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Material Properties

Characteristic strength of concrete, f, / fu | f.' (fo, < 60N/mm?; H{35 v |28 ¥ |N/mm? m
Yield strength of longitudinal steel, f, Higher w500 ¥ | N/mm?
Yield strength of shear link steel, f,, _ Higher W |500 ¥ [N/mm?®
Type of concrete and density, p. Normal Weight | = 25|kN/m?
Slab Para‘meters
Shorter span (defined as in x), I, (number affects slab I, mgMulti Span hd 10.000|{m
Longer span (defined as in y), |, (number affects slab I, moi Multi Span | ¥ 10.0@@
Slab support conditions (affects moments, shear, deflection Continuous - Continuous End | ¥
Panel (affects momen‘ts, shear, s‘upports for edge beam‘) v
| L™
Overall slab depth, hgy, (1/27 s/s; 1/36 cont; 1/7-1/10 cant) 400{mm
Cover to all reinforcement, cover (usually MAX(25, ¢) internal; 40 external) 25|mm
Effective depth to sagging steel in X, dy s = hgap - COVEr - ¢y - ¢/ 2 351 mm
Effective depth to CS sagging steel in y, dys.c = hgap + dgp - COVer - ¢g,/2 367 mm
Effective depth to MS sagging steel in y, dy sm = hgap - COVer - ¢g,/2 367 mm
Effective depth to CS hogging steel in X, dyh.c = hgap + dgp - COVEr = jink = dhy 335/mm
Effective depth to MS hogging steel in X, dyhm = Dgjap = COVEr = Pjink = Ohy = Ohx/4 335/mm
Effective depth to CS hogging steel in y, dyhc = hgap +dap - COVEr = jink = dny/2 355/mm
Effective depth to MS hogging steel in y, dy nm = hgab - COVEr = ¢jink = dny/2 355/mm

Note that the column strip reinforcement diameters have been assumed for the effective depth calcs,

this effectively enforcing the simplicity of common planes of reinforcement for each of the layers. |

Note that d 4, only incorporated in the above column strip hogging effective depth calcs if w4, >=1,/3.

Note that d 4, only incorporated in the above column strip sagging effective depth calcs if w4, >=1,/3 and ba

Sagging steel reinforcement diameter in X, (s

i

Sagging steel reinforcement pitch for resistance in x, pg

Sagging steel area provided in X, As prov.x.s = (m.0°/4)/ Psx

Sagging steel reinforcement diameter in y, ¢

Sagging steel reinforcement pitch for resistance in y, ps,

Sagging steel area provided in Y, As provy.s = (n.¢sy2/4)/p5v

Hogging steel reinforcement diameter in X, ¢pyx

Hogging steel reinforcement pitch for resistance in X, pnx

Hogging steel area provided in X, Ag prov.xh = (7. 0>/ %)/ Prx

Hogging steel reinforcement diameter in y, ¢y,

Hogging steel reinforcement pitch for resistance in y, pn,

2 v |16 ¥ |mm
150 150/ mm
754 ez mm?/m
12 I 16 v |mm
150 150/ mm
mmﬁm
12 w20 ¥ |mm
150 150/ mm
754 2094 [l etdin
TG
150 150/ mm

Hogging steel area provided in y, Ag provyh = (n.¢hV2/4)/phy

754 2094 [slsisias

Shear link diameter, ¢

Pitch of links, s, /3

No. of links, n, /3 74

Area of links, Agy prov.2 :

Pitch of links, s, 4/5

No. of links, ny /s 129

Area of links, Agy prov.4 0

157 b6

10 v | mm

225 225/mm
a4 a4 mm2
225 225/mm
a4 a4 mm2

Slab Drop and Slab Band and Column Head Concepts

Note slab drops (valid only if w4, = 1,/3) enhance the punching shear capacity and the column strip

hogging moment capacity in x and y enabling thinner slabs beyond the drops.

Slab bands differ from slab drops in the sense that the column strip sagging moment capacity in y

(but not in x) is also enhanced on top of the benefits of slab drops.

Column heads enhance punching shear capacity only.
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Slab Loading (Plan Loading) Elastic Moments Effects v ‘

(Internal elev load must be checked on effective widths [span/(5 or 7.14)] within slab depth)

Live load, LL | 5.00|kPa

Superimposed dead load, SDLpa, 1.00{kPa

Dead load of slab, DL = hgp.pc + [wd[,2 or Wyp.ly1/(Ix.1y).dgp-pc 10.00 kPa

ULS slab loading, (L)ULS‘,S|ab (a.k.a. n) = 1.4(DL+SDLp|an)+‘1.6LL ‘ 22.90 23.40 [GE

Edge LoaTing (EIethion Load‘ing) ‘Elastic Momer‘lts Effects v

Superimposed dead load on edge beam spanning in x direction, SDLejey « 0.00{kN/m

Superimposed dead load on edge beam spanning in y direction, SDLgjey,y 0.00|kN/m

Column Parameters

Section type Rectangular v
Depth, h (rectangular) or diameter, D (circular) Parallel to Edge hd 800{mm
Width, b (rectangular) or N/A (circular) Perpendicular to Edge v 800{mm

Limitations of Moment Transfer Into Edge Column

Width of edge column strip for moment transfer, b, , 1500/mm

Slab Drop and Slab Band Parameters

Slab drop depth, dg4, (excluding slab depth h;p) Not Banded E 0/mm

Slab drop width, wg, (usually >= 1,/3 when employed) | oooojm VTN

Note that the self weight of the slab drop is accounted in the design of the slab.

Column Head Parameters

Column head effective depth (rectangular), Iy n = MIN (lho,n, lhmax,n) OF effective 800/ mm
Column head effective width (rectangular), I, = MIN (lpo,b, lhmax,n) OF N/A (ciry 800/mm
Column head dimension beyond column face, lyface Olmm
Column head depth, d, \ \ O/mm
Column head actual depth (rectangular), lhon = h + (1 or 2).lpace Q 800/ mm
Column head actual width (rectangular), lnop, = b + (1 or 2).lace © 800/ mm
Column head maximum depth (rectangular), lymaxn = h + 2.(dy-40 720|mm
Column head maximum width (rectangular), lymaxs = b + 2.(d,-40] 720|mm

Note that the self weight of the column head is to be accounted in the design of the column, not the slab.

— Column head |na.

Bla=hmas

e Iy max = bt 2(d), — 40) |
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Parameters of Edge Beam Spanning in x Direction
Downstand edge beam ? |No ‘v
(obtains relevant values from the two sections below)
Width (no downstand), bek,« or web width (with downstand), by edge,x 700/mm
Dead load on edge beam downstand, DLggge,x 0.00\kN/m
Sag moment edge beam, Mg,g edge,x 49(kNm
Hog moment edge beam, Myog, edge,x 81|kNm
Shear edge beam, Veqge x 54 kN
Span (for effective width and deflection calcs) = I, 10.000|m
Available beam spacing (effective width calcs) = 1,/2 5.000{m
Sag section type Rect - continuous
Hog section type Rect - continuous
Overall depth, hggge x 400/mm
Effective width, beky = span/10 if single span, span/14.29 if multi-span 700 mm
Dead load excluding downstand, ®edge,oL,x = (Defr,x OF Dy,edge,x t Deffx) -Nsiab-Pc 7.00| kN/m
With Downstand Depth
Downstand depth of edge beam (excluding slab), hg edge,x 200 mm
Width of edge beam, by cdge \ \ \ 300 mm
Dead load on edge beam downstand, DLegge,x = Nd,edge,xPw,edge,xPc 1.50|kN/m
Sag section type L - continuous
Hog section type Rect - continuous
Overall depth, hegge,x (downstand + slab) 600|mm
Without Downstand Depth
Downstand depth of edge beam (excluding slab), hg eggex = 0.0 0O/mm
Width of edge beam, by cggex = 0.0 0/mm
Dead load on edge beam downstand, DLegge,x = 0.0 0.00 kN/m
Sag section type Rect - continuous
Hog section type Rect - continuous
Overall depth, hegge x (slab) 400 mm
For sagging: tension steel diameter, ¢ ;g and number 16 v 6
For sagging: compression steel diameter, ¢.s,g and number None v 6
For sagging: add cover to compression steel, coveraqg,c,sag = dhy 20{mm
For hogging: tension steel diameter, ¢;n,q and number ]16 v 6
For hogging: add cover to tensile steel, cover,yq i hog = coveradd,c,sag\ 20/{mm
For hogging: compression steel diameter, ¢.h,g and number \None v 6
Link diameter ¢, humber and pitch \10 m 2 200{mm
For sagging: number of layers of tensile steel, Njyyers tens,sag 1|layer(s)
For sagging: number of layers of compression steel, Njayers,comp,sag 1|layer(s)
Ratio Bp=1.2 (sagging) or 0.8 (hogging) unless single span or cont 1.0 1.0
For hogging: number of layers of tensile steel, Njyyers tens,hog 1|layer(s)
For hogging: number of layers of compression steel, Njayers,comp,hog 1|layer(s)
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Parameters of Edge Beam Spanning in y Direction
Downstand edge beam ? |No ‘v
(obtains relevant values from the two sections below)
Width (no downstand), be¢, or web width (with downstand), by edge,y 700/mm
Dead load on edge beam downstand, DLggge, 0.00\kN/m
Sag moment edge beam, Mg.g edge,y 49(kNm
Hog moment edge beam, Myog,edge,y 81|kNm
Shear edge beam, Veqge,y 54 kN
Span (for effective width and deflection calcs) = |, 10.000|m
Available beam spacing (effective width calcs) = 1,/2 5.000{m

