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Shear and Diagonal Tension in Beam

Lecture (1)

Shear of reinforced concrete beams

Introduction

When a beam is loaded, bending moments and shear forces develop along the beam. To
carry the loads safely, the beam must be designed for both types of forces. Flexural
design is considered first to establish the dimensions of the beam section and the main
reinforcement needed, as explained in the previous chapters. The beam is then designed
for shear. If shear reinforcement is not provided, shear failure may occur. Shear failure is
characterized by small deflections and lack of ductility, giving little or no warning before
failure. The diagonal cracks are indication of shear behavior as shown in Figure (1). On
the other hand, flexural failure is characterized by vertical cracks increased gradually,
giving warning before total failure as shown in Figure (2). This is due to the ACI Code
limitation on flexural reinforcement. The design for shear must ensure that shear failure

does not occur before flexural failure.

Figure (1) Shear Failure (diagonal crack)
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Figure (2) flexural Failure (vertical crack)

Computation of Maximum Factored Shear Force (ACI 11.1.3)

Section 11.1.3 of ACI code describes three conditions that shall be satisfied in order to
compute the maximum factored shear force Vu in accordance with 11.1.3.1 for non-
prestressed members:

1. Support reaction (in direction of the applied shear force) introduces compression into
the end regions of the member.

2. Loads are applied at or near the top of the member.

3. No concentrated load occurs between the face of the support and the location of the

critical section, which is a distance (d) from the face of the support.

See Figure 3 (a), (b), and (c) for examples of support conditions where 11.1.3 would be
applicable.

Conditions of (section 11.1.3) cannot be applied if:

(1) Members framing into a supporting member in tension, see Fig. 3 (d);

(2) Members loaded near the bottom, see Fig. 3 (e)

(3) Members subjected to an abrupt change in shear force between the face of the
support and a distance (d) from the face of the support, see Fig. 3 (f).

In all of these cases, the critical section for shear must be taken at the face of the

support.



Shear and Diagonal Tension in Beam

4
| |
| e A B A
BN IV AN B o Y o
Il d d d 2 '
¥ d
(a) by {1, | (c)

11 . | ]
TEERINY L
{

#Vy

i
| P
)

(d) (e) (f)

Figure (3): typical support conditions for locating factored shear force

Design to Resist Shear
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Where:

V,, = factored Shear force
@ V,, = shear strength of member
@ = strength redection factor = 0.75

V. = shear strength provided by concrete

B
|

= shear strength provided by steel reinforcement
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Shear Strength of Concrete (Section 11.1 of ACI)
The shear strength is based on an average shear stress on the full effective cross section
(b,,d). In a member without shear reinforcement, shear is assumed to be carried by the

concrete web.

In a member with shear reinforcement, a portion of the shear strength is assumed to be

provided by the concrete and the remainder by the shear reinforcement.

The shear strength provided by the concrete, V,, is considered to equal an average shear

YNIA

stress strength ( .

) times the effective cross-sectional area of the member, bud,

Where:

b,, is the width of a rectangular beam or width of the web of a T-beam or an I-beam.

e
V. = wad (ACI 11.3) (for max. value of f, = 70 MPa)

Where:

A = 1.0 for normal weight concrete

Because of a lack of test data and practical experience with concretes having
compressive strengths greater than 70 MPa, the 1989 edition of the Code imposed a
maximum value of 8.3 MPa on \/f_c’ for use in the calculation of shear strength of concrete

beams, joists, and slabs

An alternative, the following shear force (from Section 11.2.1.2 of the code) may be
used, which takes into account the effects of the longitudinal reinforcing and the
moment and shear magnitudes. This value must be calculated separately for each point
being considered in the beam.

Where:

A = 1.0 for normal weight concrete



Shear and Diagonal Tension in Beam

Ve = (AJF +120p, %) 22 < 0.31/f/ b,d (ACI 11.5)

My,

M, V,, =Are the factored moment occurring simultaneously with, the factored shear at

the section considered.

V,.d
M

<1

<

A = 1.0 for normal weight concrete

Types of Shear Reinforcement (ACI 11.4.1)

Several types and arrangements of shear reinforcement are illustrated in Fig. 4 below.
Spirals, circular ties, or hoops are explicitly recognized as types of shear reinforcement
starting with the 1999 code.

Vertical stirrups are the most common type of shear reinforcement. Inclined stirrups and
longitudinal bent bars are rarely used as they require special care during placement in

the field. More details of shear reinforcement are shown in Figure 5.

Stirrups Welded wire fabric
45(\ a2

N o = 30° min.—
o = 45°min. —-*’Ls.\ » \__1Any such line must | 7

cross a slirrup

Inclined stirrups Longitudinal bent bars
NI VT
Combination Spirals

Figure 4 Types and Arrangements of Shear Reinforcement
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Beam width
(b) Shear stirrups

Effective depth
(@)

Reinforcement ratio

Figure 5: Datils of shear reinforcement

Web Reinforcement (Shear Reinforcement)

When the factored shear, Vu, is high, it shows that large cracks are going to occur unless
some type of additional reinforcing is provided.

This reinforcing usually takes the form of stirrups that enclose the longitudinal

reinforcing along the faces of the beam as shown in Figure 6.
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Open stirrups for beams with negligible torsion (ACI 11.5.1)

hangers
(a) (b) (c) (d) (e)
Closed stirrups for beams with significant torsion (see ACI 11.5.2.1)
o~ oo
T These types of
n}?t less stirrups are not
tl 22 satisfactory for
- members designed
for seismic forces.
(0 ()
concrete confinement concrete confinement conerete c0r.1tmcment
one side \ one side \ both sides

i — _Fq_

(h) (1) ()

Types of stirrups.

Figure 6: types of stirrups

Three Cases for Shear Reinforcement are available

e (Casel:

W, = @ V. shear reinforcement is required
e (ase 2:

050V, <V, <@V, minimum shear reinforcement is required
e (ase 3:

V, < 0.50 V. No shear reinforcement is required
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Shear carried

by concrete oV¢

~ I

Shear reinforcement required

Min. shear - Shear ~

: > o ~
reinforcement reinforcement ~

Case 1: 1, = QV,

a- Vertical stirrup

Ay.fy.d 2 /
V= w22 < gﬁbwd (ACl 11.15)

S —_

> > ~
not req'd

(a) Vertical stirrups.
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Where:
2 : : , : :
gw/fc’bwd= maximum shear force resisted by shear reinforcement in section

If this condition is not satisfied, the dimensions may need to be increased (ACl 11.4.7.9)

A,=cross section area of legs of stirrups (in the case of the U-shaped stirrup it is twice the

area of one bar)

S=spacing of stirrup

b- Inclined stirrup

Ay fy d(sina+cosa) 2 7
V, = = - < ZJflbyd (ACI11.16)
A, fyd(sina + cosa)
S =
Vs
S S Smax. (b) Inclined stirrups.
Where:

a=is the angle between inclined stirrup and longitudinal reinforcement.
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Case 2:

05Q0V. <V, <0V, minimum shear reinforcement is required

When the factored shear force Vu exceeds one-half the shear strength provided
by concrete (V, >(Z)%), a minimum amount of shear reinforcement must be

provided.

1 by s by s
Ay min. = Ve 5y 2 55, (ACI1L13)

Spacing Limits (maximum spacing) for Shear Reinforcement (ACI11.4.5)

( d/2

600

\/Ebwd = Smax. = Min. of < 34, fy
bw

If V, <

wlr

164y fy

VI bw

( d/4

300
1 ; ;
If V> Eﬁbwd = Smax. = Min. of 4 34y, fy

164y fy

\Vf! by
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Design Procedure for Shear Reinforcement
h@d <9V,

h@d =0 [V + V]

1. Determine maximum factored shear force (Vu) at a distance d from the face of the support.

2. Determine shear strength provided by the concrete V, per Eq. (11.3) or Eq. (11.5)

A
V. T‘Fbwd (ACI 11.3)

Ve = (AF +120p, %) 22 < 0.3 /f b,d (ACI 11.5)

My /) 7

A = 1.0 for normal weight concrete

M, V,, =Are the factored moment occurring simultaneously with the factored shear at the section

considered.

