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Punching Shear Reinforcement

Reinforcing Concrete Slabs at Column Heads

The weight of aslab supported
on acolumn induces shear
stresses in the slab. These
stresses, if sufficient and where
additional reinforcement has not
been provided, would result in the
column ‘punching’ through the
slab. This punching shear is
similarlyinduced in the footing on
whichthe column bears.

N 2

Although punching shear can be
relieved by localisedthickening
ofthe concrete with downstand
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beams and enlarged column
heads, the construction of flat
slabs offers manyadvantages.
Aconsistent head space can
reduce the overall height of a
building and provide significant
timeandmaterial savings.

Used within aslab to provide
additional reinforcement around
columns,AnconShearfix is
theidealsolutionto the design
andconstructionproblems
associatedwith punching shear.

The system consists of double-
headed studs welded to flat rails,
positioned around the column
heador base. The shearload from
the slab is transferred through
the studsinto the column.
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Ancon Shearfix
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Usedwithinaslabto provide additional reinforcementaround columns,AnconShearfixis the ideal solution to
the design and construction problems associated with punching shear.

Thesystemconsists of double-headed studs weldedto flat rails, positioned around the column head or base.

The shear load from the slab is transferred through the studs into the column.

Shearfixis suitable for all column shapes and is easy to install either ‘top down’ or ‘bottom up’,

depending onuser preference.

Technical Approval

Shearfixhas beenevaluated by UKCARESfor
use in reinforced concrete slabs and
footings designed in accordance with BS
EN1992 (Eurocode 2).

TECHNICAL
APPROVAL

Shearfix

A
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Comparison with Shear Links

Ancon Shearfixoffers manyadvantages

over loose shear links. Links can be time-
consuming to both designandinstall.
AShearfix system is easily detailed with
Ancon’sfreecalculation program which
generates a layout drawing for inclusion in the
building plans and, rather than being installed
individually, these studs are supplied to site
welded to rails at the appropriate spacing.

Whencomparing links with studs, research has
shown that any additional material costs incurred
when purchasing aprefabricated stud system,
such as Shearfix, are generally far outweighed by
the savings from asignificantly reduced fixing
time; these systems beingup to ten times quicker
to install (source: British Cement Association:
Prefabricatedpunching shear

reinforcement for reinforced concrete flat slabs. BCA,
Camberley, 2001).

Corner column

geral@cortartec.net

Details for Specifying/Ordering
Shearfixsystems aredesigned to suitthe

specific load conditions at individual columns
and aretherefore manufacturedto order.
Tospecify and order an Ancon Shearfix system,
download the free design program at
www.ancon.co.uk or contact Cortartec/Ancon
for technical support.

The Ancon design program generates a 16 digit
reference code, which can be used to specify/order
Shearfix. Alternatively, should you wish to manually
specify each rail of studs please use the following
referencingsystem.

e.g AS12-3-150-180

Where,

AS= ShearfixCode

12 = Stud Diameter(mm)

3=Numberof studs

150 = Stud length (mm)

180= Studspacing (mm)

Note: Rail supplied with end distance equivalent to
0.5d (d = effective slab depth) where spacing is 0.75d
(0.6667xspacing). Other end distances available

upon request.

Building Information Modelling (BIM) For a

BIM Object of the Shearfixsystem, please visit [[%
www.ancon.co.uk/BIM or the NBSNational [ELY
BIMLibrary.

Project Management

Please contact Ancon if you would like help in
creating a Shearfix schedule and aprogramme for
delivery to suit progress on site. If advised at the
time of ordering, pallets can be packed in priority
ordere.g by pour number.

Ancon’s ‘Products for Structural Concrete’
division offers adedicated service to the
concrete sector. Contact the team on

+44 (0) 114 238 1410 with your Shearfix

enquiry.

(+351) 219 824 133
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System Components

TheAncon Shearfixsystemcomprises
double-headed studs welded to flatrails. It is
manufacturedto suit the specificrequirements of each
application. Thequantity of eachcomponent, the
dimensionsandspacings, andthe layoutpatternaround the
columnaredetermined by calculation.Ancon provides free
softwareto determinethe optimum systemdesign (see
pages8-9).

Double-headed Stud 10, 12, 16,
20 and 25mm diameters

Shearfix Studs Spacer Bars (Optional)

Studs aremanufactured infive diameters (10,
12,16, 20 and 25mm)from CARES-approved
B500C reinforcing bar. Theheadsarehot forged
to threetimesthe diameter of the bar. Studs
aremanufactured invirtually anylength to suit
thedepth of slab,but arenormally
formedinincrements
of 5Smmwithinthe 130-

Spacerbars should be usedwith ‘top

down’ fixing of rails whichrun parallel to T1
reinforcement. Thespacer bars aretied to the
mainT2reinforcement whereit is necessaryto
raisethe levelofthe studs as if placedonT1
bars.

