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Simply Supported (Two-Way Spanning Slab)

Design a reinforced concrete slab for a room measuring 7.5m x 5.0m. The slab carries a
variable action of 2.5kN/m? and permanent action due to finishes of 1.0kN/m?. The
characteristic material strength are fu=25N/mm? and fx=500N/mm?2. The slab can be
considered simply supported on all four edges with corners free to lift. The slab is inside
buildings which subjected to 1.5 hours fire resistance and 50 years design life.
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Aslab simply supported on its four sides will deflect about both axes under load and the
corner will tend to lift and curl up from the support, causing torsional moments. When no
provision has been made to prevent this lifting or to resist the torsion, then the moment

coefficient of Table 3.13 BS8110: 1997 may be used and the maximum moments as given

by:
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n = total ultimate load per unit area i Moy i -
[. = length of shorter side | |
[, = length of longer side i |
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Table 3.13 BS8110: 1997

L,/Lx 1.0 1.1 1.2 1.3 1.4 1.5 1.75 2.0
(g 0.062 0.074 0.084 0.093 0.099 0.104 0.113 0.118
a 0.062 0.061 0.059 0.055 0.051 0.046 0.037 0.029
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Long span, Ly =7500mm
Short span, Ly =5000mm
L,/Lx =7500/5000

=1.5<2.0 - Two-way slab
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Characteristicactions:

Permanent, gk = 1.2kN/m? (excluding selfweight)
Variable, qx = 2.5kN/m?
Design life =50 Years
Fire resistance =R90
Exposure classes =XC1
Materials:
Characteristic strength of concrete, fo =25N/mm?
Characteristic strength of steel, f« = 500N/mm?
Unit weight of reinforced concrete = 25kN/m?
Assumed: Opar =10mm

2.0 SLAB THICKNESS

Min.thickness for fire resistance =120mm
Estimated thickness for deflection control, h =L,/26
=192mm Use, h = 200mm
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3.0 DURABILITY, FIRE AND BOND REQUIREMENTS

Min. concrete cover regard to bond, Cinb =10mm
Min. concrete cover regard to durability, Cmin,dur =15
Min. required axis distance for R90, a =15mm

Min. concrete cover regard to fire

Cmin,fire = a'@har/z = 15-{10;’2)
=10mm
Allowance in design for deviation, ACdev =10mm

Nominal cover,
Crom = CmintACdey =15+10
=25mm
5 Chom=25mm
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able 5.8: Minimum dimensions and axis distances for reinforced and prestressed
concrete simply supported one-way and two-way solid slabs

Standard fire resistance Minimum dimensions (mm)
slab axis-distance a
thickness one way two way:
hs (mm) Wh <15 1.5 <ih<2
1 2 3 4 5
REI 30 60 10* 10* 10*
REI 60 80 20 10* 15*
REI 90 100 30 15* 20
REI 120 120 40 20 25
REI 180 150 55 30 40
REI 240 175 65 40 50

I, and J, are the spans of a two-way slab (two directions at right angles) where /, is the longer

span.

For prestressed slabs the increase of axis distance according to 5.2(5) should be noted.

The axis distance a in Column 4 and 5 for two way slabs relate to slabs supported at all four
edges. Otherwise, they should be treated as one-way spanning slab.

* Nomally the cover required by EN 1992-1-1 will control.
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4.0 LOADING AND ANALYSIS

Slab self-weight =0.2x25
= 5.0kN/m?

Permanent load (excluding self-weight) =1.2kN/m?

Characteristicpermanent action, Gy =6.2kN/m?

Characteristicvariable action, Qx = 2.5kN/m?

Design action, nyg =1.35Gk+1.5Qx
=1.35(6.2) + 1.5(2.5)
=12.12kN/m?
=11.76kN/m

Moment:

Short span, Msy = asxnLy? =0.104x12.12x5.02
=31.51kNm/m

Long span, My, = as,nLy’ =0.046x12.12x5.02  =13.94kNm/m

With Wisdom We Explore



5.0 MAIN REINFORCEMENT

Effective depth:

dx = h-Crom-0.5@bar = 200-30-(0.5x10)
=170mm

dy =h-Crom-1.5@bar = 200-30-(1.5x10)
=160mm

Short span:

My =31.5kNm/m

K = M/bd?*f.x =31.5x10%/(1000x170%x25)

=0.044 < Kps=0.167

~. Compression reinforcement is not required

z= d[0.5+\/0.25 — K/1.134] =0.96d = 0.95d

Use 0.95d
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As = M/0.87fxz =31.5x105/(0.87x500%0.95x170)

