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The Concrete Centre

Designing for shear in slabs

* When shear reinforcement is not required - e.g.
usually one and two-way spanning slabs

* Punching shear - e.g. flat slabs and pad foundations

Shear (((mpa

The Concrete Centre

There are three approaches to designing for shear:

When shear reinforcement is not required e.g. usually slabs

When shear reinforcement is required e.g. Beams, see Lecture 3

e Punching shear requirements e.g. flat slabs

The maximum shear strength in the UK should not exceed that of
class C50/60 concrete
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The Concrete Centre

Shear resistance without shear
reinforcement

Without Shear Reinforcement (((mpa

The Concrete Centre

EC2: Cl. 6.2.2 Concise: 7.2
Vra,c = [0.12k(100 p Sad3 + 0.150,,] b, d (6.2.a)
with a minimum of
VRd,c = (0.035k3/2f, 12+ 0.15 Ogp) b, d (6.2.b)
where:
k =1 ++(200/d) < 2.0
o) =A,/b,d <0.02
Ay = area of the tensile reinforcement,
b,, = smallest width of the cross-section in the tensile area [mm]
Co = Ngg/A. < 0.2 f4 [MPa] Compression +ve
Ngg = axial force in the cross-section due to loading or pre-stressing [in N]
A = area of concrete cross section [mm?2]
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Shear - vpq . (((m

- Concise Table 7.1 or 15.6

pa

The Concrete Centre

0= Effective depth, d (mm)

025% 054 052 050 0.48 047

CheCk vEd < VRd,C 050% 059 057 056 055 0.54

0.75% 068 066 064 063 062
Where Vg4 . is shear resistance of
members without reinforcement

1.00% 075 072 071 069 068

125% 080 078 076 074 073

— 1/3 150% 085 083 081 079 0.78
Ved,e =0.12 k (100 p, fe)
175% 090 087 085 083 082
2 0.035 k15 £,,05
200% 094 091 089 087 085
Where VEd > VRd’c, 250% 094 091 089 087 085

shear reinforcement is required
and the strut inclination method
should be used

045

0.52

0.59

065

071

0.75

0.79

0.82

0.82

VRa,c Fesistance of members without shear reinforcement, MPa

A Effective depth, d (mm)

(bd) % | <200 | 225| 250| 275| 300| 350| 400| 450| 500| 600| 750
0.25 ﬁ 54Y 0.52| 0.50| 0.48| 0.47| 0.45| 0.43| 0.41| 0.40| 0.38] 0.36
0.50 | 5] 057| 0.56| 0.55| 0.54| 0.52] 0.51| 0.49| 0.48] 0.47] 0.45
0.75| 0.68| 0.66| 0.64| 0.63| 0.62| 0.59| 0.58| 0.56| 0.55| 0.53| 0.51
1.00| 0.75| 0.72| 0.71| 0.69| 0.68| 0.65| 0.64| 0.62| 0.61| 0.59| 0.57
1.25| 0.80| 0.78| 0.76 | 0.74| 0.73| 0.71| 0.69| 0.67| 0.66| 0.63| 0.61
1.50| 0.85| 0.83| 0.81| 0.79| 0.78| 0.75| 0.73| 0.71| 0.70| 0.67| 0.65
1.75| 0.90| 0.87| 0.85| 0.83| 0.82| 0.79| 0.77| 0.75| 0.73| 0.71| 0.68
2.00( 0.94( 091 0.89| 0.87| 0.85| 0.82| 0.80| 0.78| 0.77| 0.74| 0.71

k 2.00| 1.94| 1.89| 1.85| 1.82| 1.76 | 1.71| 1.67| 1.63| 1.58| 1.52

Table derived from: vy, = 0.12 k (100gff,)"/3")0.035 k'3 £,05 where k = 1 + /(200/d) < 2 and p, = A/ (bd) < 0.02

Note: This table has been prepared fopé: 30. JWhere p, exceeds 0.40% the following factors may be used:

o 25| 28| 3z 35| 40| 45| s0
factor | 0.94| 0.98| 1.02| 1.05| 1.10| 1.14| 1.19
(tmpa
Shear in Slabs (( b

The Concrete Centre

; Effective depthd(mm) |
Most slabs do not require shear
reinforcement | s QEEMQE@M

043 041 040 038 0.36

051 049 048 047
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The Concrete Centre

Punching shear

Punching shear symbols

u; =it perimeter
u, = basic control perimeter at 2d
u;. = reduced basic control perimeter

U, = column perimeter
d = average effective depth

k = coeff. depending on column shape -see Table 6.1
W, = a shear distribution factor - see 6.4.3(3)

Punching Shear (((mpa

The Concrete Centre

EC2:Cl. 6.4 Concise: Figure 8.3

Punching shear does not use the Variable Strut inclination method
and is similar to BS 8110 methods

» The basic control perimeter is set at 2d from the loaded area

» The shape of control perimeters have rounded corners
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» Where shear reinforcement is required the shear resistance is the
sum of the concrete and shear reinforcement resistances.
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Punching Shear (((mpa

EC2: Cl. 6.4.3 & 6.4.4 fhe Concrete Centee
6.4.3 (2)

(b) Punching shear reinforcement is not necessary if:

VEd < VRdc

When calculating vgq :

6.4.4 (1)
n = \.‘Jp\y ) =0,02

pu. Pz relate to the bonded tension steel in y- and z- directions respectively. The values
py and p should be calculated as mean values taking into account a slab width

equal to the column width plus 3d each side.