Product Identification

Eachrail of studs carries anidentification code
generated by the Ancondesign program.To
ensurethe products and documentationcan be
cross-checked, these 16 digitreference codes
areused throughout the process from designto
installation. They appear on the calculation
summarysheet, the DXFlayout file, the parts list
andon eachphysicalrailwhen deliveredto site.

1000mmrange. The
barusedinthis system

hasacharacteristic
yield strength of
500N/mm2. Thefirst
andlaststud fromeach
production batchis

tested in-house to
Railsalso include other referencessuch as

column number or floor levelif provided atthe
timeof ordering.

ensurethecorrect
mechanical properties

aremaintained.

Shearfix Rails

Thestuds arewelded to therailat the centres
determined by Ancon’ssoftware or adesign
calculation. Therail performs no structural

function but ensuresstud alignmentand

positioningwithinthe slab.
Shearfixrails are manufactured from strips -
of steelwhichare 16mmwide x 3mmthick
onstudsupto 16mmindiameter and
20mmx5mmon the larger two stud 5
diameters. Therails featurerounded ends to ara :7— Vi
reduce the risk of injury during handling.

Thegap between the strips allowsfor the

‘Top down’ installation. Rail is tied to
the main reinforcement

passageof concrete during pouring and also = = —
enablesthe railto be nailedthrough spacers to
formwork whenfixed ‘bottom up’ i.e. prior

to allother reinforcement. . =

www.cortartec.net geral@cortartec.net (+351) 219 824 133
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Design Information: BSEN 1992 (Eurocode 2)

The design of punchingshearreinforcementis typically carried out inaccordance with the
recommendations contained in BSEN1992 (Eurocode 2). Shearfix designed to BSEN1992 can also
be applied to structuresdesigned to BS8110.

Theshearstressinthe concreteis calculated at the
columnface andatthebasiccontrol perimeter uy
(2dfromthe column face)

to determine whether punching shear

reinforcement is required.

Ifreinforcement is required, the position of the

outer control perimeter at which shear

reinforcement is no longer needed (Uoy) isthen
calculated. Studsarearrangedto startat0.3d or
0.5d fromthe columnface to within1.5d of the outer
control perimeter (Uo); intermediate studsare
positioned at 0.75d centres. The Anconsoftware
defaultsto astud startpointof 0.5d, although 0.3d is
availableasan option.

Aradiallayoutwillnormally provide the mostcost-
effective solution andrails can be

arranged with either 30° or 45° betweenthem.
Cruciformraillayout is also anoption. The tangential
spacingbetweenstudsiskeptto within1.5dfor studs

withinthe basiccontrol perimeter (4)and 2d for studs
outside the basiccontrol perimeter; additional
secondary railsareadded asnecessaryto comply
with thisrequirement.

Forinternal, edgeand comner columnswhere lateral
stability does not depend onframe actionbetween
slabsandcolumns,andwhere adjacentspansdiffer

beineffective andthe perimeter lengths will be
reduced. Aseries of rectangular or circular
openings canbe added around eachcolumn
usingthe Ancondesign program which

bylessthan25%,the recommended?valuesfrom
BSEN1992

canbeappliedto the designshearload Vgg.

H Pvalues aremostaccurately then calculates the required punching shear
) . . reinforcement.
determined onacase-by-case basis, taking the

columnlocation, geometry and loading Design Manual
conditions intoaccount. Inthe Anconsoftware, by AnAncon Shearfixmanualto BSEN1992
applyingthe moments, the program  calculatesthese (EC2)is available.Contact Anconfor a copy.
Plvalues automatically. Design Sheet
Alternatively, the ?valuescanbe calculated Inaddition to the Shearfixdesign program
manually andinput directlyintothe program. (seepages 8-9), adesign sheetisavailable
Openingsinthe slab to download from www.ancon.co.uk, which Anyopening within 6d of column
Wherethereareopenings inthe slab within6d ofthe allows engineersto summarisethe critical face mustbe considered
column face, asectionof the slab will details of their project and request technical
assistance with aShearfixdesign.
Topcover Topreinforcement Uo 2.0d U1 1.5dmax. Uout
| ‘ ‘ ‘
) 7 t : -
s :
kY ] —H— Stud %
< ] diameter s} ©
% ; &
' | : : § 3 i T
, _r
Bottomcover Faceofloaded area _ _
0.3d 0.75d 0.75d 0.75d 0.3d
0r0.5d max. max. max. or0.5d

www.cortartec.net geral@cortartec.net (+351) 219 824 133
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Research'suggests that punching shear stresses aregreater at column corners thanalong column
edges. This effectis more pronounced for larger or elongated columns.The current Eurocode does

not explicitly recognise this effect, although the latestModel Code 20102 and other publicationsdo.

