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Member Design - Reinforced Concrete Two Way Spannij®'¢

Member Design - RC Two Way Spanning Slab Made by — yx| Date 21/11/20215
Material Properties

Characteristic strength of concrete, f., (£ 60N/mm?; HSC N/A) 35 LM
Yield strength of longitudinal steel, f, 460 ¥ N/mm?

Yield strength of shear link steel, f,, 460 ¥ N/mm?

Type of concrete and density, pc Normal Weight | w 24| kN/m?

Slab Parameters

Shorter span (defined as in x) and number, |, (number affe(Multi Span z 5.000|m

Longer span (defined as in y) and number, |, (number affecsingle Span v 6.000{m 0
Slab support conditions (affects effective beam section, moiContinuous ¥ fia)

Panel (affects moments for continuous case, ‘ Corner v ‘

shear for continuous case and whether interior or edge beam for both precast and continuous cases)

Overall slab depth, hg,, (1/24-1/35 s/s; 1/34-1/40 cont) 175/mm
Cover to all reinforcement, cover (usually MAX(25, ¢) internal; 40 external) 30/mm
Effective depth to sagging steel in X, dys = hgap - COVEr - ¢sy/2 140|mm
Effective depth to sagging steel iny, dy s = hgap - COVEr - ¢y - s,/ 2 130|mm
Effective depth to hogging steel in X, dynh = hgap - COVEr - Qjinkx = Onx/2 140/ mm
Effective depth to hogging steel iny, d,n = hgap - COVEr - djink,y = Phx = Ony/2 130|mm
Sagging steel reinforcement diameter in X, ¢sy 10 E mm
Sagging steel reinforcement pitch for resistance in X, ps 200|mm
Sagging steel area provided in X, A provxs = (T.0s/4)/Psx mmmz/m
Sagging steel reinforcement diameter in y, ¢ 10 v Hmm
Sagging steel reinforcement pitch for resistance in y, ps, 200 mm

Sagging steel area provided in y, Ag provys = (rc.<1>s\,2/4)/pSy

Hogging steel reinforcement diameter in X, ¢ny

10

Hogging steel reinforcement pitch for resistance in x, pnx

Hogging steel area provided in X, As prov.xn = (T.0ns/4)/Prx

Hogging steel reinforcement diameter in y, ¢n,

10

Hogging steel reinforcement pitch for resistance in y, py,

Hogging steel area provided in y, As provy.n = (rc.¢h\,2/4)/prW

Shear link diameter for bending in X, §jinkx

None

Number of links per metre for bending in X, Njnyx

Area provided by all links per metre for bending in x, A

_ 2 2
v,prov,x r‘Iink,x-Tt-q)Iink,x /nmm /m

Pitch of links for bending in x, SX‘

Shear link diameter for bending in y, ¢jink,y

None

Number of links per metre for bending in y, njn,y

Area provided by all links per metre for bending in y, Ag

V,prov,y

Pitch of links for bending iny, S,

Slab Loading (Plan Loading)

(Internal elev load not on beam must be checked on effective widths [span/(5 or 7.14)] within slab depth)

Redistributed Moments Effects

Live load, LL ‘

Superimposed dead load, SDLyja,

Dead load of slab, DL = hgap.pc

ULS slab loading, myisgap (a.k.a. n) = 1.4 (DL + SDL,n) + 1.6 LL

| | |

Beam Loading (Elevation Loading)

Elastic Moments Effects

Superimposed dead load on y direction beam, SDLgjey «

Superimposed dead load on x direction beam, SDLgey,y

| 393 [inel

IETE] )/ m

mhmz/m

_ 2 2
= Niink,y+ - Plink,y /_ﬂmm /m

v mm

200/ mm

v mm
200|mm

V\mm
4|{/m

150 mm
v [mm
4//m

150/ mm

Ad

2.00|kPa
1.20|kPa
4.20|kPa
0.76 G

v

0.00|kN/m
0.00|kN/m
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Parameters of Beam Spanning in y Direction (Slab in x Direction)
Interior or edge beam ? Edge Beam

(affects tributary width for loading on beam, available beam spacing for effective width in cont case)

Downstand depth of beam (excluding slab) spanning in y direction, hgpeam,x 225(mm
Width of beam spanning in y direction, by peam,x 150/mm
Dead load on y direction beam downstand, DLpeamx = hd,beam,xPw,beampPe 0.81\kN/m
Sag moment beam span vy, Mx,sag‘ 80| kNm
Hog moment beam span y, M nog 40| kNm
Shear beam span vy, V, 53|kN
| | |

