rectangle 0.21 0.44 | not required - - 0.44
column (300;300) 0K, BUT
T T TN 7 = T wm— T T W T prm—cn P

e Standard - contains the same summary table as in Brief output supplemented by additional tables

providing further semi-results

MJ — 2023/10/02
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= Shear capacity without reinforcement is sufficient
Select Node N61 and change the type of selection to current.

A brief output will show:
Punching design

Linear calculation
Combination: ULS
Extreme: Node
Selection: N61
Summary

Name Case Punching Punching UC.rdmax UCurdc Shear UCvrdcs  UC Asw,det uc

case shape [-1 [-1 reinforcement [-1 [-1 [-1

perimeters

N61 ULS/1 |Internal Circle (400) 0.52 | not required
column OK

Name Combination key
ULS/1 1.35%SW + 1.35*DL + 1.50*LL

We can see that the UC < 1, let’s look at the standard output for this node:
Punching design

Linear calculation
Combination: ULS
Extreme: Node
Selection: N61
Summary

Name Case Punching Punching UC.gdmax UCurdc Shear UCyrdes UCasw,det uc

case shape [1 [1 reinforcement [1 [1
perimeters

Circle (400) 0.52 [not required
column OK

Concrete

Punching Punching Ved Medy Plate Material der uo VEdwo  VRdmax UC vRdmax
[kN] [kNm] h fod [mm] [m] [MPa] [MPa] [-1
AVey Med,: [mm] [MPa] 1] uz VEdu1 VRd,c UCyrd,c
[kN] [kNm] [ %] [m] [MPa] [MPa] [-1

Circle (400) 0.09 | Ceiing 160.00 | 1.257

column 0.00 13.98 | 200.00 |20.00 0.17| 3.267 0.28 0.55 0.52

We can see that Vedu1 = 0,28MPa < Vra,c = 0,55MPa so the shear capacity without reinforcement is sufficient.
The control parameter is displayed in Green colour.

= Shear capacity with reinforcement is sufficient

Let us look now at the standard output for node N59:

Punching design

Linear calculation
Combination: ULS
Extreme: Node
Selection: NS9
Summary

Name Case Punching Punching UCuwdmax UCwrdc Shear UCvrdes  UC asw,det uc
case shape [-1 [-1 reinforcement [-1 [-1 [-1

perimeters Check
Internal Circle (400) 1.06 | 3x 1288(radial)
column 80+2x80=240 OK, BUT

Concrete

Name Case Punching Punching Ved MEedy Plate Material desr up Vedwo  VRdmax UCuRdmax
case shape [kN] [kNm] h fod [mm] [m] [MPa] [MPa] [-1
B AVed Medz  [mm] [MPa] m u1 VEdul VRd,c UC.rd,c
[-] [kN]  [kNm] [%] [m] [MPa] [MPa] [-]
Internal Circle (400) 26.85 | Ceiing
column 0.00 6.10 | 200.00 |20.00 0.37] 3.267 0.58 0.55 1.06
1.15

Reinforcement

Name Case Shear Uout Stu1 Control perimeters Material  Acvreq Asw VRd,cs UCrd,cs
reinforcement [m] [mm] (distance/capacity) fywd,ef [mm2] [mm?] [MPa] [1

perimeters Aout [MPa] Aswimin  Aswtot kmaxVrde UCaAswdet
[mm] [mm?2] [mm?] [MPa] [-1

3x 12@8(radial)

80+2x80=240 354 230 290.0 11 1810 0.82 1.00

We can see here that Ved,u1 = 0,58MPa < Vrd,c.= 0,55MPa and the UCyrd,c= 1,06 > 1.
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So shear reinforcement needs to be designed. The final value is Aswtt = 1810mm?2 which take into account
detailing provisions.

The control parameter is displayed in blue colour.

You can also show the Asw.ot graphically:

i || 2
Wikt A .
rrr—— | EERULTS (1] [
£ ‘_":.5 | Mamr e oty -
Salactias: MSH | = srEeTcm
TRl e G
Fhsr ma
® RURLAT Cini .
Typeof o Comrbinaiam
Conbinwtion  uLs
| = mmeuecrm
Trt of vt emens Beruird
AT STATE CONTITEN
= Desgriils
b roernpmg of peas -1
Y Location i e oy
yne—
| = orimour
2 Dol Wi
% P ahern  homnit o
i Ve Uil ; - QUTPUT STTRGS
® e Sag e T —
&) T aal
L S i et wnplamamn ol syt Cﬁ
— =) ™ EMRCHL TMARMSILA AND WOTLS SETTIES
& s ieformation aboctwarvmg . (] )
== S M
= Use of provided reinforcement
, . .
Let's add some provided reinforcement to the plate.
In the Concrete settings, go to the Design Defaults view:
Cencrete settings m] *
IViews: Design defaults v I[\l’lewseﬂ_mgsv” loaddefault | Find National anne: [
Description Symbol Value Default Unit | Chapter Code Structure ' CheckTy...
<all> Pl<al O <al> Ll<al Pl<. O <ale  O<alle O <all> O|DesigneX
4 Designdefaults
4 Reinforcement
> Beam/Rib
 Beamslab
- Column
- Plate
r Wall{ Deep beam
- Minimum cover ﬂ
==
Activate the provided template for the plates:
Concrete settings O X
Views: Design defaults v |Viewsettings = | | Loaddefavkt ||  Fnd | = s
o B Provided reinforcement (design) x
Description Symbol Value Default Unit]
-8 [ ]
<all> Pl=al  P|<al> Bl L EARBFE «~ Siwd
4 Designdefaults | Plate_Basic_Lower
"2 Reinforceiment ‘ Platz_Basic_Both
¢ Beam/Rib I PEale_Easfc_Md_L...
& Emamalab ‘ Plate_Basic_Add_...
Plate_Basic_AddLi..
Bl Column | At noe Aam:
4 Plate Name Plate_Ba:
4 Longitudinal Désckiptioh Only bash
Design of provided reinforcement Member typs Plate, She
p  Design template af provided reinforcement Plate_Basic_Bc v .., JFlate Ea
Cross-section Rectangle
4 Upperiz+) e
Type of cover Typec. Auta Auto Mkt
Diameter of first layer degs 10 10 i
Angle of first layer direction e 0,00 () deg:
Diameter of second layer daze 10 10 i
Angle ol second layer direction oz, 90.00 90.00 deg
4 Lower{z-)
Type of cover Typec. Auta Auto
Diameter of first layer deqe 10 10 i
Arala ok firct Lavor diroctis .00, il
| New | nsert [ Ear | [k |
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Here you can choose between the different templates.

You can give a basic provided reinforcement without any additional reinforcement or allow SCIA Engineer to
calculate additional reinforcement when needed.

For this example, we will define the basic reinforcement without additional reinforcement and we will use
diameter 16 mm with a spacing of 150 mm.

