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Presentation Outline
-Different types of reinforced cement concrete floor/roof slab .

-State the way to determine the dead load and live load.

-Compare between one-way and two-way solid reinforced cement concrete slab.




Slabs: are constructed to provide flat surfaces, usually

horizontal, in building floors, roofs, bridges, and other types of
structures. The slab may be supported by walls, by reinforced
concrete beams usually cast monolithically with the slab, by
structural steel beams, by columns, or by the ground-building

floors



-

One Way Slab Two Way Slab



One way slab: Long Span > 2
Short Span

If a slab is supported on two opposite sides only, If the slab is supported on sides and the ratio of

the long side to the short side is equal to or greater than 2, most of the load (about 95% or more) is carried in
the short direction,
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(a) One-way slab (c) One-way slab



Two way slab: Long Span < 2
Short Span

Two way slab is a slab supported by beams on all the four sides and the loads are carried by the supports along with
both directions

(b) Two-way slab



Flats Slab: The flat slab is a reinforced concrete slab supported directl
by concrete columns or caps. Flat slab doesn’t have beams so it i
also called a beam-less slab.

@




There are four different types of concrete Flat Slabs

Slab without drop and column without column head(capital).
Slab with drop and column without column head.
Slab without drop and column with column head.

Slab with drop and column with column head.

Flat slab
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Difference hetween One Way Slab and Two way slabh:

One Way Slab Two Way Slab

Slabs are supported by the beams on  Slabs are supported by beams on all the four

the two opposite sides sides.

Main reinforcement is provided on Main reinforcement is provided in both sides
shorter span due to bending due to bending occurs on both sides

Main Reinforcement is provided in Main Reinforcement is provided along both
only direction for one way slabs the directions in two way slabs.

Loads are carried along one direction Loads are carried along both the directions
iIn one way slab. in two way slabs.



Advantages of Flat Slabs:

. A flat slab reduces the overall height of the structure.

. These slabs are capable of lifting concentrated loads.

. They require less formwork.

Since the reinforcement of flat slabs can be easily expanded, it is easy to place.

. They also have better quality control.

. Sprinklers, utilities, and other piping are easy to install due to the absence of beams.
. This gives a better appearance and diffusion of light.

. Better fire-resistant than other floor systems.

. They can be constructed rapidly.

DISADVANTAGES OF FLAT SLAB::

1. In the flat plate system, the construction of large spans is not possible.
2. The use of a drop panel can interfere with large mechanical ducting.
3. They are not suitable for masonry walls (brittle supports).

4. The thickness of the flat plate slab is greater than that of the typical RCC two-way slab.



USES OF FLAB SLAB:

-Flat slabs are mostly used in large industrial structures, parking
garages, ramps, warehouses, tall buildings, and hotels.

-They are used where the beam is not required.
-These slabs also used where the structures require less formwork.
-Also, provide better diffusion of light to the plain roof surface.



Ribbed Slab:

Ribbed floors consisting of equally spaced ribs are usually supported directly by columns. They
are either one-way spanning systems known as ribbed slab or a two-way ribbed system

known as a waffle slab

Ribbed Slab
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Advantages of Ribbed slab:

Savings on weight and materials

Long spans

Attractive soffit appearance if exposed
Economical when reusable formwork pans used
Vertical penetrations between ribs are easy.

Disadvantages:

Depth of slab between the ribs may control the fire rating
Requires special or proprietary formwork

Greater floor-to-floor height

Large vertical penetrations are more difficult to handle



RB slabs: RB slab stands for a reinforced brick slab that is

suitable for floorings and ceilings. RB slab is erected with steel

reinforcement arranging spacing with the Dbricks. The
construction cost of RB slab is less with regard to RC slab
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Is RBC slab economical as compared to RCC?
Yes RBC slabs are slightly cheaper as compare to RCC slabs due to

following reasons:
|_ess concrete volume because of presence of bricks
|_ess steel quantity because placement of bricks requires steel to placed at

wider spans

What is the price difference in RBC & RCC slab cost?
RBC slabs are 24-30% cheaper as compare to RCC slabs. Suppose if cost of
RCC slab is around 175-170 per cubic feet, RBC slab will cost around 125-

130 Tk/cubic ft.

Is the strength of RBC slab same as that of RCC slab?
No! RCC slabs have much more strength as compared to RBC slabs the main
reason due to which structural engineers never recommend RBC slabs.



Loads on Building:

There are two main types of load —
-Dead Loads (DL

-Live Loads (LL)

-Wind Load (WL)

-Snow Load (SL)

-Earthquake Load

-Thermal Loads

-Dynamic Loads
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Presentation Qutline

- Minimum thickness of reinforced cement concrete one-way slab.

-Explain the necessity of shrinkage and temperature
reinforcement in one-way slab.

-Mention the steps to be followed Iin designing reinforced cement
concrete one-way slab.
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One Way Slab

When slabs are supported on two
opposite sides only loads being carried
by the slab in the direction
perpendicular to the supporting
beams.

When supports are provided on all
sides most of the load is carried in
the short direction to the
supporting beams and one way

actionis obtained.




