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Theoretical background

1. 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, the user 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:

e Check of the the shear resistance at the face of the column noted uo, and at the basic control
perimeter named us.

o 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:
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https://help.scia.net/webhelplatest/en/krs/attachments/theory_na_en_1992_enu.pdf
https://help.scia.net/webhelplatest/en/krs/attachments/theory_na_en_1992_enu.pdf

2. Load distribution and basic control perimeter
Basic control perimeter uix

The basic control perimeter ui is taken at a distance 2d from the loaded area, where d is the effective depth.
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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> 1

| B B ’ 1.12
I ] [ ? Lf V(h.l)

NP A i [A]- opening

In SCIA Engineer, openings inputted in the Structure menu are automatically considered according to the
previous criteria.

Effective depth det

The effective depth of the slab, is assumed constant and is calculated according to formula 6.32 from
EN1992-1-1:

d - (d, +d,)
2

where dy and d: are the effective depths of the reinforcement in two orthogonal directions.
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3. 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:

* Vg, Uesign value of the shear resistance of a slab without punching shear reinforcement along

the control section considered

* Vg4 design value of the punching shear resistance of a slab with punching shear reinforcement

along the control section considered
* Veyma 3€SigN value of the maximum punching shear resistance along the control section considered

Then the following checks should be performed.

Check at the column perimeter uo

At the column perimeter uo, or at the perimeter of the loaded area, the maximum punching shear stress should
not be exceeded.

<
VEdO_ VRd,max

VEdo design shear stress at the column perimeter uo
VrRdmax = 0.4 v -fcd
v =1 - f« /250

Check at the basic control perimeter uz

At the basic control perimeter uz:
e Ifv,Sv,.  Punching reinforcementis not needed

e Ifv>vg,. Punching reinforcement is needed

The punching shear resistance of a plate Vra,c is calculated according to formula 6.47, EN1992-1-1:

Vase = Crae k (100 )" + KOy 2 (Voo + K10 )

cp =

In SCIA Engineer, normal concrete stresses are not taken into, so ki . ocp = 0. This results in the following
formula:

Vage = Crack (100p £,)"° > Viin
Crd,c =0.18/ Yc
k=1+ 22—022,0 d inmm
o] average reinforcement ratio in specific distance around column
fek characteristic concrete compressive strength in MPa
Vmin =0.035 - k32 - fyl/2

The maximum shear stress v_, is calculated for considered control perimeter ui according to clause 6.4.3(1)
as follows:



V,
VEdzﬁﬁ

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 3-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 3
may be used according to clause 6.4.3(6).

In SCIA Engineer, the user 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

Those values might be different according to the National Annexes and can be viewed in the National Annexes

setup:
Concrete setup
= EC-EN 5 ULS ”
= Concrete
[ General # General
i -Concrete = [Punching
Non-prestressed reinforcement R
: = National annex
Prestressed reinforcement
i Durability and concrete cover 8 CRn c
uLs
\_?‘ Value [-] 0.18
: m & k, - factor considering effects of axial loa
E‘ Value [ 0.10
i -General
{-Prestressing = Vi - min. value of shear resistance
(1 Allowable stress Formula Formula
| ~Stress limitation during tensioning
SLS stress limitation VRd,max ~ design value of max. shear resist
(1 Detailing provisions Formula Formul
Common detailing provisions
Columns Byt - coeff. to increase shear stress aroun
-Beams Value [-] 1.15
2D structures and slabs )
Punching Bedne - coeff. to increase shear stress aro
Value [-] 1.40
ﬁcor - coeff. to increase shear stress arour
Value [-] 1.50
& kpay - factor limiting shear capacity of ap
Value [-] 1.50
& kg - factor defining placement of last pe
Value [-] 1.50
 SLS
# Allowable stress
# Detailing provisions v
Refresh Load default NA parameters Cancel