Provided reinforcement (design) edit - Plate_Basic_Both O =
Member Plate, Shell{Plate) Longitudinal
Cross-sectior ~| | By ﬁa ‘
Mode Standard
Definition of Basic reinforcement: By Diameter v
Basic reinforcement Additional reinforcement
Layer Diameter Spacing Area Type Diameter  Spacing Area
[mm] [mm] [mm#2{m] - [mm] [mm] [mm®*2/m]
b4 16 150 ) Fix 10 o a
[24] 16 150 1240 Fixe 10 0 0
E| 16 150 1340 Fix 10 a 9
[2-] 16 150 1340 Fix 10 0 0
CK [ Cancel

Now look at the standard output for node N59. With the required reinforced we needed additional shear
reinforcement but with the provided reinforcement set above no need for shear reinforcement:

Punching design

Linear calculation
Combination: ULS
Extreme: Node
Selection: N59
Summary

Name Case Punching Punching UCurdmax UCurdc Shear UCurdes  UC asw,det uc

case shape [-1 [-1 reinforcement [-1 [-1 [-1
perimeters

Circle (400) 0.82 | not required
column OK

Concrete

Punching Punching Ved Med,y Plate Material VEduo  VRdmax
[kN]  [kNm] h fod [m] [MPa] [MPa] [-]
AVEed Medz [mm] [MPa] ui VEd,ul VRd,c UCurd,c
[kN] [kNm] [ [m] [MPa] [MPa]

Circle (400) 26.85 | Ceiing . . .

column 0.00 6.10 {200.00 (20.00 0.84| 3.267 0.58 0.71 0.82

We can see that Vedu1 = 0,58 MPa < Vrac= 0,71 MPa so the shear capacity without reinforcement is sufficient.
The control parameter is now displayed in Green colour instead of blue.
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= Unity check is not ok: control perimeter is red

Change the “Type of Result” to Load Case LL1 and display the result for node N59:

m oA

Mer Eaen wrmerp
[ SELCTE
L I
s
v BT TR —
| Tipe of Al Lot e -
Loadd e iLd
v BERFOACENMENT
Trtee of mpvebn gy Freied

Comitr waew et (] )
LT STANY OO
oS
BesgetiiCociamin ()
Dl Ve [ )
bemagg of et -
R Bl T ]
S

- CrTE

- Ot TG

(| et exsieewte of grete |

W N mar L BT L AT T

Control perimeter is now displayed in red and the UC = 1,44 > 1.

Take a look at the Standard Output:

Punching design
Linear calculation

Load case: LL1

Extreme: Node

Selection: N59

Summary

Name Case Punching Punching
case shape

Circle (400)

UCrde Shear UCvRdes  UCasw,det
[-1 reinforcement [1 [-1
perimeters
2.17 | 7x 19@8(radial)

80+6x110=740

Concrete

Punching Punching
case shape
B
[]
Circle (400)

[kNm] h

Medy Plate Material uo VEdu0 VRdmax UCvRdmax
fod [mm] [m] [MPa] [MPa] [-1
Med:  [mm] [MPa] pi uz VEdu1 VRd,c UCurd,c

[kNm] [%] [m] [MPa] [MPa]

71.59 | Ceiing
11.71 (200.00

Reinforcement

Name Case Shear Uout
reinforcement [m]
perimeters Aout

[mm]

7x 19@8(radial)

Control perimeters  Material = Aqureq Acw VRd,cs
(distance/ capacity) Fywd,ef [mm?] [mm?] [MPa]

[MPa] Aswimin Aswtot KmaxVrdc
[ mm?2] [MPa]

165 | 320/144%, 640/89%,

80+6x110=740

311 |960/66%

We can also show the errors and warning in the output by checking this option in the properties panel:

[P
— RESULTS (1] 2}
Name  Pons entwerm
w SELECTION
Type of selection  Currant
Flter  No
v RESULTCASE
Typeofioad  Load cases
Loadcase LLL v

v REINFORCEMENT
Typeof reinforcement  Previded -
Consider user relnforcement (] )
LIMIT STATE CONDITION
DesignuLs
DessgnSUSCrackidth (7 )
DesignSiSRenfStress . (J )
Averaging of peok ()
Location  innodes avg.

A oo
w EXTREME
Extreme  Node
Values UC

| v oneuTseTiiGs

Punching shear resstance at the basic control penmeter
{vRd,c) s not suffident acc. to §6.4.3(2). Punchng shear
| renforcement is required.

Output Standard
Print explanation of symbots. (7 )
v ERROFRS, WARNINGS AND NOTES SETTINGS
Jshow infarmation sbout werning... (7 )

Solution

Punching resstance of plate wih desgned shear
renforcement (vRd,cs) s not suffident acc. to §6.4.5(1).

T C s COED
cakulation of punching shear resistance (vRd,c) acc. to
| §6.4.4(1).

To avor desgn of shear renforcement try to noease Show erron All
the amount of ongrudinal renforcement. Show warnings Al
Use higher grade of material or increase the thickness Show notes  in extremes only

of the plate.

Capacty of designed shear remforcement (vRd,cs) is
Imited by value of kmax*vRd,c acc. to §6.4.5(1).
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2.6 Code dependent deflection (CDD)

2.6.1 Intro

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:

» 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 ‘default ’ in the Project settings:

Project data

| Basicdata Functionality Actions

UnitSet Protection

DATA
Name: -
Part: -
Description: -
Author: User
Date: 30.08.2021
Structure: & ' Frame XZ v
Post processing & dofault
environment
Model: ﬁ One v

MATERIAL
Concrete @
Material C30/37
Reinforcement mate B 500A
Steel
Masonry
Aluminium
Timber
Steel fibre concrete
Other

CODE
National Code:

B ==

National annex:

- Standard EN

‘Thick-walled' Concrete cross-sections: the advanced 2D FEM method is off!

0K

X

Cancel

2. In the Concrete menu, you will then see a new check named Code dependent deflection:

&

CODE DEPENDENT DEFLECTION |

164
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2.6.2 Types of combination for CDD

The combinations used for the CDD calculation can either be automatically generated or inserted by the user.
Automatic Creation of combinations for CDD

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 panel:
RESULTS (1)

Name Code dependent deflectior
ECTION
Type of selection  All

Filter No
Automatic combination  § E »

VLT CASE DR D O

Typeof load Combinations ~

Combination SLS-Char (auto)

Znvelope (for 20 drawing)  Absolute extreme ~~

Type of reinforcement  User v~

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:

B Load cases X
FEENF . a2 O wB A v ¥
LC1-SW | Name LC3
LC2 - per Description var
LE3 “var Action type Variable v
Load group LG2 Wi
Load type Static v
Specification_Standard v
Duration{Short A
Master load casefjlLong
20 WindlMedium
Instantaneous

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:

Concrete settings [m] X

views: Complete setup v Viewsett.. +  Load default Find Nalionalannex:-
Description Symbol  Value Default Unit Chapter Code Struct... Check...

<all> Pl O <l O <all> O <all> PO <all- PO <all> O <al> O

4 Design defaults
 Reinforcement
b Minimum cover

4 Solversetting

i General

b Internal forces

i DesignAs

i Conversion to rebars

I Interaction diagram o

- Shear

b Torsion

b Stresslimitations

i Cracking forces

4

4

Crack width

Deflections
Coefficientfor increasing the amountofreinforc... Coeffrgir 1.0 L0 [ Independ....u.l\ (B lvers
Maximal total deflection L/x;x= Rigt 250.0 250.0 7.4.1(4) EN 1992-1-1! 1D (Ex Solver
Maximal additional deflection L/x; x = Xadd 200 200.0 7.4.1(5) EN1992-1-1/ 10 Be lwer

» BType of variable load coefficient for the aulomau..l UsePsi2 f o Lifle Psi2 Independ... |All (B lver s

1> Netailing nrovisions Use Psi2 factor
User input OK Cancel

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

It is possible for you to introduce your own combinations for calculation of immediate deflection and
deflection due to creep.

In order to introduce these manual combinations, the option “Automatic combination” must be unchecked in
the CDD check, properties panel.

Two new sections (“Result case: Creep deflection” and “Result case: Immediate deflection”) appear in the
properties window where you can choose the combinations for creep and immediate deflections.