ACI

(9.5.2.1)

20

one way slab



Si.No. | Support condition Effective span

1 Simply supported not built integrally Lesser of (i) clear span +

with its supports effective depth of slab, and (i)
centre to centre of supports

2 Continuous when the width of the Do
support is < 1/12" of clear span

3 Continuous when the width of the (i) Clear span between the
support is > lesser of 1/12™ of clear supports
span or 600 mm
(i) for end span with one end fixed (ii) Lesser of (a) clear span +
and the other end continuous or for half the effective depth of slab,
iNntermediate spans, and (b) clear span + half the

width of the discontinuous
(ii) for end span with one end free and | support

the other end continuous,
(iii) The distance between the

(i) spans with roller or rocker centres of bearings
bearings.
4 Cantilever slab at the end of a Length up to the centre of
continuous slab support
5 Cantilever span Length up to the face of the
support + half the effective
depth

6 Frames Centre to centre distance
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Le =lc +EffectiveDepth xJ

Fig:Effective span of cantilever beams.



Explain the necessity of shrinkage and temperature
reinforcement in one-way slab.

-One way slab —( )
reinforcement
temperature bar shrinkage bar

Plan bar-0.0025bt
-40 or 50 grade or (275 N/mm?4-350 N/mm?4) =0.0020bt

-60 grade or (440 N/mm?)=0.0018bt

>60 grade or (440 N/mm? )= 0'001?60000bt,
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Design step of one way solid slab by WSD method:

» Self weight of slab (According to ACI Code)
Simple supported slab=L/25=10cm
. 0.10m*1m*2400kqg/m3>= 2400kqg/im

> Live load —kg/m?=kg/m

» Floor finish- kg/m?=kg/m

Step-01: Design Load » Partition wall- kg/m?=kg/m

» False celling- kg/m?4=kg/m

Per meter load=w=Self.w+LL+FF+PW+FC
=kg/m

Total Load=W=w*L=kg



Step-02: Maximum Shear force

Total load=W, kg

. Maximum S.F simple support slab= %zkg

Continuous portion =0.4W
Semi Continuous portion=0.60

Step-03: Maximum Bending Moment

- Simple support slab, M= V\;LZ

* 100=kg.cm

- Continues support slab, M= VYZL +* 100=kg.cm

- Semi Continues support M= VYOL * 100=kg.cm




Step-04: Depth of Slab

—
. Effective depth, d= \ RMb
here, R= %fc * jk
K=

nl-é-l
J=1-7

b=100cm ( assume 1 m strip)
D=d+ % *+ dia of rod + Clear Covering



Step-05: Area of tensile reinforcement

For one meter strip

M
A =
> f *jd

Spacing, s=

=CMm?

as*b

N cm c/c

S

a,=area of bar dia
A, =required steel
b=1m strip




Step-06: Shear Stress

Max™ shear stress, g= %
Shear stress,

for d distance from support, g= %
Allowable shear stress for concrete

Vc=0.292 w/fc
If Vc> (g= bd) slab thickness ok,



Step-07: Check for Bond Stress

Bond stress, u=
Here, X,=Nnd
N= number of bar=

Zo xjd

b 1 meter strip

S Spacing c /c
Allowable bond stress

0.292 JFor

D
3.33 JFor
D

-for top bar=u= maxi=24.4 kg/cm?2

-for other,u== max1=35.2 kg/cm?2



Step-08: Area of Shrinkage Temperature Steel)

Plain Bar, As=0.0025bt
Deform bar, As=0.002bt
B= 1m strip of a slab=100cm
T=total slab thickness
100

Spacing of temperature bar, S= Ag ¥ as =

As= area of bar
ACI code , Maximum spacing =5 times of a slab
= not garter than 45 cm



Step-08: Detall sketch
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Placing of Reinforcement
-The minimum clear spacing between parallel bars in a layer shall

be equal to one bar diameter,

-but not less than 25 mm,
- 4/3 the maximum nominal size of coarse aggregate, whichever is

larger.



Thickness of the slab iIs decided based on span to depth
ratio specified In IS456-2000. Minimum reinforcement IS
0.12% for HYSD bars and 0.15% for mild steel bars. The
diameter of bar generally used In slabs are: 6 mm, 8 mm, 10
mm, 12mm and 16mm.

The maximum diameter of bar used in slab should not
exceed 1/8 of the total thickness of slab. Maximum spacing
of main bar Is restricted to 3 times effective depth or 300 mm
whichever is less. For distribution bars the maximum

spacing Is specified as 5 times the effective depth or 450
mm whichever Is less



Minimum clear cover to reinforcements in slab
depends on the durability criteria and this is
specified In IS 456-200. Generally 15mm to 20mm
cover Is provided for the main reinforcements.
Alternate main bars can be cranked near support
or could be bent at 180° at the edge and then
extended at the top inside the slab as shown In
Fig.1. Curtallment and cranking of bars and Is
shown In Fig. 2.
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One Way Slab

When slabs are supported on two
opposite sides only loads being carried
by the slab in the direction
perpendicular to the supporting
beams.

When supports are provided on all
sides most of the load is carried in
the short direction to the
supporting beams and one way

actionis obtained.




Presentation Qutline

- Minimum thickness of reinforced cement concrete one-way slab.

-Explain the necessity of shrinkage and temperature
reinforcement in one-way slab.

-Mention the steps to be followed Iin designing reinforced cement
concrete one-way slab.