Sag section type Rect - continuous
Hog section type Rect - continuous
Overall depth, hegge,y 400/mm
Effective width, be¢, = span/10 if single span, span/14.29 if multi-span 700 mm
Dead load excluding downstand, ®edge,oL,y = (Defr,y OF Dy,edge,y + Defr,y) -Nsiab-Pc 7.00| kN/m
With Downstand Depth
Downstand depth of edge beam (excluding slab), hg edge,y 200 mm
Width of edge beam, by cdge,y \ \ \ 300/ mm
Dead load on edge beam downstand, DLcgge,y = Nd,edge,yPw,edge,yPc 1.50|kN/m
Sag section type L - continuous
Hog section type Rect - continuous
Overall depth, hegge,y (downstand + slab) 600|mm
Without Downstand Depth
Downstand depth of edge beam (excluding slab), hg egge,y = 0.0 0O/mm
Width of edge beam, by cdge,y = 0.0 0/mm
Dead load on edge beam downstand, DLcgge,y = 0.0 0.00 kN/m
Sag section type Rect - continuous
Hog section type Rect - continuous
Overall depth, hegge,y (slab) 400 mm
For sagging: tension steel diameter, ¢ ;g and number 16 v 6
For sagging: compression steel diameter, ¢.s,g and number None v 6
For hogging: tension steel diameter, ¢;n,q and number 16 v 6
For hogging: compression steel diameter, ¢.h,g and number None t 6
Link diameter ¢, humber and pitch \10 v 2 200{mm
For sagging: number of layers of tensile steel, Njyyers tens,sag 1|layer(s)
For sagging: number of layers of compression steel, Njayers,comp,sag 1|layer(s)
Ratio Bp=1.2 (sagging) or 0.8 (hogging) unless single span or cont 1.0 1.0
For hogging: number of layers of tensile steel, Njyyers tens,hog 1|layer(s)
For hogging: number of layers of compression steel, Njayers,comp,hog 1|layer(s)
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Utilisation Summary (Slab)
Item uT Remark
Ivlsag,lx,m 96% OK
Msag,lx,c 66% OK
Ivlhog,lx,m 93% OK
Mhog,lx,c 104% _
IVlsag,ly,m 92% OK
Msag,ly,c 63% OK
IVlhog,ly,m 87% OK
IVlhog,ly,c 97% OK
% Min sag reinforcement |, ., utilisation 69% OK
% Min sag reinforcement |, . utilisation 39% OK
% Min hog reinforcement |, ,, utilisation 69% OK
% Min hog reinforcement |, . utilisation 25% OK
% Min sag reinforcement |, ., utilisation 69% OK
% Min sag reinforcement |, . utilisation 39% OK
% Min hog reinforcement |, , utilisation 69% OK
% Min hog reinforcement |, . utilisation 25% OK
Limitations of moment transfer into edge column 53% OK
Punching shear at coly 51% 49% 85% 85% OK
Punching shear at firs] 49% 08% 04 % 294%
Punching shear at seq 37% 8% 05% 95% OK
Punching shear at thi 36% 86 % 0% 86% OK
Punching shear at fou] 82% 63% % 82% OK
Deflection requirements 74% OK
Total utilisation continuous slab 0490 DT O
Detailing requirements o

|

Utilisation Summary (Beam)

Automatic design

uT Detailing Remark

Edge beam x sagging

Edge beam x hogging

Edge beam y sagging | N/A |

Edge beam y hogging
|

Overall Utilisation S‘ummary
Overall utilisation 0490
Overall detailing requirements
% Column strip sag reinforcement in x and y
% Column strip hog reinforcement x and y
% Middle strip sag reinforcement in x and y
% Middle strip hog reinforcement x and y %
Estimated steel reinforcement quantity (130 — 220kg/m?>) kg/m?>
[ 7.850 . (Asprov,x,s TAsprov,y,s TA s prov,x.n TAsprov,x,n) / N siap 1; NO curtailment; No laps,; Links ignored
Estimated steel reinforcement quantity (130 — 220kg/m?) mkg/m3 | IStructE
[ 11.0. (Asprov,xs TAsprov,y,s TAsprov,xn TAsprovxn) / Nsiap 1; Curtailment; Laps; Links ignored; Avera
[Note that steel quantity in kg/m?> can be obtained from 110.0 x % rebar]; |

Material cost: concrete, c 180 units/m?> ‘ steel, si 4500 |units/tonne
Reinforced concrete material cost = [c+(est. rebar quant).s].hgap 317 units/m?

%
%
%
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Plan Layout

Multi-Span I, Multi-Span |, Flo

or Plate

Longer Span

, ly

10.0m
1 1
Shorter Span, N T L T
10.0m A S
s> T e T
Y s T .o T
L1 R SR g
T .0 T s T .o T
t o0 Interior
g E Edge for Span in x Direction
% g Edge for Span in y Direction
o Corner
Construction Type Support Conditions
Continuous (Simple or Cont End) Continuous
Number of spans in |, Multi-span
Number of spans in |, Multi-span
Single-Span |, Multi-Span |, Floor Plate
Longer Span, |,
10.0m
-1 1 | |
Shorter Span, 0 T - T
10.0m v Y1
| el
- Interior A
g E Edge for Span in x Direction
% g Edge for Span in y Direction A
2 Corner
Construction Type Support Conditions
Continuous (Simple or Cont End) Continuous
Number of spansin |, Single-span
Number of spans in |, Multi-span

Average col and mid strips;

ge col and mid strips;
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Multi-Span I, Single-Span |, Floor Plate

Longer Span, |,

10.0m

Shorter Span,

10.0m

Y
L
T+ T
L— 3

Interior

Edge for Span in x Direction

Edge for Span in y Direction

Relevant
Panels

Corner

Construction Type Support Conditions
Continuous (Simple or Cont End) Continuous
Number of spans in |, Multi-span
Number of spans in |, Single-span

Single-Span |, Single-Span |, Floor Plate

Longer Span, |,
10.0m
—_
Shorter Span,
10.0m
| == el
- Interior A
g E Edge for Span in x Direction A
% g Edge for Span in y Direction A
2 Corner
Construction Type Support Conditions
Continuous (Simple or Cont End) Continuous
Number of spansin |, Single-span
Number of spans in |, Single-span

Note that simple or continuous end slab support conditions refer to the end supports of multi-span

continuous slabs and not single-span slabs, where the end connection is continuous.
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Assumptions and Limitations

1

Moment effects for slabs may be

calculated based on redistributed

effects or elastic effects.

2

Moment effects for be

ams may be calculated based on redistributed effects or elastic effects.

Detailing Instructions
\

— Relnforcement for max.
hogging moment

| 100 %
| 1
L5t 2@ 45 — Reinforcement far

| | | 50 % | max. sagging
| | moment
| |—-—— 0.3 -]
| | !

|..._._.1| 0.2t - i |

f 1 ] [

_— |

1 | 409% | !

| / [

| . | |

| A LI

| "~ Face of support |

| Mid span

Effective span i

-

a}) Continoous member {approxdmately equal spans using simplified load arrangement)
I ! ! I

Note consideration should be given
to the fact that although detailing
rules allow the reduction of hogging
steel from 100% to 50% beyond
0.15L, punching shear requirements
may dictate as the % of tensile steel
may have to be maintained at 100%
until 0.3L or further to provide the
required shear strength over all the
shear perimeters checked. This
indeed is the assumption herewith;

anchorage

@ 12 or equivalent

L 0.1 [l
0% | ] |
[ 2 '
A
| 1 1 |
P N S !
2 | Mid

b} Simply supportesd end

-
“~— Face of support span

— Reinforcement for ||
max. momant

Reinforcement for
max. moment

[}

) Cantlever

Detailing Steel Positions

Note that the main slab reinforcement in x is assumed to be interior to main slab reinforcement in y;

Note that the main edge beam in x reinforcement is assumed to be interior to main slab reinforcement in y;

Note that the main edge beam in y reinforcement is assumed to be at same level as main slab reinforcement ir

Note the same cover to all reinforcement used for the slab is used for the beam;

Note that where relevant, the additional cover has been added to only the top surface of the edge beam,

in effect assuming that there is a downstand edge beam.
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Structural Analysis Slab

Design ULS total load for one panel, F = n.l,.l, mkl\l

Table 11 Ultimate bending moment and shear force in flat slabs
T
End support/sab connechion Al first Middle of Interior
ntenor Infence supports
suppaort SOOINS
Simiphe Conlinuous
Al ouler Mear Al outer Haar
support mickdle of suppor micdde of
end span end span
Mo t - D04FP 0 3t . l £l - F
elgl-yl : 0 0.084F1 DAY 0T5h D D84F D.053F D0&3F
Shear 0.4F - (.44F - 0.5F - 0.5F
Total 0.04A - - - 0.022F) - 0.0227
column
maments
whese F i the Yolal design uitimote lood on o ponel bounded oy Four columng and | 5 the eflective ypon,
Mode:  The moments af supports boken from this foble moy be reduced by 0.015Fh,
Allowance has been mode for 20% redstibuBion o olowed in BS B0
*These morments may hove ha be reduced io be congisient with fhe copocily 1o fronsier momenis fo fhe columns. Tha midspon
moments T st fhen be increased comespondingly.

If a flat slab has at least three spans in each direction and the ratio of the longest span to the shoriest does not

excead 1.2, the maximum values of the bending moments and shear forces may be obtained from Table 11

Iy (longer span)

— -
s Middle strip Ly - Ix Ix
o 3 2 a
b Y/ E |___|___I_ _____________________ :___!_
z [ | f | :
: -
= ! i | :|=r1 e
—_— — s e e A e e ] ] = = — ]
Yol o a
] LB
| B
e e e T SN SN SN S
Eﬂ.l | i ._:‘EI‘I I ! i =
— 38| +-—W—tr-—— -1
[= 3 | 1
[ ] | | | 1 i
| | '____._._______________i_.__.____'
] ] N
I Column |
| strip |
|
a) Slab without drops

Table 3.12 — Ultimate bending moment and shear forces in one-way spanning slabs

End supportfzslab connection At first Middle Interior
Simple Continuons ;ﬁt::}i: h;;faﬂzr supports
At outer MNear middle At outer Mear middle
aunpport of end span support of end apan I *0-125F/| I 0.050F#P- I I —0. 083F/|
Moment 1] 0.05GFT 0.04F1 00755 [(EGY 0063 0.063 5]
Shear 0.4F I 0.080F] I 0468 “ 0.080F] I D.GF 0.aF
MNOTE is the total design uliimaie Joad Ol o 1 GLI
i is the effective spand Note elastic moment effects. #Pt IINote allowance has been made in this ta
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Ignore drop if
dimension < [
. Orop . Middie striply - drop size 3,
I | | |
-=o — e — = —— - e —
| |
gl B S | I
S | . i ]
I :
T S | ' ,
| | _—
! | 1 |
S S N S N N
gt | L
oY O Il
1 . ; D — -
eg| | W S e
22 | - | i '
3 .T.--!_____'_ _______I_____'______
I | Column strip = |
! | i 1
Ignore drop if ; HM—-.
dimension < I, . L
3 I AU _——
b) Slab with drops
|
Shorter Span, I,
Width of column strip, wy,ix = IF (Wgp<ly/3, /2, wgp) 5.000/m
Width of middle strip, w, x = I, — Wy i« 5.000/m
Sag moment for s/s case = 0.125F.l, (single span) 2925/kNm
Hog moment for s/s case = 1463 kNm
0.0625F.l, (single span continuous - simple or continuous end)
Shear for s/s case = 0.5F (single span) \ 1170 kN
Column moment for s/s case = 0.04Fl, (single span) 936 |kNm
Simple End Continuous End Interior
At outer _Near At outer _Near .At ﬂr_st IV_IlddI(_e of Interior
subport middle of SUDPOrt middle of | interior interior SUDDOrtS
PP end span PP end span | support spans PP
Moment 0 1872 936 1872 2925 1170 1942 ]kNm
Shear 936 N/A 1076 N/A 1404 N/A 1170 kN
Col Mnt 936 N/A N/A N/A 515 N/A 515 kNm
Note that for edge panels, the shear force has been calculated for the less critical outer support
instead of the first interior support because the SDL will be more critical here due to the external cladding.
Note that | above refers to /.

Sag moment, Mg ix

1170 4

Hog moment, Mg ix

1942 4!