Otherwise, as described in art 6.4.3, the B-factor can be calculated by the following general formula:
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Medy Uy )’ ( Mea: U, )‘
=14 [k ] e
F (“f Veo Wyy) Ve W
Calculation of B-factor with general formula can be set in Concrete setup > Punching:

National annex:- ‘ Find ‘ ‘View v‘ |Advanced| ‘ Default ‘
Description Symbol Value Default  Unit Chapter  Code Struct...  CheckT...
<all> D <all> D <all> D <all> D <all> D <all> D <all> Q <all> D
[ Solver setting
General
Internal forces
Design As
Interaction diagram
Shear
Torsion
[~/ Punching
» Type of Beta factor Type B a... 6.4.3(3-6) EN 1992-1-1 Plate Solvers...
[= Control perimeter .
Distance of control perimeter for ceiling plate coeffk,, ok I DIN EN)_‘I‘ - 6.4.2(1) EN 1992-1-1 Plate Solvers... I
Distance of control perimeter for foundation plate coeff kmUu 2.00 2.00 - 6.4.2(1) EN 1992-1-1 Plate Solvers...
Distance from column face to consider openings  coeff k. 6.00 6.00 - 6.4.2(3) EN 1992-1-1 Plate Solvers...

open

T Chrace limitatione

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):

_ PV
Viea _cd

uauf.@f
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:

(vEd,ul — 0.75 - vRd,c)- ul - sr
1.5 - fywd, ef

Asw,req =

fywaet  effective design strength of the punching reinforcement acc. 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 . Uq 1ast . Us 1ast
ns = max { ) ; }
h ds St,max,ul St,max,out

ds diameter of shear link

U1, last

condition of maximum allowed tangential spacing of links of reinforcement perimeters placed within

Stmax,ul

the basic control perimeter (uiast is length of last perimeter of shear reinforcement there)

st condition of maximum allowed tangential spacing of links of reinforcement perimeters placed outside

St,max,out

the basic control perimeter (us,ast is length of last perimeter of shear reinforcement there)
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In SCIA Engineer, limitation of spacing Stmaxui and Stmax.out are set in Concrete setup > Detailing provisions >
Punching:

ational anne [ | Fing || view = | |Advanced | Default
Description Symbol Value Default Unit  Chapter Code Structure | CheckType  ~
<all> D -l D < D ar 0=« 0 <l D -l P < O ar 0
+ Cracking forces
+ Deflections
— Detailing provisions a
1+/ Beam (Rib) a
[/ Beam slab -
[ Column ]
1] Plate, Shell{Plate) a
1+ Wall, Shell(Wall) a
[ Deep beam a
! Punching
Check min. shear reinforcement v v 94.3(2) EN1992-1-1  Plate Solver sett
Check distance of the first perimeter of shear links v v 943(14) EN1992-1-1  Plate 1
Min. distance from column face coeffsy .. 030 0.30 - 9.4.3(1) EN1992-1-1  Plate
Max distance from column face coeff sy, 050 0.50 9.4.3(4) EN1992-1-1  Plate
Check max radial spacing of shear links v v 943(1) EN1992-1-1  Plate
i Wil 075 - 94.3(1) EN1992-1-1  Plate
Check max tangential spacing of shear links v v 9.4.3(1) EN1992-1-1  Plate
Max. tangential spacing within the first control perimeter coefl § oy 150 1.50 9.4.3(1) EN1992-1-1  Plate
Max_ tangential spacing outside the first control perimeter coefl s, - e 200 200 - 9.4.3(1) EN1992-1-1  Plate
Check minimum number of penmeters of shear links v v 943(1) EN1992-1-1  Plate
Min. number of perimeters of shear links [L— 2 2 9.4.3(1) EN1992-1-1  Plate v

The last condition, which must be fulfilled acc. to clause 9.4.3(2) is minimum reinforcement area of single
shear link Aswi,min acc. to formula (9.11):

_ 0.08 - fck/fywk TSt St
Aswl,min - 15

Sr spacing of shear links in the radial direction
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St spacing of shear links in the tangential direction

The final designed area of each perimeter of shear reinforcement around the column is:

Asw=nNs - mT-ds?2/42ns- Aswl,min
The required number of shear reinforcement perimeters around column, nper, is determined based on clause
6.4.5(4), which specifies that the outermost perimeter of shear reinforcement, as,ast = So + Sr - Nper, Should be
placed at a distance not greater than Kout - deft Within uout. The following formula for nper is derived:

Nper = [(Qout - So - Kout * deff) / Sr] + 1 = Nper,min

Kout 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 setup > Detailing provisions > Punching.