(((mpa

P u n Chi n g S h ear The Concrete Centre

The applied shear stress should be taken as:
Veq = BVeq/u;d where =1 + k(Mgy/Veg)u, /W,

For structures where: a
 B=15

« lateral stability does not 3

depend on frame action

» adjacent spans do not differ
by more than 25%

the approximate values for - B=14 - B=115

S shown may be used: \\
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P u n Chi n g S h ear The Concrete Centre

Where the simplified arrangement is not applicable then £ can be
calculated

For a rectangular internal column
with biaxial bending the following
simplification may be used:
B=1+1.8{(e,/b,)* + (e,/b,)?30>

where b, and b, are the dimensions
of the control perimeter

For other situations there is plenty of guidance on determining S
given in Cl 6.4.3 of the Code.

Punching shear control perimeters(((mpa

The Concrete Centre
Basic perimeter, u,
EC2: Cl. 6.4.2 N ¥

Near to an edge

Concise: Figure 8.4

<6&d - | L=k 1>l
Near to an (a0 «]
Open]ng : ._:;‘_f_'f_iﬁgglfe(twe ""2 m |(_yy,2]32
. . 1 =X —
Concise: Figure 8.6 \ , \
e o - U Opening
a) Where [, s(, b)Wherel,> [,

EC2 Webinar - Autumn 2016
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Punching Shear Reinforcement (((mpa

The Concrete Centre

EC2: CL. 6.4.5 Concise: Figures 12.5 & 12.6
. | it parimeer of soar The outer control perimeter at
uter control,-* réinforcement ..o ©m-l 0 . . . .
permeter \‘@ e 5 which shear reinforcement is not
o INE I required, should be calculated
S O i S O G from:
Cokd bt i1 ! |=15d(adif >2dfrom -
s B P 11; colurm) Usut,ef = BVEq/ (Vpa,c d)
A ; ST T 1 Y- S S A
PR R G The outermost perimeter of
R T shear reinforcement should be

placed at a distance not

greater than kd ( k = 1.5)
Outer contrl within the outer control
;e perimeter.

— =0.75d
=0.5d

—,_//I\ kd}
LI JTT L JT 7T

S

Section A-A Uy

Uout

Punching Shear Reinforcement (((mpa
The Concrete Centre

EC2: Cl. 6.4.5 Concise; Figure 8.10

Where proprietary systems are used the control perimeter at which
shear reinforcement is not required, u,, or u (see Figure) should be

out,ef
calculated from the following expression:

uout,ef - BVEd / (VRd,c d)
Uout,et
Uout -
~
° o
Q ° \’
o © 24 " N
o o © . N
°o° oo 1,5d X
o ! oco0o0o00 o |
00000 | 00000 o !
o Y 0000 0, K
0% oo \. ooo
° ¥ ° X
° o coo \Cg/
o ° ooo
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Punching Shear Reinforcement (((mpa
EC 2: Cl. 6.4.5, Equ 6.52 Concise: 8.5 The Concrete Centre

Where shear reinforcement is required it should be calculated in
accordance with the following expression:

Ved,cs = 0-75 Vpq o + 1.5 (d/s,) A, fyna.er (1/(u4d)) sina (6.52)
A, = area of shear reinforcement in each perimeter around the col.
S, = radial spacing of layers of shear reinforcement

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

fywa,er = effective design strength of the punching shear reinforcement,
=250 +0.25 d<f,,,4 (MPa.)
d = mean effective depth of the slabs (mm)

_ BV
u,d

Max. shear stress at column face,  Vgq < Vaamax = 0-5 Vfeq

EC2 Equ 6.53

Punching Shear Reinforcement (((mpa

The Concrete Centre

EC 2: Cl. 6.4.5 (3), Equ 6.53 Concise: 8.6
BVeq
Max. shear stress at column face, Vgg = < Vrgmax = 0-3 /g
the u, perimeter 0 ey
=<0.5¢,
where |:—’
B = factor dealing with eccentricity (see ! B R )
Vey = applied shear force \‘. 2d
d = mean effective depth X
u, = 2(c,+c,) forinterior columns j i
= ¢, +3d = ¢, + 2, for edge columns T
= 3d < ¢, + 2¢, for corner columns ! '
where A
¢, =columndepth L —---d-- -7
¢, = column width / I3 2d

¢, and ¢, are illustrated
in Concise Figure 8.5

a) Edge column

EC2 Webinar - Autumn 2016 Lecture 5/9
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Punching Shear Reinforcement ( The Concrete Cere

Check Vg4 < 2 vgq at basic control perimeter  ( NA check)

Note: UK NA says ‘first’ control perimeter, but the paper* on which
this guidance is based says ‘basic’ control perimeter

The minimum area of a link leg (or equivalent), A
following expression:
A 1.5 sina + cosa)/ (s, s;) = (0,08 \/(fck))/fyk EC2 equ 9.11

is given by the

sw,min?

sw,min (

Agymin 2 (0,053's,5,V(fy)) /f,  For vertical links

*FRASER, AS & JONES, AEK. Effectiveness of punching shear reinforcement to EN
1992-1-1:2004. The Structural Engineer ,19 May 2009.