V,.d

M,

3- Check V, with @ V. and (0.5 0 V)

<1

Case 1:

V, = @ V. shear reinforcement is required

4.if V, = @V, then compute V; = %‘ — V. at the critical section.

V, < =/f/b,d (ACI11.15)

wIlN

2 . . . .
If Vi > E,/fc’bwd, increase the size of the section or the concrete compressive strength.

5. Select diameter for the vertical stirrups (Av) and calculate (S)

_ Ay fy.d
S = ——

Vertical stirrups
Vs

10
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_ Ay fy d(sina + cosa)
" v

Inclined stirrup

Where:
a=Is the angle between inclined stirrup and longitudinal reinforcement.

6- Check the spacing limit Sy, qx.-

d
600

Vfibwd = Spmax. = Min.of { 34, fy
by

If V, <

Wl

164, fy

\ (/¢ bw

d
(4,
300

If V> é\/ﬁbwd = Smax. =min.of < 34,y

16Ay fy

\ fc’bw

Case 2:

0.50 V. <V, <@V, minimum shear reinforcement is required

1 by s by s
Ay min. = Vi 2 5 (ACI1LA3)

Use S;qx. Calculated from point (6)

Case 3:

V, < 0.50V, No shear reinforcement is required
11
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Shear and Diagonal Tension in Beam

Where stirrups are required, it is usually more expedient to select a bar size and
type (U-stirrups (2 legs)) and determine the required spacing.

Larger stirrup diameters at wider spacing are usually more cost effective than
smaller stirrup sizes at closer spacing because the stirrups of closer spacing

required high costs for fabrication and placement.

12
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Shear and Diagonal Tension in Beam

Lecture (2)

Example-1: A rectangular reinforced concrete beam with b,, =270 mm, d= 500 mm, f, =

21 MPa and fy=276 MPa. Determine the required spacing of @ 10 mm stirrups if:

1- Vu=35kN _ -
2- Vu=92 kN
3- Vu=236 kN Ty | 4R mm
4- Vu=473 kN ... 1
1 .
Solution: '—'270 mm
1- Vu=35 kN
AVS V21
V.= 6fc b,d = e 270 %500 x 1073 = 103.1 kN

@V, = 0.75%103.1 = 77.33 kN

0.5 @V, = 0.5 x 77.33 = 38.66 kN
Ve
Vi =35 kN < 9~ =38.66 kN

No shear reinforcement required

2- Vu=92 kN

V, =92 kN > @V, = 77.33 kN — shear reinforcemenr required

4 92
V, =0V, +V) —>VS=6”—VC > Vo = 57 —103.1 = 19.56 kN

e check the V; limitation where V; < % fc b, d

Vs =19.56 kN < 2\/21 %270 %500 * 1073 = 412.4kN ok
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(%(10)2) %2 %276 % 500

19.56 * 103 = 1108.2 mm

e Check the spacing limitation (S)

V; =19.56 kN < -v21 270 ¥ 500 x 1073 = 2062 kN ok

rd/z = 250mm control
. 600
It Ve < SVfbud > Spax =mincof & 20SY - g1y
164, fy _
. e, 560mm

S>Smax. Use S=250 mm @10 mm@250 mm

3- Vu=236 kN

V, =236 kN > @V, = 77.33kN - shear reinforcemenr required

4 236
V=0 +V) »Vi=g—V -V =-r—1031=21156kN

e check the V; limitation where V, < % fc b, d

Ve =211.56 kN < §V21 * 270 * 500 x 1073 = 412.4kN ok

(7 (10)2) * 2+ 276 % 500

211.56 « 103 =102.46 mm

e Check the spacing limitation (S)

V= 21156 kN > =21+ 270+ 500 * 1073 = 206.2 kN ok
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(d/4 = 125mm control
L 300 mm
If Vs> gmbwd = Sinax. = Min. of 5 ?“Zﬂ = 481mm
164, fy
\ e, 560mm

S< Smax. Use S=100 mm @10 mm@100 mm

4- Vu=473 kN

V, =473 kN > @V, = 77.33kN — shear reinforcemenr required

4 473
V=00 +V%) ~>V=3 -V, -V =g=-—1031=527.56kN

Y 2 =
e check the V; limitation where V; < EE b,,d

V, = 527.56 kN > 221 + 270 500 * 107 = 412.4kN not ok

Increase section dimension

Example-2: For a rectangular reinforced concrete beam of ultimate load (factored load)
and details shown in the below figure, neglect the beam weight and find the spacing (S)

of @10 mm stirrups at a critical section if:

1- Stirrups are vertical.

2- Stirrups are inclined by 45'.

Use fe _ ﬁMPa
fy 400

Pu=445 kN

d=600 mm

1.5m 1.5m
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Solution:

Pu=445 kN

P
RA=222.5 kNI 1.5m
|

RB=222.5 kN

1.5m

|
|
I
% |

1-Stirrups are vertical.

1- Find an ultimate shear force @distance (d)

V, =222.5kN
2- Find the shear force provided by concrete.
Af V28
V. = 6fc b,d = 6 * 300 * 600 * 1073 = 159 kN

@V, = 0.75 % 159 = 119.25 kN

V, = 2225 kN > @V, = 119.25 kN — shear reinforcement is required

3- Find shear force resisted by shear reinforcement

4 222.5
Vu=®(VC+Vs) _>I/S=6_VC —>Vs=ﬁ—159=138k1\/

4- check the V, limitation where V, < % fd b,,d
V. =138kN < %\/28 * 300 * 600 x 1073 = 635 kN ok

Apsfysd  (G(10)2)%25400%600
vs 138%1000

5-§= = 273.2 =270 mm

6- Check the spacing limitation (S)
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Ve =138 kN < §\/28 * 300 * 600 « 1073 = 318 kN ok

(d/z = 300mm control

600 mm
If Vs = § fC,de - Smax. = min. Of< w = 628 mm

w

164, fy
\ T, 633 mm
S<Smax Use @10mm @270mm
210 @270 mm
d=600 mm

Note: add 50 mm as a cover for the stirrups

2-Stirrups are inclined by 45.

Same previous steps

V, = 138 kN < =28 300+ 600 x 107> = 635 kN ok

_ Ay fyd(sina + cosa) _ 2

v, - < 3Vibwd

(7 (10)2) * 2 + 400 % 600 * (sin45 + cos45)
5= 138 % 103

= 386 mm

Vs =138 kN < %\/28 * 300 * 600 « 1073 = 318 kN ok

fd/z = 300mm control
. 600 mm
If V; < gmbwd = Spax. = Min. Of< 341y = 628 mm
%)Y _ 633 mm

\ Vil by
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S>Smax Use @10mm @300mm

300mm
50mm =% m———
1\' @10 mm @300 mm i
HW-1

For a rectangular reinforced concrete beam of ultimate load (factored load) and details
shown in the below figure, neglect the beam weight and find the spacing (S) of @10 mm
stirrups at a critical section if:

1-Stirrups are vertical.

2-Stirrups are inclined by 45'.

! 30
Use Lo _ — MP
fy 420
Pu=550 kN
S i f d=500 mm
I I 1
2m 2m
PL=170 kN PL=170 kN .
i i ;- E d=550 mm
I'I'I*I'H 1 L rﬁ-l ?;:-‘;--“"-
 2m 2m 2 ' e
m —
250 mm
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Example-3: Design the spacing of a 10 mm stirrup for the beam shown in figure

fé

to carry uniform service load of (D.L=20 kKN/m and L.L=30 kN/m). Use v

EMPa and d = 430 mm.
420

DD=20 kN/m
LL=30 kN/m
6m ( N N
300 mm
Solution:
W, = 1.2 * 20+1.6*30=72 kN/m
Wu=72 kN/m
T 6m 1

430 mm

i 70 mm

% Wu=216 kN

1- Find the shear force at the critical section
I, =216 —72 % (0.43) = 185.04 kN
2- Find the shear force provided by concrete.