Span (for effective width and deflection calcs) 6.000/m
Available beam spacing (effective width calcs in continuous case) 2.500/m
Sag section type L - s/s\
Hog section type Rect - s/s\
Overall depth, hpeam x (downstand if precast, downstand + slab if cont) 400|mm

|
For sagging: tension steel diameter, ¢ sagx and number 20 v 2
For sagging: compression steel diameter, ¢.s,q,x and number None v 0
For sagging: add cover to compression steel, COVeryqg x,c,sag = Phx 10/mm

|
For hogging: tension steel diameter, ¢ n.q,x and number ‘20 : 2
For hogging: add cover to tensile steel, cover,yq x,t,hog = COVEIadd x,c,saq 10{mm
For hogging: compression steel diameter, ¢.n.q,x and number None m 0
Link diameter ¢ji,x,x, Number and pitch ‘10 M 2 250/mm

|
For sagging: number of layers of tensile steel, Njyyers tens,sag 1‘Iayer(s)
For sagging: number of layers of compression steel, Njayers,comp,sag 1|layer(s)
Ratio B,=1.2 (sagging) or 0.8 (hogging) unless single span or conti 1.0 1.0
For hogging: number of layers of tensile steel, Njyers 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 Beam Spanning in x Direction (Slab in y Direction)
Interior or edge beam ? Edge Beam
(affects tributary width for loading on beam, available beam spacing for effective width in cont case)
Downstand depth of beam (excluding slab) spanning in x direction, hg peam,y 225(mm
Width of beam spanning in x direction, by peam,y 150/mm
Dead load on x direction beam downstand, DLyeam,y = Nd,beam,yDw,beamPc 0.81\kN/m
Sag moment beam span x, My,sag‘ 38| kNm
Hog moment beam span X, My nog 59|kNm
Shear beam span x, V, 57|kN
Span (for effective width and deflection calcs) 5.000{m
Available beam spacing (effective width calcs in continuous case) 3.000/m

Sag section type

L- continuous\

Hog section type

Overall depth, hpeam,y (downstand if precast, downstand + slab if cont)

For sagging:

tension steel diameter, ¢ s.q,, and number |20 :

For sagging:

For sagging:

add cover to tension steel, cover,yq,y,t,sag = COVEladd,y,chog
[

‘None

For sagging:

compression steel diameter, ¢. s,y and number

For hogging:

add cover to compression steel, COVergg,y,c.sag = COVEIadd,y,t,hog
v

For hogging:

add cover to tensile steel, coverayq,yt.hog = MAX{dnx + dny, MAX(4,

For hogging:

tension steel diameter, ¢ nog,y @and number ‘20
compression steel diameter, ¢.h.q,, and number ‘None v

For hogging:

add cover to compression steel, coverqg,y,c.hog = MAX{0, MAX(d,s

Link diameter ¢;x,,, Number and pitch

10 \L‘ 2

For sagging:

number of layers of tensile steel, Niyers tens,sag

For sagging:

number of layers of compression steel, Njyers,comp,sag

Ratio Bp=1.2 (sagging) or 0.8 (hogging) unless single span or conti

1.0

For hogging:

number of layers of tensile steel, Njayers,tens,hog

For hogging:

number of layers of compression steel, Njyers,comp,hog

Rect - continuous\

400{mm

2

20/mm

30/mm

2

30/mm

0

20/mm

250/mm

|

1|layer(s)

1|layer(s)

1.0

1|layer(s)

1|layer(s)
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| |

Utilisation Summary (Slab)
Item uT Remark
Sag moment, my 63% OK
Sag moment, m, 74% OK
Hog moment, m; 37% OK
Hog moment, m, 37% OK
Hog moment, m; 83% OK
Hog moment, my 0% OK
% Min sag reinforcement in x 58% OK
% Min sag reinforcement in y 58% OK
% Min hog reinforcement 1 58% OK
% Min hog reinforcement 2 58% OK
% Min hog reinforcement 3 58% OK
% Min hog reinforcement 4 58% OK
Ultimate shear stress for bending in x and y 3% OK
Shear design capacity for bending in x 20% OK
Shear design capacity for bending in y 22% OK
Shear design capacity for bending in x and y combined 42% OK
Deflection requirements 78% OK
Total utilisation precast slab
Total utilisation continuous slab
Detailing_] requirements

|

Utilisation Summary (Beam)

Automatic design All Beams

uT Detailing Remark
Beam spanning in y (slab in x) sagging 88% NOT OK | NOT OK

Beam spanning in y (slab in x) hogging NOT OK | NOT OK

Beam spanning in x (slab in y) sagging NOT OK | NOT OK | Beam x Sag

Beam spanning in x (slab in y) hogging m NOT OK

Overall Utilisation Summary

Overall utilisation 8890

Overall detailing requirements OT O

% Sag reinforcement in x

% Sag reinforcement in y

% Hog reinforcement in x

% Hog reinforcement in y

Estimated steel reinforcement quantity (130 - 220kg/m?)