10
0 40+ fy<kg/<:m2k
' 7000

0. 40+ fy (Ksi)
' 100

0.4+ fy (Mpa)
' 700

1 MPa=10.1972 kg/cm?
1 MPa=145.038 Psi
1 kg/cm?=14.22 Psi



Stress

Stress-Strain diagram for mild steel
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Si.No. | Support condition Effective span

1 Simply supported not built integrally Lesser of (i) clear span +

with its supports effective depth of slab, and (i)
centre to centre of supports

2 Continuous when the width of the Do
support is < 1/12" of clear span

3 Continuous when the width of the (i) Clear span between the
support is > lesser of 1/12™ of clear supports
span or 600 mm
(i) for end span with one end fixed (ii) Lesser of (a) clear span +
and the other end continuous or for half the effective depth of slab,
iNntermediate spans, and (b) clear span + half the

width of the discontinuous
(ii) for end span with one end free and | support

the other end continuous,
(iii) The distance between the

(i) spans with roller or rocker centres of bearings
bearings.
4 Cantilever slab at the end of a Length up to the centre of
continuous slab support
5 Cantilever span Length up to the face of the
support + half the effective
depth

6 Frames Centre to centre distance




Simple supported i) LC + B/2+B/2
1) L-+d




. L
Supportis< =

B =25cm B




- L
Supportis > p_

N~_
d
Lc=2.5m
D e B
B =25cm
L
i) 12 |
| B > % 25cm> 22199 -50.88 cm

i) LC + B/2

i) L+d/2




Cantiliver supported i) LC + B/2 Cantiliver supported i) LC + d/-






Explain the necessity of shrinkage and temperature
reinforcement in one-way slab.

-One way slab —( )
- reinforcement

temperature bar shrinkage bar

Plan bar-0.0025bt
-40 or 50 grade or (275 N/mm?4-350 N/mm?4) =0.0020bt

-60 grade or (420 N/mm?)=0.0018bt

>60 grade or (420 N/mm? )= O'001?60000bt,

b=100cm, t=total thickness of slab




Design step of one way solid slab by WSD method:

» Self weight of slab (According to ACI Code)
Simple supported slab=L/25=10cm
. 0.10m*1m*2400kqg/m3>= 2400kqg/im

> Live load —kg/m?=kg/m

» Floor finish- kg/m?=kg/m

Step-01: Design Load » Partition wall- kg/m?=kg/m

» False celling- kg/m?4=kg/m

Per meter load=w=Self.w+LL+FF+PW+FC
=kg/m

Total Load=W=w*L=kg



Step-02: Maximum Shear force

Total load=W, kg

. Maximum S.F simple support slab= %zkg

Continuous portion =0.4W
Semi Continuous portion=0.60W

Step-03: Maximum Bending Moment

- Simple support slab, M= % * 100=kg.cm
- Continues support slab, M= % + 100=kg.cm

- Semi Continues support M= VY—OL * 100=kg.cm



Step-04: Depth of Slab

—
. Effective depth, d= \ RMb
here, R= %fc * jk
K=

nl-é-l
J=1-7

b=100cm ( assume 1 m strip)
D=d+ % *+ dia of rod + Clear Covering



Step-05: Area of tensile reinforcement

For one meter strip

M
A =
> f *jd

Spacing, s=

=CMm?

as*b

N cm c/c

S

a,=area of bar dia
A, =required steel
b=1m strip




Step-06: Shear Stress

V
Max™ shear stress,v=7i—
bd

Shear stress,
Vcr

for d distance from support, v= Bd
Allowable shear stress for concrete

Vc=0.292 W

1T Vc>(V= ﬁ) slab thickness ok,



Step-07: Check for Bond Stress

Bond stress, u=

Here, X,=Nnd
b 1 meter strip

N= number of bar=z = .
S Spacing c/c

Allowable bond stress
2.92 [fer

D
3.33 JFor
D

2.0 Jd

-for top bar=u= maxi=24.4 kg/cm?2

-for other,u== max1=35.2 kg/cm?2



Step-08: Area of Shrinkage Temperature Steel)

Plain Bar, As=0.0025bt
Deform bar, As=0.002bt
B= 1m strip of a slab=100cm
T=total slab thickness
100

Spacing of temperature bar, S= Ag ¥ as =

As= area of bar
ACI code , Maximum spacing =5 times of a slab
= not garter than 45 cm



Step-08: Detall sketch
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Placing of Reinforcement
-The minimum clear spacing between parallel bars in a layer shall

be equal to one bar diameter,

-but not less than 25 mm,
- 4/3 the maximum nominal size of coarse aggregate, whichever is

larger.



Thickness of the slab iIs decided based on span to depth
ratio specified In IS456-2000. Minimum reinforcement IS
0.12% for HYSD bars and 0.15% for mild steel bars. The
diameter of bar generally used In slabs are: 6 mm, 8 mm, 10
mm, 12mm and 16mm.

The maximum diameter of bar used in slab should not
exceed 1/8 of the total thickness of slab. Maximum spacing
of main bar Is restricted to 3 times effective depth or 450 mm
whichever is less. For distribution bars the maximum

spacing Is specified as 5 times the effective depth or 450
mm whichever Is less



Minimum clear cover to reinforcements in slab
depends on the durability criteria and this is
specified In IS 456-200. Generally 15mm to 20mm
cover Is provided for the main reinforcements.
Alternate main bars can be cranked near support
or could be bent at 180° at the edge and then
extended at the top inside the slab as shown In
Fig.1. Curtallment and cranking of bars and Is
shown In Fig. 2.