Aout 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

10



Punching Design in SCIA Engineer

1. 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
Name Case Punching Punching UCvwrdmax UGdc Shear UGwd,cs  UCasw,det uc Errors,
case shape [-1 [-1 reinforcement [-1 [-1 [-] warnings,
perimeters notes
N61  |ULS/1 |N/A N/A 3.00| 3.00 [N/A - - 3.00 W6/131
NOT OK
N63 ULS/1 |N/A N/A 3.00 3.00 [N/A - - 3.00 We/124
NOT OK
Concrete

Name Case Punching Punching Ve Medy Plate Material des Uo  VEduo VRdmax

case shape [kN] [kNm] h [mm] [m] [MPa] [MPa]

Medz [mm] m Ui Vedul VRd,c

[-1 [kNm] [%] [m] [MPa] [MPa]
N61 ULS/1 [N/A N/A - - N/A N/A - - - - 3.00
- - - - - - - - 3.00
N63 ULS/T |[N/A N/A - - N/A N/A - - - - 3.00

E/W/N Present on members
W6/131 | N6l

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.

2. 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 the user can choose between 2 types of reinforcement for the punching check/design:
e As, required — calculated by the software for a specific load combination

e As,provided — user set in Reinforcement design > Design defaults

NOTE: practical reinforcement inputted by user manually in Reinforcement input+edit > Reinforcement 2D is
not considered for punching design!

The choice between As,required and As,provided is done in the Properties window for Punching design:

11
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Concrete & X Properties a X

. . - \jﬁ \,7
IE Concrete settings (structure) Punching design (1) H

IE Reinforcement drawing setting
Setting per member Name Punching design ~
&
+ Re.sults tools 2D - = Selection
=& Reinforcement design )
IE Design defaults Type of selection Current
i 1D members Filter No -
=% 2D members = Result case
O]
- Internal forces Type of load Combinations -
He gaaian (ULS)
Combination ULS -
i Reinforcement input+edit = Reinforcement

k= Rainforcement check (ULS+SLS)
Section Check - results

Type of reinforcement  [REsIIGE]

Averaging of peak Required

Location L .
System LCS mesh element
IDS_WP_LogCalculation
= Extreme
Extreme Global -
Values uc v
I VN S 'S ' h
Actions
Refresh >>>
New combination from Combination key >>>
Table results >>>
New |Close
“i\_l Preview >>>

3. 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 mm?2

Plate and columns are connected to each other by means of the action Connect members/nodes.

Loading:

*Load cases

SW: Self weight

DL: Dead Load = Surface load -1 kN/m? + Line force on edges -1 kN/m
LL: Live Load = Surface load -1 kN/mz2

LL1: Additional case for further study= -25 kN/mz, 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

12



Work method

The Punching Design command can be selected in the tree menu of service Concrete > Reinforcement
design > 2D members. 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:

Concrete rox

| Concrete settings (structure)
IE! Reinforcement drawing setting
Setting per member
w5 Results tools 2D
= & Reinforcement design
| Design defaults
i1 10 members
= U4 2D members
8% Internal forces
{8 Reinforcement design (ULS)
IF Punching design
G Reinforcement input+edit
IE Reinforcement check (ULS+5L5)
Section Check - results

13
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Properties @ =
Punching design (1) [-] 8 W
«
Name Punching design
= Selection
Al i
Filter Mo -
= Result case
Type of load Combinations -
Combination uLs h
= Reinforcement
Type of reinforcem... Required -
Averaging of peak |V
Location In nodes avg.
System LCS mesh element
ID5_WP_LogCalculat...
= Extreme
Extreme Mode -
Values uc -
= Qutput settings
Qutput Brief -
Print explanation o...
Print combination ... ¥
= Errors, warning...
Show Information ...
Show errors Mone -
Show warnings Mone -
Show notes Mone -
Actions
Refresh 23>
Mew combination from Combinati... =>2>>
Table results >
Preview 23>

e Set the type of Selection to ALL, the Type of load to Combination ULS and the type of
Reinforcement to Required then click Refresh
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).