[ 7.850 . (Asprov,x,s YAsprov,y,s YA s provh TAsprovxn) / Bsap 1, NO curtailment; No laps; Links ignored,

Estimated steel reinforcement quantity (130 — 220kg/m?) “ kg/m? | IStructE

[ 11.0. (A S,prov,x,s +A s,prov,y,s +A s,prov,x,h +A s,prov,x,h) / h slab ]; Curtailment; LaPS; Links ignored;

[Note that steel quantity in kg/m3 can be obtained from 110.0 x % rebar]; |

Material cost: concrete, ¢ 180 units/m? ‘ steel, s| 4500 |units/tonne

Reinforced concrete material cost = [c+(est. rebar quant).s].hgyp DS units/m?
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Plan Layout

Multi-Span I, Multi-Span |, Floor Plate
Longer Span, |,
6.0m

1 |
Shorter Span, N T L T
5.0m A N
o\ T N\ 'T'
R e B
s L I T . T & T
T e = AL v LT L
T T & T T . T & T
e :'--r — #

Interior

Edge for Span in x Direction

Edge for Span in y Direction

Relevant
Panels

Corner

Construction Type

Support Conditions

Continuous Continuous
Precast Simply Supported
Number of spans in | Multi-span
Number of spans in | Multi-span

Single-Sp

an |, Multi-Span |, Floor Plate

Longer Span, |,

6.0m

Shorter Span,

5.0m

—

Interior

Edge for Span in x Direction

Edge for Span in y Direction

Relevant
Panels

Corner

Construction Type

Support Conditions

Continuous Continuous
Precast Simply Supported
Number of spans in I, Single-span
Number of spans in |, Multi-span
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Multi-Span I, Single-Span |, Floor Plate
Longer Span, |,
6.0m
Shorter Span,
5.0m
- Interior
‘>° E Edge for Span in x Direction Torsio
% g Edge for Span in y Direction
© Corner
Construction Type Support Conditions
Continuous Continuous
Precast Simply Supported
Torsio
Number of spans in |, Multi-span
Number of spans in |, Single-span

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

Longer Span, |,

6.0m

=

Shorter Span,

5.0m

|

Relevant
Panels

Interior

Edge for Span in x Direction

Edge for Span in y Direction

Corner

Construction Type

Support Conditions

Continuous Continuous
Precast Simply Supported
Number of spans in I, Single-span
Number of spans in |, Single-span
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Assumptions and Limitations
1 |Moment effects for slabs may only be calculated based on redistributed effects (not elastic effects).
2 |Moment effects for beams may be calculated based on redistributed effects or elastic effects.
Detailing Instructions Not to Scale
0.750 m
'4— 4500 m ——> 4> Cover =|30 mm
: E Concrete =|35 MPa
: | Rebars =460 MPa
1
i ; Links =460 MPa
1
: l, =/5.000 m
Bottom Steel ' ' Top Steel
T10@200mm centres|—] T10@200mm centres
Min steel @ edges Min steel @ edges
h steel at free corners ‘ ‘ ‘ Y |Torsion steel at free corners
Reinforcement for Span in x
dy,s ={140 mm
4+— |, =/6.000m —» dyn ={140 mm
Bottom Steel
T10@200mm centres
Min steel @ edges
h steel at free corners
s =130 mm
=130 mm
Reinforcement for Span in y
| Top Steel ‘
T10@200mm centres
Min steel @ edges
Torsion steel at free corners
r Reinforcement for max.
hogging moment
: 100 %
t 013 =2 EL‘E: — Reinforcement for
| | L 50% | max. sagging
: ;_-_  om . moment
| ;
}...___.1' 0.2 ) i |
i . |
o~ .
| "~ Face of support !
| Mid span
- Effective span I
a) Continuous member (approximately squal spans using simplified load armngement) < d | |
T =7 :“_2—7 100 B
© 12 or equivalent ﬁ P EZ| | Leoas | | |
anchorage a0% | 7 i ég | =2 - 50 %
| 4 S % | | =
¢ g8
e:ﬂ_l._.._‘» 100 % L] g . ||
=3 \ | Mid /™ Face of support
“~_ Face of support span A . I
b)) Simply supported end — Reinforcement for | - L
max. mameant ) Canrilever
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- .i."f — ly -
i | | -.’_'°|l:o:||l
—T Y S
Middle strip I . Middle strip £|¢T
» ’ 1
R .
T . T
- 3y % o]
Edge strip | 4 - B Edge strip
a) Forspan i, b} For spand,

Figure 3.9 — Division of slab into middle and edge strips

Two Way Slabs: The reinforcement is arranged into strips and areas as shown.
L »
[ Ly HE 11
1 I 1 1
1 ! | |1
Edge strips. I — i : Edge strip | :
Mominal bars —_—————————— e e e e e o ——— —a I i
spanning in —T——"——-— T——- —T——————=——" ==
direction of ] «— iy 1, Edge strip 1 :
Arrows, | L/ : | : I
| |
II : |I Middle strip I: b
r Lx/& Lx/8 1
= ) 2 r I I
| Ly/& y : P
i |
IS A R N e N

Bars in the edge strips should be the same length and diameter as

those in the middle strips, but the pitch may be increased to give the

minimum reinforcement permitted.