«(mpa

The Concrete Centre

Punching shear
Worked example

Worked Exampl
to Eurocode 2:)

e

From Worked Examples to EC2: Volume 1
Example 3.4.10

EC2 Webinar - Autumn 2016 Lecture 5/10



Punching shear at column C2 (((m%acomw

@
400 mm Square

Column w

300 mm flat slab @
C30/37 concrete
8.0

@r
Design information
+ At C2 the ultimate column reaction is 1204.8 kN A i]

- Effective depths are 260mm & 240mm
* Reinforcement: p,, = 0.0085, p,, = 0.0048

Punching shear (((mpa

The Concrete Centre

A few definitions:

2d N

'| Outer control perimeter
not requiring
Quter control perimeter shear reinforcement, Ugur

requiring shear
reinforcement
=1.5d

i
P
- - i L
o i
— = !
Z
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SOIUtion The Concrete Centre

1. Check shear at the perimeter of the column
VEd = B Veq/ (Ud) < VRd,max
£ =1.15
Uy=4x 400 = 1600 mm
d = (260 + 240)/2 = 250 mm |
: :
7 =1.15 x 1204.8 x 1000/ (1600 x 250) | ® u

Lp=14 D A=115

= 3.46 MPa \

VRd,max = 0.5v fq

=0.5x 0.6(1-f,/250) X a.. fo! Vim

= 0.5 x0.6(1-30/250) x 1.0 x 30 /1.5 = 5.28 MPa
VEd < VRd,max ..0K

(((mpa

Solution Th Concrete Cente
2. Check shear at uy, the basic control perimeter ) i
VEd = BVed/ (Uyd) < Veq
B, Veqas before
up=2(c +cy) +2mx2d
= 2(400 + 400) + 27 x 2 x 250 = 4742 mm

Ved =1.15x 1204.8 x 1000/ (4742 x 250) =1.17 MPa i
Vrac = 0.12 k(100p fg)'"3 flexural
’ calcs

k =1+ (200/d)"/2 =1 + (200/250)"2 = 1.89
A= (pyy)''? = (0.0085 x 0.0048) 2 = 0.0064
Vege =0.12x1.89(100x 0.0064 x 30)'> = 0.61 MPa

VEd > Ved,e ?

1.17 MPa > 0.61 MPa ... Therefore punching shear reinf. required
2a. NA check:
Veg £ 2Vpq, at basic control perimeter

1.17 MPa < 2 x 0.61 MPa = 1.22 MPa - OK

EC2 Webinar - Autumn 2016 Lecture 5/12



Solution (((mpa

The Concrete Centre

3. Perimeter at which punching shear no longer required
Uout = ﬂvEd/(dVRd,c)
=1.15x 1204.8 x 1000/(250 x 0.61)

= 9085 mm
Rearrange: Uy, = 2(C, + C)) + 27 oy
Tout = (Ugye - 2(cy + Cy))/(2 )

= (9085 - 1600)/(27) = 1191 mm
Position of outer perimeter of reinforcement from column face:
r =1191-1.5x 250 = 816 mm
Maximum radial spacing of reinforcement:
Srmax = 0.75 x 250 = 187 mm, say 175 mm

. ((mpa
SO l u tl 0 n ( The Concrete Centre

4. Area of reinforcement

A, 2 (Vgq - 0.75Vpq )SiUs/ (1.5f g ef)

fpwdef = (250 + 0.25d) = 312 MPa
A, >(1.17-0.75x0.61) x 175 x 4741/(1.5 x 312)
> 1263 mm?/perim. 1H10 is 78.5 mm? dia.

16H10 = 1256 mm? / per perim

.. i See layout on next slide
Minimum area of a link leg:

Agymin = (0.053 s, 5,V(f4)) /f, = 0.053 x 175 x 350 x /30 / 500

> 36 mm? could use H8s (50 mm?2) but
would need 26 per perimeter So
use H10s (same price as H8s!)

EC2 Webinar - Autumn 2016 Lecture 5/13



The Concrete Centre

(((mpa

Solution
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Detailing - Solid slabs ((('“fﬁc
EC2: CL. 9.3
Rules for one-way and two-way solid slabs

o Generally: as for beams.

» Where partial fixity exists, but not taken into account in design:
Internal supports: A .., > 0,254, for M,,, in adjacent span
End supports: A o, = 0,154 for M, in adjacent span

« This top reinforcement should extend > 0,2 adjacent span

« Reinforcement at free edges should include ‘u’ bars and
longitudinal bars

R )

| >2h |

o

« Secondary reinforcement 20%

(((m pa

The Concrete Centre

Flat Slab Design

EC2 Webinar - Autumn 2016 Lecture 5/15
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Flat Slab Design - Contents The ConcreteCente
Flat slabs - Introduction
EC2 particular rules for flat slabs
Initial sizing
Analysis methods - BM’s and Shear Force

Design constraints

- Punching shear
- Deflection
- Moment transfer from slab to column

Flat Slabs - Introduction (((mﬁeacm.m,e

What are flat slabs?

¢ Solid concrete floors of constant thickness

o They have flat soffits

e

EC2 Webinar - Autumn 2016 Lecture 5/16
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Flat Slabs - Introduction @( The Concrete Centre

Waffle Slab
Flat Slabs - Introduction @(mggmm
VOIDED SLABS
C BN\

1. COBIAX
2. BUBBLEDECK
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Poll Q1: (((mpa
° . The Concrete Centre
Shear resistance of a beam section

What is the shear resistance governed by the crushing of
compression struts?