Shear, V), \

1170 I\

Column moment, M,

515 [yl

Sag moment mid strip, Mg ix,m=0.45W5 1,/ (ly-15/2).Mgqgq,ix

kNm

Sag moment col strip, Mgag 1x,c=[1-0.45W5 1/ (ly-1x/2)].Mgqgq,ix

644 P4Inl

Hog moment mid strip, Myog,ix,m=0.25W> 1x/(ly-1x/2).Mpqg,ix

486 [ \Vag

Hog moment col strip, Mpog,ix,c=[1-0.25W; 1/ (ly-14/2)].Mpog,ix

4 kNm

ble
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Longer Span, |,
Width of column strip, wy,, = IF (Wgp<l/3, 1,/2, Wgp) 5.000/m
Width of middle strip, wy, = Iy — wy, 5.000/m
Sag moment for s/s case = 0.125F.l, (single span) 2925/kNm
Hog moment for s/s case = 1463 kNm
0.0625F.l, (single span continuous - simple or continuous end)
Shear for s/s case = 0.5F (single span) \ 1170 kN
Column moment for s/s case = 0.04Fl, (single span) 936|kNm
Simple End Continuous End Interior
At outer -Near At outer .Near .At f|r-st N.“ddlg of Interior
support middle of support middle of | interior interior SUDDOItS
PP end span PP end span | support spans PP

Moment 0 1872 936 1872 2925 1170 1942 ]kNm

Shear 936 N/A 1076 N/A 1404 N/A 1170 kN

Col Mnt 936 N/A N/A N/A 515 N/A 515 kNm

Note that for edge panels, the shear force has been calculated for

the less critical outer support

instead of the first interior support because the SDL will be more critical here

due to the external cladding.

Note that | above refers to /.

Sag moment, Mgg 1y

Hog moment, Mg,y

Shear, V,, |

Column moment, Mg,y

Sag moment mid strip, Mgag,iy,m=0.45Wy 1,/ (1x/2).Mgag,iy

Sag moment col strip, Mgag 1y,c=[1-0.45wW; 1,/ (1x/2)].Mgag,1y

Hog moment mid strip, Mnog,iy,m=0-25W3 1,/ (1x/2).Mhog,y |

Hog moment col strip, Mpqg y,c=[1-0.25W5 1,/ (1x/2)].Mpog,1y

A kNm

kNm

kNm

kNm

kNm

kNm

4 kNm
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\ \ \ \ \ BS8110
Structural Analysis Edge Beam Spanning in x Direction
Slab UDL on edge beam, medge,x = assumed 1.4 X wedge,bL 10/kN/m
ULS beam, WyLS,edge,x = 0Jedge,x"'1-‘I'SDLeIev,edge,x'{'1-4D|—edge,x 10 kN/m
Table 3.5 — Design ultimate bending moments and shear forces
At outer support MNear middle of At first interior Ak middle of At interior
end span support interior spans supports
Moment 0 0007 LT X —D.0RFT| _0.083F
Shear 0458 | 0.08F! | [H:,fﬂ'| ,0_125/:/”] 0.05F#PL | 0558

MOTE g

15 the effective e
Flis the totnl des

Mo redistribution of the me

Note elastic moment effects. #PL II

Note allowance has been made in this table
for 20% moment redistribution;

Interior or End Beam ?

Interior Beam

Note that the coefficients above are appropriate to the interior or edge panel as follows.

\ Sag x Hog x Shear x
Interior Edge Beam 0.050 0.083 0.550
End Edge Beam 0.080 0.125 0.600
Single Span Edge Beam 0.125 0.063 0.500

Note that the beams are always continuous (unless single span) since monolithic with columns,

and the slab is also always continuous (unless single span) in flat slabs.

Sag moment edge beam, Mgag edge,x = COEF.(0yLs edgex « Ix)lx 49 I\l
Hog moment edge beam, Myog.edgex = COEFF.(0yis edgex « Ix)Ix 30 kNm
Shear edge beam, Vegqe x = COEFf.(wyis,edge,x « Ix) A kN
Structural Analysis Edge Beam Spanning in y Direction
Slab UDL on edge beam, weqge,y = assumed 1.4 X ®edge,bL,y 10|kN/m
ULS beam, OuLs,edge,y = 0»’edge,y"'l-‘I'SDl—vsIev,edge,y"'1-4'D|-edz_;|e,y 10/kN/m
Table 3.5 — Design ultimate bending moments and shear forces
At outer support MNear middle of At first interior Ak middle of At interior
end span support interior spans supports
Maoment [1] .09 —ALTTRT 0.07FI —.OBFI| _0.083F/
Shear 0458 | 0.08FI | [H:,fﬂ'| _0_125/:/”] 0.05F#PL | 0558

MOTE g

15 the effective e
Flis the totnl des

Mo redistribution of the me

i #PL
Note elastic moment effects. Ilfor 20% moment redistribu

Note allowance has been made in this table

tion;

Interior or End Beam ?

Interior Beam

Note that the coefficients above are appropriate to the interior or edge panel as follows.

\ Sagy Hog y Shear y
Interior Edge Beam 0.050 0.083 0.550
End Edge Beam 0.080 0.125 0.600
Single Span Edge Beam 0.125 0.063 0.500

Note that the beams are always continuous (unless single span) since monolithic with columns,

and the slab is also always continuous (unless single span) in flat slabs.

Sag moment edge beam, Mgyg edge,y = COEFT.(Myis edge,y « Iy)ly

Hog moment edge beam, Mpog edge,y = COEIT.(0ys cdge,y -

)1y

Shear edge beam, Veqqe,y = cOeff.(myLs edge,y - ly)

49 P4l

38 KNm
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Job Title |Member Design - Reinforced Concrete Flat Slab BS811(Pre: Ref.

Member Design - RC Flat Slab Made by X | Date 18/08/2025¢
\ \ BS8110
Slab Mom‘ent Design
| _M(kNm) ___ M/b(kNm/m) [N

Sag moment, Mgag ix,m 527 |kNm 105/kNm/m
Sag moment, Mg,g ix,c 644 kNm 129/kNm/m
Hog moment, Myqg,ix,m 486|kNm 97 kNm/m
Hog moment, Myqg,ix,c 1457 kNm 291 kNm/m
Sag moment, Mgag 1y,m 527 |kNm 105/kNm/m
Sag moment, Mg,y c 644 kNm 129/kNm/m
Hog moment, Mg 1y,m 486|kNm 97 kNm/m
Hog moment, Myqq,iy,c 1457 kNm 291 kNm/m
Ensure singly reinforced
Limit K' (sagging span x) 0.156 |Limit K' (sagging span y)
Limit K' (hogging span x) 0.156 |Limit K' (hogging span y)

b d K z A,/b As prov
Msag,ix,m 5000 351 0.024 333 723 754
Msag,ix,c 5000 351 0.030 333 883 1340
Mhog,ix,m 5000 335 0.025 318 698 754
Mhog, ix,c 5000 335 0.074 305 2188 2094
Msag,ly,m 5000 367 0.022 349 691 754
Msag,ly,c 5000 367 0.027 349 845 1340
Mhog,ly,m 5000 355 0.022 337 659 754
Mhog, ly,c 5000 355 0.066 327 2041 2094

Note unless single span or continuous elastic whereby B, = 1.00 and K' = 0.156, K' calculated

with B, = 1.20 (sagging) or 0.80 (hogging), however K' for B, = 0.90 truncated at 0.156.

If K > K', then UT = 999%. Note that As;/b and A ,,,, above are in units of mm 2/m. Note that b is taken

as the relevant middle or columns widths. Note that A ., is specified for both the middle and column strips.
I

3.7.3.1 Column and middle strips

The column and middle strips should be designed to withstand the design moments obtained from 3.7.2.

| | In general, two-thirds of the amount of reinforcement required to resist the negative design moment in the

column strip should be placed in a width equal to half that of the column strip and central with the column.

% Min sag reinforcement |, ,, (>= 0.0024bh G250; >= 0.0013bh G460) 0.19%

% Min sag reinforcement |, ., utilisation ‘ ‘ ‘

% Min sag reinforcement I, . (>= 0.0024bh G250; >= 0.0013bh G460)

% Min sag reinforcement |, . utilisation ‘ ‘ ‘

% Min hog reinforcement |, ,, (>= 0.0024bh G250; >= 0.0013bh G460)

% Min hog reinforcement |, ,, utilisation ‘ ‘ ‘

% Min hog reinforcement I, . (>= 0.0024b(h+dg,) G250; >= 0.0013b(h+dgp)

% Min hog reinforcement |, . utilisation \ \ \

% Min sag reinforcement |, , (>= 0.0024bh G250; >= 0.0013bh G460)

% Min sag reinforcement |, , utilisation \ \ \

% Min sag reinforcement |, . (>= 0.0024b(h+dg,) G250; >= 0.0013b(h+dgp)

% Min sag reinforcement |, . utilisation \ \ \

% Min hog reinforcement |, , (>= 0.0024bh G250; >= 0.0013bh G460)

% Min hog reinforcement |, , utilisation \ \ \

% Min hog reinforcement |, . (>= 0.0024b(h+dg,) G250; >= 0.0013b(h+dgp)

% Min hog reinforcement |, . utilisation \ \ \

Note that d 4, only incorporated in column strip hogging above if w4, >=1,/3.

Note that d 4, only incorporated in column strip sagging above if w4, >= [, /3 and banded.
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\ \ \ \ \ BS8110
Limitations of Moment Transfer Into Edge Column
Maximum design moment that can be transferred to column by column strip
\ \ ‘
‘l'irl max 0. ]'l}bvnp_l".’-:-u Note fcu S60N/mm2 884 I\l
where
Width of strip, be,, 1500|mm
Adopted width of strip, b = MIN (bea, Wy,ix, W1,y) 1500|mm
\ \ \ \

Il ba
=Cxty —
\ |

Effective depth for top steel in col strip, d = MIN (dy ¢, dyn.c) 335|mm
Bending moment to transfer into column at edges, M, .« = 0.04F.MAX(l,,l,) 936 |kNm
Ensure moment transfer Mg max >= 0.5Mqact | 884 >= 468|kNm
Moment transfer utilisation 1-(Mg,max=(0.5M¢ act))/ Mt max 0/o O
Need to increase end span sag moment ? MAX(0, (M act = Mt max)/2) JkNm
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Job Title |Member Design - Reinforced Concrete Flat Slab BS811(Pre: Ref.

Member Design - RC Flat Slab Made by X | Date 18/08/2025¢

| | BS8110

Punching Shear (BS8110)

ULS design punching shear into column, V, mkN

Note V', = F (internal), F/2+SDL gjey,xy, -1 5y, (€dge), F/4+(SDL gjey,x .1 x +SDL gpey,, .1, )/2 (corner).

Area of column section, Ay = lyp.lhn (rectangular) or nlh,D2/4 (circular) 0.64|m?

Average effective depth of both rebar layers, d = (dync + dync)/2 {lnclude ‘v 345 mm

Note conservatively that d 4, should not be incorporated above when incorporated within d , . and

d, . to cater for the reduced effective depth at shear perimeters beyond the slab drop widths.