The rules to be observed when the equations are applied to restrained =labs (continuous or discontinuous)
are as follows,

1) Slabs are considered as divided in each direction into middle strips and edge strips as shown in

Figure 3.9, the middle strip being three-guarters of the width and each edge strip one-eighth of the width.

2) The maximum design moments calculated as above apply only to the middle strips and no

redistribution should be made.

3 Reinforcement in the middle strips should be detailed in accordance with 3.12.10 (simplified rules for
curtailment of bars).

4) Reinforcement in an edge strip, parallel to the edge, need not exceed the minimum given in 3.12.5
{minimum areas of tension reinforcement), together with the recommendations for torsion given in 5), G)

and 7).

5) Torsion reinforcement should be provided at any corner where the slab is simply supported on both

edges meeting at that corner. It should consist of top and bottom reinforcement, each with layers of hars

placed parallel to the sides of the slab and extending from the edges a minimum distance of one-fifth of
the shorter span. The area of reinforcement in each of these four lavers should be three-quarters of the

area required for the maximum mid-span design moment in the slab.

6) Torsion reinforcement equal to half that described in the preceding paragraph should be provided at

a corner contained by edges over only one of which the slab is continuous.

7) Torsion reinforcement need not be provided at any corner contained by edges over both of which the
slab 15 continuous.




Job No. Sheet No. \ Rev.

CONSULTING|Engineering Calculation Sheet
EN G I N E E R S|Consulting Engineers JXXX 9

Member/Location

Job Title |Member Design - Reinforced Concrete Two Way Spannif®'¢

Member Design - RC Two Way Spanning Slab Madeby 'y |Date 21/11/20215

Torsion reinforcement is required at corners supported on both sides.
This may be supplied in the form of 'L bars. They should extend into the slab a minimum
distance of one fifth of the shorter span. The area of reinforcement required in each leg
should be at least three quarters of the area required for the maximum mid-span design
moments in the slab. Only half this area is required at a corner with only one discontinuous
edge.
' .
. L
= I
-— L
- L
- I
- 11 —— -
TRTERS - = : .- & &
T'-f'"-“_'l'r'"_‘ mat at a corner with Tarsion mat at a corner with
two discontinuous edges one discontinuous edge
| P
I 1 L B e
| | -
I ]
| l
I
—_——f ]t | Edge
. E B | strip
Torsion mat at a corner with one
discontinuous edge and no torsion mat
raqquired in adjacent bay

Detailing Steel Positions

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

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

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

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




CON
ENGI

SULTING|Engineering Calculation Sheet
N E E R S|Consulting Engineers

Job No.

Sheet No. |

Rev.

JXXX 10

Member/Location

Job Title

Member Design - Reinforced Concrete Two Way Spannij®'¢

Member Design - RC Two Way Spanning Slab

Made by

XX |Dae 21/11/20215

Structural Analysis Slab Bending Moments

| |

Slab Simply Supported

Sag moment in x Mgy = O g ttl* kNm/m
(precast or single span) p .f‘ R
o, = ————— | 0.084
' BEL+( A
Sag moment in y | moy =ond 2 | J kNm/m
(precast or single span) q .f‘ T,
o, =
ay B1+(0 1) 0.059
1 |
Hog moment in x = 0 (precast), m /2 (single span continuous) kNm/m
Hog moment in y = 0 (precast), m,/2 (single span continuous) J kNm/m

Slab Continuous

Ly o
-
[ (3) |
I'-.__,.' may *
|
-'r”‘l My I
(< > m, L «/my m | 2@ =
|
T
- '
m{n.f (4)

Continuity of side (1)

Discontinuous

Continuity of side (2)

Discontinuous

Continuity of side (3) Continuous
Continuity of side (4) Discontinuous
Number of discontinuous edges, Ng4 3
fyv = (24 + 2N, + 1.3N,2071 000

‘ ‘ 0.044
B1 (4/3By if continuous, 0 if discontinuous) 0.000
B> (4/3B, if continuous, 0 if discontinuous) 0.000

2 Ly
y=gl3 - JQ8) = Wl + 1)+ VB + fali] 0.339

[ : [ [
B3 (4/3By if continuous, 0 if discontinuous)
B4 (4/3By if continuous, 0 if discontinuous)

] ] ]

JyYy=sJE o+ g0+ JE 50

B VN E P E B Py 0.053
B3 (4/3By if continuous, 0 if discontinuous) 0.071
B4 (4/3By if continuous, 0 if discontinuous) 0.000
Sag moment in x Mgy = Paxitls® 4 kKNm/m
Sag moment iny Mgy = Pnl® kNm/m
Hog moment, m; = B;nl,? ] KNm/m
Hog moment, m, = anlx2 (1] KNmM/m
Hog moment, m5 = Bsnl,> ] kKNm/m
Hog moment, m, = Banl,? ] kNm/m
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Table 3.13

simplyv-supported on four sides

Bending moment coefficients for slabs spanning in two directions at right angles,

iy 1.0 1.1 1.2 1.3 1.4 1.5 1.756 2.0
Oy 0062 0074 (0.054 RNES B (.0598 (). 1ih4 (0.113 0.118
oy, 0062 0.061 (0.058 0,055 (0.051 (.046G 0.037 0.028