These combinations have to be linear combinations, it means that creep and immediate deflection will be the

same for all sub-combinations generated from combination for total deflection.
= RESULTS (1) I\

Name Code dependent deflection

4

SELECTION
Type of selection  All ~

Filter No v

Automatic combination (D
w RESUL T TOTAL N
Typeof load Combinations

Combination SLS-Char (auto) ~~
Envelope (for 2D drawing)  Absolute extreme

RESULT CASE: CREEP DEFLECTION
Typeof load Combinations

4

Combination SLS - creep deflection

wf RESULT CASE: IMMEDIATE DEFLECTION
Typeof load Combinations ~

Combination  SLS - immediate deflection ~~

Type of reinforcement  User

- CWTBEME 1R

The combination for the calculation of the total deflection remains generated directly from your choice of
combination in the CDD check in the properties panel.

2.6.3 Type 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:

= RESULTS (1) )
Name Code dependent deflection
w SELECTION
Type of selection  All

Filter No v

Automatic combination @; )

w RESULT CASE FOR DEFLECTION
Typeof load Combinations ~~

Combination  SLS-Char (auto)
Envelope (for 2D drawing)  Absolute extreme

Required
Provided

Type of reinforcement

w EXTREME 1D
Extreme 1D

Results in section
Direction (local) z (1D/2D) -~
Values UC
Output  Brief ~~
Print combination key (@)
Print explanation of symbals ()
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2.6.4 Calculation of stiffness for 1D elements

Members which are not expected to be loaded above the level which would cause the tensile strength of the
concrete to be exceeded anywhere within the member should be considered to be uncracked. Members which
are expected to crack, but may not be fully cracked, will behave in a manner intermediate between the
uncracked and fully cracked conditions. New stiffness (stiffness with taking into account cracking) is calculated
in center of each 1D element.

Two types of stiffness are calculated:

Short-term stiffness - is calculated using 28 days modulus of elasticity Ec = Ecm, it follows that value
of stiffness is loaded directly from properties of the concrete material

Long-term stiffness - is calculated using effective E modulus based on creep coefficient for acting
load, it follows Ec = Eceff = Ecm/(1+0).

Calculation effective modulus of elasticity is based on equation 5.27 in EN 1992-1-1, but instead of effective
creep coefficient ¢ef, only creep coefficient ¢ is used

The following procedure is used for the calculation of stiffnesses:

1)
2)

3)

4)

5)

6)

The transformed cross-section characteristics of uncracked section (Ai, i, ti...) are calculated

The stiffnesses of the uncracked cross-section ((Eiy),( Eiz), (EA)) to the center of the uncracked
transformed cross-section are calculated.

The maximum value of tensile stress of the uncracked cross-section (value Octres) for respective
characteristic combination (Ncharres,Mchar,resy, Mchar resz) is calculated

The maximum value of tensile stress of uncracked cross-section (value Octimm) for immediate
characteristic combination (Nchar,im,Mchar,im,y, Mchar,imz) iS calculated

Compare et With Octimm
If oce=0ctimm, the respective characteristic combination will be used for calculation,
NcharZNchar,res,Mchar,y =Mchar,res,y, Mchar,z=Mchar,res,z,0ct=0ct res

If oct<0ctimm, the immediate characteristic combination will be used
Nchar:Nchar,im,Mchar,y :Mchar,im,y, Mchar,z:Mcharim,z,O'ct:O'ct,im

Compare 0ct With ocr
* If ou=0cr, the cross-section is uncracked:
o bending stiffness around y-axis Ely = (Eiy)
0 bending stiffness around z axis El; = (Eiy)
0 axial stiffness EA = EA,,
* If oc20cr, the cross-section is cracked and average stiffness will be calculated.
1. The transformed Css characteristics of the cracked section (Air, lir, tir...) is calculated.
2. The stiffnesses of the fully cracked cross-section ((Eiy)u,( Eiz)u, (EA)n) to center of cracked
transformed cross-section is calculated
3. The stress in the tensile reinforcement of the fully cracked cross-section (value os) for
characteristic combination (Nchar,Mchar, Mchar,z) is calculated.
4. The stress in the tensile reinforcement of the fully cracked cross-section (value os)for
respective combination (N,My,M;) is calculated.
5. The distribution coefficient  according equation 7.19 in EN 1992-1-1 is calculated
GSF 2
t=1-5(37)
where B is a coefficient taking account the influence of the duration of the loading or of
repeated loading on the average strain (=1 for calculation of short-term stiffness, =0,5
for calculation of long-term stiffness)
6. The average value of the stiffnesses based on equation 7.18 in EN 1992-1-1 is calculated
o bending stiffness around y-axis (Eiy) = 1/[¢/(Eiy)n + (1-0)/ (Eiy)]
o bending stiffness around z-axis (Eiz) = 1/[¢/(Eiz)n + (1-C)/ (Eiz)]
o axial stiffness (EA) = 1/[(T/(EA) + (1-Q)/( EA)],

Stiffness is recalculated to principal axis for unsymmetrical cross-section
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7) The five types of stiffnesses are calculated for each 1D element and each dangerous combination:

Type of stiffness Respective combination

Short-term stiffness for immediate deflection Immediate
Short-term stiffness for short-term deflection Total
Short-term stiffness for creep deflection Creep
Long-term stiffness for creep deflection Creep
Long-term stiffness for shrinkage deflection Total

8) The following stiffnesses are changes in stiffness matrix for 1D elements:

« EA«=EA
« GAy=GA; = GEAJ(L,2[E)
« Ely=Eiy
. El,=Eiz

*  Gl=0,5[(1-)(EI)El)05

Where:

e G is shear modulus of the concrete calculated according to formula G = 0.5%Ec/(1+m)
* m s Poisson coefficient of the concrete loaded from material properties of the concrete

Eccentricity of stiffnesses (distance between center of gravity of concrete cross-section and center of gravity
of cracked transformed cross-section) is not taken into account in current version

Calculation of curvature, strain and stiffness caus ed by shrinkage of a 1D element

Calculation of shrinkage forces

The forces caused by shrinkage are calculated according to formulas below. The forces are calculated for both
states: uncracked and cracked cross-section.

168

Nshr = -€cs(t,ts) - Coefreini2(Esi- Asi)
Mshry = Nshr: €shr,z
Mshr,z = Nshr- €shry

eshry = 2(Esi- Asi)/ 2(Esi- Asi- Ysi) - tiy

€shr,z ZZ(Esi'Asi)/ Z(Esi'psi'Zsi) - iz

€es(t,ts)- - total shrinkage strain

Coefreint - coefficient increasing amount of reinforcement

Esi - modulus of elasticity of i-th bar of reinforcement

Asi - area of reinforcement of i-th bar of reinforcement

ysi - position of i-th bar of reinforcement from center of gravity of cross-section in y-direction

Zsi - position of i-th bar of reinforcement from center of gravity of cross-section in z-direction

tiy - distance between center of gravity of transformed uncracked/cracked cross-section and center
of gravity of concrete cross-section in y-direction

tiz - distance between center of gravity of transformed uncracked/cracked cross-section and center
of gravity of concrete cross-section in z-direction
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Shrinkage deflection (long-term stiffness)
| N[kN] M, [kNm] M.[kNm] |
Combination: CO2/1_tot 0.00 15975 0.00
Characteristic combinaticn (char): CO2/1_tot_char 0.00 159.75 0.00

Forces caused by shrinkage: My, = 14074 kN, Mz, = 24.56 kNm, M ;.. = 0.00 kNm

Cross-section characteristics

Type of t, t. A L I. x; A,
component [mm] [mm] [mmz] [mm‘] [mm:] [mm] [mm2]
Linear 0o 00 320000 9.021¢  17.610° 2180 -
Uncracked 00 -197 356135 12110 19.710° 2322 1407
Cracked 00 734 175211 5.311¢ 13.710° 1391 1407

Cracking forces

N, M. M. o O Crackedsection O o B [ E.
[kN] [kNm] [kNm] [MPa] [MPa] [MPa] [MPa] [-] [-] [GPa]
000 7303 000 487 220 YES 1446 3164 05 0.806 300
Stiffness calculation
Axial stiffness EA: EA; =9600.00 MM EA, = 9600.00 MN
1 1 .
BA=T7 77 ~os% _ 1-osge | ccooMn [7.18)
EA, EA, 9600.00 9600.00
Bending stiffness EI.): EI.). = 67292 MNm* EI.). =193.17 MMNm ©
El = 1 1 =208.71 MNm 718
¥ g 1-2 0.886 _ 1-0.896 S
El,y B, 19317 67232

z

Bending stiffness El : El,, = 527.00 MNm® El_, = 527.00 M

1 1

Fl = 537 00 MhLm 718

Calculation of strain and curvature caused by shrin kage

Strain and curvature caused by shrinkage are calculated for each 1D element and these values are calculated
for both states (uncracked and cracked cross-section).