_ M
6

@V, = 0.75 * 142.9 = 80.625 kN

5
A b,d = —— %300 * 430 » 1073 = 107.5 kN

V, = 185.04 kN > @V, = 80.625 kN

3- Find shear force resisted by shear reinforcement
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b Vv V. 185.04 107.5 = 139.22 kN
— = -V = — D = :
o ° s 0.75

V=0V +Vs) =V

4- check the V; limitation where V; < g\/ﬁ b,,d

V; =139.22 < §V2 * 300 x 430 % 1073 = 430 kN ok

Ay« fywd (7 (10)2) 2% 420« 430
Vs 139.22 * 1000

5- Check the spacing limitation (S)

1
Vo < 2F bud
V., =139.22 < §\/2 %300 %430 %1073 =215 kN ok
( 4
2
. 600 mm
If Vs < gx/ﬁbwd - Spax. = Min. of < 3":;”
164y, fy
o, 665mm
( 430
— = 215 mm control
600 mm
A 2
Simax. = Min. of < 3 (4 (10) ) * 2 %420 — 660mm
300
T
16 (+(10)?) * 2 % 420
(4 ) = 703mm

\ V25 % 300

S<S max. Use @10mm @200 mm
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HW-2: Design the spacing of a 10 mm stirrup for the beam shown in figure to

carry uniform service load of (D.L=25 kN/m and L.L=35 kN/m) at the critical

section. Use I _ ﬁMPa and d = 460 mm.
fy 420
DD= 25 kN/m T
LL=35 kN/m
! | | | | | 460 mm
- om ' eooe0 -

—
300 mm
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Lecture (3)

Example-4: Design the spacing of a 10 mm stirrup along the beam shown in the

figure to carry uniform service load of (D.L=20 kN/m and L.L=40 kN/m). Use ]]:—; =
2 MPa and d = 540 mm.
420

dBaada

G el aas 558 ) eLEY) sy ¢ along the beam il Jsb e (il araal calla) Lavie
Cllay ) Gl SAY Ladie oK1y diall (g ddlal) lali o) 8ol g pchi 38 Jlea¥) ot Y Aaluall JleaY)
Aiaall e d Adleal) e Gadll dlagl (Sadd da el Bhldl (alll sas arecad dad

WL=20 kN/m
WD= 40 kKN/m
ITITITIIITIL |

0.3 m 7 m 0.3 m
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Solution:

Wu=88 kN/m

W%MJ_LJ_LLLJ_LLL%

7Tm

Vu=308 kN

Vu=308 kN

W, = 1.2 D.L+1.6 L.L= 88 kN/m

1- Find the shear force at the critical section

0.3
Vyoa = 308 — 88 x (0.54 + 7) = 2473 kN

2- Find the shear force provided by concrete.

Af! V28
V. = \ézbwdz ——*300%540 x 107 = 142.9 kN

OV, = 0.75 x 142.9 = 107.2 kN
V, = 247.3kN > @V. = 142.9 kN

3- Find shear force resisted by shear reinforcement

v 247.3
-V, ->V,=—=—-1429=186.83 kN

V=00 +V) ~V= =575

4- check the V; limitation where V, < g\/ﬁ b,,d

Vs = 186.83 < %\/28 * 300 * 540 * 1073 = 571.48kN ok

A, *fy=d (%(10)2) * 2 %420 % 540
Vs 186.83 * 1000 mm

5- Check the spacing limitation (S)
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_1
I b,d

Vs =186.83 < %\/28 * 300 * 540 * 1073 = 285.54 kN ok

rd/z = 270mm control
. 600 mm
If V., < gﬁbwd - Sy = Min. of 3 321;” = 660mm
WY — 665mm
\ f! by,
S$<S max. Use @10mm @190mm
6- Classify the factored shear force
%, =20V, = 0.5+ 107.2 = 53.6 kN
From triangles similarity % = 5?{—'6 -»x=061m
= @V, = 107.2 kN
From triangles similarity % 10x72 =122 m

Stirrups is required from 0 to 2280 mm (3500-1220=2280) (Use @10mm @190mm) (Zone C)
Minimum shear reinforcement is required from 2280 to 2890 mm (3500-610=2890) (Zone B)

No shear reinforcement is required from 2890 mm to 3500 mm (Zone A)
Minimum shear reinforcement for EQ)V =53.6 kN <V, < @V. =107.2 kN

use Spmax. = 270 mm for zone B (from 2280 mm to 2890 mm)

by,
Ay min = 16 fc = 3f;
300 x 270
Ay min = —V 20 = 63.78 mm?
b,, s 300x 270
w=> = 64.3 mm?

3fy 3 x420
Use A, in, = 64.3 mm?

Use @10mm @270mm (Zone B)
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308 kN

\ Vu@d=247.3 kN

A ™
(Vy - dVe)
Vy Y @ WVe=107.2 kN
A
Ve c @ Vie/2 =53 6kN
B \b\\IMm
Y v I
Min. shear >l Shear ~ .
Shear reinforcement required ™ Teinforcement fmmrcemef N

not req'd

NAVAVAVAVANAVAN A A AN A A A A A AA A A A A A A A AA N
|
|
|
|

I
50 mip-

g

@10 mm @190 mmJLm 0 mm @270 mm1|-0.61 m-.L- 0.61 m..l‘eno mm @270 mer»mO mm @190 mm-—#+50 mm

=

7.0m
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Example-5: According to the shear requirement, neglect the beam weight and find the

maximum load Pu can be carried by the beam shown in Figure below by using:

1- Simple formula (ACI 11.3)

2- By using the effect of tension reinforcement (ACI 11.5)

Use fe _ ﬁMPa
fy 400

J\{_

Pu

— a r250 mm~1
3028 mm ®
Z10mm @180mm c/c

2025 mm —

II J
325 mm

2000 mm [
a | 500mm

se€cC.a-a

125mm

;I\',

Solution:

1:

Vu@d =Pu

V,@d < @V,

L.@d = oV, + V)

Af! V25
V. = %f_cbwd = ——* 250450« 1073 = 93.75 kN

Ay fysd  (F(10)2) *4x 400 « 450
Vs=—% = 180 + 10°
= 314.16 kN (@ distance d from the face of the support)

V, = 0.75(93.75 + 314.16) = 3059 kN — P, = 305.9kN
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2:
Ve = (Af +120p,"%) 222 < 031/ b,d  (ACI 11.5)
_As _ 184725 _
Pw = d T 250450
V@d =P, M,@d=(2—045)P, = 1.55p,, 2% _OMh 1o < 100k
u — tu »MMu - . u — 4 u» Mu _1-55Pu_ . Uo

250 * 450
V.= (1% v25+ 120 % 0.0164 * 0.29)f * 1073 = 89.54 kN

< 0.31,/f/ b,,d = 168.75 kN ok

Vu@d =Pu

I, @d < 9V,

V,@d = @(V; +Vs)

V, = 0.75(89.54 + 314.16) = 302.77kN

P, = 302.77kN
Pu
w
: 2m
—d—
Pu % / // /
iVu@d
2Puz 7
‘Mu@d
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HW-3: Design the spacing of a 10 mm stirrup for the beams shown in the below

figures. Use fe = 28 Mpa
fy 420

Pu=170 kN Pu=300 kN

i i 460 mm
— |

gy ooq -
m 2m ™ 3020mm

300 mm

rifm

2m

HW-4: Design the spacing of a 10 mm stirrup for the beams shown in the below

figures. Use e _ 2% MPa
fy 420
PL=50 kN T
”*; #‘n oo -
| | |
! im | 3m ! - 3p20mm

300 mm

HW-5: Design the spacing of a 10 mm stirrup for the beams shown in the below
fe 25

figures. Use == = —MPa
fy 420
P live=100 kN T
| ] | . . \ N
I 4m ' 2m | = 3220mm

300 mm
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HW-6: According to the shear requirement, neglect the beam weight and find the
maximum load Pu can be carried by the beam shown in Figure below by using:

1- Simple formula (ACI 11.3)
2- By using the effect of tension reinforcement (ACI 11.5)

!
Use fe _ ﬂMPa
fy 400

Pu 210@150

i d=500 mm

A 320mm

250 mm

HW-7: According to the shear requirement, neglect the beam weight and find the
maximum live load (PL) can be carried by the beam shown in Figure below by using:

1-Simple formula (ACI 11.3)
2-By using the effect of tension reinforcement (ACI 11.5)
fC 25 P

Use — = —MPa
fy 400

210@150

i i d=500 mm

A 3620mm
250 mm
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HW-8: According to the shear requirement, neglect the beam weight and find the
maximum distributed live load (LL) can be carried by the beam shown in the figure below
by using:

1- Simple formula (ACI 11.3)
2- By using the effect of tension reinforcement (ACI 11.5)

1l 25

Use — = —MPa
fy 400
210@150
DL=20 kN/m
LL=? kN/m d=450 mm
! ! — 3320mm
6 m 250 mm
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Serviceability limit states-Crack width

Lecture (4)
Serviceability limit states

Introduction
In the beam lectures, limit-states design was discussed. The limit states were divided into
two groups:

a. Those leading to collapse and,

b. Those, which disrupt the use of structures, but do not cause collapse.
These were referred to as ultimate limit states and serviceability limit states,
respectively. Excessive crack widths, excessive deflections, and undesirable vibrations
cause the major serviceability limit states for reinforced concrete structures. Cracks
width and deflection will be discussed in this chapter.
The crack width and deflection are measured at service loads (with no factor). The terms
service loads and working loads refer to loads encountered in the everyday use of the
structure. Service loads are generally taken to be the specified loads without load

factors.
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1. Cracking

2.1 Type of Cracking

Tensile stresses induced by loads, moments, shears, and torsion cause distinctive crack

patterns, as shown in Figure below.

Members loaded in direct tension through the entire cross section, with a crack
spacing ranging from 0.75 to 2 times the minimum thickness of the member.

In the case of a very thick tension member with reinforcement in each face, small
surface cracks develop in the layer containing the reinforcement (Fig. a).

Members subjected to bending moments develop flexural cracks, as shown in
Fig.b. These vertical cracks extend almost to the zero-strain axis (neutral axis) of
the member.

Cracks due to shear have a characteristic inclined shape, as shown in Fig. c. Such
cracks extend upward as high as the neutral axis and sometimes into the
compression zone.

Torsion cracks are similar. In pure torsion, they spiral around the beam (Fig.d).
Bond stresses lead to splitting along the reinforcement, as shown in Fig.e.
Concentrated loads will sometimes cause splitting cracks or “bursting cracks” of

the type shown in Fig. f.
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T
=B [ -
Thin section 4 padbey dadd

Thick section

(a) Direct tensicn.

Céé@qgg%3<f£;;;;;ii>

(b} Bending with or without axial load.

|
Tzzggiﬁi iz

Flexure-shear T Web-shear

{c} Shear.

No crack or
steep crack

Inclined crack

{d) Torsion and shear.

LL_%L\J

Bond cracks

Section

{e) Bond cracks.

—D-Eh—-—-—-—

(fy Concentrated load.

Tybes of cracks due to loading
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1.1 Control of Cracking under Service

As a reinforced concrete beam deflects, the tension side of the beam cracks wherever
the low tensile strength of the concrete is exceeded. The more the beam deflects, the
greater the length and width of cracks. Although cracking cannot be prevented, it is
possible by careful detailing of the steel to produce beams that develop a large number

of narrow, closely spaced cracks in preference to a few wide cracks.

The maximum crack width the designer should permit depends on exposure conditions.
e |f concrete is exposed to seawater or cycles of wetting and drying, the maximum
width of any crack should not exceed (0.15 mm) or at the far limit (0.2 mm).
e For members protected against weather, crack widths up to (0.41 mm) are
permitted by the ACI Code.
e ACI Committee 224, in a report on cracking, presented a set of approximately
permissible maximum crack widths for reinforced concrete members subject to

different exposure situations. These values are summarized in Table below.

Permissible Crack Widths

Permissible Grack Widths
Members Subjected to (in.) (mm)
Dry air 0.016 0.41
Moist air, soil 0.012 0.30
Deicing chemicals 0.007 0.18
Seawater and seawater spray 0.006 0.15
Use in water-retaining structures 0.004 0.10

Experimental studies show that the width of cracks varies directly with the magnitude of

the steel stress and demonstrate that a large number of small bars well distributed

through the tension zone of the beam is more effective in reducing the width of cracks

than a small number of larger-diameter bars used to supply the same area of steel.
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The following equation was developed for estimating the maximum widths of cracks that
will occur in the tension faces of flexural members.

w = 0.0765f,3/d A
Where:

w= Maximum width of crack, thousandths of an inch (0.03 mm for Sl units)

f = Can be taken as 1.2 for beams and 1.35 for slabs

fs = Stress in steel due to service loads, (MPa)

d. = Distance from tension surface to center of the row of reinforcing bars closest to
outside surface

A = Effective tension area of concrete divided by the number of reinforcing bars

K . A=2dcbw
L] (FI o
CL ; t = wall thickness

_:_ %///b%%‘g%ﬁcemem
d,

Effective Tension Area of Concrete

] ~l
OQ..
i

Use f = 1.2 then

w = 0.091f£,3/d A 1073
When we let w/0.091 =z
z=f,3[dAx1073
where f; the stress in the steel (MPa), may be taken as 0.6fy.
ACI 95, section 10.6.4 specifies that z is not to exceed (25 MN/m) for exterior exposure or

(30 MN/m) for interior exposure.
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These values correspond to maximum crack widths of (0.33 mm) and (0.4 mm),
respectively.

Example: -

Determine whether the reinforcement pattern in the figure below satisfies the

requirement of ACI code for the crack width. The beam is under exterior
exposure. f,=420 MPa

750 mm
| |
[ |
:: 125 mm
2922mm 235 mm
e — — — 75 mm
CI T T T 65mm
— 3825mm
300 mm
Solution
Find the center of reinforcement
T T
A, = ZZZ2 X 2+ ZZS2 X 3 =759.88 + 1471.8 = 2231.68 mm?

o 1471.8 X 65 + 759.88 X (75 + 65)
B 759.88 + 1471.8

=90.53mm

fs =0.6f, = 0.6 X 420 = 252 MPa
d. = 65mm

Total area of bars _ 2231.68 B

No of bars = = 4,55

Area of largest one %252

_ Effective tension area of concrete 300 X (90.53 X 2)
"~ number of reinforcing bars 4.55

= 11938 mm?

z=f.3/d.A*1073
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. s MN ___MN
z=252x V65 x 119385 107° = 232— < 25—

Crack width <0.33 mm .. ok

HW-1
For the beam shown below. The beam carries a service dead load (W.D) of 20 kN/m and a

service live load (W.L) of 30 kN/m. Use ]]:—C; = %MPa and:

1- Find the spacing (S) of @10 mm stirrups at a critical section.

2- Determine whether the reinforcement pattern in the figure below satisfies the requirement of
ACI code for the crack width. The beam is under an exterior exposure.

WD=20 kN/m e T
WL=30 kN/m i

. . .. T
6 m F———

HW-2
For the beam shown below. The beam carries a service dead load (W.D) of 30 kN/m and a

service live load (W.L) of 40 kN/m. Use % = %MPa and:

1- Find the spacing (S) of @10 mm stirrups at a critical section.

2- Determine whether the reinforcement pattern in the figure below satisfies the requirement of
ACI code for the crack width. The beam is under an exterior exposure.