Table 3.14

provision for torsion at corners

Bending moment coefficients for rectangular panels supported on four sides with

Type of panel and moments
considered

Short span coeMcients, §_

Values of [_/I

Long span
ooeMicienis,

& for all

1.0 1.1 1.2 1.8 1.4 1.5 1.75 2.0 values ol [ /1,
Interior panels
Mezative moment at 0031 |0.037 (0042 0046 (0050 0053 0059 0063 0032
continuous edge
Fositive moment at mid-span [0.024 0028 |0.032 10.035 (0,037 |0.040 (0044 (0048 [0.024
One short edge
discontinuous
Mezative moment at O.0E9 (0044 (0048 (0052 0055 0058 0063 0067 0037
continuous edge
Fozitive moment at mid-span [0.029 [0.033 0036 [0.039 (0.041 |0.043 |0.047 |0.050 |0.028
One long edge
discontinuous
Megative moment at 0.0E9 (0048 [0u0aG 0062 (0068 0073 0082 0089 10037
continuous edge
Fozitive moment at mid-span [0.030 [0.036 0042 10,047 0.051 |0.055 |0.062 (0067 |0.028
Two adjacent edges
discontinuous
Mezative moment at QU047 (0056 (006 [0.065 0074 0078 0087 0093 10045
continuous edge
Positive moment at mid-span (0036 (0,042 (0047 [0.051 (0055 (0059 10065 10070 0034
Two short edges
discontinuous
Megative moment at Ou0da (0050 (0034 10057 (0060 (02 J0.0sT 0070
continuous edge
Fositive moment at mid-span [0.034 0038 |0.040 (0043 (0,045 |0.047 |0.050 |0.053 [0.034
Two long edges
discontinuous
Mezative moment at 0.045
continuous edge
Fositive moment at mid-span [0.034 0046 |0.0586 |0.065 (0,072 |0.078 |0.0591 (0100 [0.034
Three edges
discontinuous {(one long
edge continuous)
Megative moment. at 0.0aT (0065 (0071 0076 0081 (0084 0052 Q00098
continuous edge
Fositive moment at mid-span [0.043 0048 0,053 10,057 (0,060 |0.063 0069 |0.074 |0.044
Three edges
discontinuous {one short
edge continuous)
Mezative moment at 0.058
continuous edge
Fositive moment at mid-span [0.042 0054 (0063 |0.071 (0078 |0.084 |0.0%96 |0.105 [0.044
Four edges discontinuonus
Fozitive moment at mid-span [0.055 [0.065 0074 [0.081 |0.087 (00592 |0.103 |0.111 |0.056

conditions.
‘

[{The data for single freelSe supported tﬁo-way slabs‘given in
BS8110 and CP110 derive from an elastic analysis, while
| | those for continuous series of slabs relate to collapse

Note that 4 edges discontinuous does not imply precast as the edges are still prevented

from lifting, and adequate torsion provisions are made.
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Structural Analysis Slab Shear Forces
Slab
Shear force for bending in direction of span x Vay = Bl kN/m
Coefficient|  |Fus 0.310
Shear force for bending in direction of span vy Uy = Buynly J kN/m
Coefficient Bus 0.330

Note that for edge and corner panels, the shear force has been cal

culated for the

less critical discontinuous part of the panel instead of the continuous part because

the SDL will be more critical here due to external cladding.

Beam
Slab UDL on beam spanning in y (slab in X), ®peamx = Vsx 17 kN/m
Slab UDL on beam spanning in X (slab in y), ®peam,y = Vsy 18|kN/m
ULS beam spanning y, oyisbeam,x = F-®peam,xt1.4SDLgjey,xt1.4DLpey, 18 kN/m
ULS beam Spanning X, (DULS,beam,y = F-(’Jbeam,y+1-4SDLeIev,y+1-4DLbear 19 kN/m
(Factor F: Interior beams have got two slabs spanning onto them
hence F = 2 whilst edges beams have only one slab hence F = 1)
| Table 3.5 — Design ultimate bending moments and shear forees
At onter support Mear middle of At first interior At muicdle of At interior
1 end span support interior spans supports
| | [Moment 1] 00057 O T1FT 0.07F] O OBFT| _0.083F
| | [Shear 0468 [0.08F/ | 0.6F [—o0. 1257 |[ 0.05F7 ] 0,608
NOTE [ ig the effective s
i Fis the wtnl desy Note elastic moment effects. #P- )| Note allowance has been made in this table
| Mo redistribution of the miy pattern Joading factor 1.2; for 20% moment redistribution;
Sag moment beam span y, M, ¢,y = coeff.(oyis beamx - Iy)ly O kKNm
Hog moment beam span y, M, ;g = coeff.(wys beamx - Iy)ly ") KNm
Shear beam span vy, V, = coeff.(oyis beamx - ly) kN
Sag moment beam span X, M, s, = coeff.(wys beam,y - Ix)x I kNm
Hog moment beam span X, My nog = COeff.(wyis beam,y - Ix)lx I kNm
Shear beam span x, V, = coeff.(oyis beam,y - Ix) kN
Note that the coefficients above are appropriate to the panel as follows.
Panel| Sagy Hog y Shear y Sag x Hog x Shear x
Interior| 0.050 0.083 0.550 0.050 0.083 0.550
Edge in x| 0.050 0.083 0.550 0.080 0.125 0.600
Edgeiny| 0.080 0.125 0.600 0.050 0.083 0.550
Corner| 0.080 0.125 0.600 0.080 0.125 0.600
Single Span| 0.125 0.063 0.500 0.125 0.063 0.500