Area of tensile steel reinforcement provided, A rovx,h,c 2094 mm?/m

Area of tensile steel reinforcement provided, A prov,y,h,c 2094 mm?/m

Average area of tensile steel reinforcement provided, As provh,c 2094 mm?/m

pw = 100A, provn,/ (1000.d) | 0.61|%

ve = (0.79/1.25)(pufeu/25)Y3(400/d)"* 0.62|N/mm? |c.3.4.5.4
pw = 100A, ;0,.n,/(1000.d) < 3 0.61|% cl.3.4.5.4
feu = fou < 40N/mm? 35|N/mm?  |cl.3.4.5.4
(400/d)"* ‘z 0.67 1.04 cl.3.4.5.4

[ Values of design concrete shear strength, v, (N/mm?) (table 3.8 of BS 8110)

100A_ Effective depth (mm)

| Effectivedopth o) |
M| 6d |25 |10 |75 200 225|250 |30 |40

—{ =<0.15 0.45 0.43 0.41 0.40 0.39 0.38 0.36 0.34
| 0.25 0.53 0.51 0.49 0.47 0.46 0.45 0.43 0.40
[ | 0.50 0.67 0.64 0.62 0.60 0.58 0.56 0.54 0.50
: 0.75 0.77 0.73 0.71 0.68 0.66 0.65 0.62 0.57
|| 1.00 0.84 0.81 0.78 0.75 0.73 0.71 0.68 0.63
- 1.50 0.97 0.92 0.89 0.86 0.83 0.81 0.78 0.72
| 2.00 1.06 1.02 0.98 0.95 0.92 0.89 0.86 0.80
[ ] =3.00 1.22 1.16 1.12 1.08 1.05 1.02 0.98 0.91

For characteristic concrete strengths greater than 25 N/mm?, the values in this table may be multiplied

by (f.,/25)""?. The value of £, should not be taken as greater than 40.

Column Face Perimeter

Shear force at column face, V; = V; - n.A4 2325|kN cl.3.7.6.1
Eff. shear force, Ve, = (1.15 int., 1.40 edge column) . V; kN cl.3.7.6
Column face perimeter, u; \ 3200 mm cl.3.7.6.1

Rectangular Circular

Internal column: 2.(Inp+lnn)|3200 7. np |[N/A mm

Edge column: 2l pp+pp or 21 pp+h | 2400 /4(z.lnp) |N/A mm

Corner column: \ \(/h,b +/pn) 1600 7.l np/2 |N/A mm

Shear stress at column face perimeter, vi = Vggq / Uid (< 0.8f.,%> & 5N/mm? “PAN/mm? cl.3.7.7.2
Ultimate shear strength, MIN{0.8f..%° & 5.0N/mm?} 4 N/mm? cl.3.7.7.2

Ultimate shear stress utilisation 0/0 0
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BS8110
First Shea‘lr Perimeter @1.50d 518| to @0.00d 0|mm cl.3.7.7.6
|
Shear force 1.5d from column face, V, = Vi - n.(Aq < {l.ly,L/2.1y,1c.1,/2,1/2.1, 2261 kN cl.3.7.7.6
| | Rectangular Circular
Internal column: (I o +3d).(14,+3d)|3.37 | o +3d) % | N/A m?
Edge colump#1.5d).(I,+3d) or (I, +1.5d).(I}, +3d) |2.42 (I'hp+3d) |N/A m?
Corner column: | (Inp+1.5d).(1,,,+1.5d)|1.74 o+1.5d)° |[N/A m?
Eff. shear force, Ve, = (1.15 int., 1.40 edge column) . V, kN cl.3.7.6
Column first perimeter, u; < {2l+2I,, I+, I +1,,L/2+1,/2} 7340mm cl.3.7.7.6
Rectangular Circular
Internal column: 2.(Inp+lpn)+12d 7340 4l p+12d |N/A mm
Edge column: 2l pp+lpp+6dor2ly,+ly,+6d|4470 3l4p+6d |N/A mm
Corner column: | (Inp+pnp)+3d|2635 21,0 +3d|N/A mm
Shear stress at column first perimeter, v, = Vg, / Uod mN/mm2 cl.3.7.7.3

(Shear capacity enhancement by calculating v 4 at 1.5d from support and comparing against

unenhanced v . as clause 3.7.7.6 BS8110 employed instead of calculating v 4 at support and

comparing against enhanced v . within 1.5d of the support as clause 3.7.7.4 BS8110;)

Case v, < v, INVALID 0.62 |cl.3.7.7.6
No links required.
Case v, < v; < 1.6v, 0.62 N/A 0.99 cl.3.7.7.5
(v —u bud
E.'lh\ slno = W N/A >= N/A mm2 C/.3. 7.7.5
" Note f,, <460N/mm?* Foreword

Note ii..-l__“ﬁin-rf.i > | |0.4udi0.957,,

Case 1.6v, < v, < 2.0v, 0.99 VALID cl.3.7.7.5
I

5(0.Tv—v ud
LA_ sinot = W 5812 >= 2828 mm> cl.3.7.7.5
: = Note f,, <460N/mm? Foreword
Note |Zd,sinct]| >||0.4udi0.957,
Case v, > 2.0v, 4 N/A cl.3.7.7.5

First shear perimeter shear utilisation 49 9% o
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BS8110
Second Shear Perimeter @2.25d 776 | to @0.75d 259 |mm cl.3.7.7.6
Shear force 2.25d from column face, V5 = Vi - n.(Ag < {I.ly, /2.1, 1.1,/2,1,/2. 2210|kN cl.3.7.7.6
\ \ \ Rectangular Circular
Internal column: (I +4.5d).( 4, +4.5d) |5.53 .o +4.5d)° |N/A m?
Edge coluntd). (I n» +4.5d) or (14, +2.25d).(l 1, +4.5d) |3.71 'ho +4.5d) |N/A m?
Corner column: | (I +2.25d).(1,, +2.25d) |2.48 ,+2.25d)° [N/A m?
Eff. shear force, V3 = (1.15 int., 1.40 edge column) . V5 42 I\ cl.3.7.6
Column second perimeter, usz < {2l,+2l,,l,+1,,l+1,,L/2+1,/2} 9410/ mm cl.3.7.7.6
Rectangular Circular
Internal column: 2.(Inp+pn)+18d 9410 4l p+18d |N/A mm
Edge column: 2/ h,b +/h,h +9d or 2/ hh +/h,b +9d | 5505 3/h,D +9d N/A mm
Corner column: ‘ (Ihp+lpn)+4.5d 3153 2 o +4.5d |N/A mm
Shear stress at column second perimeter, v3 = Vg3 / Usd (WA N/mm? cl.3.7.7.3
Case v3 < v, INVALID 0.62 cl.3.7.7.6
No links required.
Case v, < v3 < 1.6v, 0.62 VALID 0.99 cl.3.7.7.5
) (v —u bud
E.'lh\ = = W 7933 >= 2972 mm2 C/.3. 7.7.5
" Note f,, <460N/mm? Foreword
Note | rA,, mmi >| | 0.4udi0.95,,
Case 1.6v, < v3 < 2.0v, 0.99 N/A cl.3.7.7.5
I
] 5(0.Tv—v ud
LA_ sinot = —oosr. N/A >= N/A mm? cl.3.7.7.5
: = Note f,, <460N/mm? Foreword
Note |Zd,sinct]| >||0.4udi0.957,
Case v3; > 2.0v, 4 N/A cl.3.7.7.5

Second shear perimeter shear utilisation 0/o 0
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BS8110
Third She‘ar Perimeter @3.00d 1035| to @1.50d 518 |mm cl.3.7.7.6
|
Shear force 3.0d from column face, V4, = Vi - n.(Acy < {1y, /2.1y, 1c.1,/2,1,/2.1, 2147|kN cl.3.7.7.6
\ \ Rectangular Circular
Internal column: (1o +6d).(1,, +6d) |8.24 | o +6d) % | N/A m?
Edge column(ly,, +3d).(I,, +6d) or (I, +3d).(l,,+6d) |5.27 .(In,p +6d) |N/A m?
Corner column: | | (Inp+3d).(1n,+3d) |3.37 1.0 +3d)? [N/A m?2
Eff. shear force, V4 = (1.15 int., 1.40 edge column) . V, mkN cl.3.7.6
Column third perimeter, u, < {2L+2l,, L +1,, L +1,,L/2+1,/2} 11480/mm cl.3.7.7.6
Rectangular Circular
Internal column: 2.(Inp+lnn)+24d 11480 4l p+24d |N/A mm
Edge column: 2pp+lppy+12d or 21y, +1y,+12d 6540 3l pp+12d |N/A mm
Corner column: ‘ ‘ (10,6 +1hp)+6d |3670 2l pp+6d |N/A mm
Shear stress at column third perimeter, v4 = Veg4 / Uad WPAN/mm? cl.3.7.7.3
Case v4 < v, INVALID 0.62 |cl.3.7.7.6
No links required.
Case v, < v4 < 1.6v, 0.62 VALID 0.99 cl.3.7.7.5
(=1 Yeed
LA sino = W 10132 >= 3625 |mm? c.3.7.7.5
" Note f,, <460N/mm?* Foreword
Note | TA,, mmi >| | 0.4udi0.95,,
Case 1.6v, < v, < 2.0v, 0.99 N/A [EEZIN C.3.7.7.5]
5(0.Tv—v ud
LA sinot = —owr. N/A >= N/A  mm? c.3.7.7.5
' Note f,, <460N/mm? Foreword

Note |Zd,sinct]| >||0.4udi0.957,

Case v4 > 2.0v, 4 N/A cl.3.7.7.5

Third shear perimeter shear utilisation 6% 0
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Fourth Shear Perimeter @3.75d 1294 | to @2.25d 776 |mm cl.3.7.7.6
Shear force 3.75d from column face, Vs = Vi - n.(Ais < {Ii.ly, /2.1, 1. 1,/2,1,/2. 2071 kN cl.3.7.7.6
\ \ \ Rectangular Circular
Internal column: (4o +7.5d).(1,+7.5d) |11.48 o +7.5d)% |N/A m?
Edge coluriod). (I n» +7.5d) or (14, +3.75d).(1 s +7.5d) | 7.09 'ho+7.5d) |N/A m?
Corner column: | (I +3.75d).(1,, +3.75d) |4.38 ,+3.75d)% |N/A m?
Eff. shear force, Vs = (1.15 int., 1.40 edge column) . Vs PAKN cl.3.7.6
Column fourth perimeter, us < {2l,+2I,,l,+1,l+1,,L/2+1,/2} 13550 mm cl.3.7.7.6
Rectangular Circular
Internal column: 2.(Inp+lpn)+30d 13550 4!, p +30d |N/A mm
Edge column: 2//-,,[3 +/h,h +15d or 2//-,//«, +/h,b +15d |7575 3/h,D +15d N/A mm
Corner column: ‘ ‘ (I np+ nn)+7.5d 4188 2 pp+7.5d | N/A mm
Shear stress at column fourth perimeter, vs = Vg5 / Usd 0 N/mm? cl.3.7.7.3
Case vs < v, VALID 0.62 cl.3.7.7.6
No links required.
Case v, < v5 < 1.6v, 0.62 N/A 0.99 cl.3.7.7.5
) (v —u bud
LA_ sino = oonr N/A >= N/A mm> cl.3.7.7.5
" Note f,, <460N/mm? Foreword
Note | rA,, mmi >| | 0.4udi0.95,,
Case 1.6v, < v5 < 2.0v, 0.99 N/A cl.3.7.7.5
I
] 5(0.Tv—v ud
LA_ sinot = —oosr. N/A >= N/A mm? cl.3.7.7.5
— Note f,, <460N/mm? Foreword

Note |Zd,sinct]| >||0.4udi0.957,

Case vs > 2.0v, 4 N/A cl.3.7.7.5

Fourth shear perimeter shear utilisation 829 0
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BS8110

Shear Reinforcement in Flat Slabs (BS Bl 10C 3.7.7. EC2, Cl1 5.4.3.3)

— When shear reinforcement is required around columns it should be placed in rectangular
|| perimeters. At least two sets of shear reinforcement should intersect the notional failure

plane within the zone considered. (See Structures Notes 198ENST S and [990NST 123

0. 754 0.754d 0. 754 1.5d

-
Fone |
] Fona 2
N 1

- Fone 3

Fona 4

i

B Gsof s

n ik

I The shear capacity is checked first on a perimeter 1.54 from the face of the loaded area. If the caloulated

shear stress does not exceed v, then no further checks arve needed.