Particular rules for flat slabs (((m

EC2 sections relevant to Flat Slabs:

« Section 6 Ultimate Limit States

- cl 6.4 Punching (shear) & PD 6687 cl 2.16, 2.17 & 2.1.8
« Section 9 Detailing of members and particular rules

- Cl 9.4 Flat slabs

9.4.1 Slab at internal columns

pa

The Concrete Centre

9.4.2 Slab at edge and corner columns
9.4.3 Punching shear reinforcement
« Annex | (Informative) Analysis of flat slabs and shear walls
I.1 Flat Slabs
I.1.1  General
I.1.2  Equivalent frame analysis
I.1.3  lIrregular column layout

The Concrete Society, Technical Report 64 - Guide to the
Design and Construction of Reinforced Concrete Flat Slabs

EC2 Webinar - Autumn 2016 Lecture 5/18



Particular rules for flat slabs (((mpa
The Concrete Centre
Distribution of moments

EC2: Figure 1.1 Concise Figure 5.11
>
‘ /4 [,/4 | Middle strip = [, — {,/2 )
1 1 1 |
SO RSP | S S S S SRS | SR SR L
| [ | |
1 | e 1 1
Column strip —— ———
| I l,/4 | |
e e
| | |
| | | |
Middle Strip i i Middle strip =1, /2 i i L,
B I S -
1 1 1 1
! ! olumn strip= ! I
Column strip | N | S 2o i L |
B 0 -
| | |
Column'strip Middle strip Column str:ip
Particular rules for flat slabs (((mpa

The Concrete Centre

Distribution of moments

EC2: Table I.1 Concise: Table 5.2

Negative moments Positive moments

60% — 80% 50% — 70%

Middle strip 40% — 20% 50% — 30%

Notes
The total negative and positive moments to be resisted by the column and middle strips together should
always add up to 100%

The distribution of design moments given in BS 8110 (column strip: hogging 75%, sagging 55%; middle
strip: hogging 25%, sagging 45%) may be used

EC2 Webinar - Autumn 2016 Lecture 5/19



Particular rules for flat slabs (((mpa

The Concrete Centre

EC2: Cl. 9.4 Concise: 12.4.1

» Arrangement of reinforcement should reflect behaviour
under working conditions.

+ Atinternal columns 0.5A; should be placed in a width =
0.25 x panel width.

+ At least two bottom bars should pass through internal
columns in each orthogonal directions.

Particular rules for flat slabs (((mpa
The Concrete Centre
EC2: Figure 9.9, 1.1.2(5) Concise Figure 5.12 o

» Design reinforcement at edge and corner reinforcement
should be placed within b,

A

* The maximum moment that can be transferred from the
slab to the column should be limited to 0.17b,cPf,,

EC2 Webinar - Autumn 2016 Lecture 5/20



Moment transfer

Edge and corner columns have limited
capacity to transfer moments from slab —
redistribution may be necessary

Techr

Report No. 64
Guide to the Design and Construction
of Reinforced Concrete Flat Slabs

| — e N
Figure 8 H | H HI
L
Rebar arrangement P R
Figure 47 v -

b) SectionA-A

Initial sizing

3 methods:

(«

mpa

The Concrete Centre

Imposed Load, Q. (kN/m?)

2.5

7.5 ] 10

Multiple Span

28

26

25 | 23

1. Simple span to depth table

2. Use Economic Concrete Frame Elements

Economic Concrete Fr:
Elements to Eurocod

EC2 Webinar - Autumn 2016
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3. Use Concept.xls

Initial sizing
3 methods:

1. Simple span to depth table

2. Use Economic Concrete Frame Elements

CONCEPT

The Concrete Centre GeOmetry

(((mpa

The Concrete Centre

PROJECT  [Rushjob
CLENT b velopa
DATE 06112008

Froject No__[8110

52004 T

CONCEPTzis +

=

¥

Go to 'Loading’ after this page is complete

Layout

NUMEER OF BAYS ) Spanim 1
inxdirection 5 4| b ] et Xsomiet | T500 | 8500 | 7500 | 7800 § 7800
in¥direction 4 4| P | messn Yiomwop | 5750 8500 6000 | 5750
wmBEROF FLooRs 6 A | @ 3.600 metres s AvIGATION
=l Edge Columns 1 Geomety
For Wide Beam solutiona: —I Loading
storey hegits re Clea heights to Bc =it
1 sefect sation
Floor-oor height= 36 1 pIus siab & bsan depth, solutions: TS | I Costsrmmary
‘Whic beam 8 sib depths POV uibe -] I ember sizes
—I Viewpten
JE——— To retieve data, apen data fle in normal wey and click I View ssctions
LOAD button withn the data il { do not changeth Sensmel Refres i I a0view

BAY LAYOUT

Set Mo of bays & storeys

Refresi Layout beitton

then run

Detete 1 to remave panel

or

Enter 1 to rernstate

Do not paste or drag cells

Chosen solution:

Initial sizing

Flat Slab

(((mpa

The Concrete Centre

PRINT

Chosen solution: Flat Slab

CONCEPT

N3

lumns: 545[! x 550 internal, 550 x 450 edges, 425 x 425 t‘omers

[
i

43
i
|
|
|

B S S,
|
|
|
|

o
3
|
|
|

T=x
Plan at Level 1 (of §)