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

umns,

but the slab can be continuous (unless single span) or precast.
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Shear Force Coefficients for Simply Supported Slab

These have been taken to be the same as the continuous slab with all 4 edges

having the same continuity, i.e. continuous or discontinuous, as the coefficients

are the same in either case.

Shear Force Coefficients for Continuous Slab

| Table 3.15 — Shear force coefficient for uniformly loaded rectangular panels supported on four
gides with provision for torsion at corners

1 Type of panel and location By for values of L/, By

| 1.0 1.1 1.2 1.8 1.4 1 1.75 2.0
Four edges continuous
Continuous edge (.33 .30 (.35 .41 .43 .45 045 (.30 .33

UOne short edge
discontinuous

H [Continuous edge (.36 .39 (.42 .44 .45 .47 .50 (.52 .36
H |Dhizcontinuous edge .24

[

| [(One long edge
discontinuous

Continuons edge {).36 (.40 (.44 .47 (.44 ol 0.55 (.08 .36
Dnscontinuons edge 0.24 0.25 0.29 .31 .32 .54 .36 (.38

Two adjacent edges
| [discontinuous

Continuons edge (1. 40 .44 .47 .50 .52 (.5 0.55 (&l (.40
Mnscontinuons edge 0.26 0.28 0.1 0.33 .34 .35 .38 (1.4 .26

Twao short edges
discontinuous

H [Continuous edge (1.410) .43 (.45 0.47 .48 .49 .52 (.54
H [DMscontinuwous edge .26

H [Two long edges
discontinuous

Continuous edge (.40
Macontinuous adge .26 .30 .33 .36 .38 (.40 044 (.47

Three edges

H [discontinuous
{(one long edge
discontinuous)
Continuous edge (.45 .45 (.51 0.53 .55 0.57 G0 (.63
H [Dizcontinuous edge .30 0.32 (.34 0.35 .36 0.37 .39 (.41 .29
H [Three edges
discontinuous
{(one short edge
H [discontinuwous)
H [Continuous edge .45
| [Dhizcontinuons edge 0.29 .33 .36 .38 (.40 (.42 045 (.45 .20
Four edzges
discontinuous
Macontinuous adge .33 .30 (.35 .41 .43 (.45 045 (.30 .33
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Slab Moment Design
Sag moment, m, 14|kNm/m
Sag moment, m, 16 kNm/m
Hog moment, m; 8/ kKNm/m
Hog moment, m, 8/kNm/m
Hog moment, m3 19|kNm/m
Hog moment, my O/kNm/m
3 M

Ensure singly reinforced oo {0_5 + 1{025 - % JJL 7 <=0.95d ",4,: {U.E‘»‘Sf}_ 7z

|l =o1ss)|& =0.402(5, —0.4)—0.18¢5, — 0.42]

KI K Z As As,prov
Sag moment, m, 0.156 0.021 133 246 393
Sag moment, m, 0.156 0.027 124 292 393
Hog moment, m; 0.156 0.013 124 146 393
Hog moment, m, 0.156 0.013 124 146 393
Hog moment, m3 0.132 0.028 133 327 393
Hog moment, my 0.132 0.000 133 0 393

Note unless precast or single span whereby p, = 1.00 and K' = 0.156, K' calculated

with B, = 1.20 (sagging) or 0.80 (hogging), however K' for 3, = 0.90 truncated at 0.156.

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

Note that A ..., is really specified for the middle strip.