Step-01: Design Load

» Self weight of slab ([ According to AC/

Code)

Simple supported slab=L/25=10cm
. 0.10m*1m*2400kg/mP= 2400kg/im

>
>

>

>

Live load —kg/m?=kg/m
Floor finish- kg/m?=kg/m

Partition wall- kg/m?=kg/m

False celling- kg/m?=kg/m

Per meter load,w=Self. w+LL+FF+PW+FC
=kg/m

Total Load=W=w*L=kg

Step-01:Ultimate Load

Self weight of slab (According to ACI Code)
Simple supported slab=L/25=10cm
. 0.10m*1m*2400kg/m?>= 2400kg/m

FF- kg/m?=kg/m

P.W- kg/m?=kg/m

F.C- kg/m?=kg/m

Dead load=w=Self.w+FF+PW+FC =kg/m
Live load —kg/m?=kg/m

Ultimate load, Wu=1.2DL+1.6LL

Total load=Wu*L=kg



Step-02: Maximum Shear force Step-02: Ultimate Shear force

Total load=W, kg
Maximum S.F simple support Total load=W, kg

slab= V;V:kg

Continuous portion =0.4W

Semi Continuous portion=0.60W

. Maximum S.F simple support slab= V?v:kg

Continuous portion =0.4W
Semi Continuous portion=0.60

Step-03:Maximum Bending Step-03: Ultimate Bending Moment

Moment

. _ WL _
Simple support slab, M= —+ 100=kg.cm Simple support slab, I\/I=% * 100=kg.cm

. _ WL _
Continues support slab, M= =~ * 100=kg.cm - Continues support slab, M= -2 « 100=kg.cm

. . _ WL _
Semi Continues support M= = * 100=kg.cm Semi Continues support M= —= « 100=kg.cm



Step-04: Depth of Slab

.. Effective depth, d= \/Rﬁb
here, R= %fc * jk

n

K= ——

n+1
j=1- -
b=100cm (assume 1 m strip)
D=d+ % *+ dia of rod + Clear Covering

Step-04: Depth of Slab

I 6117
By * fy 6117+fy
ACl code =0.85, f'c < 281 kg/cm? f'c

281 kg/cm? 70 kg/cm? 0.05 )
0.65

Balance Steel ratio, p,= 0.85*

vV

fi-281
* _C
B, =0.85-0.05* ——=

Pmax =0.75* Py
Steel ratio, p < pmax

0.65 < B, <0.85

Nominal Flexural Strength, Mn=p * f_bd**(1-0. 59*:, * p)

Mu=@Mn=@p * f, bdz*(1059*]f, * p)

Mu
Do * fy bd2+(1-0. 59*;, )

Total depth, D=d+ D2 Off TEae + Clear Cover

2




Step-05: Area of tensile reinforcement . .
P Step-05: Area of tensile reinforcement

For one meter strip

For one meter strip A =__ Mu
=" _—cm? ST @fyx(d-5) .
A= fs*jd—cm 2
Spacing, s= aib: cm cl/c P A R L A
5 0.85+f'cxb 0.85xf'cxb  0.85%f'c
a,=area of bar dia S5eE! _azxb_
) acing, s= —=cmc/c
A. =required steel . 9 S7A
b=1m strip

The bar should not exceed 3 a;=area of bar dia
times the thickness or 45 cm A =required steel

b=1m strip




Step-06: Shear Stress

Max™ shear stress, g= %
Shear stress,

for d distance from support, g= %
Allowable shear stress for concrete

Vc=0.292 /fc’
If Vc> (g= b_vd) slab thickness ok,

Step-06: Shear Stress

shear stress,qu = - (Cgi(;ical)

for d distance from support,

. _ ) *L
V, (Critical) =V, - W, 100

Allowable shear stress for concrete

Vcu=0.53 * @ * Vfc’
IT Vcu> (qu= b—\ij) slab thickness ok,



Step-07: Check for Bond Stress

Bond stress, u=

Here, Xy,=Nmrd
b 1 meter strip

N= number of bar=z = :
S Spacingc/c

Allowable bond stress

2o Jjd

-for top bar=u= 2'92DW maxi=24.4
kg/cm?2
-for other, u= = 333@ maxi=35.2

kg/cm?2

Step-07: Check for Bond Stress

Maximum shear=Vu
U,=

Vl.l
o(z) id
Here, Xy=Nnd
b 1 meter strip

N= number of bar== = :
S Spacingc/c
Axfy

&= 0.85+Fc+b
jd=d-5

Ultimate Bond stress, Uall= 639’}‘)@

Maximum shear=Vu

\Y
o =
0 Q)Uall*jd
Vv
or, Nrtd= "
@Uall*(d—g)
E* Vu

S n :®Uall*(d—%)
S=clc

, maximum >56.2 kg/cm?



Step-08: Area of Shrinkage Temperature Steel)

Plain Bar, As=0.0025bt
Deform bar, As=0.002bt
B= 1m strip of a slab=100cm
T=total slab thickness
100

Spacing of temperature bar, S= Ag ¥ as =

As= area of bar
ACI code , Maximum spacing =5 times of a slab
= not garter than 45 cm



Step-08: Detall sketch
Iw—-—,l — — ] ©
DISTRIBUTION BARS \T:MH BARS ( SEE NOTE 11 -_I:
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== =
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Design of structure-2 (26474)

Class No-04
7th Semester-Civil Technology

Md. Sumo


mailto:sumondte@gmail.com

Presentation Qutline

- Minimum thickness of reinforced cement concrete one-way slab.