14

= Green: Shear capacity without reinforcement is sufficient (UCvrac< 1.0 and
UCde,max < 10)

» Blue: Shear capacity with shear reinforcement is sufficient (UCvrac > 1.0 but
UCde,cs < 10)

= 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

Linear calculation
Combination: ULS
Extreme: Node
Selection: All

B

| | |
oo c-—fme c-=oe.z—c-—f1m

mlic

073- | =

C =

@ue=0.99

~[ B Be=nl006

0.45

L | _
B e =0 - c-=1.439c-=r05;.t—c-=~1m
| | |
| | |
| | |
| | |
| : | |
L@ |
1 =057- - UC=052- : :
3 (@vcﬂk ﬂ———@c +.00
000 A5 m/

e 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:

=  Brief - contains just a summary table with basic results

Punching design
Linear calculation

Combination: ULS
Extrerme: Mode
Selection: Al
Summary
Shear UCvrdes LI fesw, det
reinforcement [-1
perimeters
ULS/1 |Corner Rectangle 3x 708(radl)
column (300:300) B0+2x80=240 oK, BUT
M20 ULS/1  |Corner Rectangle 0.86 1.02 |3x 7@8(radial) 0.68 1.001.00
column (300;300) B0+2x80=240 oK, BUT
MNS3 ULS/1  |Internal Circle (400} 0.37 1.10 | 3x 9O@8(radizl) 0.74 1.001.00
column 80+2x80=240 Ok, BUT
M55 ULS/1 |Internal Circle (400) 0.12 0.37 [not required - 0.37
colurnn 0Ok
MNS7 ULS/1  |Internal Circle (400} 0.37 1.11 |3x 9@8(radial) 0.74 1.001.00
column B0+2x80=240 Ok, BUT
MN5G ULS/1  |Internal Circle (400} 0.34 1.02 |3x 908(radizl) D.68 1.00|1.00
column 80+2x80=240 Ok, BUT
MN61 ULS/1  |Internal Circle (400) 0.17 0.52 |not required - 0.52
column 0K
MNE3 ULS/1  |Internal Circle (400} 0.37 1.10 |3x 9@8(radial) 0.73 1.001.00
column B0+2x80=240 Ok, BUT
N8 ULS/1 |Edge column  [Rectangle 0.43 1.00 |3x 8@8(radial) 0.67 1.00|1.00
(300;300) 80+2x80=240 oK, BUT
REN ULS/1 |Edge column  [Rectangle 0.43 0.99 |not required - 0.99
(300:300) oK
N95 ULS/1 |Corner Rectangle 0.22 0.45 |not required - 0.45
column (300;300) oK
N97 ULS/1 |Edge column  [Rectangle 0.40 0.94 |not required - 0.94
(300;300) oK
{EE] ULS/1 |Edge column  [Rectangle 0.42 0.99 |not required - 0.99
(300;300) oK
N101 ULS/1 |Corner Rectangle 0.27 0.57 |not required - 0.57
column (300;300) oK
K103 s |Fdne rolumn [Rectanals na3? n.732 Inot reauirad - n.73

15
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= Standard - contains the same summary table as in Brief output supplemented by
additional tables providing further semi-results

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: Mode
Selection: Me1
Summary
uc
case shape [-1 [-1 reinforcement [-1 [-1 [-1
perimeters Check
0.56 |not reguired