Calculation of strain caused by shrinkage:
o & =-Ecs(t,ts)- Coefrein- 2(Esi- Asi)/ (Eceri- AY)

Calculation of curvature around y and z axis caused by shrinkage
o (ry) = -ecs(t,ts)- Coefreint- 2 (Esi- Asi- (tiz-Zsi) )/ (Eceft- liy)
o (Lrz) = -gcs(t,ts)- Coefreint- 2 (Esi- Asi- (tiy-Ysi))/ (Eceft liz)

*  gcs(t,ts)- - total shrinkage strain

» Coefrint - coefficient increasing amount of reinforcement

* Esi- is modulus of elasticity of i-th bar of reinforcement

* Asi - is area of reinforcement of i-th bar of reinforcement

* ysi - position of i-th bar of reinforcement from center of gravity of cross-section in y-direction

* Zsi - position of i-th bar of reinforcement from center of gravity of cross-section in z-direction

* ty- distance between the center of gravity of transformed uncracked/cracked cross-section and
center of gravity of concrete cross-section in y-direction

* ;- distance between the center of gravity of transformed uncracked/cracked cross-section and
center of gravity of concrete cross-section in z-direction

» Eceff - effective modulus of elasticity of the concrete calculated according to formula Ec = Eceff =
Ecm/(1+0).

» Ecm - secant modulus of elasticity of concrete

e @ - creep coefficient

» A - transformed area of uncracked/cracked cross-section

* liy- transformed second moment of area around y-axis of uncracked/cracked cross-section
calculated to center of gravity of transformed uncracked/cracked cross-section

» |z - transformed second moment of area around z axis of uncracked/cracked cross-section calculated
to center of gravity of transformed uncracked/cracked cross-section

Calculation of stiffnesses for shrinkage

The stiffness of uncracked/cracked cross-section for shrinkage is calculated from strain and curvatures caused
by shrinkage by using total level of load (total load combination)

e bending stiffness around y-axis Ely =Mioty/(1/ry)

* bending stiffness around z axis Elz = Muot2/(1/rz)

e axial stiffness EA = Niwot/ex
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2.6.5 Calculation of stiffness for 2D elements

The following procedure is used for the calculation of stiffness of 2D elements:

1)

2)

3)

4)

5)

6)

7)

8)

9)

170

The principal stresses of 2D element for both surfaces is calculated
Ozt Oy¥ 1

03+ 2 + 5\, (ox:—o_‘.;,) +4- Oxy,F
Grtoz 1 =
@F=T 5 5y (e -5 +4° 03

The angle of principal stresses at both surfaces is calculated
Aoz = 0,5- tan~?! (20—’0"}')
OxF ~ Oy%
The final value of the principal stress is calculated
O=0g1+ if 01+201-
0=0,1- Otherwise

The internal forces are recalculated to the direction of the principal stresses a
m(a) = m, - cos*(a) +m,, - sin*(a) +m,,, - sin(2 - «)

n(a) = n, - cos*(a) +n,, - sin*(a) + n,,, - sin(2 - «)
where nx,hy,Nxy,Mx,My,Mxy are 2D forces in center of 2D element

The area of reinforcement is recalculated to the direction of of the principal stress a
As(a) = Asl@os?(a-as)
where As,0s is area and angle of longitudinal reinforcement

The non-linear stiffness in the first principal direction is calculated according to the procedure as for
1D element

« for rectangular cross-section (b =1m, h = thickness of 2D element in center of gravity)

» for internal forces N = n(a) , My= m(a) and Mz=0 according procedure as for 1D element

The non-linear stiffness in the second principal direction is calculated according to the procedure as
for 1D element

« for rectangular cross-section (b =1m, h = thickness of 2D element in center of gravity)

o for internal forces N = n(a+90) , My= m(a+90) and M:=0 according procedure as for 1D element

The stiffness for shrinkage deflection is calculated in both directions of principal axes as explained
in the next section.

The five types of stiffnesses are calculated for each 2D element and each dangerous combination:

Type of stiffness Respective combination Direction of principal stress
First (EA1,Ely1,Elz1)

Short-term stiffness for immediate deflection | Immediate
Second (EA2,Ely2,Elz?)

First (EA1,Ely1,Elz1)

Short-term stiffness for short-term deflection | Total
Second (EA2,Ely2,Elz?)

. . First (EA1,Elys,El
Short-term stiffness for creep deflection Creep Irst (EA1 Elys,Elz:)

Second (EA2,Ely2,Elzz)

. . First (EA1,Ely1,Elz
Long-term stiffness for creep deflection Creep (EAs Elys Elzy)

Second (EA2,Ely2,Elzz)

. . . First (EA1,Elys,El
Long-term stiffness for shrinkage deflection | Total Irst (EA1 Elys,Elzs)

Second (EA2,Ely2,Elz?)
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10) The following stiffnesses are changes in stiffness matrix for 2D elements:
e Dl1=Elyx
o D22 =Ely2
e D33=0.5[1-u)(D11M22)°5
D44 =GMH/1.2
o D55=GMH/1.2
e D12 = uD11M22)°5

e dll=EA:

e d22=EA:

e d33=GMH

e d12 = pId11d22)°5
Where:

* G is shear modulus of the concrete calculated according to formula G = 0.5[Ec/(1+p)
e W is Poisson coefficient of the concrete loaded from material properties of the concrete

Eccentricity of stiffnesses (distance between center of gravity of concrete cross-section and center of gravity
of cracked transformed cross-section) is not taken into account in current version

Calculation of curvature, strain and stiffness caus ed by shrinkage of a 2D element

Calculation of shrinkage forces

The forces are calculated in the center of gravity of each element and they are calculated in two directions:
» The first one is the direction of principal stress a
* The second one is the direction of principal stress a+90°

The forces caused by shrinkage for first/second direction are calculated according to formulas below. The
forces are calculated for both states: uncracked and cracked cross-section.

e Nshr = -€cs(t,ts)- Coefrein2(Esi- Asi())

. Mshr = Nshr- €shr,z

Where:

e eshrz =2(Esi- Asi)/ 2(Esi- Asi(a)* Zsi) - tiz(a)

*  &es(t,ts) - total shrinkage strain

» Coefreint - coefficient increasing amount of reinforcement

» Esi- is modulus of elasticity of i-th bar of reinforcement

* Asi) - is area of reinforcement of i-th bar of reinforcement in first (angle a)/second direction
(angle a+90°) of principal stress

* Zsi - position of i-th bar of reinforcement from center of gravity of cross-section in z-direction

* tiya) - distance between center of gravity of transformed uncracked/cracked cross-section and centre
of gravity of concrete cross-section in z-direction and in first (angle a)/second direction (angle a+90°)
of principal stress
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Calculation of strain and curvature caused by shrinkage

Strain and curvature caused by shrinkage are calculated for each 2D elements and these values are calculated
for both states (uncracked and cracked cross-section). The values are calculated in both directions of principal

stresses.