The only limit inthe current Eurocode is the aspectratiowhich differentiates a column fromawall, i.e.

1:4(BSEN1992-1-1,9.5.1).

Ancon’s design program allows the designer to select between two options for dealing with large and elongated columns: “EC2” and “Best Practice”.
Ancon recommends “Best Practice” which reflects latest research findings and the rules in the widely-accepted Model Code 2010, as we believe this to
produce a more accurate design. Both options provide valid solutions, however there may be differences to the length and number of rails.

EC2
- i L v T ! T Ur
I I T W I
| | I 2 I | I 2d |
; Uo - Uo
a
b D
t
a2 a2 I | L2 | | L2 | |
— /L | | L
Where: - Where:
a1=min(a,4b) L1= min(L-D,3D)
Up=2a1+ 2b Up=2L1+ 7D
ui=2a1+2b+ 4nd u= 2L+ n(D+ 4d)
Best Practice
""""""""""""" /2 - */2 Us L/2 - fL/2 Uy
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PR — - UO _— ,»'/ ------------------ 1 fr— a \\UO
bi/2 a b1/2l 0 “
. b . \
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‘ a2 ‘ ‘ a2 S— —
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Where: Where:
a1= min(a,4b,3d) L= min(L-D,3D,3d)
b1=min(b,3d) Up=2L1+ nD
Up = 2a1 + 2b4 = 2L+ n(D+4d)

u1= 2a¢+ 2b; + 4nd

Thereis no limitto the perimeter length effective in resisting punching shearof acircular column as acircular column has no ends or comers at which the

shearstresses could focus.

1 Einpaul,J., Bujnak, J., Femandez Ruiz, M. and Muttoni, A. (2016). “Study on Infuence of Column Size and Slab Skendemess on Punching

Strength” ACIStructural Joumal, V.113, No. 1, pp. 135-146

2fib (2013). 7.3.5 Punching, Model Code for Concrete Structures 2010, pp.227-234
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Shearfix Punching Shear Reinforcement

Design Program (2018 Version5 Release)

Shearfixis designed to suit the specific requirements of each application. Ancon providesafree design
programto simplifythe specification and ordering of a Shearfix system.Anadvancedversionof this

softwarewasreleasedin 2018, version 5.

Thiseasy-to-use program allows the optimum
systemdesignto bedeterminedand generatesa
printable calculation sheet, a DXFfile and aparts list
of the specified layout.

Solutions canbe createdfor awiderangeof column
sizes, shapes andlocations including columnsoffset
fromedgesand corners.

Thefollowing combinationsof column shape and
location arepermissibleinthe Ancon Shearfix
DesignProgram.

Column shape
Column location [Rectangula Circular Oval
r
Internal 3 3 3
Edge 3 3 3
Corner 3 3 3
Re-entrant corner 3 3 7
Wallcorner 3 7 7
Wallend 3 7 7

Theprogram allows analysisto BSEN1992
(Eurocode 2).

Wherethereareopenings close to the column, a
sectionof the slab willbe ineffective and perimeters
willneedto be reduced; the Ancon design program
allowsthesereductionsto be applied to each
perimeter.

Theprogram requiresthe following information and is
requested inalogical sequence asthe userworks
throughthe‘input’ tabs:

® Columnshape
(circular,rectangular or oval)

® Columndimensions

® Columnlocation
(interior, edge, external corner, re-entrant
corner,wall cormer, wall end)

® Dimensionto concrete edge
(for offset corner and edge columns)

® Slabthickness

® Concrete grade

® Reinforcement sizeand spacing
® Coverto reinforcement

® Sizeandlocation of slab openings
® Shearload

® Applied moments

Thisfree program canbe downloaded from
www.ancon.co.uk or emailedon request. Contact
Anconon+44 (0)1142755224 or
info@ancon.co.uk.

www.cortartec.net

Latest Features of the Ancon Shearfix DesignProgram

Project Management

ProjectExplorer vy QX
AETETLY
4 | Project folder
7 Project
4 (§1 Positions
B Tﬂ 1st floor
1Y
g8
fc
#o
4 ¥ 2nd ficor
fa
fl A(opening 1)
#s
o
flr

TheAncon ShearfixDesignProgramcontains a
calculation managementtool, allowing multiple

columnlocations to be designed withinasingle
project file. Thecalculationscan bearrangedin
asystem of sub-directories to easeproject
management. Whenexporting design
information,anynumberof column locations
canbeincludedinabulkexport as
aPDFcalculation report, aDXFfileor aPDF
parts list.