-Explain the necessity of shrinkage and temperature
reinforcement in one-way slab.

-Mention the steps to be followed Iin designing reinforced cement
concrete one-way slab.
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FIGURE 4.5

Stress and strain distributions
at ultimate load.
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0.325 = &9 (Constant) |
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a equals 0.72 for fc'< 4000 psi and decreases by 0.04 for every 1000 psi above
4000 up to 8000 psi. For fc'> 8000 psi, a = 0.56.

f equals 0.425 for fc’' < 4000 psi and decreases by 0.025 for every 1000 psi above
4000 up to 8000 psi. For fc'> 8000 psi, = 0.325.



, C=T

caf'cxbc=Asxfs............ (1)
C T ,
M =As*fs*(d — fc)............... (2)

M+ = af’c * bc*(d — Sc)
fs=fy (1
.. af’'c*bc = As *fy
= Asxty_ pb dxfy _ pdxfy

af'cxb  af’cxb af’c

Mn C, As,
Mn=As*fs*(d — S p‘i;‘,’; )

M,=p*f, bdz*(l-O.SQ*% )

fs

fy
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Concrete stress block parameters 3 | €,

£, [cafe/aetrit) <280 350 420 490 > 560 X
N 0.72 0.68 0.64 0.60 0.56
B 0.425 0400 | 0375 | 0350 0.325 z
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a ~ 085 0.85 0.85 0.86 086
T BT SeeE Aow 72 a7 99 B, W3R y 93 *TRAIRDR ¢ T | 1§ aamﬂsﬁﬁ’mm J
&% (Stress intensity factor) A& | e, £ Q7 WH TR L% Al A Wﬁ A7 TS BT T
C=0.851f"ab TA |
Wt o, 5161, St e wewe A, (3) Do Bse @@ 1, = f, SR () FEH0, FRIH
fA3f® €, A €, = 0.003 TA | 1R WG 3017 @fete Faefr, Sremm S (T = €) @3 AT rerse Frrors
SRR 7 (S0) w'{mﬁt 1= e,
A.f, = vf.” ab
=1, P, ,bd = O.85f." ab

=1, P, FLbd = O.85f." 3; bc [c=t a = Bl

” byc
=1, ‘)..=0.85f°f = |

A = .d

= O.85 3, = . [ c—w= == ===l
f,a s, =,
e .

=O-85B;f.—y >< .+ <.
- <=

= 0.85 B * e +}L,,IE,

L =

AR e, = 0.003 a93Ae A
€ . — 2039000 =T TI1CH JJICTHS o= CAf-sS ==,

- L —
pb=0-858.!‘§-x = =~
¥ e .=+ 1,

-~

6117
- 2, = 0.853, —';.—

GELR ., —SoemmEs >3)




ACI

(9.5.2.1)

20

one way slab



Design step of one way solid slab by USD method:

Self weight of slab (According to ACI Code)
Simple supported slab=L/25=10cm
. 0.10m*1m*2400kqg/m>= 2400kg/im

FF- kg/m?=kg/m

| _ P.W- kg/m?=kg/m
Step-01: Calculationof .~ kg/m2=kg/m

Ultimate Load

Dead load=w=Selfw+FF+PW+FC =kg/m

Ultimate load, Wu=1.2DL+1.6LL
Total load=Wu*L=kg



Step-02: Ultimate Shear force

Total load=W, kg

. Maximum S.F simple support slab= %zkg

Continuous portion =0.4W
Semi Continuous portion=0.60

Step-03: Ultimate Bending Moment

- Simple support slab, M= % * 100=kg.cm
- Continues support slab, M= % + 100=kg.cm

- Semi Continues support M= VY—OL * 100=kg.cm



Step-04: Depth of Slab
ff. 6117

1 - X *__C
Balance Steel ratio, p,= 0.85* [3, T, ¥ G117+
ACl code =0.85, f'c < 281 kg/cm? f'c > 281 kg/cm? 70 kg/cm?

0.05 ) 0.65

f'. —281
— X
3, =0.85-0.05 70

Dmax =0.75*% Py
Steel ratio, p < pmax

0.65 < 8, <0.85

Nominal Flexural Strength, Mn=p * f_bd**(1-0. 59*:, * P)

Mu=@Mn=0p * f bd**(1- 059*:, * D)

d= Mu [ Total depth, D=d+ Dia of road + Clear Cover

Dp * fy bd2*(1-0. 59*f’ £p) 2




Step-05: Area of tensile reinforcement

For one meter strip

A = Mu o= Axfy _ pbdxfy
S (ny*(d—%), ~0.85xf'cxb  0.85xf'cxb
pd*fy _ 2

0.85+fc b

Spacing, s= 2\ =cm clc

S

a,=area of bar dia
A, =required steel
b=1m strip



Step-06: Shear Stress

shear stress,qu = Y (ngical)
for d distance from support, V, (Critical) =V - W * 180

Allowable shear stress for concrete
Vcu=0.53 = @ * /fc’
[T Vcu> (qu = %) slab thickness ok,



Step-07: Check for Bond Stress

Maximum shear=Vu

Maximum shear=Vu _ v,
\ 20 = DU all*jd
U — i allx]
u . V
z @ ]d Or, NT[d: - a
0 DU allx(d—2)
Here, Yy=Nnd b, v :

1 meter strip

Tad= a
N= number of bar= g = . S QU all+(d—)
S Spacingc/c

A xSy S=clc

Ultimate Bond stress, Uall= 6'399]3W , maximum >56.2 kg/cm?