Calculation of strain caused by shrinkage:

€x =-Ecs(i1s)* CoefReinf-X(Esi- asi(o))/ (Eceff- Ai())

Calculation of curvature around y and z axis caused by shrinkage:

Where:

(2/r) = -gcs(t,ts)- Coefreint 2(Esi- Asi(o)- (tiz(a)-Zsi))/ (Eceft: liy())

€es(t,ts) - total shrinkage strain

Coefreint - coefficient increasing amount of reinforcement

Esi - is modulus of elasticity of i-th bar of reinforcement

Asi) - is area of reinforcement of i-th bar of reinforcement in first (angle a)/second direction
(angle a+90°) of principal stress

Zsi - position of i-th bar of reinforcement from center of gravity of cross-section in z-direction

tiz() - distance between centre of gravity of transformed uncracked/cracked cross-section and centre
of gravity of concrete cross-section in z-direction and in first (angle a)/second direction
(angle a+90°)of principal stress

Ecerr - effective modulus of elasticity of the concrete calculated according formula Ec = Eceff =
Ecm/(1+0).

Ecm - secant modulus of elasticity of concrete

¢ - creep coefficient

Ai@) - transformed area of uncracked/cracked cross-section in the first (angle a)/second direction
(angle a+90°) of principal stress

liy@) - transformed second moment of area around y axis of uncracked/cracked cross-section
calculated to centre of gravity transformed uncracked/cracked cross-section in the first
(angle a)/second direction (angle a+90°)of principal stress

Calculation of stiffnesses for shrinkage

The stiffness of uncracked/cracked cross-section for shrinkage is calculated from strain and curvatures caused
by shrinkage by using total level of load (total load combination)

bending stiffness in direction of first principal axis Ely1 =mitota)/(1/r)1
bending stiffness in direction of second principal axsi Ely2 =miot(a+90)/(1/r)2
axial stiffness in direction of first principal axis EA1 = Niot(a)/€x,1

axial stiffness in direction of second principal axis EA2 = Not(a+90)/€x,2

Ntot(a), Ntot(a+00 - are axial forces from total combination in 2D element recalculated to direction of first
and second principal axis

Miot(a), Miot+90 - are bending moments from total combination in 2D element recalculated to direction
of first and second principal axis

€x.1(2) - IS strain caused by shrinkage calculated in direction of first (second) principal axis

(1/M)a@ - is curvature caused by shrinkage calculated in direction of first (second) principal axis

Deflection for shrinkage is calculated in FEM analysis for total combination, therefore the stiffness are
calculated with using internal forces for total combination

172
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2.6.6 Parameters for the calculation of shrinkage s

train

The total shrinkage strain is composed of two components, the drying shrinkage strain and the autogenous
shrinkage strain. The drying shrinkage strain develops slowly, since it is a function of the migration of the water
through the hardened concrete. The autogenous shrinkage strain develops during hardening of the concrete.

There are three options for calculation/input of total shrinkage strain that can be selected in the concrete
settings menu:

No (Consider drying and autogenous shrinkage= No):

in CDD calculation

Automatic calculation (Consider drying and autogenous shrinkage = Auto)

shrinkage will not be taken into account

, Where shrinkage

strain is calculated according to EN 1992-1-1, chapter 3.1.4(6) for following input parameters:

0 Relative humidity

0 Age of concrete at beginning of drying shrinkage
0 Age of concrete at moment considered
Except of these input parameters, automatic calculation of shrinkage strain depends on material
properties (mean compressive strength of concrete fem, characteristic compressive cylinder strength
fek, type of cement), cross-section parameters (cross-sectional area Ac and the perimeter of the
member in contact with the atmosphere u)
« User input (Consider drying and autogenous shrinkage = User va

value of total shrinkage strain

Concrete settings

views: Complete setup ¥ |View sett... v Find
Description Symbol Value Default Unit
<all> Pl <al= O <all> Pl <al= P
b Design defaults
4 Solversetting
4 General
Limitvalue of unity check Lim.check ..l 0 L0
Value of unity check for not calculated unity check .Ncal.check . 3.0 [3.0
The coefficient for calculation effective depth ofcros....CoeHd lo.s .
The coefficientfor calculation inner lever arm .Coef‘fz lo.s
The coefficient for calculation force, where member ... | Coeffom [01 0.1
4 Creep and shrinkage . . .
Age of concrete at the moment considered t 1825.00 18250.00 |day
Relative humidity RH 50 50
Typeinputof creep coefficient Type @tto] Auto Auta
Age of concrete atloading .tn .28.00 .2:".: [ ay
» Eonsider drying and autogenous shrinkage Type gitts Auto a futo .

Age of concrete at the beginning of drying shrin...

day
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lue) and you can input directly

Chapter
<all> ,0

Code

<all> ,O

O *

National annex: n

Struct.. Check...
<all> ,O <all= ,O

Independe...|All{

.Independe.

Independe.

Independe.

Independe... All (Ex

3.14B.1-2

13:1.4.B.1-2
3.1.4(2)
l3.1.4(2)BL |
la1aE |

3.1.4(6).B2

EN 19932-1-1
EN 1992-1-1

EN1992-1-1 |/

EN 1992-1-1

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

==
All {Bea
All {Bea
All (Bea
All (Be
All {Bea
All (Bea
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2.6.7 Calculation of deflection

The following deflections are calculated in the CDD check:

Oin linear (elastic) deflection, calculated for the total combination and for linear stiffness.

Aimm 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. Acreep = Ocreep, long — Ocreep, short

Oshr deflection caused by drying and autogenous shrinkage. The long-term stiffness is calculated from
strain and curvature caused by shrinkage using total combination.

Oadd additional deflection, the deflection after applying a variable load and considering creep calculated
as the difference between total and immediate deflection. Aadd = Stot — Oimm

Ot total deflection, the deflection which considers creep and cracking calculated as the sum of short-

term deflection and deflection caused by creep. Atwot = Oshort + Ocreep
N

S 2
x>
load J &
= 9 °
i B, short _ &)
i H 1 8shr
@ —_— = = P ——) “%,xe“(\
.
: Ot = Vpiort* Ocreact O =
R tot short™ Ycreep™ Yshr /
v >
. -
.
. bcreep
All those values can be displayed on the screen:
RESULTS (1) v
Name Code dependent deflection
w SELECTION
Type of selection  All
Filter No
Automatic combination  (i[%)
w RESULT CASE FOR DEFLECTION
Typeof load Combinations
£
N £ Combination SLS
T\ ﬂ . - - Envelope (for 2D drawing) Absolute extreme
ST T T T T T T T 1 5 O T T T - 5
ASaCiICAYNIII| [ [ | T T Tt 1] H_l_—l—LH‘H’m Type of reinforcement  Required -

174

\L\ = = v RESULT CASE FOR REQUIRED REINFORCEMENT
S Typeofload Load cases

toadcase LCL-SW v

w EXTREME 1D
Extreme 1D Global >

Results in sections  All

Direction (local)  z {1D/2D)

Values§l Btot
uc

Stot
Print combination keyll™ ge0y 1im

Output@

Print explanation of symbols§ Sadd
5add,lim
8lin
Simm
Showerrorsfl  Sshort
Screep
Sshr

¥ ERRORS, WARNINGS AND NOT

Show Information about warni.

Show warnings

=-n—ﬂ[01—-;-».‘:‘-\q\
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Chapter 3: Modification of results

3.1 Location

During a calculation in SCIA Engineer, the node deformations and the reactions are calculated exactly (by
means of the displacement method). The stresses and internal forces are derived from these magnitudes by
means of the assumed basic functions and are therefore in the Finite Elements Method always less accurate.