=449mm?/m
H10-175 (top)
(449mm?/m)
Long span:
M.y =13.9kNm/m
K = M/bdf =13.9x10°%/(1000x160%x25)

=0.022 < Kps=0.167

- Compression reinforcement is not required

z =d[0.5+,/0.25 — K/1.134] =0.98d = 0.95d

Use 0.95d
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As = M/0.87f,z = 13.9x10/(0.87x500x0.95x170)
=211mm?/m

H10-325 (bot)
(242mm?/m)

Min.and max. reinforcement area,
Asmin= 0.26(Feum/F,)bd =0.26x(2.56/500)bd
Use 0.0013bd =(0.0013bd > 0.0013bd

=0.0013x1000x170

=227mm?/m
Acmax= 0.04A. = 0.04bh

=0.04x1000x200

=8000mm?/m
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Max. design shear force, Ved = ngLy/2
=12.1x(5.0/2)
=30.3kN
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Design shear resistance,

k =1+(200/d)¥2 < 2.0 =1+(200/170)%?

=2.08 = 2.0
pl=A./bd = 0.02 =449/(1000x170)

=0.0026 = 0.02
Vra,c=[0.12k(100pf)3]bd =[0.12x2.0(100x0.0026x30)"/3]x1000x170

=76535N = 76.5kN

Vmin = [0.35k¥%f,/2]bd =[0.0035x2.0*2x25%2]x1000x170
=84146N = 84.1kN

VRd,u 3 Vmin > Ved (OK)

With Wisdom We Explore



7.0 DEFLECTION

Percentage of required tension reinforcement,

,0=A5,rec|/bd = 449/{1000}(170)
=0.0026

Reference reinforcement ratio,
pﬂ={fck)lf2}{10_3 = {25)1}’2}{10—3
=0.0050

Percentage of required compression reinforcement

p":As’,rEq/hd = 0/(1000}{139)
=0.000

Factor for structural system,
K=1.0
p < po ~useequation (2)
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3/2
T _k [11 + 1.5Jf,_.ki—“ + 3.2 (‘;—“ _ 1)] = 1.0(11+14.2+13.55)

d
=38.8
Modification factorfor span less than 7m =1.0
Modification factorfor steel area provided = As prov/As req
=449/449
=1.0=15
Therefore allowable span-effective depth ratio = (I/d)alowable
=38.8x1.0x1.0
=38.8
Actual span-effective depth = (I/d)actuel
=5000/170

=294 < {Ifzd)allcrwahle (OK)

With Wisdom We Explore



8.0 CRACKING

h=200mm < 200mm

Main bar,

Smaxslabs = 3h or 400mm = 600mm > 400mm
Max. bar spacing = 325mm = Smayslzb = 400mm (OK)

Secondary bar,

Smax,5|3h5= 3.5h or 450mm = 700mm - 450mm
Max. bar spacing = 350mm = Snaxslab = 450mm (OK)
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9.0 DETAILING

- o .
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Reinforcement:
01: H10-175
02: H10-325
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' Restrained (Two-Way Spanning Slab)

The figure below shows part of the first floor plan of a reinforced concrete office building.
During construction, slabs and beams are cast together. The finishes, ceiling and services
form a characteristic permanent action of 1.5kN/m? (excluding self-weight). The
characteristic variable action is 4.0kN/m?. The floor is inside enclosed building and subjected
to 1 hour fire resistance requirements. The construction materials consist of grade C25
concrete and 500 steel. Based on the information provided, design slab panel B-C/1-2.

®) © ©
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When the slab are provided with different edge conditions like fixed or continuous edges,

the maximum moments per unit width are given by:

— 2
mSI _ ﬁSInII

Mgy = ﬁsyni;vzc: Ly

where; | i i
n = total ultimate load per unit area i i i
[, = length of shorter side 1 |
w T e ) 23t mg, mey ||
I}, = length of longer side ' ;

Bsx and B, are the moment coefficient

from T Table 3.14 BS8110: Part 1: 1997
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www.uthm.edu.my

There are nine different types
of support conditionsto be
considered which relate to the
particularsupport/restraint
provided on edge of individual

slabs.