Step-08: Area of Shrinkage Temperature Steel)

Plain Bar, As=0.0025bt
Deform bar, As=0.002bt
B= 1m strip of a slab=100cm
T=total slab thickness
100

Spacing of temperature bar, S= Ag ¥ as =

As= area of bar
ACI code , Maximum spacing =5 times of a slab
= not garter than 45 cm



Step-08: Detall sketch
Iw—-—,l — — ] ©
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Design of structure-2 (26474)

Class No-05
7th Semester-Civil Technology

Md. Sumo


mailto:sumondte@gmail.com

Presentation Qutline

- Minimum thickness of reinforced cement concrete two-way slab.

-Explain the necessity of shrinkage and temperature
reinforcement in one-way slab.

-Mention the steps to be followed Iin designing reinforced cement
concrete one-way slab.



Two way slab-

ACI Code two way slab

Two way slab-



Minimum Thickness of two way slab-
Perimeter  2*(L+S)

According to ACl Code, t .. =

180 180
L=Long Span,
S= Short Span
According to ASTM Code, t . = Perimeter F1.27 ecm = 2x(L+5) +1.27cm
180 180
Two way slab-ACIl Code —
C C



Two way slab-

1. Interior Panel-

2. One Edge Discontinuous-
3.
4
5

Two edge discontinuous-

. Three edge discontinuous-
. Four edge discontinuous-



P S

Two way slab- §
. - \
-Interior Panel- . \>
\
N -
\ = —
\
L
: .
-Two edge discontinuous- - §
-Three edge discontinuous- § -
\
L

-Four edge discontinuous- s S

prreeed




Table 6.6.8: Coefficients for Negative Moments in Slabs '
_ 2

aney =C a,nengg
_ 2

Mb,neg = C bjlengb

Where, w = total uniform dead plus live load per unit area

Moment Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Coetficient

Span
Ratio.

Case &

Case 9

f{{ : T !

[b

xxxxxxx

0.045 0.050 | 0.075 | 0.071

CaJ neg

1.00

0.045 | 0.076 | 0.050 0.071

Ci:r,ne,g

0.061

0.050 0.055 | 0.079 | 0.075

CaJ neg

0.95

0.041 | 0.072 | 0.045 0.067

Ci:r,ne,g

0.038

0.056

Caneg 0.055 0.060 | 0.080 | 0.079

0.90

Cpmeg 0.037 | 0.070 | 0.040 0.062

0.043

0.052




: Column Middle Column
Column Strip and Strip Strip Strip

Middle Strip:

Column
Strip

Middle
Strip

Column
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Actual momentcurve

Design moment curve —_—
for reinforcement 3
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One way spanning slab



Load distribution System of two-way slab:
S=




Moment at Mid Span=
_WS, S 1s8+W, 1, S
4 2 2 3 2

_WS2  WSZ_ WS?
- 8 24 12

Moment at Mid Span for UDL

_ WS, S\ #3414 S
2 2702722

_ WSt W, S2_ W, s?

4 8 8

NE

Total load = 1*§W

e
4 W
y W\

yd N\
/A \N

VV# VVVVVVllVVVVVv Lvm

N W»n

‘ 5 ws
>|< > 4
S >

Total Load=WS

1%

N
N




Momentit 'g/lz/g Span—L o 1 . Q) (1 . STotalload 2 % % ;s « W+ (L —S) * w—%SW+(L S) * W
WS, AoSWyS | (oS 1S LS, (oS (oD (29 o
/] \
2 \
WS (LoS)WS | WS, WIS WS WS, | g (LS) // N
_WS2, W(L=S)"_ (L—S)*WS %\
12 3 7}
_WS?  W(L2—2LS+S3 . L+WS WS?
VI 3 T g > E—
_ W52 WL2 WLS  WS? LxWS WS?2 R
~ 12 '8 4 T8tz 3 . I
_ WIL2 WS? =
S\E/BVL2 2\L/LVS2 i WS L—S
27 ER
W 3L2 52
= ()
WL2 WL 1 - S2 é L2 Total Load=W,L
W
W—”(l—% i

S5



Step-01: Calculation of Design Load
Minimum Thickness of two way slab-

minimum slab thickness 9 cm, or
Perimeter  2*(L+S)

According to ACl Code, t,., =

180 180
L=Long Span,
S= Short Span
According to ASTM Code, t . = Perimeter F1.27 cm = 2x(L+) +1.27 cm
180 180

Self Weight=1*t/100*2400=kg/m
LL=kg/m?=kg/m
FF=kg/m?=kg/m



Step-02: Maximum Shear force
1) Long Span \V, = WTS kg/m

—m2
1) Short Span V= V\:,ZS * € Zm ) kg/m,
_ _ Short span
m= —
Long span

Step-03: Maximum Bending Moment

a)For short span:

1) Continuous Edge Negative moment (-) M=CwS?
i) Mid span Positive moment (+)M=CwS?

b)Long Span:
1) Continuous Edge Negative moment (-) Mc=CwL?
i) Mid span Positive moment (+)Mc=CwL?