The Finite Elements Mesh in SCIA Engineer exists of linear 3- and/or 4-angular elements. Per mesh element
3 or 4 results are calculated, one in each node. When asking the results on 2D members, the option ‘Location’
in the Properties window gives the possibility to display these results in 4 ways.

3.1.1 In nodes, no average

All of the values of the results are taken into account, there is no averaging. In each node are therefore the 4
values of the adjacent mesh elements shown. If these 4 results differ a lot from each other, it is an indication
that the chosen mesh size is too large.

This display of results therefore gives a good idea of the discretisation error in the calculation model.

12115 Zd | 32
9| 18 25 | 31
M| & 24 | 29
9117 24 | 30

3.1.2 In centers
Per finite element, the mean value of the results in the nodes of that element is calculated. Since there is only
1 result per element, the display of isobands becomes a mosaic. The course over a section is a curve with a

constant step per mesh element.
| E ;
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3.1.3 In nodes, average

The values of the results of adjacent finite elements are averaged in the common node. Because of this, the
graphical display is a smooth course of isobands.

In certain cases, it is not permissible to average the values of the results in the common node:

- At the transition between 2D members (plates, walls, shells) with different local axes.

- If a result is really discontinuous, like the shear force at the place of a line support in a plate. The peaks will
disappear completely by the averaging of positive and negative shear forces.

3.1.4 In nodes, average on macro

The values of the results are averaged per node only over mesh elements which belong to the same 2D
member and which have the same directions of their local axes. This resolves the problems mentioned at the
option ‘In nodes, average’.

14| 14 25 | 28
14 | 14 Z8 | Z8
1313 O
1313 2T | 27

3.1.5 Accuracy of the results

If the results according to the 4 locations differ a lot, then the results are inaccurate and the mesh has to be
refined. A basic rule for a good size of the mesh elements, is to take 1 to 2 times the thickness of the plate.
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3.2 Averaging strip

An averaging strip averages peak values over a zone. You can find the averaging strip in the Input Panel in
the “Result tools” category :

= INPUT PANEL @ Al workstations

B
mn  Fe¢ AVERAGING STRIP & Altags

+ & Q0o

Mame RS1
Type Strip v
Width [m] 1.000

Direction longitudinal .

Type: a point or a strip can be chosen.
Dimensions: here the dimensions of the point/strip need be set.

Direction:
1) Direction = Longitudinal

i izo:wﬁlwm
ooy fi L ST T

Seincron: A1 L
Location: 1+ nades =0 g Spmem L oa_

LES mesh slement
e e g

BEREPEEERTRE 2
TEEEZEEEESRREE

my [kw /m]

YT

\‘E@@ﬂ

Longitudinal means that the averaging is done in the longitudinal direction of the strip. In the example
above this is the y-direction. This means that the averaging is done for my. The values my are
averaged in the x-direction.
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2) Direction = perpendicular

...//

S i
[

P
&

PN W S W A W W

Perpendicular means that the averaging is done perpendicular to the longitudinal direction of the strip.
In the example above this is the x-direction. This means that the averaging is done for mx. The values
mx are averaged in the y-direction.

3) Direction = Both

my [khn /o]

Lo odes o
LGS mesh cement
Basc megntnes
Exrems: Gibal

u e
Basc magrittes
Extrems: Ghbal

3
H
,q/Aq‘_qL.-.AQJa-L-LprI»..L%-pLA»

Both means that the averaging is done in both directions of the averaging strip. This means the values
are averaged for mx as well as my in the direction perpendicular to mx and my.

178 MJ — 2023/10/02



To activate the averaging strip, the option ‘Averaging of peak’ needs to be checked in the properties panel.

v RESULT CASE
Type of load

Combination

Envelope (for 2D drawing)

Combinations
ELU-Set B (auto) ~~

Absolute extreme

I Averaging of peak

« |

Location
System
Extreme

Type of values

Values

In nodes avg. on macro
LCS mesh element -
Global

Basic magnitudes

m_x

As an example, we will apply averaging strips to the model of the chapter “2D concrete members” for the value

Asw,req .

* Aswreq Without Averaging of peaks
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13264.90
12000.00

Aswreq [MM2Z/m2]

2000.00
1000.00
0.00

8545.83
7300.00
7200.00
6600.00

Mgy req [mm 2fm?2]

6000.00
5400.00
4800.00
4200.00
3600.00
3000.00
2400.00

1800.00
1200.00
600.00
0.00
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3.3 Rib

Arib can be added to a plate in the Input Panel in the “1D Members” category:
= INPUT PANEL é=h Al workstations
= 1D Membe g - @ Alltags ~~
= | VN« 0O o

But also in the Input Panel in the “2D Members” category:

= INPUT PANEL g= Al workstations
ma 2D M{ RIBBED SLAB @ Altags v

LnewFedoRHeaoaas
v

3.3.1 Results in ribs

When a rib is added to the model there will be an option rib available in the result properties of 1D and 2D
members. This option has an influence on what results you view.

RIB Activated RIB Not Activated
1D-Results

2D-Results
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+ Link between the internal forces calculated for the entire T-section, and for the beam and slab
separately

When calculating the internal forces in a rib, the substitute T-section is used to calculate the results. The web
of this T-section is formed by the rib-beam itself, the flange of the T-section is made with the effective width of
the slab. The effective width of the slab has to be used to determine the internal forces of the slab that have
to be added to the internal forces calculated in the rib itself.

T the heart ofthe entire substitute T-section
T1 the heart ofthe left part of the effective width
T2 the heart of the right part of the effective width
T3 the heart of the ariginal rib
Left part Right part
+T1
+T2
+T
z +T3
¥
> 1]

The coordinates of the hearts are used as lever arms in Y and Z direction:

LeverAmZ1=T1z-Tz LeverArmY1=Tly-Ty
LeverArm Z2=T2z- Tz LeverAmY2=T2y-Ty
LeverArm Z3=T3z-Tz Lever AmY3=T3y-Ty
LeverArmZ=Tz-0z LeverArmY =Ty -0y

The final internal forces in the rib can be calculated with the formulas below:

* N =Nbeam + N slab, left + N slab, right

* Vy=Vyhbeam + Vy slab, left + Vy slab, right

* V:=V;:beam + V; slab, left + V: slab, right

*  Mx = Mxbeam + Mx slab, left + Mx slab, right

My =Mybeam + My slab, left + My slab right + N slab, left * (Lever Arm Zz)
— N slab, right * (Lever Arm Z2) + N beam * Lever Arm Z3;

* Mz=M;beam + M; slab, left + M: slab, right + N slab, left * (Lever Arm Y1)
— N slab, right * (Lever Arm Y2) + N beam * Lever Arm Ys;
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* Why is there an axial force in the rib?

SCIA Engineer integrates the ribs as eccentric beams attached to slabs. The eccentricity is calculated from
the half of the slab thickness and half of the height of the cross section of the beam.

E=D/2+H/2

During the input of the cross section of the beam, the height of the cross section is defined as a distance
between the bottom of the slab and the bottom of the beam. In the picture, the height is marked as “H".

Due to the shift of the neutral axis, the internal forces in the whole system change. In a simple system subject
to a bending moment only, we get a structure with an internal bending moment as well as axial force.

Usually, if the beam is below the slab, we get compression in the slab and tension in the beam.

The eccentric beam causes axial forces in the slab. This results from the deformation of the whole slab+beam
system. The picture shows the horizontal deformation “ux” to explain graphically the behaviour of the system.
This system is composed of two beams of a rectangular cross section connected by rigid links. The horizontal
displacement of the support is free to prevent the constraint.
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The horizontal deformation in a side view:

If we look at the beginning of the beam, we can see compression in the slab and tension in the beam:

oYY

Of course, the whole system must be in equilibrium and the total axial force equal to the sum of the axial force
in the slab and in the beam must be zero.