If shear reinforcement 1= required. then it should be provided on at least two perimeters within the zone

mdlicated i Figure 3.17. The first perimeter of reinforcement should be located at approximately 0.54 from

| the face of the loaded area and should contain not leas than 40 % of the caleulated avea of reinforcement

—] The spacing of perimeters of reinforcement should not exceed 0754 and the spacing of the shear
reinforcement around any perimeter should not exceed 1,54, The shear remnforcement should be anchored

round at lrast one laver of tension reinforcement. The shear stress should then be checked on successive

— perimeters at 0.756d intervals until a perimeter iz reached which does not require shear reinforcement

First shear
— parimeter
[} 1.5d
- =g - )
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1 | E
- I /-'
- ] r a4 -~ S /
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|
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(
N
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|
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BS8110
[ | Ultimate shear check at column face
| Column (inc. head) 300 x 300
| | Mote: For column sizes other than 300 x 300 the slab depth should
| | be multiplied by the factor = (column perimeter/1200)
15 .
| 14 4 \ \ \ \\\ \ \ \ B ___| h = minimum slab thickness
| | = 'ﬂh \ \ \ \_ '\7%{0 j to resist punching shear
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Motes: 1. feu = 35 N/mm2,
| | 2. Dead load factor = 1.4,
3. Live load factor = 1.6,
| 4_The value of d/h is assumed to be 0.85,
= 5. The ratio of V.4V is assumed to be 1.15,
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1. fcu = 35 N/mm2,
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| | | EC2
Punching Shear (EC2) Do Not Adopt Code Equivalence v ‘
ULS design punching shear into column, V, kN
Note V', = F (internal), F/2+SDL gjey,xy, -1 5y, (€dge), F/4+(SDL gjey,x .1 x +SDL gpey,, .1, )/2 (corner).
Area of column section, Ay = lyp.lhn (rectangular) or nlh,D2/4 (circular) 0.64|m?
Average effective depth of both rebar layers, d = (dync + dync)/2 {Include ‘v 345 mm
Note conservatively that d 4, should not be incorporated above when incorporated within d , . and
d, . to cater for the reduced effective depth at shear perimeters beyond the slab drop widths.
Area of tensile steel reinforcement provided, A rovx,h,c 2094 mm?/m
Area of tensile steel reinforcement provided, A prov,y,h,c 2094 mm?/m
Average area of tensile steel reinforcement provided, As provh,c 2094 mm?/m
pw = 100A, provn,/ (1000.d) | 0.61|%
Veae = Cra.c-k(pufa) > +K1.6p = VimintKi.6c; Vmin=0.035k>*f, %, k;=0.15, f, < 0.54(N/mm? |c.6.2.2(1)
Crd,c = 0.18/y. = 0.18/1.5 = 0.12 0.12 cl.6.2.2(1)
k =1+ +(200/d) < 2.0 1.76 cl.6.2.2(1)
Pw = 100A; ,rov,n,c/(1000.d) < 2 0.61|% cl.6.2.2(1)
O = F/(10‘00.h) < 0.‘2fcd=O.Zacc.‘fck/yc=0.2(1‘.O.fck/1.5),‘fckSSON/m 0.00 N/mm? cl.6.2.2(1)
Table 8.2 Shear resistance of slabs without shear reinforcement vgg . N/mm? (Class C30/37 concrete)
|| p1 = A /bd Effective depth, d (mm)
|| < 200 225 250 300 350 400 500 600 750
| | 0.25% 0.54 0.52 0.50 0.47 0.45 0.43 0.40 0.38 0.36
0.50% 0.59 0.57 0.56 0.54 0.52 0.51 0.48 0.47 0.45
0.75% 0.68 0.66 0.64 0.62 0.59 0.58 0.55 0.53 0.51
L1 1.00% 0.75 0.72 0.71 0.68 0.65 0.64 0.61 0.59 0.57
| | 1.25% 0.80 0.78 0.76 0.73 0.71 0.69 0.66 0.63 0.61
1.50% 0.85 0.83 0.81 0.78 0.75 0.73 0.70 0.67 0.65
— 2.00% 0.94 0.91 0.89 0.85 0.82 0.80 0.77 0.74 0.71
— & 2.000 1.943 1.894 1.816 1.756 1.707 1.632 1.577 1.516
Table 8.3 Concrete strength modification factor
|| (mm?) 25 30 35 40 45 50
| | Modification factor 0.94 1.00 1.05 1.10 1.14 1.19
\ \
Column Frce Perimeter
Shear force at column face, V; = V; - n.A4 2325|kN
Eff. shear force, Ver; = (1.15int., 1.40 edge, 1.50 corner column) . V, kN cl.6.4.3(6)
Column face perimeter, u; \ 3200 mm cl.6.4.2(1)
Rectangular Circular
Internal column: 2.(Inp+lnn)|3200 7. np |[N/A mm
Edge column: 2l pp+pp or 21 pp+h | 2400 /4(z.lnp) |N/A mm
Corner column: \ \(/,,,b +/pn) 1600 7.l np/2 |N/A mm
Shear stress at column face perimeter, vi = Vg1 / Uid (< Vrgmax=0.20(1-fy/ N/mm? cl.6.2.2(6)
Ultimate shear strength, Vrg max=0.20(1-f4/250).f, f4 <50N/mm? EVAN/mm? cl.6.2.2(6)
Ultimate shear stress utilisation 49% O
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EC2
First Shea‘lr Perimet‘er @2.00d 690 | to @0.50d 173 |mm cl.6.4.2(1)
Shear force 2.0d from column face, V, = Vi - n.(Aq < {l.ly,L/2.1y,1.1,/2,1,/2.1, 2238 |kN ote
| Rectangular Circular
Internal column: 2.(pp.2d+ . 2d)+A o + 7.4d? |4.34 | o +4d) % | N/A m?2
Edge columip;.2d) or (2.1 pp.2d+1p,.2d)]+A 4 + 7.2d? |3.04 | o +4d) % | N/A m?
Corner column: (o 2d+pp.2d)+A o + 7.d% |2.12 | o +4d) % | N/A m?2
Eff. shear force, Ve, = (1.15int., 1.40 edge, 1.50 corner column) . V, kN cl.6.4.3(6)
Column first perimeter, u; < {2l+2I,, I+, I +1,,L/2+1,/2} 7535/mm cl.6.4.2(1)
Rectangular Circular
Internal column: 2.(Ipp+lpp)+ 7.4d | 7535 (I'hp+4d) |N/A mm
Edge column: 2lpp+pp+x.2d or 21+l + 7.2d | 4568 (I'hp+4d) |N/A mm
Corner column: ‘ (I'np+Inn)+z.d | 2684 (I'hp+4d) |N/A mm
Shear stress at column first perimeter, v, = Vg, / Uod mN/mm2 cl.6.4.3(3)

(Shear capacity enhancement by calculating v 4 at 2.0d from support and comparing against

unenhanced v pq. as clause 6.4.2(1) EC2 employed instead of calculating v 4 at support and comparing

against enhanced v . within 2.0d of the support as clause 6.4.3(7) and clause 6.2.2(6) EC2 invalid;)

Case v, < vpg,c INVALID 0.54 |cl.6.4.3(2)
No links required.
Case vra.c < V2 < 0.75vg4,+0.08/v..fo0° 0.54 N/A 0.78 |[cl.6.4.3(2)
0.08/ys.fa’>, fue<50N/mm? 0.37 |N/mm? [cl.9.2.2(5)
Asv,prov,z 2 Asv,nom,z ‘ N/A >= N/A mm2
where Ay nom2 > 3.(0.08/7.f0 ") . UsSy o/ (1.5F wa.ef) @Ssuming 3 perimeters  |cl.6.4.5(1)
where f g = 250+0.25d < f,\/vs, fWSGOON/mm2 336 N/mm? cl.6.4.5(1)
Case 0.75vgy,c+0.08/7..fo > < vy < 2.0vgq.c 0.78 VALID cl.6.4.3(2)
0.08/ys.fa’>, fue<50N/mm? 0.37 |N/mm? [cl.9.2.2(5)
Asv,prov,Z 2 Asv,2 5969 >= 5875 mm2
where A, > > 3.(V2-0.75Vpg o). UsSy,2/ (1.5F,wqer) @ssuming 3 perimeters cl.6.4.5(1)
where fyyqer = 250+0.25d < f,\/vs, f,u<600N/mm? 336 |N/mm? |cl.6.4.5(1)
Case v, > 2.0vgqy,c D9 N/A cl.8.1.1 MOSL

First shear

perimeter shear utilisation
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EC2
Second STear Perin“leter @3.50d 1208| to @2.00d 690 [mm cl.6.4.5(4)
|
Shear force 3.5d from column face, V3 = Vi - n.(Ai < {l.ly,L/2.1y,1.1,/2,1,/2.1, 2127 |kN ote
\ \ Rectangular Circular
Internal colum®.(l,,,.3.5d+! py.3.5d)+A o + 7.(7d)? /4 |9.08 | o +7d) % | N/A m?
Edge colunor:(2.1,,,.3.5d+1,,,.3.5d)]+A 4 + 7.(7d)* /8 |5.83 | o +7d) % | N/A m?
Corner column:(lp.3.5d+1.3.5d)+A o + 7.(7d)? /16 |3.72 | o +7d) % | N/A m?
Eff. shear force, Ver3 = (1.15 int., 1.40 edge, 1.50 corner column) . V3 kN cl.6.4.3(6)
Column second perimeter, usz < {2l,+2l,,l,+1,,l+1,,L/2+1,/2} 10787 mm cl.6.4.5(4)
\ Rectangular Circular
Internal column: 2.(Ipp+lnp)+7.7d 10787 (Ihp+7d) |N/A mm
Edge column: 2l +lpp+ z.7d/2 or 2l pp+lpp+ 7.7d/2 (6193 (Ihp+7d) |N/A mm
Corner column: | | (InoH np)t 7.7d/4 3497 (Inp+7d) [N/A mm
Shear stress at column second perimeter, v3 = Vg3 / Usd mwmm2 cl.6.4.3(3)
Case v; < vpg,c INVALID 0.54 |cl.6.4.3(2)
No links required.
Case vpa.c < vz < 0.75vR4,+0.08/v..fo 0 0.54 VALID 0.78 |[cl.6.4.3(2)
0.08/ys.fa’>, fue<50N/mm? 0.37 |N/mm? [cl.9.2.2(5)
Agy prov,3 = Asynom,3 ‘ 9425 >= 3543 mm?
where Ay nom3 > 2.(0.08/7.fo ") U35y 5/ (1.5F wa.ef) @Ssuming 2 perimeters  |cl.6.4.5(1)
where f g = 250+0.25d < f,\/vs, fWSGOON/mm2 336 N/mm? cl.6.4.5(1)
Case 0.75vgy,c+0.08/7..fo > < v3 < 2.0vgq.c 0.78 N/A cl.6.4.3(2)
0.08/ys.fa’>, fue<50N/mm? 0.37 |N/mm? [cl.9.2.2(5)
Asv,prov,3 2 Asv,3 N/A >= N/A mm2
where A, 3 > 2.(v3-0.75Vrg c).U3Sy,3/(1.5f w4 r) @ssuming 2 perimeters cl.6.4.5(1)
where fyyqer = 250+0.25d < f,\/vs, f,u<600N/mm? 336 |N/mm? |cl.6.4.5(1)
EY Case vz > 2.0vgqc D9 N/A cl.8.1.1 MOSL