Project 8110 Rushjob for D Velopa

Sptimisation
Costs & Sizes
Fian

Sactions

30 wisw
Sereen may Aoker

ooonm

NAVIGATION
Geometny
Loading
Lini costsTime
Selzct soltion
Cost sumiman
Member sizes
Wigw plan
Wigw sections
30 view

[0 (AT IO I rer

R Tesember A0
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Initial sizing (mpa
The Concrete Centre
Chosen solution:  Fiat Slab PRINT
Chosen solution: Flat Slab Cart-uptimired cancaptuat doriqn uf| | [ Cipbimisation
CONCEPT mmimmmimm S| e
1| PFian
| ‘ | ‘ | | _1| Sections
R S — — HE— S | 32view
:[ * 336 soli:rslab tF t" # Soveenmapdicter
| | | | | |
g a @ a a a4 NAVIGATION
| | | | | | [ Geomews
NA i | : | H | Loading
I il ‘ al ! il ‘ al ! Gl ! 1| tinitcostsTime
1| Select solution
9 | cost summan
- | Equivalent frame method 8M || trempersizes
| Viewplan
~T T ~T T ~T ~T =1 T 1| Wiew sections
! ‘ I ' ! I 1| 30 wview
—_ _I] ............. g .............. -ﬂf ............ 3 -, Iy _
i jgjmns: 5§u X 550 internal, 550 4:6!] edges, 425 x 425 t:omers i i
| R R | |
S S R 4 I i
tox | i B i i i
Plan at Level 1 (of 6) Project 8110 Rushjob for D Velopa A Fevember F0d

Analysis Methods (((mpa

The Concrete Centre

» Elastic Plane Frame - Equivalent Frame Method, Annex |
» Tabular Method - Equivalent Frame Method, Annex |
» Yield Line
- Plastic method of design
» Finite Element Analysis

- Elastic method
- Elasto plastic

EC2 Webinar - Autumn 2016 Lecture 5/23



Analysis Methods (((mpa

The Concrete Centre

Elastic Plane Frame - Equivalent Frame Method, Annex |
« Apply in both directions - Y and Z

Method of Analysis for Bending Moments & SF’s
Equivalent Frame - the Beams are the Slab width

Kap = Use full panel width for vertical loads.

o Kb = use 40% panel width for horizontal loads. Annex

1.1.2.(1)
L F/774 111‘ 77 s
o 7 wr s 7
AnalySiS MethOdS (((mgeaConcrete Centre
Load cases

NA — can use single load case provided:
» Variable load < 1.25 x Permanent load
» Variable load < 5.0 kN/m2

Condition of using single load case is that Support BM’s should be
reduced by 20% except at cantilever supports

Limitation of negative
moments, N, and N,

e, ey,
NN
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Analysis Methods @(mpa

The Concrete Centre

2 nlz(l1'2hc/3)2/8

h
"—'( r b3

el

| 3

4

. e

TR 64 - Figure 14

Reduction in maximum hogging moment
at columns

((mpa

The Concrete Centre

Analysis Methods - Equi Frame

Distribution of Design Bending Moments, Annex |

Table 1.1 Column Strip  Middle Strip
Negative 60 - 80% 40 - 20%
Positive 50 - 70% 50 - 30%

A, = Reinforcement area to resist full negative moment. Cl 9.4.1

BmX&p £RID
—
FULL PANEL WIDTH A
COLUMN STRIP. |
\ T e o e o T i ) ] o »
\ St # Z‘ S
* Lolzs PavEL WibTH 1
= 20 #— % 5
' i 04125 PANEL WIDTH 4,.\! |
N -4 '
e me e e s mee e Do B o
|
Y
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Analysis Methods - Equi Frame (((mpa

The Concrete Centre

Distribution of Design Bending Moments - Example

Column strip = 1200 mm?

Table 1.1 Column Strip  Middle Strip

Negative 75% 25%

A, = Reinforcement area to resist full negative moment. Cl 9.4.1
= 1600 mm?

Middle strip = 400 mm?

ZnXEm gRID

— - / .
100 mm%/m [0&5 TA‘I: f*\ FULL PANVEL WIDTH \\LA ]
I COLUMN  STRIP~ }‘
200mmzm | | — 4 - = o
| IR e
: { ~ 028 PANVEL WibTH -
400 mm?/m;” 2y B i iy a | * o
¢ 04125 PANEL WIDTH 4,,
L R 2 b
200 mm%m } |
J - S —
100 mmZ/m |
L v ] ‘L

Chosen solution:

Equivalent frame method

(((mpa

The Concrete Centre

Flat Slab PRINT
Chosen solution: Flat Slab - i wriem | | | Cptimisation
CONCEPT R st o] e
|| Pian
| | | | | | | Sactions
I D — — — HE— . 1| 30 wview
:[ * 335 soli:rslab tF t" # Sveenmaicer
! 1 N ! N 1 1- ! 1. !
i | i | i i
— ,‘:, ,,,,,,,,,,,,, ‘ﬂ ,,,,,,,,,,,,,, {i] ,,,,,,,,,,,, {‘g, ,,,,,,,,,,,, u': ,,,,,,,,,,,, {' - NAVIGATION
i | i | i i |
[ A | : H ' H H | Loacing
! = ‘ = I = ‘ = I \—/LA I | tinitcostsTime
| ! ! | ! ! | Sefect solution
| i i i i i | cost summan
B e B g L L —| Member sizes
i ‘ | ‘ | | 1| Viewpian
: \—/]ﬁ : V/lf : \—/]ﬁ : T/lf : \—/][7\ : 1| Wiew sections
! \ | ‘ ' ' 1| 30view
RN . - . TR ;. B -, T —
i lumns: 545[! x 550 internal, 550 x 4‘6!] edges, 425 x 425 t‘omers i i
IR | |
Yy [ — = I ,,,,,, I . S - b Ao
x i i i i i i
Plan at Level 1 (of 6) Project 8110 Rushjob for D Velopa A Fevember F0d
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Equivalent frame method