-'-..'_: . :"'-"--'.'*—t.__ = =
E == T o 'Ir"":-!q_

s '|__l:I ;__‘_

In our model, we have only one beam and all the internal forces of the top part are integrated in the axial force
in the rib. Practically, the effective width of the slab is smaller than the whole width of the slab. Only
exceptionally are the ribs arranged in such a way that there are no gaps in between the effective widths and
all internal forces in the slab can be summed up into the rib. This happens if the distance between the ribs is
smaller or equal to the effective width of the slab calculated from the national code.

* Behaviour of a rib in a wide slab

Now we can investigate a system where the width of the slab is greater than the effective width of the slab.
The equilibrium condition must be fulfilled. If we integrate all the axial forces in the whole slab and the beam,
we - of course - get a zero result.
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Distribution of the axial force in the slab. This is independent on the defined effective width of the slab. Only
the stiffness of the slab and beam is responsible for the shape of the distribution of internal forces.

This is a section across the middle of the slab showing the distribution of the axial force.

2407

1 : =g 4

e R R e e ]

We can integrate the axial force in the section across the whole width of the slab. We get 439kN.

Compared to the axial force in the beam, which is 435kN. We see the whole system is in equilibrium. The small
difference results from the size of the finite elements.
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* Comparison of different effective widths

However, if we extend the effective width of the slab to the whole width of the slab, we neglect the distribution
of the internal forces over the slab and the concentration over the beam. (In fact, there are two limit values:
the minimum effective width is equal to the width of the beam and the maximum one is equal to the whole
width of the slab.)

The internal forces in the slab are excluded from the slab and integrated into a new virtual T section. This
virtual section consists of the effective slab width and the beam.

Distribution of the axial force in the slab. We can see that the distribution is equal to the one in the pictures
above where the effective width of the slab was defined according to the code.

In the picture we can see the axial force after the forces within the effective width of the slab were excluded
from the slab. In SCIA Engineer you can achieve this using the checkbox “RIB” in the results.
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We get axial force equal to 56kN, which is in the slab. The total axial force in the slab was 435kN. Therefore,
in the part outside the effective width we have axial force 435 - 56 = 379kN.

In the beam, we still have the same 445kN. (The difference to the previous pictures results from the changed
size of the 2D finite elements).

Look what happens if we increase the effective width of the slab to 1500mm. This results from the following
formula: 2 * (0,1 * L) + bw = 2*0,6+0,3

As we can see, the axial force in the slab is still the same. It must be, because the effective width of the slab
has no influence on the distribution of the axial force in the finite element calculation. It only affects the split of
the forces after the calculation between the slab and the virtual T section.
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The area of the effective width of the slab will be removed from the slab and the forces will be integrated into
the T section. The internal forces outside of the slab will remain in the slab.

]

These internal forces will be moved to the T section.
T M =

If we reduce this axial force of the beam by 234kN, which is the sum of the axial forces from the effective width
of the slab, we get 211kN
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The axial force outside the effective width remains in the slab.

If we integrate the forces (left and right) outside the effective width, we get axial force equal to 210kN, which
is in equilibrium with the tension in the rib as a T Section.

3.3.2 Stiffness of ribs in CDD calculation
The calculation of the stiffness of the rib depends on the checkbox “Rib”.

+ Check box is OFF

The stiffness of the beam and the plate will be calculated separately. If there is 1D reinforcement in part of the
slab it is not taken into account for the calculation of the stiffness of the plate.

+ Check box is ON

1) Equilibrium for the final cross-section is calculated for each dangerous combination and each type of
stiffness.

2) The stiffness of the rib, only taking into account the rib cross-section, is calculated with the height of
compression zone from equilibrium on the whole (final) section. Stiffnesses are calculated to the centre of
gravity of the transformed final cross-section.

Bl cesl

Rio cis

3) Stiffness of the 2D element outside of the effective width is calculated by the standard procedure. Stiffness
of the 2D element inside effective width is calculated in two directions: direction of the rib (arin)and direction
perpendicular to the rib. (arib + 90)

4) The stiffness perpendicular to the rib is calculated by the standard procedure.

188 MJ — 2023/10/02



5) The stiffness in the direction of the rib is calculated according to following procedure:

The 1D reinforcement which is designed or inputted in part of the slab of the final cross-section is
taken into account for the calculation of the stiffness of the 2D element. This reinforcement is
transformed to 2D reinforcement and is added to the standard 2D reinforcement.

Uncracked stiffnesses (EA,, Ely,, Elz,)) will be calculated for the whole thickness of the 2D element
with standard 2D reinforcement (required/provided/user) and with transformed reinforcement from
the 1D member. The stiffness is calculated to the transformed centre of gravity of the uncracked
section.

Cracked stiffness is calculated in case that (0ct <= 0cr). The stiffness (EAu, Ely,i, Elz,n) will be
calculated taking into account parameters from the calculation of the 1D element which is nearest
to centre of gravity of the 2D element. The height of compression zone is calculated according to
formula:

K. = Acc - Acc,Rib

° beff
Where:

0 Acc — compressive area of whole cross-section for cracked CSS

0 AccriB — COMpressive area of part of cross-section (rib cross-section) for cracked CSS

0 bett — effective width of the slab for check

0 oct-is maximum tensile strength calculated for final cross-section (rib cross-section + part

of the slab) and for characteristic combination

The stiffness is calculated to the transformed centre of gravity of the cracked section.
The average stiffness will be calculated from the cracked and the uncracked stiffness using the
distribution coefficient, which is calculated from the stresses calculated for the whole cross-section
of the 1D element which is nearest to centre of gravity of the 2D element.

o bending stiffness around y-axis (Ely) = 1/[C/(Ely)u + (1-0)/ (Ely)]

o bending stiffness around z-axis (Elz) = 1/[C/(Elz)u + (1-C)/ (Elz)]

o axial stiffness (EA) = 1/[(C/(EA) + (1-0)/( EA)]]

3.4 Orthotropy

In engineering practice, you may often come across a situation when the slab (or wall) to be designed has
different characteristics (stiffness) in the longitudinal and transverse direction and thus, shows different
behaviour in these two directions. Such a behaviour may result from the geometry (e.g. ribbed slabs) or from
physical assumptions for a particular situation, for example, when determining deformations in a cracked plate
or when excluding vertical members from a horizontal stiffening system (e.g. masonry walls).

Whenever you need to adjust the finite element model accordingly to reflect such a behaviour in SCIA
Engineer, the orthotropic properties can be used. These orthotropic properties can be defined in two ways.

Orthotropy in the properties of a 2D member

=y

2D MEMBER (1) A
a~s g%

Mame D1

Layer Calquel “~ —_

Elementtype Standard
Element behaviour b
Type plate (90)
Shape
Material C25/30 :_.—:
FEMmodel [ERAN

FEM nonlinear model I Isotropic
Orthotropic

TRICKNESS [ype  CONStant ~

Thickness [mm] 200.00

Member system-planeat Centre
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Property modifier

INPUT PANEL #h Al workstations

Boundary conditions ~- @ Alltags -
20proPERTYMODIFIERs b A @ be W §§ A &
i =L oo =0 o0

& I

The difference is in the data you need to enter. In the orthotropy, the stiffnesses are defined directly, while in
the property maodifier, a factor is specified by which the isotropic stiffnesses are multiplied.

The property modifier is a bit more flexible because it does not depend directly on the properties of the modified
part. If you want to enter an uniaxially stretched plate, then you can do that for a 20cm thick plate and also for
a 30cm thick plate using the same values. The orthotropic properties require that you define separate
properties for each of the plates (20cm and 30cm one).

On the other hand, also the orthotropy has its advantages. It can be parameterized, and the program includes
a set of generators to help you with the input.