WD=30 kN/m
WL=40 kN/m

3e25mm |-
—

S5m
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Lecture 5

Serviceability limit states-Deflection

2. Deflection under Service Load

2.1 Computation of Immediate

Deflections

Elastic equations shown in Figure below are used to compute the immediate deflections

of a reinforced concrete beam. Other useful deflection equations are tabulated in

engineering textbooks and design manuals, e.g., the AISC Steel Construction Manual.

w

i

—
_t_.--—-

P
I——L/2—-‘-

sz—-|

RS

A —

R
P

o

(a)

(b)

{c)

()

(e)

N

_ Swi?
T 3841

PL?
T 48ET

_ wlL?
384EI

_wit
SEI

_prL
3ET

_ M2
16E1
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2.2 Effective Moment of Inertia

In a reinforced concrete beam, the effective cross section varies along the length of the
member. In regions of low moment, where no cracks exist, the effective moment of
inertia should logically be based on the gross transformed area of the cross section. At
sections of high moment, where cracking is extensive, the effective moment of inertia is
more properly based on the properties of the cracked transformed cross section. To
account for the variation of the moment of inertia along the beam axis, ACl 24.2.3.5
requires the use in elastic-deflection equations of an effective moment of inertia ‘I,

which is computed below.
MCT MCT'
I, = I 1—(—
e (Ma> g+ [ (Ma>

frxlg
Yt

3 3

I, <Ig (ACI24.2.3.5.a)

Where:

M, =Cracking moment=

fr = modulus of rupture = 0.62 X |/ f/

y; = distance from centroid of gross section to extreme fiber in tension

Ma = maximum moment in member at stage for which deflection is being computed
Ig = moment of inertia of gross section neglecting area of tension steel

I.,= moment of inertia of transformed cracked cross section

Equation above should be used when 1 < Ma/Mcr < 3.
If Ma/Mcr > 3, the cracking will be extensive and I, = I, with no significant error.
If Ma/Mcr < 1, no cracking is likely and I, = Ig as shown below.

IK
A
I | \_-_ Icr
e i |
| I
| I
i 1 ]
0 1 2 3
Ma/Mcr

Variatien of effective moment of inertia with
maximum moment.
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2.3 Long-term Deflections Due to Creep and Shrinkage

Deflections of concrete beams consist of two components,

1- An initial deflection A; that occurs simultaneously with the application of load

2- A long-term or additional increment of deflection A;; (produced by creep and

shrinkage) that takes place over time. (A ;= AAg,s)-

Deflection A f
A= AA -
Lt sus 1+ 50p SUs
A;
! ] l ! Variation of defiection
0 I 2 3 with time. A; = initial elastic deflection,
Time, years Ap¢= long-term deflection.

Total deflection, Ay = A; + Ay

* The total deflection (A;) is

The increase with time of the long-term deflection is shown in Figure below.

To estimate the magnitude of the additional deflection A, that occurs with time, the ACI
(24.2.4.1.1) specifies that the instantaneous deflection A;, produced by the sustained
portion of the applied load is to be multiplied by the empirical factor 4, i.e., A= A4A;
where

PR S
1+ 50p’

, As’
P =%p,d
&= values of the time-dependent factor for sustained loads, §, shall be in accordance with

ACl Table 24.2.4.1.3.
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Table 24.2.4.1.3 —Time-dependent factor for
sustained loads

Sustained load duration, months Time-dependent factor §
3 1.0
6 1.2
12 (one year) 1.4
60 or more (more than 5 years) 2.0

2.4 Maximum Permissible Calculated Deflection

Table 24.2.2—Maximum permissible calculated deflections

Deflection

Member Condition Deflection to be considered limitation
Flatroofs | ot supporting or attached to nonstructural elements likely to Immediate deflection due to maximum of L,, S, and R £/18001

Floors be damaged by large deflections Immediate deflection due to L £/360
Likely to be damaged by | That part of the total deflection occurring after attachment of 0]
. . L. . £/480
Roof or Supporting or attached to non- large deflections nonstructural elements, which is the sum of the time-depen-
floors structural elements Not likely to be damaged | dent deflection due to all sustained loads and the immediate 240
by large deflections deflection due to any additional live load®!

UILimit not intended to safeguard against ponding. Ponding shall be checked by calculations of deflection, including added deflections due to ponded water, and considering time-
dependent effects of sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

PITime-dependent deflection shall be calculated in accordance with 24.2.4, but shall be permitted to be reduced by amount of deflection calculated to occur before attachment of
nonstructural elements. This amount shall be calculated on basis of accepted engineering data relating to time-deflection characteristics of members similar to those being considered.

BILimit shall be permitted to be exceeded if measures are taken to prevent damage to supported or attached clements.

HILimit shall not exceed tolerance provided for nonstructural elements.

Notes

1- Immediate deflection (A;)p4L

2- Sustained deflection Ag, ;=D + %L.L
3- Long term deflection (A= AAq,s).

4- Total deflection A=A + A,
5- Maximum Permissible Deflection

A- Not supporting or attached to nonstractural elements likely to be damaged by
large deflection

A.1- Roof (L/180)
A.2- Floor (L/360)

B- Supporting or attached to nonstractural

B.1- Likely to be damaged by large deflection (L/480)
B.2- Not likely to be damaged by large deflection (L/240)

5
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g 77 gamsal) 3 gaall 3885 Jga Adaadla
(AU &t ABLEY) e adal 8l e i ol 6 adl claal

A. The structures not supporting nonstructural element likely to be damaged by large
deflection.

Jsbelly 5 e o) S ALl e o1 3l dosy ) Janiy ¥ Ll )5S, Lo

(Amax) L g sansall 33080 wa 4 Jliay (A o)) Jeall e il Jshell s 5y @

flat roof = L/180

Amax_

floors = L/360

B. Supporting or attached to nonstructural element.
Al e o)l dealy o) Jasg Ll ) 5 Laie
(A )\ 7 sameall 2 531l o 45 Hlia 5 (2a¥) Jysha Jshagd) + Al Jaall) (o gmilil) Jshagl) s 23

A= (Ai)L + Alongterm

damged by large deflection = L/480
Amax_

~ |not damgeded = L/240

sl ) ghadld) Al Al Jaadl oo il Jshed) Glua Jga Adiadka

) Jaall + ol Jaall e il Jghell lua )
asall Jaall e il Jghagll lan Y

(AL = (A)p+r — (Qidp
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Ex-1

By using the working stress design method, find:

100mm7% N

The maximum uniform distributed live load : .
300mm| - =

can be carry by the simply supported

a_

B -1 As=4000 mm2

reinforced concrete beam of section and

100mmi binia o "4..

details shown in Figure. Use fs=165 MPa,
f=12.5 MPa, effective depth=330 mm, dead
load = 30kN/m and n=8.

If the live load 20 kN/m, and f/ =
28MPa,comput the immediate deflection

125 mm

¢ ——#— 750 mm

125 mm

7

EULM&LMMM%
f—3000 MM

preduce by total load. For dead load, use the self weight of the beam only.

5 wi*
note:A,, 4. = 201 BI
Solution:
a-
1- Find N.A

750*100*(y—50)+250*y*%=n*As*(d—y)—>y=117.58mm

b — 1000 mm—
100mm ety e T TR ]
125 mm
300mm g ¥ B R T N.A
iy SR P it
1D°mmi AR VoA P A s
125 mm 750 mm ‘1— 125 mm
2- Find moment of inertia about N.A
.h3
I, = 3 +n As(d — y)?
1000 * 117.6® 750 * (117.6 — 100)3
o= e - - + 8% 4000 * (330 — 117.6)2

= 1.98 * 10°mm*
3- Find the moment resisted by section

M.y 12.5 M+ 10°« 1176 M = 2109 KN

= — . = e d = . .
fe=—7 1.98 * 10° m
M. (d — M % 10° * (330 — 117.6
fs=n.M—>165=8* ( )

I 1.98 * 107

- M =192.27KN.m control
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2 32

4- Find W M =% 19227 =% SW = 170.9%: 30+ LL L L=
140.9kN /m
4
b- A= — YU
384 EI

W= self weight +live load

Self weight =((1*0.5)-(0.75*0.3))*24=6.6 KN/m

kN
Wt = (6.6 + 20) = 266—, 1=3m,E = 470028 = 24870MPa

w x [?
M, = —5—=29.9kN.m

M.\3 M,\>
I
e Ma Ma cr
*k
M, = frl Yt
g
f. = 0.62 /28 = 3.28 MPa
500
Ve = 5 =250 mm
; 1000 * 5003 750 * 3003 8729 x 10° .
= _— = . k
9 12 12 i
_3.28%8.729 * 10° 11452 kN
cr 250 B ' |
Ma 29.9

o= desz = 026<10 L=

A 5 wl* 5 26.6 * 3000*
= = k3
384 EI 384 24870 %8.729 % 10°

= 0.129 mm



Serviceability limit states-Crack width

Ex-2
For the beam and the cross section shown below, D.L=25 kN/m, L.L=15 kN/m, sustained
live load=30% of live load. Use n=9 and f.=25 MPa.