Second shear perimeter shear utilisation
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EC2
Third She‘ar Perimet‘er @5.00d 1725| to @3.50d 1208 |mm cl.6.4.5(4)
|
Shear force 5.0d from column face, V4, = Vi - n.(Acq < {1y, /2.1y, 1c.1,/2,1,/2.1, 1977 kN ote
| | | Rectangular Circular
Internal column: 2.(11,,.5d+!.5d)+A o + 7.(10d)? /4 |15.51 no+10d)? |N/A m?
Edge columb):or (2.1,,,.5d+!1,,.5d)]+A 4 + 7.(10d)? /8 |9.45 no+10d)? |N/A m?
Corner column: (I ,.5d+!,.5d)+A ¢ + 7.(10d)? /16 |5.74 no+10d)? N/A m?
Eff. shear force, V¢4 = (1.15 int., 1.40 edge, 1.50 corner column) . V, kN cl.6.4.3(6)
Column third perimeter, u, < {2L+2l,, L +1,, L +1,,L/2+1,/2} 14038/ mm cl.6.4.5(4)
| Rectangular Circular
Internal column: 2.(Iphp+lnp)+ 7.10d 14038 I 'np+10d) |N/A mm
Edge colum@tpp +lpp+ 7.10d/2 or 21+l + 7.10d/2 | 7819 I 'np+10d) |N/A mm
Corner column: ‘ ‘ (I 0o+ pn)+ 7.10d/4 4310 I'np+10d) |N/A mm
Shear stress at column third perimeter, v4 = Veg4 / Uad (VA N/mm? cl.6.4.3(3)
Case v, < Vpg,c VALID 0.54 |cl.6.4.3(2)
No links required.
Case vpa.c < Va4 < 0.75vg4,+0.08/v..fo0° 0.54 N/A 0.78 |[cl.6.4.3(2)
0.08/ys.fa’>, fue<50N/mm? 0.37 |N/mm? [cl.9.2.2(5)
Asv,prov,4 2 Asv,nom,4 ‘ N/A >= N/A mm?
where Ay noma > 2.(0.08/7.f0”>).UsSy 4/ (1.5F wa.ef) @Ssuming 2 perimeters  |cl.6.4.5(1)
where f g = 250+0.25d < f,\/vs, fWSGOON/mm2 336 N/mm? cl.6.4.5(1)
Case 0.75vgy,c+0.08/7..fu > < v4 < 2.0vgq,c 0.78 N/A cl.6.4.3(2)
0.08/ys.fa’>, fue<50N/mm? 0.37 |N/mm? [cl.9.2.2(5)
Asv,prov,4 2 Asv,4 N/A >= N/A mm2
where Ag, 4 > 2.(V4-0.75VRg c).UsSy, 4/ (1.5f w4 er) @Ssuming 2 perimeters cl.6.4.5(1)
where fyyqer = 250+0.25d < f,\/vs, f,u<600N/mm? 336 |N/mm? [cl.6.4.5(1)
EY Case v; > 2.0vgqy,c D9 N/A cl.8.1.1 MOSL

Third shear perimeter

shear utilisation
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EC2
Fourth Sh‘ear Perim‘eter @6.50d 2243| to @5.00d 1725 [mm cl.6.4.5(4)
|
Shear force 5.0d from column face, Vs = Vi - n.(Acs < {l.ly,L/2.1y,1c.1,/2,1,/2.1, 1787 kN ote
\ \ \ \ Rectangular Circular
Internal colur®r(i,,,.6.5d+!,,.6.5d)+A 4 + z.(13d)? /4 |23.61 no+13d)? |N/A m?
Edge columm(2.1p,,.6.5d+,,.6.5d)]+A + 7.(13d)?/8|13.92 no+13d)? N/A m?
Corner column(i,,.6.5d+!p,,.6.5d)+A o + 7.(13d)? /16 |8.18 no+13d)? IN/A m?
Eff. shear force, Vers = (1.15 int., 1.40 edge, 1.50 corner column) . Vs kN cl.6.4.3(6)
Column fourth perimeter, us < {2l,+2I,,l,+1,l+1,,L/2+1,/2} 17290 mm cl.6.4.5(4)
\ Rectangular Circular
Internal column: 2.(Inp+pp)+7.13d 17290 I 'np+13d) |N/A mm
Edge colum@typ +lpp+ 7.13d/2 or 2l pp+1pp + 7.13d/2 |9445 I 'np+13d) |N/A mm
Corner column: \ \ (Ihp+lpp)+ 7.13d/4 5123 I 'np+13d) |N/A mm
Shear stress at column fourth perimeter, vs = Vg5 / Usd mN/mm2 cl.6.4.3(3)
Case vs < Vpg,c VALID 0.54 |cl.6.4.3(2)
No links required.
Case vpa.c < Vs < 0.75vp4,+0.08/v..fo0° 0.54 N/A 0.78 |[cl.6.4.3(2)
0.08/ys.fa’>, fue<50N/mm? 0.37 |N/mm? [cl.9.2.2(5)
Asv,prov,S 2 Asv,nom,S ‘ N/A >= N/A mm2
where Ay noms > 2.(0.08/75.fo”>).UsSy.5/(1.5fwa.ef) @Ssuming 2 perimeters  |cl.6.4.5(1)
where f g = 250+0.25d < f,\/vs, fWSGOON/mm2 336 N/mm? cl.6.4.5(1)
Case 0.75vgy,c+0.08/7..fo > < vs < 2.0vgq.c 0.78 N/A cl.6.4.3(2)
0.08/ys.fa’>, fue<50N/mm? 0.37 |N/mm? [cl.9.2.2(5)
Asv,prov,S 2 Asv,S N/A >= N/A mm2
where A, s > 2.(V5-0.75Vrg c).UsSy,5/(1.5fywq er) @ssuming 2 perimeters cl.6.4.5(1)
where fyyqer = 250+0.25d < f,\/vs, f,u<600N/mm? 336 |N/mm? [cl.6.4.5(1)
EY Case vs > 2.0vgq,c D9 N/A cl.8.1.1 MOSL
Fourth shear perimeter shear utilisation 63% o
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\ \ | ACI318
Punching ‘Shear (ACI318) Do Not Adopt Code Equivalence v ‘
ULS design punching shear into column, V, kN
Note V', = F (internal), F/2+SDL gjey,xy, -1 5y, (€dge), F/4+(SDL gjey,x .1 x +SDL gpey,, .1, )/2 (corner).
Area of column section, Ay = lyp.lhn (rectangular) or nlh,D2/4 (circular) 0.64|m?
Average effective depth of both rebar layers, d = (dync + dync)/2 {Include ‘v 345 mm
Note conservatively that d 4, should not be incorporated above when incorporated within d , . and
d, . to cater for the reduced effective depth at shear perimeters beyond the slab drop widths.
dve,2 | ¢Vc,3‘| dvea | ¢Vc?5 = [MIN(a“C)] 1.31 1.31 1.16 1.04 N/I’Tll'ﬂ2
Table 22.6.5.2—Calculation of v, for two-way shear
Ve
033017 (a) Note f.'< 70N/mm?
[(a)] ¢v. = 1.31|N/mm? p.5.2, cl.22
0”(”3]7&\/75 [(b)] ¢v . = 2.02|N/mm? p.5.2, cl.22
Least of (a), (b), and (c): B c ’
[(c)] ¢V, = 1.65|N/mm? p.5.2, cl.22
O_Ogs(hascf]l@, [(C)] $V3 = 1.40|N/mm? b.5.2, cl.22
b, [(C)] ¢Vey = 1.16|N/mm? b.5.2, cl.22
Note: B is the ratio of long side to short side of the column, concentrated load, or reac- F(C)] ¢VC,5 = 104 N/ml’]’]2 552, C/22
tion area and q, is giv‘enin22A6A5.3. ‘ ‘ . ‘
where A = {1.00 NWC, 0.75 LWC} Normal Weight | w 1.00
where B = MAX (h,b) / MIN (h,b) 1.0
where as = {40 interior, 30 edge, 20 corner} column 40 cl.22.6.5.3
where by = {u, | us | us | us} 4580 6126 9055 11984 mm
where ¢ = 0.75 0.75 cl.21.2
FY
Column Face Perimeter
Shear force at column face, V; = V; - n.A4 2325|kN
Eff. shear force, Ve, = (1.15 int., 1.40 edge column) . V; kN
Column face perimeter, u; \ 3200 mm
Rectangular Circular
Internal column: 2.(Inp+lnn)|3200 7. np |[N/A mm
Edge column: 2l pp+pp or 21 pp+h | 2400 /4(z.lnp) |N/A mm
Corner column: \ \(/,,,b +/pn) 1600 7.l np/2 |N/A mm
Shear stress at column face perimeter, v = Vg4 / Uod (< $0.5F."), f.'<70N/ FAN/mm? cl.22.6.6.2
Ultimate shear strength, ¢0.5Vf., f.'<70N/mm? EYIN/mm? b.6.2, cl.22
Ultimate shear stress utilisation 859% O
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ACI318
First Shea‘lr Perimeter @0.50d 173] to | @2.50d 863 |mm cl.22.6.4.1
| |
Shear force 0.5d from column face, V, = Vi - n.(Aqg < {l.ly,L/2.1y,1c.1,/2,1,/2.1, 2309 kN ote
| | Rectangular Circular
Internal column: (o +d).(1,n+d) |1.31 (I np+d)? IN/A m?2
Edge colunth; , +0.5d).(1,+d) or (I, +0.5d).(1, +d) |1.11 1).(Inp+d) |N/A m?
Corner column: | (I, +0.5d).(I},, +0.5d) |0.95 o +0.5d)% N/A m?
Eff. shear force, Ve, = (1.15 int., 1.40 edge column) . V, kN BS8110
Column first perimeter, u; < {2l+2I,, I+, I +1,,L/2+1,/2} 4580|mm cl.22.6.4.1
Rectangular Circular
Internal column: 2.(Ipp+lpn)+4d | 4580 4l pp +4d |N/A mm
Edge column: 2l pp+lpp+2d or 21y +l 4y +2d 3090 3lhp+2d |N/A mm
Corner column: ‘ (I 0o+ np)+d|1945 2l pp+d |N/A mm
Shear stress at column first perimeter, v, = Vg, / Uod mN/mm2
6.3.1
6.3.1
6.3.1
Case v, < v, INVALID 1.31 |[cl.22.6.5.2
No links required.
Case ¢v ., < v, < $0.17AVf.'+$NL 1.31 N/A 0.94 |cl.22.6.6.1
ONL = §MAX{0.062+f.',0.35}, f.'<70N/mm? 0.26 |N/mm?
Asv,prov,z 2 Asv,nom,z ‘ ‘ N/A >= N/A mm2
where Agy nom,2 > 4.MAX{0.0627f',0.35}.u,5, 2/fy,
where 1={1.00 NWC, 0.75 LWC}, f,,<420N/mm?, f.'<70N/mm? cl.22.6.3.2
Case $0.17MVf+¢NL < v, < $0.5VF,' | 094 | vaio [ERTINC.22.6.6.2)
ONL = §MAX{0.062+f.',0.35}, f.'<70N/mm? 0.26 |N/mm?
Agprovz = Asvz | | 4477 < 13165 |mm? c1.22.6.1.3
where A, , > 4.(v2—¢0.17k\/fc').uzs\,,2/(¢fyv) assuming 4 peripherals cl.22.6.6.1, cl.22
where ¢=0.75, A={1.00 NWC, 0.75 LWC}, f,,<420N/mm? cl.21.2, cl.22.6
Case v, > $0.5Vf.' 08 N/A cl.22.6.6.2, cl.22
First shear perimeter shear utilisation 04%%0 OT C
cl.22.6.3.1
6.3.1
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Second STear Perin“leter @1.50d 518| to @3.50d 1208 |mm cl.22.6.4.2
|
Shear force 1.5d from column face, V3 = Vi - n.(Ai < {l.ly,L/2.1y,1.1,/2,1,/2.1, 2285|kN ote
| | | Rectangular Circular
Internal column: (Ihp+2.12d).(Ipp+2.12d) |2.35 ,+2.12d)% |N/A m?
Edge colunth¢l p,+2.12d) or (I, +1.06d).(14,+2.12d) |1.79 .o +2.12d) |N/A m?
Corner column: | (I, +1.06d).(I,, +1.06d) |1.36 ,+1.06d)° | N/A m?
Eff. shear force, V3 = (1.15 int., 1.40 edge column) . V5 kN BS8110
Column second perimeter, usz < {2l,+2l,,l,+1,,l+1,,L/2+1,/2} 6126|/mm cl.22.6.4.2
Rectangular Circular
Internal column: 2.(lpp+lpn)+8.48d 6126 o +8.48d |N/A mm
Edge column:  2lp,+lyp+4.24d or 21+, +4.24d | 3863 ho+4.24d |N/A mm
Corner column: ‘ (Ihp+pp)+2.12d | 2331 ho+2.12d |N/A mm
Shear stress at column second perimeter, v3 = Vg3 / Usd mN/mm2
Case v; < ¢v 3 VALID 1.31 |[cl.22.6.5.2
No links required.
Case ¢v 3 < v3 < 0.17AVf.'+NL 1.31 N/A 0.94 |cl.22.6.6.1
ONL = §MAX{0.062+f.',0.35}, f.'<7ON/mm? 0.26 |N/mm?
Asv,prov,3 = Asv,nom,3 ‘ ‘ N/A >= N/A mm?
where Agy nom,3 > 4.MAX{0.062+f',0.35}.uss, 3/f,,
where A={1.00 NWC, 0.75 LWC}, f,,<420N/mm?, f.'<70N/mm? cl.22.6.3.2
cl.22.6.3./Case $0.17)\f.'+¢NL < v3 < ¢0.5+F,' | 094 | vaio [ERTINC.22.6.6.2)
ONL = §MAX{0.062+f.',0.35}, f.'<7ON/mm? 0.26 |N/mm?
Agprovs = Asvs | | 4477 < 9955  |mm? c1.22.6.1.3
6.7.2 where Ay, 3 > 4.(v3-¢0.170f').uss, 3/(4f,,) assuming 4 peripherals cl.22.6.6.1, cl.22
3.2 where $=0.75, A={1.00 NWC, 0.75 LWC}, f,,<420N/mm? cl.21.2, cl.22.6
6.3.1 Case v3 > ¢0.5\lfc' st N/A cl.22.6.6.2, cl.22