Automatic bValue Calculation

Theload eccentricity factor, b, canbe
automatically calculated for anycolumn shape
or location, provided that the designer inputs
theapplied desigh moments.

Interactive 2D Graphic Display Aclear

2D graphic automatically updates asdata

is entered, illustratingthe column

and opening dimensions, andthe locations

of openings relativeto the column. Each
dimension canbe edited viathe 2D graphic or
viathe maininput window. Furthermore, it is
possible to ‘grab anddrop’ the openings via the
2D graphic.

Slab Openings

Anynumber of rectangular and circular
slab openings canbe applied to adesign
calculation and the software arranges the
designsolutionto suit.

Slab Reinforcement

Wherestructures contain multiple layersof
tensile slab reinforcement, the software will
automatically calculate the effective slab
depth and reinforcement ratio associated with
these (@amaximumoftwo layersof tensile
reinforcement in each orthogonal direction can
be accommodated).

geral@cortartec.net
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Example of multiple openings

- Reinforcement

@ Layer input Ratio input
heading of third column [spacing - |
| Direction Bar diameter spwng"
I ’ [mm] l [mm]
Y 16 150
Z 16 150
Y T——
z 12 150
|
[ Remove I \ Clear I
Reinforcement ratio p 1 [%] 1058
Effactive depth d [mm) 195

Example of multiple reinforcement layers

Help File

Ahelp file canbe accessed by Tr—n)

clickingthe ‘Help’ icon withinthe 9

design programor callAncon on 2
|__Help |

+44(0) 1142381410for advice.

(+351) 219 824 133
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Radial Design Example
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3D view in software

Cruciform Design Example
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TypicalRailArrangements
Shearfixis suitablefor awide range of columnshapesandlocations. Some

typical arrangements areshownhere.

Radial Layouts

Cruciform Layouts

B=or—=0—=xX

Installation Procedure

Ancon Shearfixis quick and simpleto install.
It can be fitted either ‘top down’ (after all other E. 5 == °

reinforcement) or ‘bottom up’ (prior to other
reinforcement).

“Top Down’ Fixing

¢ Fixall main reinforcement inposition

®  Place Shearfixrails around the column to the “Top down’ fixing
layout detailed on job drawings by passing
the studs through the reinforcement grid and
resting the carrier rails on the top layer of
reinforcement. Usespacer bars where
required —

seepage 5 for details

® Tierails with wire to main reinforcement and
pour concrete

‘Bottom Up’ Fixing

® Tierails with wire to concrete spacersin
order to maintain cover

®  Placerail and spacerunits around the
columnto the layout detailed on job

drawings E

¢ Hammer nails through gap inrails to fix the
systemto formwork

¢ Fixmain reinforcement in position and pour
concrete taking care not to displace the studs ‘Bottom up’ fixing

www.cortartec.net geral@cortartec.net (+351) 219 824 133
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Masonry Support Systems
Lintels
Masonry Reinforcement

Windposts and Parapet Posts

Wall Tiesand Restraint Fixings T O ETLRPARE [EcUE AR

INTERNATIONAL TRADE INNOVATION
2015

Channel and Bolt Fixings
Tension and Compression Systems
Insulated Balcony Connectors
Shear Load Connectors

( Punching Shear Reinforcement J

Reinforcing Bar Couplers

Reinforcement Continuity Systems
StainlessSteel Fabrications
Flooring and Formed Sections

Refractory Fixings

cortartec
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(+351) 219 824 133
Office:
Rua Casal dos Mortais, N210B,
Loja esq.
2625-692 Vialonga

The construction applications and details provided in this literature are indicative only. In every case, project working
details should be entrusted to appropriately qualified and experienced persons.

Whilstevery care has been exercised in the preparation of this document to ensure that any advice, recommendations or
information is accurate, no liability or responsibility of any kind is accepted in respect of Ancon.

Witha policy of continuous product development Ancon reserves the right to modify product design and specification
without due notice.

© Ancon
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