Step-04: Depth of Slab

i) Effect depth of Shortspan: 1) Effectdepth of Long span:

d= |= d=\/¥b
VRb

1 .
here, R= %fc * jk here, R= Efc * ]k
— K= _n
K= n+1 i
j:]_-g )=1-7
b=100cm (assume 1 m strip) b=100cm (assume 1 m strip)

.. Depth of total slab= d+ % *+ dia of rod + Clear Covering
=d+dia of road + % * dia of rod + Clear Covering
Short span ds=d- % * dia of rod — Clear Covering

Long span d, =d- dia of road % + dia of rod — Clear Covering



Step-05: Area of tensile reinforcement

a)For short span:
M

f xjd

i) Continuous Edge Negative moment (-) A=

_ : a*100
.. Spacing, s= A= Cm c/c
S

1)  Mid Span positive moment (+) Ag= —

.. Spacing, s= SZOO: cm c/c
S

b)For Long span:

M
*]d

M
f xjd

1) Continuous Edge Negative moment (-) Ag=

_ - a_x100
.. Spacing, s= A= Cm c/c
S

1) Mid Span positive moment (+) AS:%

. Spacing, s= aSZOO: cm c/c




Step-06: Shear Stress

a) For short span: v =%

b) For Long span =%

Allowable shear stress for concrete
Vc=0.292 Vfc'



Step-07: Check for Bond Stress

1) Short span, U, = “u

20 jd
Here, 2,=Nnd
N= number of barz% = Slmet.er Strip
pacing c /c

vV,

1) Long span, U = 5 i

Here, 2y,=Nnd

N= number of bar= g = goeter strip
S Spacingc/c

3.23% JFar
D

Ultimate Bond stress, Uall= , maximum >56.2 kg/cm?



Step-08: Spacing of reinforcement of column strip

According to ACI code, BM of Column strip =§ + of Middle strip
.. Spacing = % + of Middle strip Spcing = 1.5 * of Middle strip Spcing

a)For short span:
1) Continuous Edge spacing = 1.5 * of Middle strip Spcing
1) Mid Span positive spacing = 1.5 * of Middle strip Spcing

b)For short span:
1) Continuous Edge spacing = 1.5 * of Middle strip Spcing
1) Mid Span positive spacing = 1.5 * of Middle strip Spcing



Ld

Section A-A

Step-08: Detall sketch

12mm @ 150 ¢/ c
\ A

5

/81:[1111 @150 c/c
/

~ / ]

t

150 mm

2000 mm
L/4
3 R
| 5000 mm -—
12mm @ 150 c/c\ A /Bmm@15{] c/c
i [ ] ] L) ] ] LJ\\J ] L ] ] ] /LJ [ [

Section B-B



6.5.3.6.4 Corner reinforcement shall be placed parallel to the
diagonal In the top of the slab and perpendicular to the diagonal in

the bottom of the slab. Alternatively, reinforcement shall be placed
IN two lavere narallel tn the cidec nf the <lah |n both the top and

bott CORNER REINFORCEMENT
[, &
| — /5 NG
%\ — 1/5 —
5 |4 />[\ K /5 \
J_ : & 1
| \/«OQ : (
| | “Agboth ways, top
| : and bottom
B oy - SR

Option 1 Option 2
lis the longer clear span




Design a RCC balcony slab in WSD method
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+Ve




Ly 0.80 = L
1—0* 0.80 = >

7000

fy (Ksi)
0.40+ o0

fy (Mpa)
0.4+ m—




Design step of one way balcony slab by WSD

method: » Self weight of slab (According to ACI Code)
Simple supported slab=L/12=10cm
. 0.12m*1m*2400kqg/m>= 2400kqg/m

> Live load —kg/m?=kg/m

» Floor finish- kg/m?=kg/m

Step-01: Design Load » Partition wall- kg/m?=kg/m

» False celling- kg/m?4=kg/m

Per meter load=w=Self.w+LL+FF+PW+FC
=kg/m

Total Load=W=w*L=kg



Step-02: Maximum Shear force

SFD diagram

Step-03: Maximum Bending Moment

BMD diagram



Step-04: Depth of Slab

—
. Effective depth, d= \ RMb
here, R= %fc * jk
K=

nl-é-l
J=1-7

b=100cm ( assume 1 m strip)
D=d+ % *+ dia of rod + Clear Covering



Step-05: Area of tensile reinforcement

For one meter strip
(positive reinforcement), A, (+)=

Y —cm?
f +jd
a_xb

Spacing, s= iy

- Chm
> M

(Negative reinforcement), A (-)= - *jd:c:m2

aS*b

Spacing, s= A= CM c/c

S

a,—area of bar dia
A, =required steel
b=1m strip




Step-06: Shear Stress

V
Max™ shear stress,v=7i—
bd

Shear stress,
Vcr

for d distance from support, v= Bd
Allowable shear stress for concrete

Vc=0.292 W

1T Vc>(V= ﬁ) slab thickness ok,



Step-07: Check for Bond Stress

Bond stress, u=

Here, XYy=Nmrd
b 1 meter strip

N= number of bar=z = .
S Spacing c/c

Allowable bond stress

323@

2.0Jd

-for other,



Step-08: Area of Shrinkage Temperature Steel)

Plain Bar, As=0.0025bt
Deform bar, As=0.002bt
B= 1m strip of a slab=100cm
T=total slab thickness
100