pa

The Concrete Centre

(o

Chosen solution:  Fiat Slab PRINT
Chosen solution: Flat Slab wf| | Cptimisation
he Comcrete Centre CONCEPT || Costs & Sizes
1| PFian
| ‘ | ‘ | | __|| Ssctions
: I ' ! . N | 32view
I 1 [ i BT o Fereermay Acker
i i i i i
| ] R
g B |l a a F. . NAVIGATION
i ‘ ‘ I I _ || Beometn
NA i : | H | Loading
! l ‘ ‘ al ! 41 ! | tinitcostsTime
1| Select solution
| cost summan
- - 1| Member sizes
| Viewplan
T ~T ~T T =1 T 1| View sections
! ‘ I I 1| 30 wview
e e A e e -
i lumns: 545[! x 550 imj‘ 425 x 425 t‘omers i i
R - | |
S S A I i
x i i i i i i
Plan at Level 1 (of 6) Project 8110 Rushjob for D Velopa A Fevember F0d
lysi hod
Analysis Methods (mpa

The Concrete Centre

Equivalent frame method - Elastic Plane Frame

shear forces
Design for full load in both directions

Computer software normally used to assess bending moments and

RC spreadsheet TCC33.xls will carry out the analysis and design

L Lt .ﬂu Lyt I
A 8 5 o £
7’}‘ 7 7 Fecs 7
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Analysis Methods - Tabular Method ((mpa

The Concrete Centre
e.g. use coefficients from Concise Tables 15.2 to determine bending
moments and shear forces. BM = coeff x n x span?  SF = coeff x n x span

Table 15.2
Coefficients for use with one-way spanning slabs to Eurocode 2

Coefficient Location

End support/slab connection Internal supports and spans

Outer Outer Near A At At
support support | middle erio middle interior
of end ppo of supports
span interior
spans

040 —"1 045 Aoacpes 0.50:0.50

Design for full load in both directions

Frame lateral stability must not be dependent on slab-col connections
* There must be at least three approx equal spans.

Note: No column BM’s given in table.

Analysis Methods - Tabular Method ((mpa

The Concrete Centre

A little more accurate:

Table 15.3 i
C:e;icienls for use with beams (and one-way spanning slabs) to Eurocode 2 ConC]Se Table 1 5 . 3

Coefficient
Outer ddle | At 1st At middle At interior
support of end span | interior of interior | supports
--- L - — Suitable for regular
—T N | 0094 -

25% spane (— N |oors grids and spans of
roments, IR (ICCT I | I similar length
CEoTw  ws | lows |-

EZ o — 063:055 | — 0.50:0.500

— Design for full load

— - e o o e
= = e

Conditior . . .
For beams and slabs, 3 or more spans. (They may also be used for 2 span beams but support moment : n both dlreCthnS
cowificiant =0 I[&anﬁnl@mal shear coefficient = 0.63 both sides). -

Generally Q, = Gy, and theI).ading should be substantially unifermly dist;b-uted. Otherwise special

— o mmm e w—w—— —— ——_—

curtailment of reinforcement is required. - SU |tab|e fOI’ 2'Span
Minimum span = 0.85 x maximum (and design) span.
Design moment at supports = coeff x 1 x spanz or _ .

in spans = (coeff g, x yg, + coeff g x yyggy) x span? NOte’ No COlumn
Design shear at centreline of supports = coeff x n x span where n is a UDL with a single variable action BM ,S g]ven mn table

= ¥y + ¥vody where g, and g, are characteristic permanent and variable actions in kN/m.
7 and yry are dependent on use of BS EN 1990 Exp. (6.10), Exp. (6.10a) or Exp. (6.10b). See Section
151

Basis: All- and alternate-spans-loaded cases as UK Mational Annex and 15% redistribution at supports.
Key

a At outer support ‘25% span’ relates to the UK Nationally Determined Parameter for BS EN 1992-1-1

9.2.1.2(1) for minimum percentage of span bending moment to be assumed at supports in beams in
monolithic conctoction 159% may o iate for clabc (cos RS EN 100211 (1031 2)
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Yield Line Method

Suitable for:
o irregular layouts

> Slabs supported on 2 or 3
edges only

Detailed guidance and numerous
worked examples contained in:

Practical Yield Line Design

Deflection design to simplified rules

Analysis Methods (tmpa
The Concrete Centre
Yield Line Method
Equilibrium and work methods. L
Lz Lz
‘work method’
NLLLLLLLLL L LS,
i /1 /
External energy expended by o f m ;
the displacement of loads 174; Smax 2_1
= = /_ m /
o /] /
Internal energy dissipated by = / ;
the yield lines rotating f /
I 7777777777777
dmax = |
S r—t—TF
Analysis Methods (tmpa

The Concrete Centre

Practical Yield Line Design

EC2 Webinar - Autumn 2016
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Suitable for:

Analysis Methods

o irregular layouts
o slabs with service openings

o post tensioned design
(specialist software)

Common pitfalls:

((mpa

The Concrete Centre

Finite Element Method

o Use long term E-values (typically 1/3 to 1/2 short term value)

> Use cracked section properties (typically 1/2 gross
properties) by adjusting E-value to suit

o Therefore appropriate E-values are usually 4 to 8 kN/mm?