Case 1: Four edges continuous
Case 2: One short edge discontinuous
Case 2: One long edge discontinuous
Case 4: Two adjacent edge discontinuous
Case 5: Two short edge discontinuous
Case 6: Two long edges discontinuous
Case 7: Three edges discontinuous
(one long edge continuous)
Case 8: Three edges discontinuous
(one short edge continuous)
Case 9: Four edges discontinuous
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Tahbla 3 14 — Bending moment cosflicients for rectanzsular panels supported on four sides with
provision for torsiom at cormers
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Shear force and actions on supporting heams

The design shear forces of slab or loads on beams which supported the slab can be
evaluated usingthe equationsbelow:

Usxy = Poantly

Usy = Buytily

where;

n = total ultimate load per unit area
[. = length of shorter side

L, = length of longer side

Py and f,,,, are the shear coefficient
from Table 3.115 BS8110: Part 1: 1997
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Tahble 3156 — Shear force coefficient for uniformly loaded rectansgular panels supported on four
sides with provision for torsion at corners

Trps of pansl xod locates oy foxr valusa nfl_..lllz l!ll.-_r

1.3 1.1 1z 1.3 1.4 1a 1.78 e

Four edges continuous
Continuous edge 0.33 036 0349 041 043 045 048 050 0.33
Une short edege
discontinuous
Continuous edge 036 039 0.4 044 045 047 0.50 052 036
Discontinuous edge — —_ — — —_ — — —_ 0.z
Doe long edse
discontinuous
Continuous edge 0.36 040 044 0.47 04
Discontimuous edge 0.24 027 0.zo 0.31 L
Two adjacent edges
discontinuous
Continuous edge 0,20 D44 047 0.50 052 0.54 0.57 OG0 0.4
Discontimuons edgs 026 02a 031 0.33 054 035 038 040 026
Two short edges
discontinuous
Continuous edge 020 043 045 047 043 049 0.52 054 —_
Driscontimuons edge — — —_ — — —_ — — 0.26
Two long adzes
discontinuous
Continuoas edge — — —_ — — —_ — — 0.0
Discontimuons edgs 026 030 033 036 038 040 044 047 —_

Three edges
discontinuous
(one lonz edge
discontinuouws)
Continuous edge 0.45 043 051 0.53 055 0.57 0,50 a3 —_
Discontimuons edges 030 032 034 035 036 037 0.39 041 0.zo
Thres edges
discontinuous
{one short edges
discontinuows)
Continuoas edge — — —_ — — —_ — — 0.45
Discontimuous edge 0.2 033 056 0.38 040 0.4z 0.45 043 030
Four edges
discontinuouns
Discontimuons edgs 0.33 036 0349 041 043 045 048 050 0.33

31 0.55 0.5 0.36
i 0.36 035 —_
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1.0 SPECIFICATION

Long span, Ly =7000mm

Short span, Ly =4000mm

L,/Lx =7000/4000
=1.75<2.0

~ Two-way slab
Characteristicactions:

Permanent, gk = 1.5kN/m? (excluding selfweight)
Variable, ax =4.0kN/m?

r Assumed: @par =10mm

Fire resistance =R60

Exposure classes =XC1

Materials:
Characteristic strength of concrete, fo =25N/mm?
Characteristic strength of steel, fi« =500N/mm? Assumed: @par
Unit weight of reinforced concrete = 25kN/m?3 =10mm
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2.0 SLAB THICKNESS

Min.thickness for fire resistance =80mm

Estimated thickness for deflection control, h = L./35 (Based on Table 5.4N, L/30)
=4000/35
=114mm

Use,h=125mm
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3.0 DURABILITY, FIRE AND BOND REQUIREMENTS

Min. concrete cover regard to bond, Ciinb =10mm
Min. concrete cover regard to durability, Cmin, dur =15
Min. required axis distance for R60, a =15mm

Min. concrete cover regard to fire

Crin,fire = a'ghar/z = 15-{10/2}
=10mm
Allowance in design for deviation, ACdev =10mm

Nominal cover,
Crom = CrmintACdey =15+10
=25mm
“ Chom=25mm
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4.0 LOADING AND ANALYSIS

Slab self-weight =0.125x25
=3.13kN/m?

Permanent load (excluding self-weight) = 1.50kN/m?

Characteristicpermanent action, Gk =4.63kN/m?

Characteristicvariable action, Qx = 4.00kN/m?

Design action, ng =1.35G+1.5Qy
=1.35(4.63) + 1.5(4.00)
=12.24kN/m?