Spacing of temperature bar, S= Ag ¥ as =

As= area of bar
ACI code , Maximum spacing =5 times of a slab
= not garter than 45 cm



Ws=W-W| .eiirnnnnnnnn. ()

0 :
wS*  wL*
8EI  8EI

) W,
Wg =W- W
w
=\W- <
1+m




Self weight of slab (According to ACI Code)
Simple supported slab=L/12=10cm

. 0.12m*1m*2400kqg/m3>= 2400kg/m

Live load —kg/m?=kg/m

Floor finish- kg/m?=kg/m
Partition wall- kg/m?=kg/m
Step-01: Design Load

False celling- kg/m?=kg/m

Per meter load=w=Self.w+LL+FF+PW+FC =kg/m

Long span load, w, = —

wm?*

1+m*

Short span load, wg=wg=w-w, Oor



Step-02: Maximum Shear force

Long span shear force, v,=wW/*S
Long span shear force, v =w/*L

Step-03: Maximum Bending Moment

LZ
Long span shear force, M= —— =

LZ
Long span shear force, M, ==L




Step-04: Depth of Slab

. Effective depth, d= \ Ponay
here, R= %fc x jk
-
K= nI-<|-1
J=1- Y

b=100cm (assume 1 m strip)

D=d+ % * dia of rod 4 Clear Covering (short span)

D=d+ % * dia of rod + Clear Covering (Long span)



Step-05: Area of tensile reinforcement

For one meter strip
(positive reinforcement), A, (+)=

Y —cm?
f +jd
a_xb

Spacing, s= iy

- Chm
> M

(Negative reinforcement), A (-)= - *jd:c:m2

aS*b

Spacing, s= A= CM c/c

S

a,—area of bar dia
A, =required steel
b=1m strip




Step-06: Shear Stress
\Y

___ImMax

Max™shear stress,v=55
bd

Shear stress,
Vcr

for d distance from support, v= Bd
Allowable shear stress for concrete

Vc=0.292 W

1T Vc>(V= ﬁ) slab thickness ok,



Step-07: Check for Bond Stress

Bond stress,

Short span: u=
Here, Xy=Nmnd
N= number of bar=

2.0 Jdg

b 1 meter strip

S Spacing ¢ /c

L.ong span: u=
Here, XYy=Nmnd,
b 1 meter strip

N= number of bar=z = .
S Spacingc/c

Allowable bond stress
3.23 Jfcr
D

ZO ]dL

-for other, u= = , kg/cm?2



Step-08: Anchorage length or development length

f oA

L= =
~4Ua.,
Minimum length, L,=30cm



4 4
WSS . 5WLL

8EI  384EI
4 _5SWLL?
WS
384

48w S*= S5wLL*
9.5 wS*= W4LI ws*m* =wm#4-9.6w,

W =9.5w, % w, (m4-9.6)=wm*

m4
W.=—
_ 1 S m*+9.6
= 9.5WSE
V\S/4
=9.6w, — WL =W-Ws
m
, W=W1TW =\\/-
S° L W roe
W =W- W,
=w- 9.6 — _ wm*+9.6w—wm?*
m m*+9.6
- _ 9.6w
= —2:ow, T m*+9.6

m4-




Self weight of slab (According to ACI Code)
Simple supported slab=L/12=10cm

. 0.12m*1m*2400kqg/m3>= 2400kg/m

Live load —kg/m?=kg/m

Floor finish- kg/m?=kg/m
Partition wall- kg/m?=kg/m
Step-01: Design Load

False celling- kg/m?=kg/m

Per meter load=w=Self.w+LL+FF+PW+FC =kg/m

Long span load, w, = —

wm?*

1+m*

Short span load, wg=wg=w-w, Oor



Step-02: Maximum Shear force

Long span shear force, v,=wW/*S
Long span shear force, v =w/*L

Step-03: Maximum Bending Moment

LZ
Long span shear force, M= —— =

LZ
Long span shear force, M, ==L




Step-04: Depth of Slab

. Effective depth, d= \ Ponay
here, R= %fc x jk
-
K= nI-<|-1
J=1- Y

b=100cm (assume 1 m strip)

D=d+ % * dia of rod 4 Clear Covering (short span)

D=d+ % * dia of rod + Clear Covering (Long span)



Step-05: Area of tensile reinforcement

For one meter strip
(positive reinforcement), A, (+)=

Y —cm?
f +jd
a_xb

Spacing, s= iy

- Chm
> M

(Negative reinforcement), A (-)= - *jd:c:m2

aS*b

Spacing, s= A= CM c/c

S

a,—area of bar dia
A, =required steel
b=1m strip




Step-06: Shear Stress
\Y

___ImMax

Max™shear stress,v=55
bd

Shear stress,
Vcr

for d distance from support, v= Bd
Allowable shear stress for concrete

Vc=0.292 W

1T Vc>(V= ﬁ) slab thickness ok,



Step-07: Check for Bond Stress

Bond stress,

Short span: u=
Here, Xy=Nmnd
N= number of bar=

2.0 Jdg

b 1 meter strip

S Spacing ¢ /c

L.ong span: u=
Here, XYy=Nmnd,
b 1 meter strip

N= number of bar=z = .
S Spacingc/c

Allowable bond stress
3.23 Jfcr
D

ZO ]dL

-for other, u= = , kg/cm?2



Step-08: Anchorage length or development length

f oA

L= =
~4Ua.,
Minimum length, L,=30cm