WD= 25 kN/m
WL=15 kKN/m

L Ll

II_I_IIII

6 m

430 mm
3¢28mm |-

[ 70 mm

Find

1. Immediate deflection due to dead load + live load.

2. Find the long-term deflection after 5 years if the sustained live load=30% of live
load

3. Total deflection after 5 years.

Solution:

1- Immediate deflection due to (dead load + live load).

5WL*
A=
384E]

L=6m; w=25+4+15=40kN/m

E =4700,/f'. = 23500 N /mm?

My Mcy
I, = (Ma)3 I, + [1— (M_a)3] Ier = I
40 x 62
M= W = 180 kN.m
a 8 8
M. = frlg _ 062725 v 107® = 38.75kN.m
cr Vi 500/2 . .
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Ma 180
M. = 3875 = 464 >3 I, I,
Find I,
by?
T =nX As(d - y)

/A
A, =3 X n 28% = 1847.25 mm?

300 X y?
2

150 y2 = 9 x 1847.25 (430 — y)
y? = 110.835 (430 — y)

y% +110.835y — 4765.05 = 0

y =169.8 = 170 mm

300 x 1703
Icr = T

= 9 x 1847.25 (430 — y)

+ 9 x 18470.25 (430 — 170)%? = 1.615 x 10° mm*

A B 5 %X 40 X 6000% _ 1778
(Adp+L = 3823553500 x 1615 x 100 L/ 8™Mmm

2. The long-term deflection after 5 years if the sustained live load=30% of live load

A = SWL*
SUS™ 284E]

W, =D.L+03L.L=25+03 x15=295 kN/m

WL? _ 29.5x62
8

Mg _ 13275 _ 3.425 >3 usel, = I, = 1.615 X 10% mm*
Mg 38.75

Mg, = =132.75 kKN.m

5%29.5% 6000*
Ao, .= =13.11
SUS 384 x23500 x1.615 X 10° 3 6 mm

$

A= T¥s0p
o2
~ 1+50(0)

10
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A= AAg=2%13.116 = 26.23 mm

3. Total deflection after 5 years.
Atorar= (A)psrL + Apr=17.78 +26.23=44.01 mm
HW-1

For the beam and the cross section shown below, D.L=30 kN/m, L.L=20 kN/m, sustained
live load=30% of live load. Use n=9 and f.=25 MPa.

DD=30 kN/m -
LL=20 kN/m
440 mm
”#I % 3@25mm eooel |
5 m | 60 mm
250 mm

Find
1- Immediate deflection due to dead load + live load.

2- Find the long-term deflection after 5 years if the sustained live load=30% of live load
3- Total deflection after 5 years.

11
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Lecture 6

2. Deflection under Service Load

2.4 Maximum Permissible Calculated Deflection

Table 24.2.2—Maximum permissible calculated deflections

Deflection

Member Condition Deflection to be considered limitation
Flatroofs | ot supporting or attached to nonstructural elements likely to Immediate deflection due to maximum of L,, S, and R £/18011

Floors be damaged by large deflections Immediate deflection due to L €/360
Likely to be damaged by | That part of the total deflection occurring after attachment of /4801
Roof or Supporting or attached to non- large deflections nonstructural elements, which is the sum of the time-depen-
floors structural elements Not likely to be damaged | dent deflection due to all sustained loads and the immediate 240
by large deflections deflection due to any additional live load®

ULimit not intended to safeguard against ponding. Ponding shall be checked by calculations of deflection, including added deflections due to ponded water, and considering time-
dependent effects of sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

PITime-dependent deflection shall be calculated in accordance with 24.2.4, but shall be permitted to be reduced by amount of deflection calculated to occur before attachment of
nonstructural elements. This amount shall be calculated on basis of accepted engineering data relating to time-deflection characteristics of members similar to those being considered.

BILimit shall be permitted to be exceeded if measures are taken to prevent damage to supported or attached elements.

BILimit shall not exceed tolerance provided for nonstructural elements.

Notes

1- Immediate deflection (4;)p4L

2- Sustained deflection Ag,s=D + %L.L
3- Long term deflection (A= AAg,s).

4- Total deflection A=A+ A,
5- Maximum Permissible Deflection

A- Not supporting or attached to nonstractural elements likely to be damaged by
large deflection

A.1- Roof (L/180)
A.2- Floor (L/360)

B- Supporting or attached to nonstractural

B.1- Likely to be damaged by large deflection (L/480)
B.2- Not likely to be damaged by large deflection (L/240)
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g 77 gamsal) 3 gaall 3885 Jga Adaadla
(AU &t ABLEY) e adal 8l e i ol 6 adl claal

A. The structures not supporting nonstructural element likely to be damaged by large
deflection.

Jsbelly 5 e o) S ALl e o1 3l dosy ) Janiy ¥ Ll )5S, Lo

(Amax) L g sansall 33080 wa 4 Jliay (A o)) Jeall e il Jshell s 5y @

flat roof = L/180

Amax_

floors = L/360

B. Supporting or attached to nonstructural element.
Al e o)l dealy o) Jasg Ll ) 5 Laie
(A )\ 7 sameall 2 531l o 45 Hlia 5 (2a¥) Jysha Jshagd) + Al Jaall) (o gmilil) Jshagl) s 23

A= (Ai)L + Alongterm

damged by large deflection = L/480
Amax_

~ |not damgeded = L/240

sl ) ghadld) Al Al Jaadl oo il Jshed) Glua Jga Adiadka

) Jaall + ol Jaall e il Jghell lua )
asall Jaall e il Jghagll lan Y

(AL = (A)p+r — (Qidp
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Ex-2

For the beam and the cross section shown below, D.L=25 kN/m, L.L=15 kN/m, sustained
live load=30% of live load. Use n=9 and f.=25 MPa.

WD= 25 kN/m
WL=15 kN/m

L Ll

6 m

II_I_IIII

; 430 mm
3228mm i’.

| 70 mm

1. Immediate deflection due to dead load + live load.
2. Find the long-term deflection after 5 years if the sustained live load=30% of live

3. Total deflection after 5 years.
4, Check if the beam satisfies the deflection requirement if the beam is a part of a
member constructed to support nonstructural element likely to be damaged by large

deflection.
5. Check if the beam satisfies the deflection requirement if the beam is a part of a floor

not supporting nonstructural element likely to be damaged by large deflection.
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Solution:

1- Immediate deflection due to (dead load + live load).

S5WL*
A=
384E]

L=6m; w=25+15=40kN/m

E = 4700 ,/f'. = 23500 N/mm?

My My
lo = G Iy + 1= G| for < 1y
> 40 X 62
M, =" = = 180 kN.m
8 8
300 x 5003
M,, = Ilo = 002V25 X o 1076 = 38.75 kN.m
Ma 180
T e =464 >3 I, = I,
Find I,

2

y
T=nXAs(d_y)

A
As =3 x 7 28 = 1847.25 mn’®

300 X y?
2

150 y* = 9 x 1847.25 (430 — y)
y? =110.835 (430 — y)

y? +110.835y — 4765.05 = 0

y =169.8 = 170 mm

300 x 1703
Icr = f

=9 x 1847.25 (430 — y)

+ 9 x 18470.25 (430 — 170)%? = 1.615 x 10° mm*

A B 5 % 40 X 6000* _ 1778
(Adp+L = 382553500 x 1615 x 100~ 1/ /8 ™Mmm
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2. The long-term deflection after 5 years if the sustained live load=30% of live load

A = SWL*
SUS™ 384F]

Weys =D.L+03L.L=25+0.3 X 15 =295 kN/m

WL? _ 29.5x62
8

Mg, = =132.75 kN.m

Mo = D275 _ 3425 >3 usel, = I, = 1.615 x 10° mm*
M, 38.75

5%29.5% 6000%

Asus= 384 x23500 X1.615 X 10° 13.116 mm

PR S
1+ 50p’

A 2

~ 1+50(0)

A=A Age= 2% 13.116 = 26.23 mm

3. Total deflection after 5 years.
Atotal: (Ai)D+L + ALT: 1778 +2623:4401 mm

4. Check if the beam satisfies the deflection requirement if the beam is a part of a member
constructed to support nonstructural element likely to be damaged by large deflection.