Mame Case Punching Punching UCvRdmax  UCvRac Shear UCvraes U ssw,det

‘k. LS/1 |Internal Circle (400)
column

oK

We can see that the UC<1, lets look at the standard output for this node:

Punching design

Linear calculation
Combination: ULS
Extreme: Node
Selection: N61
Summary

Name Case Punching Punching UCvrdmax  UCvRde Shear UCvRaes UG Aswdet uc

case shape [-1 [-1 reinforcement [-1 [-1 [-1
perimeters Check
0.56 |not required

ULS/1 |Internal Circle (400)
column

oK

Concrete
Punching Punching Vea MEeg,y Plate  Material der Ug VEduwt VRdmax UCyRamex
case shape [kN] [kNm ] h fen [mm] [m] [MPa] [MPa] [-1
B M Ed,z [ mm] [MPa] M U1 V Edyut V Rd,¢ UCvrd,e
[-1 [ kNm | [%] [m] [MPa]l [MPa] [-1

ULS/1 |Internal Circle (400) 0.38 |Ceiling  |C30/37
colurnn 1.15 10.32 |200.00 |20.00 0.33 | 3.192 0.30 0.54 0.56

We can see that Vedu1 = 0.30 MPa < Vrdc = 0.54 MPa 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:

16



Punching design

Linear calculation
Combination: ULS
Extrerne: Mode
Selection: N59
Summary

Mame Case Punching Punching  UCwRamax  UCwRd.c Shear
case shape [-1 [-1 reinforcement

perimeters
Circle (400} 3 1.09 |3x 1008(radial}
column 70+2x90=250 0K, BUT

Concrete

Punching Punching Vea MEd,y Plate  Material o Ug VEdud  V Rdmax
case shape [kN] [kNm ] ] fea [mm] [m] [MPa] [MPa]

B M Ed,z [ mm] [MPa] m uL V Ed,ul VRd,e
[-] [ ktim ] [%] [m] [MPa] [MPa]
LS/1 Circle (400) 25.08 |Ceiing  |C30/37 .
column 1.15 0.42 200,00 |20.00 0.38 ] 3.192 0.59 0.54 1.09

Reinforcement

Stul Control perimeters  Material A, [T

reinforcement [mm] (distance/capacity) £ ywd,ef [mm'.?] [ mm?2] [MPa]

perimeters St out Aswtmin | Aswiot | KmnaxVi,e
[ mm] [mm2] [ mm2] [MPa]

70+2%80=250 355 283 288.5 15 1508 0.81 0.92

We can see here that Ved,u1 = 0.59 MPa < Vrda,c= 0.54 MPa and the UCyrd,c=1.09 > 1.

So shear reinforcement needs to be designed. The final value is Aswtot = 1508 mm?2 which take into
account detailing provisions.

The control parameter is displayed in blue colour.

You can also show the Asw.tot graphically:

Properties 3 x 1 punching design
|P””cm”9 design (1) Bhﬁ Vi # Values:riu,m'g
P Linear calculation
Combination: ULS
MName Punching design Extreme: Node
B Selection Selection: N5

Type of selection Current -

Filter No -
= Result case
Type of load Combinations -
Combination uLs - .
= Reinforcement QE
Type of reinforcem... Required - c%
Averaging of peak ¥ 8
Location In nodes avg. ‘\_I
System LCS mesh element 5
IDS_WP_LogCalculat... [~ =
= <
Extrerne Node -
Values Aswy tot -

= Qutput settings
Output Standard -
Print explanation 0. |

Errors, warning...
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Use of Provided Reinforcement

Lets add some provided reinforcement to the plate.
In the Concrete Main tree go to: Reinforcement > Design Defaults :

Concrete X

Concrete settings (structure)
Reinforcement drawing setting
Setting per member
W% Results tools 2D