% Min sag reinforcement in x (>= 0.0024bh G250; >= 0.0013bh G460)

% Min sag reinforcement in x utilisation

% Min sag reinforcement in y (>= 0.0024bh G250; >= 0.0013bh G460)

% Min sag reinforcement in y utilisation

% Min hog reinforcement 1 (>= 0.0024bh G250; >= 0.0013bh G460)

% Min hog reinforcement 1 utilisation

% Min hog reinforcement 2 (>= 0.0024bh G250;

>= 0.0013bh G460)

% Min hog reinforcement 2 utilisation

% Min hog reinforcement 3 (>= 0.0024bh G250;

>= 0.0013bh G460)

% Min hog reinforcement 3 utilisation

% Min hog reinforcement 4 (>= 0.0024bh G250;

>= 0.0013bh G460)

% Min hog reinforcement 4 utilisation
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Slab Shear Design for Bending in x
Ultimate shear stress for bending in X, Vyix=ve/bdy n (< 0.8f.,° & 5N/mm?) 0 N/mm?
Ultimate shear stress for bending in x utilisation %
Design shear stress for bending in X, V4 x=ve/bdy p 0 N/mm?

(Conservatively, shear capacity enhancement by either calculating v ; at d from support and

comparing against unenhanced v . as clause 3.4.5.10 BS8110 or calculating v 4 at support and

comparing against enhanced v . within 2d of the support as clause 3.4.5.8 BS8110 ignored;)

Area of tensile steel reinforcement provided, As prov,xh 393 mm?%/m
pw = L00A, provn/bdy | | 0.28|%
Vex = (0.79/1.25)(pufer/25)3(400/dy 1) "5 pu<3; fou<40; (400/d,,)"*>0.67 NI N/mm?
Check vy 4 < v.x for no links VALID
Concrete shear capacity v, x.(bdy ) A KN/m
Check v x < V4« < 0.4 + v, for nominal links N/A
Provide nominal links such that A;, / S > 0.4b/(0.95f,,) i.e. A,y / S XPA mm?/mm/m
Concrete and nominal links shear capacity (0.4 + v, ,).(bdy ) Tl kN/m
Check vy > 0.4 + v, for design links N/A
Provide shear links A, / S > b(vgx-Vcx)/(0.95f,,) i.e. A, / S > XPY mm?/mm/m
Concrete and design links shear capacity (Agy, prov,x/Sx)-(0.95f,,).dy { A KkN/m
Area provided by all links per metre, Aq, prov 0/mm?/m
Tried Agy,provx / Sx Value | | 0.00/ mm?/mm/m
Design shear resistance for bending in x utilisation
Slab Shear Design for Bending iny
Ultimate shear stress for bending in y, vy, =ve/bd, n (< 0.8f.,° & 5N/mm?) RPN/ mm?
Ultimate shear stress for bending in y utilisation %
Design shear stress for bending in y, vq4,=vs,/bd, p 0.14 \Witilik

(Conservatively, shear capacity enhancement by either calculating v ; at d from support and

comparing against unenhanced v . as clause 3.4.5.10 BS8110 or calculating v ; at support and

comparing against enhanced v . within 2d of the support as clause 3.4.5.8 BS8110 ignored;)

Area of tensile steel reinforcement provided, A prov,y,h 393 mm?%/m
pw = 100Aq prov,y.n/bdy 1 | | 0.30|%
Vey = (0.79/1.25)(pufe/25)3(400/d, 1)Y*; pw<3; fu<40; (400/d, ,)"*>0.67 1\N&] N/mm?
Check vy, < v, for no links VALID
Concrete shear capacity v..(bd, ») P4 kN/m
Check v, < vy, < 0.4 + v, for nominal links N/A
Provide nominal links such that A;, / S > 0.4b/(0.95f,,) i.e. A,, / S XPA mm?/mm/m
Concrete and nominal links shear capacity (0.4 + v.).(bd, ) ‘A kN/m
Check vy, > 0.4 + v, for design links N/A
Provide shear links As, / S > b(vg,y-vcy)/(0.95f,,) i.e. A,/ S > XPY mm?/mm/m
Concrete and design links shear capacity (Asy, prov,y/Sy)-(0.95f,,).d, 4 pAKN/m
Area provided by all links per metre, Aq, prov,y 0/mm?/m
Tried Agy prov,y / Sy value ‘ ‘ 0.00 mm?/mm/m

Design shear resistance for bending in y utilisation

Rev.
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Detailing Requirements

| |

All detailing requirements met ?

Max sagging steel reinforcement pitch in x (<3dys, <750mm) 200/mm O
Max sagging steel reinforcement pitch in y (<3d,s, <750mm) 200|{mm O
Max hogging steel reinforcement pitch in x (<3dy,, <750mm) 200/mm O
Max hogging steel reinforcement pitch in y (<3d,, <750mm) 200{mm O
\ \ \ \
Maximum pitch of bars: {MNotation as for BS 81110)
oA bh Maxinmom Pitch (mum)
Main bhars : 0.5 or less 300
.0 ormore 150
\ ! \
Max sagging steel reinforcement pitch in x 200/mm
Max sagging steel reinforcement pitch in y 200{mm
Max hogging steel reinforcement pitch in x 200/mm
Max hogging steel reinforcement pitch in y 200/mm
Min sagging steel reinforcement pitch in x (>75mm+¢s,, >100mm+¢s, if T40) 200|{mm
Min sagging steel reinforcement pitch in y (>75mm+¢,,, >100mm+¢,, if T40) 200/mm
Min hogging steel reinforcement pitch in x (>75mm+¢pn,, >100mMm+dny if T40) 200/mm
Min hogging steel reinforcement pitch in y (>75mm+¢y,,, >100mm+¢y, if T40) 200|{mm