Moment:

Short span, Mea = Bsaandly? =0.065x12.24x4.0?
=12.7KNm/m

Mscz = Baanal’ = 0.087x12.24x4.0°

=17.0kNm/m
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Long span, Mgy = Bsy1ndly? =0.034x12.24x4.0°
=6.66kNm/m

Msy2 = Bsyanals? =0.045x12.24x4.0?
=8.82kNm/m

Shear:

Short span, Ve = Buxindly =0.57x12.24x4.0

=27.9kNm/m
Ve = Buxandlx =0.38x12.24x4.0
=18.6kNm/m

Long span, Vsy1 = Buwyindlx =0.40x12.24x4.0
=19.6kNm/m

Vey2 = Buyznly = 0.26x12.24x4.0
=12.7kNm/m
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5.0 MAIN REINFORCEMENT

Effective depth:

dx = h-Crom-0.5@par =125-20-(0.5x10)
=95mm

dy = h-Coom-1.5@ar = 125-20-(1.5x10)
=85mm

Short span (Midspan):

M sy =12.7kNm/m

K=M/bd%f. = 12.7}:1[}5”1000):952}{25)

=0.056 < Kps=0.167

~. Compression reinforcement is not required

2 =d[0.5+,/0.25 — K/1.134] =0.95d = 0.95d MEEEE) Use 0.95d
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As = M/0.87fxz =12.7x10°/(0.87x500x0.95x95)

=325mm?Z/m
H10-200 (bot)
(393mm?/m)
Short span (Support):
M., =17.0kNm/m
K=M/bdf. =17.0x10°%/(1000x95%x25)

=0.076 < Kpz=0.167

- Compression reinforcement is not required

z =d[0.5+,/0.25 — K/1.134] =0.93d = 0.95d

Use 0.93d
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As = M/0.87f 2 = 17.0x10%/(0.87x500x0.93x95)

=444mm?/m
H10-175 (top)
(449mm?/m)
Long span (Midspan):
Msy =6.7kNm/m
K= M/bd%.. = 6.7x106/(1000x85%25)

=0.037 < Kpai=0.167

~ Compression reinforcement is not required

2 = d[0.5+,/0.25 — K/1.134] =0.97d = 0.95d

Use 0.95d
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=6.7x10°/(0.87x500x0.95x85)

As = M/0.87f,z

=190mm?Z/m
H10-350 (bot)
(224mm?/m)
Long span (Support):
M.y = 8.8kNm/m
K= M/bd?f. = 8.8x10°%/(1000x85°x25)

=0.039 < Kpa=0.167

- Compression reinforcement is not required

Z= d[0.5+J0.25 — K/1.134] = 0.96d = 0.95d
Use 0.95d
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As = M/0.87fxz = 8.8x10°/(0.87x500x0.95x85)

=225mm?/m
H10-325 (top)
(242mm?/m)
Min.and max. reinforcement area,
As min= 0.26(fem/fyk)bd =0.26x(2.56/500)bd
Use 0.0013bd =0.0013bd > 0.0013bd
=0.0013x1000x95
=127mm?/m
Asmax= 0.04A.= 0.04bh =0.04x1000x125
=5000mm?/m
H10-425
(185mm?/m)
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6.0 SHEAR

Max. design shear force, Ved =27.9kN

Design shear resistance,

k =1+(200/d)¥2 < 2.0 =1+(200/95)"/2
=2.45>=2.0
pl=A./bd = 0.02 =449/(1000x95)
=0.0047 = 0.02
Vra,c = [0.12k(100pf ) Y3]bd =[0.12x2.0(100x0.0047x25)"/3]x1000x95

=51925N = 51.9kN

Vomin = [0.35k32f, 72]bd =[0.0035x2.03/?x25%2]x1000x95
=47023N = 47.0kN BEEp Vrd,c; Vemin > Ved (OK)
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7.0 DEFLECTION

Percentage of required tension reinforcement,
p=As,req/bd =325/(1000x95)
=0.0034

Reference reinforcement ratio,
pﬂ={fck)ﬂ2}{10_3 - {25)ﬂ2x10—3
=0.0050

Percentage of required compression reinforcement
p":As’,rEq/bd = 0/{1000}{139)
=0.000

Factor for structural system, K=1.3
p < poy ~useequation (2)
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[ Po Po 3/2

=K [11 + 1-5\/fck? +3.2\/fex (? - 1)] =1.3(11+11+5)
=35

Modification factorfor span less than 7m =1.0

Modification factorfor steel area provided = As prouf As,req
=393/325
=121=1.5

Therefore allowable span-effective depth ratio = (1/d)allowable
=35x1.0x1.21
=42.3

Actual span-effective depth = (1/d)actual
=4000/95
=42.1 < {I/d)allowahle
(OK)

With Wisdom We Explore



8.0 CRACKING

h=125mm < 200mm

Main bar,

Smaxslabs = 3h or 400mm = 375mm < 400mm
Max. bar spacing = 350mm =< Snmaxslab= 375mm (OK)
Secondarybar,

Smax}5|3h5= 3.5h or 450mm = 438mm < 450mm
Max. bar spacing = 425mm = Snmaxslab = 438mm (OK)

With Wisdom We Explore