(oo

% 20 members

G Reinforcement input+edit

H Reinforcement check (LILS+5L5)
Section Check - results

Activate the provided template for the plates in Reinforcement design > Design default:

| Design defaults o x
| nationatznnex: [ Find ‘ ‘ View v‘ ‘ Standard | | Defauit | ‘ Begak
—_— ol = Defast | ™ Provided reinforcement (design) %
al> D > D al: D al> o ¥ -
£ Design defaults BB B oo wESE
Beam (Rib) Plate_Basic_Lower A
Beam s
Column Plate_Basic_Add_L...
E g“&;‘i‘:") Plate_Basic_Add_B...
Use a template of provided reinforcement Plate Basic AddLis... ,
}  Tempiate of provided reinforcement (Plate) Plate_Basic - Pl faimio—r Plate_Ban,
= Upper (z+)
e Typestu Auto Ao | Description | Only ba...
Angle of reinforcement of first upper layer atu 0.0 0.00 Membert... Plate, Sh..
Angle of reinforcement of second upper layer @z 9000 000 | Crosssect.. Rectangle
= Lower () Mode Standard
Type of cover of lower suface Typeeti Auto A
‘Angle of renforcement of firtlower layer ail 000
Angle of reinforcement of secend lower layer a2 930.00
= Shear
Diameter of shear reinforcement E] g
Amange perimeters of shear links automatically v v
£ Wall, ShellWall). Deep beam
= Longitudinal
Use a template of provided reinforcement v v
Template of provided reinforcement (Wall Wal_Basic Wall_B=:
Template of provided reinforcement (Deep bearm) DespBeam_B... .. Despieq
© Both
Type of cover of beth sufaces Typeer Auto Ato
‘Angle of reinforcement of is layer ai 000
Andle of renforcement of second layer @ 90.00
© Shear
Diameter of shear reinforcement E] g
[ New || nsen |I B4 | l’;e\ets [ ok |
[
ok || Cancel

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 16mm with a spacing of 150mm.
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- | | wac nepave
Value Default Unit Chapter Code Structure CheckType | ‘ ‘ T Normal... = [ Select~
~

D al> 0 al> 0 a0 = o= =
i X

Provided reinforcement (design) edit - Plate_Basic_Both

e — -

[ Provided reinforcement {design) Mode Standard -
Defintion of Basic reinforcement: By Diameter B

Plate_B L A Bafic reinforcement Additional reinforcement
ate_basic_Lower
P\atE_Ba;ic_Both Surface ..} Diameter @ Spacing Frea Type Diameter = Spacing Area
Plste_Basic_Add_L... Imm] [mm] [mm”2/m] | - [mm] Imm] [mm*2/m]
Plate_Basic_Add_E... Upper [1-]§16 150 1340 Fix 10 0 [1]

s Upper [2+]16 150 1340 Foe 10 0 ]
Plte Basic Addis- Lower [11 |16 50 1M0 R 10 0 0

Lower [2] R16 150 1340 Fic 10 0 1]

Description  Only ba...
Membert... Plate, Sh..
Cross-sect., Rectangle
Mode Standard

&

Mew Insart Edit Delete E}

R

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 UCwrd,max  UCwRd,e Shear UCwRaes  LIC e, et

case shape [-1 [-1 reinforcement [-1 [-1
perimeters
0.82 | not required

ULS/1 Circle (400)
column

0K

Concrete
Punching Punching Vea MEed,y Plate Material der Up VEdud  VRamax UCurdmax
case shape [kN] [kNm ] h fea [mm] [m] [MPa] [MPa] [-1
MEdz [ mm] [MPa] m Ui V Ed,ul VRd,e UCvra,e

B
[-1 [kNm ] [%] [m] [MPa] [MPa] [-1

Circle (400) 25.08 | Ceiling
colurmn 1.15 0.421200.00 (20.00 0.87 ] 3.192 0.29 0.71 0.83

We can see that Veq,u1 = 0.59 MPa < Vra,c= 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 in red

Change the Type of Result to Load Case LL1 and display the result for node N59:

Properties

T x i
“ Punching design
Punching design (1) [ 5 W 7 Values: UC
L& x Linear calculation
Load case: LL1

Name Punching design Extreme: Node
= Selection Selection: N59

Type of selection  Current -

H Result case
Type of load Load cases

Type of reinforcem... Provided -
Averaging of peak ¥/
Location In nodes avg.