A= Apr + (AL
SWL*
AD:
384E]
w=25kN/m; L=6m;E =23500 N/mm?

WZ
Mg =——=1125kN.m

1125

M, B
M., ~ 3875 29 <3
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38.75\> 300 x 5003 38.75.,\"
( ) _ ( ) 1.615 x 10°

¢ \1125 12 112.5
I, = 1.681 x 10°mm* < I; = 3.125 x 10° mm* = ok
SWL* 5 X 25 X 6000*

= 10.68 mm

A= =
D7 384El1 384 x 23500 x 1.681 x 10°

A= Apy— Ap
=17.78-10.68=7.1 mm

A= App + A,=2623+7.1=3333mm

A L 6000
max™ 480 480

33.33mm > 12.5 mm .. not ok

=12.5mm

5. Check if the beam satisfies the deflection requirement if the beam is a part of a floor not
supporting nonstructural element likely to be damaged by large deflection.

A= Apy— Bp
=17.78-10.68=7.1 mm

L 6000
360 360

7.1mm < 16.67 mm - ok

= 16.67 mm

Amax=



Serviceability limit states-Deflection

HW-2

For the beam and the cross section shown below, D.L=30 kN/m, L.L=20 kN/m, sustained
live load=30% of live load. Use n=9 and f.=25 MPa.

DD=30 kN/m -
LL=20 kN/m
440 mm
”#I % 3@25mm e0e s S
S5m -

250 mm

Find
1- Immediate deflection due to dead load + live load.

2- Find the long-term deflection after 5 years if the sustained live load=30% of live load

3- Total deflection after 5 years.

4- Check if the beam satisfies the deflection requirement if the beam is a part of a floor not
supporting nonstructural element likely to be damaged by large deflection.

5- Check if the beam satisfies the deflection requirement if the beam is a part of a member
constructed to support nonstructural element likely to be damaged by large deflection.

HW-3

For the beam and the cross section shown below, use n=9 and f.;=25 MPa and find

PD=70 kN PD=70 kN T
PL=100 kN PL=100 kN

i i 460 mm
Zm: 2m : 2

mﬁ_n

I'Iﬁ'l " ] 4

m - 3020mm
300 mm

1- Immediate deflection due to dead load + live load.

2- Find the long-term deflection after 5 years if the sustained live load=30% of live load
3- Total deflection after 5 years.



Serviceability limit states-Deflection

¢ - R=V .. ... ... ..... =P
«x+| |P P M, ., (betweenloads) . . . . . . . = Pa
ﬁ M, (whenx<a) . . . . ... .. = Px
R R :
- -—a A latcenter). . . . . . . . .. = ﬁ(ﬁl —4a?)
24E1
'
A (whenx<a) .. ... .... = Ex_(}&; —3gt — x2)
! ' 6EI
y Shear v A, (when x>aand < (€ - a)) L = -Ea—(jfx - 3x% —a?)
6El
!
}
M,
1

Moment

HW-4

For the beam and the cross section shown below, use n=9 and f;/=30 MPa and find

DD= 30 kN/m
3@25mm -
LL=20 kN/m o 0 o |°'m™
%Lliliili 500 mm
) 25m ' e
250 mm

Find
1- Immediate deflection due to dead load + live load.

2- Find the long-term deflection after 5 years if the sustained live load=30% of live load

3- Total deflection after 5 years.

4- Check if the beam satisfies the deflection requirement if the beam is a part of a floor not
supporting nonstructural element likely to be damaged by large deflection.

5- Check if the beam satisfies the deflection requirement if the beam is a part of a member
constructed to support nonstructural element not likely to be damaged by large deflection.
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One way slabs

Lecture (7)

One way slabs
1. Types of Slab

In reinforced concrete constructions, slabs are used to provide flat and useful
surfaces. It may be supported by reinforced concrete beams (and is usually cast
monolithically with such beams), by masonry or reinforced concrete walls, by structural
steel members, or directly by columns.

Slabs may be supported on two opposite sides only, as shown in Figure (a) in which case
the structural action of the slab is essentially one-way, the loads being carried by the slab
in the direction perpendicular to the supporting beams.

There may be beams on all four sides, as shown in Figure (b) so that two-way slab action
is obtained. Intermediate beams, as shown in Figure (c), may be provided.

If the ratio of length to width of one slab panel is larger than about 2, most of the load is

carried in the short direction to the supporting beams and one-way action is obtained in
effect, even though supports are provided on all sides.

Concrete slabs in some cases may be carried directly by columns, as shown in Figures (d)
and €, without the use of beams or girders. Such slabs are described as flat plates and
are commonly used where spans are not large and loads not particularly heavy.

Closely related to the flat plate slab is the two-way joist, also known as a grid or waffle
slab, shown in Fig. f.

1~

o

575
Epandrel &;«. /}
eam l 2 Beam
Doorlintel T e 2nd floor
A T ==
=
=

7z S

:

Sz Beam
-, -

B Supported slab e

By ~ .
L Landing /
Slab on grade7 /Golurnn

wal G = A5
footing ’

Spread
footing

2



One way slabs

(b) Two-way slab

(a) One-way slab

(d) Flat plate

(¢} One-way slab

rr
L 1L

L

T ar 0rIr 1
LaLdLJLd

ararararara
LJLJdLJLd
raracrara
LJLJL JLJ

LJdLJLJdL JdJLdL 4
A

r
L
r
L
r
L
r
L
r
L
r
L

LdLdLdJLdL dLdLdLdLdL

LdLdLdLdJLdL dJLdLdEdLd

(f) Grid or waffle slab

(e) Flat slab



2. One Way Slab

The slab is called one-way slab if:

One way slabs

1- If a slab is supported on two opposite sides only, it will bend or deflect in a
direction perpendicular to the supported edges.
The structural action is one way, and the loads are carried by the slab in the short
direction. This type of slab is called a one-way slab.

2- If the slab is supported on four sides and the ratio of the long side to the short
side is equal to or greater than 2, then it is called a one-way solid slab.

3eam 1

DN

(c)

£

K It t ‘Bec:m1
" ———
B — 3
A A 1 L 2 | I e
| Stip, 1O | St . _f|ro
s ||t A L |1
¢ }
L
‘jeom‘!
T
R '
Beam 2
Y i{ L —
(a) (b)
One-way slab\ Thlckness h
Beam 1 T Beam 1



long side of slab

» Why the ratio of

short side of slab

The slab shown in Figure has a simple support

condition.

The deflection at mid span is equal in short

and long direction, so

6, = 6, atmid span

6, = deflection in short direction
0, = deflection in long direction

5wala  Swyly
384EI 384EI

Wa lb * lb Wa
_=(_> let — =2 -»—=16
Wp la la Wp

w, =16 w,

w=w,+w, =16w, +w, =17 w,

94% of the load applied on the slab will be distributed to the short direction, while only

One way slabs

> 2 is takento be one way slab?

on two long
edges only

-w,=006w andw, =094 w

6% of the load will go to the long direction. Therefore, the ratio of 2 was taken.



One way slabs

3. Design Requirement of One Way Solid Slab
3.1- Minimum Thickness of One Way Slab (ACI Table 9.5a)

The minimum thickness of one-way slabs using grade 420 steel can be defined according
to the ACI Code, 9.5.2.1, Table 9.5a, for solid slabs and for beams or ribbed one-way

slabs.

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported continuous | continuous | Cantilever

Members not supporting or attached to partitions or other
Member construction likely to be damaged by large deflections

Solid one-
way slabs €/20 (/24 t/28 10

Beams or
ribbed one- ¢/16 ¢/[18.5 /21 ¢/8

way slabs

Notes:

Values given shall be used directly for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified
as follows:

a) For lightweight ¢oncrete having equilibrium density, w,, in the range of
1440 to 1840 kg/m~, the values shall be multiplied by (1.65 — 0.0003w,) but
not less than 1.09.

b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + £,/700).