Second shear perimeter shear utilisation 0590 0
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Third She‘ar Perimet‘er @3.00d 1035| to @5.00d 1725 [mm cl.22.6.4.2
|
Shear force 3.0d from column face, V4, = Vi - n.(Acy < {1y, /2.1y, 1c.1,/2,1,/2.1, 2220|kN ote
| Rectangular Circular
Internal column: (I o +4.24d).(1, » +4.24d) |5.12 ,+4.24d)° |N/A m?
Edge colunthl p, +4.24d) or (I, +2.12d).(1 4, +4.24d) |3.47 .o +4.24d) |N/A m?
Corner column: (I pp+2.12d).(1,, +2.12d) |2.35 ,+2.12d)° |N/A m?
Eff. shear force, V4 = (1.15 int., 1.40 edge column) . V, kN BS8110
Column third perimeter, u, < {2L+2l,, L +1,, L +1,,L/2+1,/2} 9055|mm cl.22.6.4.2
Rectangular Circular
Internal column: 2.(lpp+lpn)+16.97d |9055 p+16.97d |N/A mm
Edge column: 2l +l4,+8.49d or 21+, +8.49d | 5329 o +8.49d |N/A mm
Corner column: ‘ (Ihp +pp)+4.24d | 3063 ho+4.24d |N/A mm
Shear stress at column third perimeter, v4 = Veg4 / Uad 0 N/mm?
Case v; < ¢vcq VALID 1.16 |[cl.22.6.5.2
No links required.
Case ¢v 4 < v4 < 0.172Vf'+NL 1.16 N/A 0.94 |[cl.22.6.6.1
ONL = §MAX{0.062+f.',0.35}, f.'<7ON/mm? 0.26 |N/mm?
Asv,prov,4 2 Asv,nom,4 ‘ N/A >= N/A mm?
where Agy nom,a > 4.MAX{0.0627f',0.35}.u,5,,4/f,\
where A={1.00 NWC, 0.75 LWC}, f,,<420N/mm?, f.'<70N/mm? cl.22.6.3.2
cl.22.6.3.,Case $0.17)\f.'+NL < v, < ¢$0.5+F,' | 0.94 N/A  [EETINc.22.6.6.2
ONL = §MAX{0.062+f.',0.35}, f.'<7ON/mm? 0.26 |N/mm?
Agyvprov,a = Asva N/A >= N/A mm? cl.22.6.1.3

6.7.2 where Ag, 4 > 4.(v4-90.170Vf"). ugs, o/ (4f,,) @assuming 4 peripherals cl.22.6.6.1, cl.22
3.2 where $=0.75, ={1.00 NWC, 0.75 LWC}, f,,<420N/mm? cl.21.2, cl.22.6
6.3.1 Case v, > ¢0.5\/fc' st N/A cl.22.6.6.2, cl.22

Third shear perimeter shear utilisation
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Fourth Sh‘ear Perim‘eter @4.50d 1553 | to @6.50d 2243 |mm cl.22.6.4.2
Shear force 4.5d from column face, Vs = Vi - n.(Acs < {l.ly,L/2.1y,1c.1,/2,1,/2.1, 2130|kN ote
| Rectangular Circular
Internal column: (I 1y +6.36d).(1, » +6.36d) |8.97 ,+6.36d)° |N/A m?
Edge columihfl p, +6.36d) or (I, +3.18d).(I, +6.36d) |5.68 .0 +6.36d) |N/A m?
Corner column: (Ihp+3.18d).(I,,+3.18d) |3.60 ,+3.18d) % |N/A m?
Eff. shear force, Vs = (1.15 int., 1.40 edge column) . Vs kN BS8110
Column fourth perimeter, us < {2l,+2I,,l,+1,l+1,,L/2+1,/2} 11984 mm cl.22.6.4.2
Rectangular Circular
Internal column: 2.(lpp+lpn)+25.46d 11984 p+25.46d |N/A mm
Edge column: 21, +lpp+12.73d or 21 pp+lp, +12.73d (6792 p+12.73d |N/A mm
Corner column: ‘ (I h,p +pp)+6.36d | 3794 o +6.36d |N/A mm
Shear stress at column fourth perimeter, vs = Vg5 / Usd mN/mm2
Case vs < ¢vs VALID 1.04 |[cl.22.6.5.2
No links required.
Case ¢v.s < vs < 0.17AVf.'+NL 1.04 N/A 0.94 |cl.22.6.6.1
ONL = §MAX{0.062+f.',0.35}, f.'<70N/mm? 0.26  |N/mm?
Asv,prov,S 2 Asv,nom,S ‘ N/A >= N/A mm2
where Agy nom,s > 4.MAX{0.062+f',0.35}.uss, 5/fy,
where 1={1.00 NWC, 0.75 LWC}, f,,<420N/mm?, f.'<70N/mm? cl.22.6.3.2
cl.22.6.3.Case $0.17)\f.'+¢NL < vs < ¢0.5+F,' | 0.94 N/A  [EETINc.22.6.6.2)
ONL = §MAX{0.062+f.',0.35}, f.'<70N/mm? 0.26  |N/mm?
Agy prov,5 = Agy s N/A >= N/A mm? cl.22.6.1.3

6.7.2 where Ay, 5 > 4.(vs-¢0.170f'). uss, s/(4f,,) assuming 4 peripherals cl.22.6.6.1, cl.22
3.2 where ¢$=0.75, A={1.00 NWC, 0.75 LWC}, f,,<420N/mm? cl.21.2, cl.22.6
6.3.1 Case vs > $0.5Vf.' 08 N/A cl.22.6.6.2, cl.22
Fourth shear perimeter shear utilisation % o
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Detailing Requirements

All detailing requirements met ?

Max column strip sagging steel reinforcement pitch in x (<3dy, <750mm) 150/ mm
Max column strip sagging steel reinforcement pitch in y (<3d, ., <750mm) 150/ mm
Max column strip hogging steel reinforcement pitch in x (<3dy ., <750mm) 150 mm
Max column strip hogging steel reinforcement pitch in y (<3d, 5, <750mm) 150/ mm
Max middle strip sagging steel reinforcement pitch in x (<3dys, <750mm) 150/ mm
Max middle strip sagging steel reinforcement pitch in y (<3d, ¢m, <750mm) 150 mm
Max middle strip hogging steel reinforcement pitch in x (<3dynm, <750mm) 150 mm
Max middle strip hogging steel reinforcement pitch in y (<3d, hm, <750mm) 150/ mm
\ \ \ \ [
Maximum pitch of bars:(Notation as for BS 8110}
i bh Maximum Pitch {mm)

Main bars : 0.5 or less 300

1.0 or more 150

[ [ [ [
Max column strip sagging steel reinforcement pitch in x 150 mm
Max column strip sagging steel reinforcement pitch in y 150 mm
Max column strip hogging steel reinforcement pitch in x 150 mm
Max column strip hogging steel reinforcement pitch in y 150 mm
Max middle strip sagging steel reinforcement pitch in x 150 mm
Max middle strip sagging steel reinforcement pitch iny 150 mm
Max middle strip hogging steel reinforcement pitch in x 150 mm
Max middle strip hogging steel reinforcement pitch iny 150 mm

Note that d 4, only incorporated in column strip hogging above if w4, >=1,/3.