However, it is important to understand individual orthotropic parameters. The stiffnesses are defined with
parameters starting with a "D" or "d". The property modifiers ask for the following parameters for a shell
element:

B Stiffness factors 2D X
HEiEFE «» O @Bl A M
SFzD1 Name SF2D1
Description
Type Standard v

Correction factor for D11 1.000
Correction factor for D12 1.000
Correction factor for D22 1.000
Correction factor for D33 1.000
Correction factor for D44 1.000
Correction factor for 055 1.000
Correction factor for d11 1.000
Correction factor for d12 1.000
Correction factor for d22 1.000
Correction factor for d33 1.000

New Insert Edit Delete OK

The parameters beginning with "D" represent plate stiffnesses. The parameters starting with "d" are membrane
stiffnesses. The direction is derived from the direction of the local coordinate system.

e D11: Flexural stiffness in the "x" direction (bending)

» D22: Flexural stiffness in the "y" direction

» D12: Mixed stiffness of D11 and D22 (transverse contraction)

» D33: Torsional stiffness

» DA44: Shear flexural stiffness in the "x" direction

» D55: Shear flexural stiffness in the "y" direction

» d11: Normal membrane stiffness in the "x" direction (stretching)

» d22: Normal membrane stiffness in the "y" direction

» d12: Mixed stiffness of "d11" and "d22" (transversal contraction)

* d33: Shear membrane stiffness
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In case of a simple, isotropic plate, the stiffness can be expressed using the following formulas:

Plate direction | Membrane stiffness
B = D E -
11 — 22_12(1—V2) E-h
dic = dss =
11 22 1 — 2

Dy =v D11 - Doy
B3 diz = v-y/dyy - dyy
D33 = G'E

1
E d33=5-(1—v)-\/d11-d22

C=rawm

D44=D55= Gh
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* How to model a one-way slab in SCIA Engineer

A one-way slab is a slab that bears the load in one direction mainly. It can be a slab supported on two edges
only or a slab supported on four edges for which the bigger span length Ly is at least twice the smaller span

Lx. The design of a one-way slab will lead to reinforcement mainly in the bearing direction.

In a Finite Element software like SCIA Engineer, when the slab is supported on its four edges, the software
will by default consider it as a two-way slab. Since there is no predefined main direction for the bearing of the
load, the bending stiffness of the slab will participate in both x and y directions. In SCIA Engineer you can

easily define a one-way-bearing slab.

2D internal forces

Values: mx

Linear calculation

Load case: LC1

Extreme: Member

Salaction: All

Location: In nodes avg. on macro,
System: LCS mesh element

2D internal forces

Values: my

Linear calculation

Load case: LC1

Extreme: Member

Selection: All

Location: In nodes avg. on macro.
System: LCS mesh element

Figure 1: Bending moments in a two-way slab (on the left) and one-way slab (on the right)
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In SCIA Engineer, the input of a one-way slab can be done with orthotropy properties. Two types can be used
and are explained below.

* One-way slab using “two heights” orthotropy type

The example is made of a slab supported by beams and columns. In the slab properties, change the FEM
model to “Orthotropy”, edit the orthotropy property and select the type of orthotropy “two heights”. The input
data are the thickness of the plate for the calculation of the flexural stiffness in the x-direction, hi, and the y-
direction, h2. For a slab bearing mainly in the x direction (smaller span length in the example), h: should be
kept equal to the actual plate thickness (180 mm) and h: (thickness in y-direction) should be reduced.

=
2D MEMBER (1) Q
Name D1
e 8 Orthotropy b
Layer Calquel v =
-f & # Al v |
Elementtype Standard N L' i E ) O Y
ﬁ o1 Name 0T1 -
Element behaviour N :
I Type of orthotropy Two_heights v I
Type
s e Material C20/25 ¥
Sope 4+ Flexure
ool Y . Effective height, hi (x) [mm] 180
I FEMmodel Orthotropic » I I Effective height, h2 (y) [mm] 1 I

FEM nonlinear model none ~~ Torsion reduction coeff 1

Orthotropy  OT1 Shear reduction coeff 1.2
| D11 [MNm] 1.5188e+01

D22 [MNm] 2.6042&-06
D12 [MNm] 1.2578e-03

Member system-planeat Centre

Eccentricity z [mm]  0.00

LCS type  Standard D33 [MNm] 2.5156e-03
Swap orientation () ) D44 [MN/m] 1.8750e+03
LCS angle [deg]  0.00 = D55 [MN/m] 1.0417e+01

Figure 2: Parameters for a one-way slab using "two heights" orthotropy type

There is no specific rule regarding the value of h2. With smaller values of hz, the results will be close to the
following load distribution:

1D internal forces

Values: My

Linear calculation

Load case: LC1

Coordinate system: Principal
Extreme 1D: Member
Selection: All

Filter; Type of beam = Beam

Figure 3: Bending moment in the supporting beams of a one-way slab (on the left) and of a one-way load panel (on the right)
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The resulting moment mx in the slab is then close to a 1m-wide simply supported beam:

_qxl% 357

m, = 9,4kNm/ml

8 8

2D internal forces
Values: mx

Linear calculation
Load case: LC1
Extreme: Member
Selection: All
Location: In nodes avg. on macro.
System: LCS mesh element

Figure 4: bending moment mx in a one-way slab

194 MJ — 2023/10/02



* One-way slab using “one direction” orthotropy type

This type of orthotropy requires three input parameters and can also be used for modelling hollow core slabs:
the equivalent beam cross-section CSS, the spacing L used for the calculation of the flexural bending stiffness
in direction 1 (or x) and the concrete topping height h used for the calculation of the flexural bending stiffness
in direction 2 (or y). To model a one-way slab, a small value of h can be used. However, keep in mind, that h
is also used for the calculation of the self-weight of the slab.

For the equivalent cross-section, a slab-equivalent shape is used: “thickness of the slab” x “width of the beam”,
i.e. 180 x 1000mm. For the spacing parameter, as the slab is plain, the same value as for the width of the
beam is used, i.e. 1000mm.

B Orthotropy W
Rl e as O @0 A vy
a 0T1 Name OT1 ~
I Type of orthotropy One directionslab ¥ I
4 Flexure

Css €53 - Rectangle (180; 1000) v ...
CS5 spacing, al [mm] 1000
Material C20/25 v ..
| Height of slab, h [mm] 1 ]
D11 [MNm] 1.5309e+01
D22 [MNm] 2.5000e-06

D12 [MNm] ©.0000&+00
D33 [MNm] 2.5284e+00
D44 [MN/m] 1.9721e+03
D55 [MN/m] 1.0417e+01

Figure 5: Parameters for a one-way slab using "one direction" orthotropy type

1D internal forces 2D internal forces
WValusa: My Values: mis
Linear calculation Lirsaar s houlatson
Load case; LC1 Load case: L1
Coprdinate system; Principal Extreme: Member
Extrame 10: Member Salection: All
Sedectian: Al : Lecation: [n Hoces 8y, an macro. =
Filter: Type of beam = Beam Systermn: LES mesh elemant B
3 %
[+
o
N
- al
it .1J
i,

] Lo ]
e .

Figure 6: Bending moment in the supporting beams and in the one way slab using the type "one direction"

For small values of hz or h, both types give the same results for the bending moment in the bearing direction
and the load transferred to the supported beams.

There are still some differences between both orthotropy types. First, using “one direction” type leads to higher
values of bending moment on the secondary beams (parallel to the bearing direction). This is due to the
torsional moment component of the plate (D33) that is different between both types. Secondly, with “one
direction” orthotropy type, the self-weight of the slab is calculated based on the concrete topping thickness h
only. The total height of the slab is thus not accounted for and you have to add the missing part of the self-
weight manually in a permanent load case.
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