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

% Max sag reinforcement in x (<= 0.04bh) 0.22\%
% Max sag reinforcement in y (<= 0.04bh) 0.22%
% Max hog reinforcement x (<= 0.04bh) 0.22|%
% Max hog reinforcement y (<= 0.04bh) 0.22\%
Sagging steel reinforcement diameter in X, ¢s (>=6mm) 10/mm
Sagging steel reinforcement diameter in y, ¢5, (>=6mm) 10/mm
Hogging steel reinforcement diameter in x, ¢py, (>=6mm) 10|{mm
Hogging steel reinforcement diameter in y, ¢, (>=6mm) 10/mm
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Deflection Criteria
Spanin x
Span, X 5.000m
Span, x / effective depth, d s ratio
Basic span / effective depth ratio criteria (20 precast or single span; 23 edge; 23.0
Multiplier Cy span more or less than 10m Include v 1.00
Modification factor for tension C,

m,/bd, ¢ 0.73|N/mm?

i'f}“ar TEg 1
. = I B. (Bb=1.2 unless precast or single span) 160|N/mm?
“%= prony 2
- (277—7)
055+ 2 = 20
Modification |~ 120 (o9 = 2 2.00
: b
[

Modified span / effective depth ratio criteria

Deflection utilisation

Spaniny

Note that the deflection check is performed only for the

shorter direction.
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Scheme Design
I
1 &0
H  ss0 | Two-way solid
{500
HE 480
= 400 10
5 200 Live load kMim® 7.5 > ;_-;,."..."'
| 2 20 5.0 e
E 2 _ﬂ_—.;ﬁf

| 250 | e e

200 e "
| — .

10 | g

100 .

4 5 B T & =] 10 11 12

RO

Multiple span (m)

A0

L]

200

B 100

SLABS
| | Bending:’

Simply supported on all sides:

| | Continuous one-way spanning:

Characteristic imposed load (L)
=25 EMM? — =50 kNim

= 7.5 kN'm* — =100 ERim?
e  ———

= ly = 1.5l; then one-way spanning, else M = M KMm/m

24

| | Design for bending as for beams {in 2 directions)

H Bending moments and shear forces for one-way slabs
End support End span Penultimate Interior Interior
support spans supporis
Moment o 0.088 FI -0.086 F 0.082 FI -0.063 F
1 Shear 0.4F - 0.6 F - 0.5 F
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Beam Section Input Description

A. Beam
Depth Width Sag Section
Continuous slab + downstand b, T - continuous
Precast downstand b, Rect - continuous
B. Beam at Edge of Slab Span
Depth Width Sag Section
Continuous slab + downstand b, L - continuous

Precast

downstand

Rect - continuous




Job No. Sheet No. Rev.
CONSULTING |Engineering Calculation Sheet |

ENG I N E E R S|Consulting Engineers FXXX 20

‘ ‘ Member/Location
Job Title |Member Design - Reinforced Concrete Two Way Spannif®'¢
Member Design - RC Two Way Spanning Slab Madeby X | Date 21/11/20215
Typical Initial Span / Effective Depth Ratios
I I I I
: Table 3 Span/effective depth ratios for initial design of slabs
H DrE-way Spanming Twio-wiay Spanning Flat slob
i Irnposed sirmply Contmuous canftilevear srmioby confinuous
| load sUDported supporied :
khm

i 50 23 30 11 0 39 8
i 10.0 2 27 0 27 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 two-way spanning slabs |S|::uan is inthe range 4 toc 12 m.

Imposed load, _ 2:1 panel (based on shorter span)

N st s i

2.5 24 39 20 24
5.0 32 a7 28 £
7.5 30 25 26 20
10.0 28 24 25 29

5 kN/m?* | 10 kN/m*

Slab type Imposed | Imposed
load load

Simply supported 27 24
one-way'

Simply supported 30 a7
beo-way

Continuous 24 20
ona-way

Continuous a4 40
two=way

Cantilever 1 10

Flat slab 30 27
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Two Way Spanning Ribbed Slab (Waffle Slab)

1. The two way spanning ribbed slab is beneficial for its lighter weight compared to the equivalent twg

way spanning solid slab;

. The dimensions of the two way spanning ribbed slab is as per the one way spanning ribbed slab;

3. The design of the two way spanning ribbed slab is as per the one way spanning ribbed slab with
design moment and shear coefficients as per the two way spanning solid slab;

K. The minimum steel reinforcement is as per the one way spanning ribbed slab;