Note that d 4, only incorporated in column strip sagging above if w4, >=1,/3 and banded.

Min column strip sagging steel reinforcement pitch in x (>75mm+¢sy o, >100 150 mm
Min column strip sagging steel reinforcement pitch in y (>75mm+¢sy o, >100 150 mm
Min column strip hogging steel reinforcement pitch in X (>75mm+dny o1, >100 150 mm
Min column strip hogging steel reinforcement pitch in y (>75mm+¢ny,co, >100 150 mm
Min middle strip sagging steel reinforcement pitch in x (>75mMmM+¢gy mig, >100 150 mm
Min middle strip sagging steel reinforcement pitch in y (>75mm-+¢s, miq, >100 150 mm
Min middle strip hogging steel reinforcement pitch in X (>75mMm+¢ny,mid, >100 150 mm
Min middle strip hogging steel reinforcement pitch in y (>75mm+¢pny,mia, >100 150 mm

Note an allowance has been made for laps in the min pitch by increasing the criteria by the bar diameter.

% Max column strip sag reinforcement in x (<= 0.04bh) 0.34\%
% Max column strip sag reinforcement in y (<= 0.04b(h+d,)) 0.34|%
% Max column strip hog reinforcement x (<= 0.04b(h+dg,)) 0.52|%
% Max column strip hog reinforcement y (<= 0.04b(h+dg,)) 0.52|%
% Max middle strip sag reinforcement in x (<= 0.04bh) 0.19\%
% Max middle strip sag reinforcement in y (<= 0.04bh) 0.19\%
% Max middle strip hog reinforcement x (<= 0.04bh) 0.19\%
% Max middle strip hog reinforcement y (<= 0.04bh) 0.19\%

Note that d 4, only incorporated in column strip hogging above if w4, >=1,/3.

Note that d 4, only incorporated in column strip sagging above if w4, >= [, /3 and banded.

Sagging steel reinforcement diameter in X, ¢sx,coi (>=6mm) 16/mm
Sagging steel reinforcement diameter in y, ¢s,,co (>=6mm) 16/mm
Hogging steel reinforcement diameter in X, ¢ny,co (>=6mm) 20/mm
Hogging steel reinforcement diameter in y, ¢ny,co (>=6mm) 20/mm
Sagging steel reinforcement diameter in X, ¢ex,mia (>=6mm) 12/mm
Sagging steel reinforcement diameter in y, ¢s, miq (>=6mm) 12|mm
Hogging steel reinforcement diameter in X, ¢pnx,mia (>=6mm) 12{mm
Hogging steel reinforcement diameter in y, ¢ny,miq (>=6mm) 12{mm
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Deflection Criteria
Span in x
Span, x 10.000/m
Span, x / effective depth, d, s ratio ﬂ
Basic span / effective depth ratio criteria (20 single span; 23 edge; 26 cont) 26.0
Multiplier C1,span more or less than 10m Include v 1.00
Multiplier Cy fiat siab 0.90 cl.3.7.8 BS81
Modification factor for tension C,

My/b = MAX (Mgag,ix,m/W2,ixr Msag,ix,c/ W1,x) Col Strip Governs 128.7|kNm/m

m,/bd, ;> 1.04/N/mm?

— j""F‘Fl: T 1
.= 34 * B (Bp=1.2 unless single span or continuous ela 220 |N/mm?
<%= poov T
. (277 -1
055 + 2 =320
Modification 2 170 (0.9 =+ _L:I 1.65
‘ \ b=
I

Modified span / effective depth ratio criteria

Deflection utilisation

Spaniny
Span, y 10.000/m
Span, y / effective depth, d, 5 sm ratio
Basic span / effective depth ratio criteria (20 single span; 23 edge; 26 cont) 26.0
Multiplier Cl,span more or less than 10m Include v 1.00
Multlpller Cl,flat slab 0.90 cl.3.7.8 BS81
Modification factor for tension C,
my/b = MAX (Mgag iy,m/W2,iys Msag,ty,/ W1,1y) Col Strip Governs 128.7 kNm/m
mv/bdv,s,c/mz 0.96|N/mm?
— j""F‘Fl: T 1
.= 34 * B, (Bpb=1.2 unless single span or continuous ela 210|N/mm?
+ %= poov T
. (277 -1
055 + 2 =320
Modification |~ 120 (o8 = b-“;;, 1.75

Modified span / effective depth ratio criteria

Deflection utilisation

Utilisation in xand y

Deflection utilisation
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Scheme Design: Flat Slab
I I
1 s00
- Flat slabs

- N /

500 -~
H E

Easp . . 10 f"'::::f ]
1 = Live load kM “ e } L T
| | |'T'4|:| f"f-“

: | | e
H = 3s0 - - e |
IEN o T i
1 300 |
[l =2s0 s ]

il e -
| D) —penat ; " B
| 4 5 & 7 ] 9 10 1 12 [ |
H Multiple span (m) —
| GO
| | 500
H 0
| 300
: L =
|} TR I R A S S e S —
4.0 50 5.0 7.0 3.0 9.0 o0 1.0 120

| Characteristic impeded losd (L]
B 25 kNim! 5.0 kMm? TEENM e w100 kMM
10

Scheme Design: Flat Slab With Drops

GO0

Characteristic Imposed load (L)

= 2.5 kNP

= 5 0kN/m?

= 7.5 KN — =10.0kN/m?
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\ \ \ \ BS8110
Scheme Design: Flat Slab With Column Heads

I I I I
= (]
[ 500
: 40
| | m
| san
B 200 —=
1 o | e e e
| ] 40 5.0 5.0 7.0 B0 9.0 100 1.0 120
u Character|sic Imposed Jood (L)

= 2.5 KNim¥ = 5.0kEN'mM? = 7.5 KNP — =10.0kN/m?
Scheme Design: Flat Slab With Edge Beams

I I I I
|| (e8]
B 500
| a0
: 200
| San

200

Characteristic Imposed load (L)

= 2.5 KNy

= 5.0kN/m?

= 75 kKNMY  — =10.0KN/m?
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Beam Section Input Description
Edge Beam
Depth Width Sag Section
No downstand slab b et Rect - continuous

With downstand

slab + downstand

bw

L - continuous
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Typical Initial Span / Effective Depth Ratios
I I I I
- Table 3 S5pan/effective depth rafios for inifial design of slabs
= One-waoy spanaing Twio-wiay Spanning Flat slob
H Irnposed STy continuous canfilever Sy continuous
| | kead supported supporfed :
kMm?
[ 5.0 23 3 11 Kl 9 i
B 10,0 21 7 0 7 35 25
Flat slab design should be based on the longer span dimension. For exterior panels, 85% of the ratios
- quoted in Table 3 should be used.

Span-to-depth ratios for flat slabs

Imposed load, @, (kN/m?)

2.5

5.0

7.5
10.0
Mote

28
26
25
23

spans are in the range 4 to 10 m.

This table assumes a 3 x 3 bay layout. Where there are only 2 bays in one direction the ratio will need to

be decreased.

Imposed
load

25

5.0

7.5
10.0

Assumptions

= Class C2E/35
= Superimposed dead load of 1.5 kMfm?
= Perimeter load of 10 kMfm for cladding

280
300
320
340

200
200
200

Concrete

340
362
384

200 202 2272

214 240
226 254
236 268

384 442
410 458
436 450

Fire resistance 1 hour (increase depth by 10 mm for 2 hours)
Multiple spanz (increase depth by 10 mm for 2 spans)

Mo holes

m_—,m S S e
Economic depths (mm) for multiple span flat slabs

244

264
284
304

316 354 410 466

502
528
548
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 Punching shear is often a governing criterion for flat slabs and should be checked at the initial

| stages of design. Table 2.17 gives the maximum floor area for a selection of imposed loads and

H colurnn sizes. It assumes a superimposed dead load of 1.5 kN/m?, internal conditions, a value for

H v of 0.75 Nfmm?, with v limited to 1.6v_.

| Table 2.17
| Punching shear: maximum panel areas for flat slabs (m?)
: Overall slab Imposed load (kN/m?2) Overall slab Imposed load (kN/m?2)
et 25 [ so [ 75 [ 10 Q™™™ [ 25 [ 50 [ 75 [ 10 |
gl 300 x 300 column 450 x 450 column
| 200 38.6 29.4 238 19.9 200 46.2 35.2 284 23.9
: 225 462 57 29.1 24.5 225 545 421 343 29.0
H 250 4.0 423 348 295 250 528 493 405 34.4
[| 275 5.y 47.3 392 235 275 589 546 453 38.6
: 300 &r.7 L43 45 3 389 200 Tid 621 1.8 44 4
] 225 759 5.4 Le 445 325 850 69.6 585 S04
! 500 x 500 colurn
[l 200 411 i3 253 21.2 200 487 371 300 252
: 225 49.0 7.9 309 261 225 57.2 44 2 36.1 305
H 250 L&.9 44 6 367 3.2 250 658 1.6 424 260
| 275 628 498 41.2 252 275 71.9 571 47.3 404
: 300 709 559 475 40.7 200 S0.6 546 529 453
H 2% 7oz 64.2 £39 455 325 Bo.4 724 G608 24
| 200 437 333 269 22 1 superimposed load of 1.5 kN/m? included.

2 Cover of 25 mm has been assumed.
1 SR I I A 3 v_for main reinforcement is 0.75 N/mm®
[| 250 99 469 386 328 4 v for punching reinforcement is limited to 1.6 v_
| 275 gcg  ct22 433 369 5 i?fr?gsm; 1sg.uuld be provided in accordance
H 300 7d.2 595 496 426
I EELE B26 G5.9 La.2 485

Superimposed dead Hew to use this table

load =1.5 kN/m®

| imposedioad For example: 1
i i‘ 300 x 300 column

i 250 thick slab

= h 5 kN/m? impased load

i From table maximum area that

i can be supported = 423 m?

i (eg 6.5x65mgrid)

- Square column
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| 5 kN/m? | 10 kN/m?

B Slab type Imposed | Imposed

| load load

||| Simply supported o7 54

| one-way

1| Simply supported 30 a7

B two-way

| | Continuous 34 30

| One-way

| Continuous 44 40
two-way

| Cantilever 1 10

2 Flat slab 30 27

| Span

4m

5m

6m

Tm

8m

| Multi span thickness

200mm

200mm

225mm

250mm

250mm

am

10m

300mm

350mm