How 10 design reinforced concrete flat slabs using:
Finite Element Analysis

L —

Finite Element - Designh moments @(mpa

FE Analysis Introduction

ras—

The Concrete Centre

600
Middle strip Column strip Middle strip
500
£
2
x 4001
£ / |
E
Z
£ 300
5
E
@ 200
2 /' \
@
@
100 =
Outer Inner Quter
column column column \—
strip strip strip
N 1 1 | I ]! 1
0 1 2 3 4 S 6 7
Distance (m)
Key

= Sectionthough bending moment diagram from FE output
= Design bending moment to BS 8110
—  Averaging of bending moment

EC2 Webinar - Autumn 2016
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Design Constraints

Punching Shear - EC2: cl 6.4 and cl 9.4.3

« Traditional links

« Shear Rails

(((mpa

The Concrete Centre

22 B

e
Shape 22

el (el

B

Shape 47

Design Constraints

Deflection:

(((mpa

The Concrete Centre

Wherever possible use the span/effective depth ratios, cl 7.4.2 (2)

Span is based on the longer span and the K factor is 1.2

Reduction factor for brittle finishes for spans greater than 8.5m

EC2 Webinar - Autumn 2016
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Design Constraints (((mpa

The Concrete Centre

Moment Transfer from slab to column:

Edge and corner columns have limited capacity to transfer moments
from slab - redistribution may be necessary (Annex 1.1.2 (5), EC2 cl

9.4.2 & TR 64)
M, max = 0.17 by d? g
C: e
— -
\
N\ 5 !
T T | Cy
i e (i
Effective i bo=cry i e
1 =Cz+ | \ =
. Y I be:‘z+y/2 Slab ed
W]dth, be' |_—_ ab edge
Note: ycanbe > ¢ Note: zcanbe > ¢, and ycanbe > ¢
a) Edge column b) Corner column

(((m pa

The Concrete Centre

Flat slab worked example

Flexure

Worked Exampl

From Worked Examples to EC2: Volume 1
Example 3.4.
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(((mpa

The Concrete Centre

Introduction to worked
example

The slab is for an office where the specified load is 1.0 kN/m? for
finishes and 4.0 kN/m? imposed (no partitions). Perimeter load is
assumed to be 10 kN/m. Concrete is C30/37. The slab is 300 mm
thick and columns are 400 mm square. The floor slabs are at 4.50 m
vertical centres. A 2 hour fire rating is required.

This is example 3.4
@ 40 40 @ 40 @

of Worked examples

o

to Eurocode 2: D= '*'*'*';F ,,,,,,,,,,,,
Volume 1. i i i
8.0
O . L
8.0
/ 8.6

Design information @---- ,

¢ Nominal cover = 30mm ‘ i

200 200/
k. hole N/

Design strip along grid line C (((mpa

The Concrete Centre

Determine the reinforcement
- slab al id line C.
@ o o @ o © a along grid line

I ;
] !

§ ! ] i

1

1

| ! |
o+ S R S i [ jes
;T / / /
1 i [t S g i
30d mm fiat slabd i T *--—".. ]
8.0 Allq'oiumne400|f|m eq. | i »
Y A .
| |
@ /86
/
_ i
— - 1
Assume strip is 6 m wide i

Slab is 300 mm deep
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Flat slab ((( mpa
Worked example The Concrete Centre

For the previous flat
slab example determine:
@._

« Sagging reinforcement ““c;sl‘_umn
in the span 1-2 -+
and
. . 8 Middle
» Hogging reinforcement 8§ strip
at support 2
Col
®- - __azrl\'men
NNy
1500500, 3000 500500,
C‘Io\umn'Evi‘,r‘l'p4 Middle 51:4'1‘;; Colurmn 5b:‘ip
. (mpa
An a lyS] S (( ge Concrete Centre
Actions:
g, =0.30x25+ 1.0 = 8.5 kN/m?
ax = 4.0 kN/m?
n=125x85+1.5x4.0 =16.6 kN/m? NB. Exp(6.10b) used!

Analysis: using coefficients from Concise Table 15.3:
(Adjacent spans are 9.6 and 8.6 m. 8.6/9.6 = 0.89: i.e. > 85% so
using coefficients is appropriate.)