F i !
/ 3
£ 1]
System LCS mesh element P =
IDS_WP_LogCaleulat... | £
) Extreme f
Extreme Node -
Values uc -
= Output settings
Output Standard -
Print explanation o... |

= Errors, wamming...

Show Information ... [

Show errors None -
Show warnings None -
Show notes HNone -

Control perimeter is now displayed in red and the UC =1.48 > 1.

Take a look at the Standard Output:

Punching design

Linear calculation
Load case: LL1
Extreme: Node
Selection: N59
Summary

Name Case Punching Punching UCwRdmsx UCwrac Shear UCvraes  UC s, det uc

case shape [-1 [-1 reinforcement [-1 [-1 [-1
perimeters Check

Circle (400) 2.22 |7x 2608(radil)

column 70+6x110=730 NOT 0K

Punching Punching Ved Meg,y Plate  Material derr U Veduo  VRdmax  UCiRd,max
case shape [kN] [ kim ] ] fea [mm] [m] [MPa] [MPa] [-1
B M e,z [ mm] [MPa] m 1 VEd,ul V Rd,c UCvrac
[-] [ klm ] [ %] [m] [MPa] [MPa] [-]
Circle (400} 66.83 |Ceiing [C30/37 . .
column 1.15 5.06 |200.00 |20.00 0.87 | 3.192 1.58 071 2.22

Reinforcement

Shear Ut Stul Control perimeters Material = Asw,req B V Rd,es
reinforcement [im] [mm] (distance/capacity) fywd,er [mm?] [mm2] [MPa]
perimeters A out Stout [MPa] Asnimin | Aswint | KoaxW e

[mm] [ mm] [mm32] [ mm?2] [MPa]
7x 2608(radial) 118 |308/148%, 616/92%,
70+6x110=730 225 |924/67%

We can also show the errors and warning in the output by checking this option in the properties window:
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Properties ax
A
g & &
Narme Punching de..
= Selection
Type of selection Current  ~
Filter No v
=/ Result case
Type of load Load cases ~
Load case [18] v
=l Reinforcement
Provided -

Type of reinforcement

Averaging of peak

4 Punching design| .
Values: UC
ar calculation
Load case: 117 |
Extreme: Node —

-
\L
v
f

N100

M= _ NIO4
Pl M=o el S

Report preview

e SR

Selection;/N59 M105 e
’ 108 D P -
s

N55
N53
DR
. Tl
- Jfisa R
S p -
e N51‘~\ Aiem

KkmaxVrd,c ~ UCasw,det

Loation 4 & & R Dt - A0 ®
System oTcere
IDS_WP_LogCalculation 2 perimeters Aout St,out Aswimin  Asw,tot
= Extreme [mm] [mm] [mm2] [mm2] [MPa]
Extreme Nede - 9x 33@8(radial)
Values uc ’ 80+8x120=1040
= Output settings
Output Standard  ~ E/W/N Present on membel
Print explanation of symb... | W6/102 | N59
Errors, warnings and . [we/117 | N59 |
|
Show warmings Al . W6/102 | Punching shear resistance at the basic control perimeter |To avoid design of shear reinforcement try to increase
Show notes In extremes | v (vRd,c) is not sufficient acc. to §6.4.3(2). Punching shear |the amount of longitudinal reinforcement (by using
[ i it sxplonat] i isrequ] i 2
W6/117 | Punching resistance of plate with designed shear Use higher grade of material or increase the thickness
reinforcement (vRd,cs) is not sufficient_acc. to 1)._of the plate,
N6/102 Normal concrete stresses (sgm,cp) are neglected in the
calculation of punching shear resistance (vRd,c) acc. to
§6.4.4(1).
N6/111 Capacity of designed shear reinforcement (vRd,cs) is

21