Effective span=9.6-2x0.4+2x0.3/2 =9.5m

In panel: sagging moment,

Mgy = (1.25 x 8.5 x 0.09 + 1.5 x 4 x0.100) x 6.0 x 9.52 = 842.7 kNm

Along support 2: hogging moment

Mgy = 16.6 x 0.106 x 6.0 x 9.52 = 952.8 kNm
0

See Note to Concise Table 15.3 for support of 2-span slab

EC2 Webinar - Autumn 2016
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(((mpa

The Concrete Centre

Division of moments

m Negative moments Positive moments

60% — 80% 50% — 70%
Middle strip 40% — 20% 50% — 30%
Notes

The total negative and positive moments to be resisted by the column and middle strips together should
always add up to 100%

The distribution of design moments given in BS 8110 (column strip: hogging 75%, sagging 55%; middle
strip: hogging 25%, sagging 45%) may be used

Meq
Column strip Middle strip
+ve sagging 0.50x842.7/3.0 = 0.50x842.7/3.0 =
140.5 kNm/m 140.5 kNm/m

(50% taken in both column and middle strips)

(((mpa

The Concrete Centre

From analysis

3.4.5 Design grid line C
Effective depth, d:
d =300 - 30 - 20/2 = 260 mm

a) Flexure: column strip and middle strip, sagging
Mg, = 140.5 kNm/m
K = Mg /bd?f, =140.5 x 108/(1000 x 2602 x 30) = 0.069

zid = 0.94 (Using Concise table 15.5)
z =094 x 260 = 244 mm
@ AE = MEa/fde =140.5 x 106/(244 x BOOM.1D) = 1324 mm2z/m
,."é’\ (p = 051%)
55 Try H20 @ 200 B1 (1570 mm?/m)
%

z=d[1+(1-3.529K)°5]/2 = 260[1 + (1 - 3.529 x 0.069)°5]/2 = 243 mm
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(((mpa

Hogging Moments The Concrete Centre
MEd
Column strip Middle strip
-ve hogging 0.70x 952.8/3.0 = 0.30x 952.8/3.0 =
222.3 KNm/m 95.3 kNm/m

(70% taken in column strip and 30% in middle strip)
¢) Flexure: column strip, hogging

Mg, = 222.3 kNm/m
K = Mg /bdf, = 222.3 x 108/(1000 x 2602 x 30) = 0.109
zld = 0.869 (Using Concise Table 15.5)
& g2 = 089x260 =251 mm
. <
&/ A, = Mlf,z =222.3 x 10°/(231 x B00N16) = 2215 mm?/m

z=d[1+(1-3.529K)%5]/2 = 260[1 + (1 - 3.529 x 0.109)%-5]/2 = 232 mm

(((mpa

The Concrete Centre

Hogging Moments

d) Flexure: middle strip, hogging

Mg, = 95.3 kNm/m

K = Mg /bd*f, = 953 x 10/(1000 x 260% x 30) = 0.047
zld = 0.95 (Using Concise table 15.5)

z = 0.95x 200 = 247 mm

A = M_/f z=953x10%/(247 x 500/115) = 887 mm2/m

KN
\Acz\, s Ed' "yd
3
&
<
3
z=d[1+(1-3.529K)%5]/2 =260[1 + (1 - 3.529 x 0.047)%-5]/2
=248 mm < 0.95d < 247 mm
=247
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Reinforcement distribution (((mmc

Total area of reinforcement: @ 6000 @

A, ror = 2213 x 3 + 887 x 3 = 9300 mm? i i

50% A, 1o = 9300/2 = 4650 mm? R i

This is spread over a width of 1.5 m 7_%7__“_*_'_

A, req = 4650/1.5 = 3100 mm?/m : i } : ‘ :
Use H20 @ 100 ctrs T(3140 mm?2/m) L Lo

Remaining column strip: : 3 : : i :

A req = (2213 x 3 - 4650)/1.5 = 1326 mm?2/m | } | | } |
Use H20 @ 200 ctrs T(1570 mm2/m) 15 O S
Or use H16 @ 100 ctrs(1540 mm2/m) Lo o

=t == RRESE

Middle strip: A, ., = 887 mm2/m _:. - _; _ _:_ SIS
Use H16 @ 200 ctrs T(1010mm?2/m) gsoohs;oq 3000 }150051500}
Or use H12 @ 100 ctrs (1130mm2/m) Column‘stm’p Middle strip Colurnn strip

(((m pa

The Concrete Centre

Exercise

Lecture 5

Check an edge column for punching shear
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@(mpa

The Concrete Centre

Punching shear
Exercise

Based on the flat slab in section 3.4 of

Worked Examples to EC2: Volume 1

Punching shear at column C1 @(mpa

The Concrete Centre

@,
400 mm Square

Column 50

300 mm flat slab @
C30/37 concrete
8.0

@r
Design information

« At C1 the ultimate column reaction is 609.5 kN By At

+ Effective depths are 260mm & 240mm

* Reinforcement: p,, = 0.0080, p,, = 0.0069
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Punching shear exercise

For the previous flat slab
example: 1

a) Check the shear stress at
the perimeter of column

C1. The u, perimeter. D=

b) Check the shear stress at
the basic perimeter, u,.

c) Determine the distance
of the u,,, perimeter
from the face of column
C1.

d) Determine the area of
shear reinforcement @
required on a perimeter.
i.e. find A, for the u;,
perimeter.

9600

(((mpa

5001500, 3000 5001500,
Co\umn'str‘ip Middlle strip Colurmn strip

The Concrete Centre

@ 6000 @
f i
| I
= _-__ = _.1_._‘_*.._._| ..... ==
| ! | | : | 1500 Column
. H stri|
—{‘T———l—‘i‘—l—' -+
b Lo
| : \ | : |
[ [ Middle
Lo Lo strip
[ [
| |
o I
I }
A o e +
[ [ R [Tele) Colutmm
_r_ _—.._._1._ _._._._T_ _-,._._l ..... —_ N
R L 1moo|TF
N S —— _ 4

Working space

(((mpa

The Concrete Centre
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(((mpa

Working space The Conerete Centre

(((m pa

The Concrete Centre

End of Lecture 5
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