3.2- Shrinkage and Temperature reinforcement Ratio (psn-) (ACI7.12.1.2)

Area of shrinkage and temperature reinforcement should be as follows, but not less
than 0.0014:

for f, = 280 MPa to 350 MPa — pgp, = 0.002

for f, = 420 MPa - pspr. = 0.0018
, 0.0018 * 420
for f,, exceeding 420 MPa = Dshr. = 7 > 0.0014
y

ASspy. = pshr.b h
6



One way slabs

3.3- Minimum Steel Reinforcement (ACI 10.5.4)

Pmin. > Pshr.
ASmin. = Pminb b
3.4- Spacing of Steel Reinforcement (ACI 10.5.4)

a- For flexural reinforcement  (ACI10.5.4) (main reinforcement)
Maximum spacing of this reinforcement shall not exceed three times the thickness,
nor 450 mm.

three times slab thickness (3t)
450 mm

In practice S,,4x. < 1.5 thickness of slab

Smax. = min.of {

b- For shrinkage reinforcement (ACl| 7.12.2.2)

Shrinkage and temperature reinforcement shall be spaced not more than five times
the slab thickness, nor farther apart than 450 mm

five times slab thickness (5t)
450 mm

3.5- Minimum Cover (ACI 7.7.1)

Smmax. = min.of {

e Concrete exposed to earth or weather
For @ <16 mm ---------- 40 mm

For @ >16 mm ---------- 50 mm

e Concrete not exposed to earth or weather
For @ <32 mm ---------- 20 mm

Otherwise ---------------- 50 mm

3.6- Shear Capacity of One Way Slab.
Vu < OV

1
Vc=g\/ﬁbd

Otherwise increase slab thickness




4. Load Assigned to Slab

Wu == 12 DL + 16 LL

a- Dead load

e Self-weight of slab.

e Weight of finishing material.

e Weight of partition.

b- Live load

It depends on a function for which the slab has been constructed.

Minimum live Load values on slabs

Type of Use Uniform Live Load
kN/m??

Residential 2
Residential balconies 3
Computer use 5
Offices 2
Warehouses
= Light storage 6
= Heavy Storage 12
Schools
®  (Classrooms 2
Libraries
= Rooms
= Stack rooms 6
Hospitals 2
Assembly Halls
=  Fixed seating 2.5
= Movable seating 5
Garages (cars) 2.5
Stores
= Retail 4
=  Wholesale 5
Exit facilities 5
Manufacturing
= Light
= Heavy 6

One way slabs



5. Detail of Reinforcement for One Way Solid Slab.

A- Bent bar type

wall

B- Cut bar type

L1

One way slabs

0.3L or 0O.3L1

L

0.3

L or0.3L1

[ bi o value

— = =1

big value |

Y

r part baf tying on
location (apply B class splice of tension bar on the rest location)

L L1
>
0.25L 0.3L or 0.3L1 0.3L or 0.3L1
. . I 4
I big value big value I

wall

0.125L

s

70,1251 |

r— 71 apply A class splice of tension bar if upper part bar tyigg on

— I location (apply B class splice of tension bar on the rest location)



One way slabs

6. Summary of One Way Solid Slab Design Procedure

a) Select a strip of 1 meter width in short direction.

b) Choose a slab thickness to satisfy deflection requirement.

c) Calculate the factored load.

d) Draw the shear and bending moment for each strip.

e) Check the adequacy of slab thickness in term of shear resistance.

1 !
v, <oV, Ve =< Jfibd
f) Design the flexural reinforcement. (use the equation of singly reinforcement)

Mu < @Mn Mu = @ p bd?*fy (1—0.59;—3,’ p)

do not forget that

o Jo _ 0003
@ =0.9 if p, = 0.85p6; fy 0.003+0.005

g) Check the minimum steel reinforcement ratio (should be more than that of
temperature and shrinkage)

Important notes

P min. = P shr. [for p min, use p shr.]
As > As min
If Ay < A min then, use Ay = A nin
As min = Pmin. * 1000 x h

h) Check Pmin. < P < Pmax.
£ 0.003

= 0.85p, —
Pmas. A1 %5 (0003 1 0.000)
i) Calculate S, (for main reinforcement or flexural reinforcement)

three times slab thickness (3t)

Smax. = min. of { 450 mm

j)  Compute the area of temperature and shrinkage reinforcement and find S, 4.

five times slab thickness (5t)

Smmax. = min.of { 450 mm

k) Draw the detail of section and reinforcement.

10
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One way slabs

Lecture (8)

One way slabs
One Way Solid Slab Design Procedure

a) Select a strip of 1 meter width in short direction.

b) Choose a slab thickness to satisfy deflection requirement.

c) Calculate the factored load.

d) Draw the shear and bending moment for each strip.

e) Check the adequacy of slab thickness in term of shear resistance.

1 !
v, <oV, Ve=7x Jfibd
f) Design the flexural reinforcement. (use the equation of singly reinforcement)

Mu < @Mn Mu = @ p bd?*fy (1—0.59;—3,’ p)

do not forget that

o Jo 0003
@ = 0.9 if pp = 0.855, fy 0.0034+0.005

g) Check the minimum steel reinforcement ratio (should be more than that of
temperature and shrinkage)

Important notes

P min. = P shr.
If p < pmin. then, use p = ppin.
As = As min = Pmin. * 1000 x h

A; =n=*Ag,
1000
Ag = S * Agp

h) Check Pmin. < P < Pmax.
f 0.003
fy (0.003 + 0.004)

Pmax. = 0.85 By

i) Calculate Sy, qx.

three times slab thickness (3t)

Smax. = min. of { 450 mm

j)  Compute the area of temperature and shrinkage reinforcement and find S,,, 4.



One way slabs

five times slab thickness (5t)

Smax. = min.of { 450 mm

k) Draw the detail of section and reinforcement.

Example-1: A reinforced concrete slab is built integrally with a spandrel beam. The slab
consists of two equal parts as shown in the figure. Design the slab to carry service live
load of 4.8 kN/m?.

f¢ =28 MPa and f,, = 420 MPa, use bar diameter of 12 mm for flexural reinforcement
and @ 10 mm for temperature and shrinkage.

The dead load is due to self weight plus weight of:

e Tiles2cm
e mortar2cm
(use density=25 kN/m?3 for concrete, mortar and tiles)

Joxdl I adLaYl Jadl @Lsl @y -dlasdle *~—q B _
ol 23151 3 Lol Jlgeudl 3 1yS3 o3 131 Y1 sl |
Alas uiuz:\ | | |
AN || |




Solution:

One way slabs

1- The slab is supported on two opposite beams, so the type of slab is one way solid

slab.
2- Take a strip of 1m width in short direction.

3- Choose the slab thickness according to ACI 9.5a
The slab is one end continuous

1 m strip

_n_ 4500 _ 187.5 =190
T4 Tpq oM E AR
1)
d= h—cover—zz 190 —20—-6 =164 mm *ﬁ.
4- Find the load assigned to slab.
a) Dead load &m
- Self weight of slab = 0.19 % 25 =
kN
4.75 N[
- Tiling & mortar = 0.04 * 25 = o

1 kN/mZ .

- Total dead load — 0.3m+—

‘ —0.3m ‘

0.3
4.5m '_T "

5.75 kN /m?

b) Live load

\r \L I.-'hi_f

S n-r*‘;“;_') \.

_ 4 q kN
=48 N/
W,=12+575+16+48=1458 KN/ ,

If
el
Fald

‘ ‘ ‘ ‘ ‘ ‘ ‘“_\
BHETEe

o

i3

1.15Wu L2

u

= 14.58 * b(1m)

Wu Ln3M14

AN

Wu Ln¥14 Wu Ln/2

1m strip

kN / / A Wu Ln#
— m
= 14.58 1m

ul
[

Draw the shear and bending moment according to

b

Wu ln

Vy max. = 11522 =37.7 kN/

u Ln@j24

ultimate load.

Check the slab thickness according to shear requirement.

Wu Ln®24
g



Wu l‘l’l

Vu @d=1'15 _Wud

Vi @a =377 — 1458+ 0.164 = 35.31kN/, .

JF

@V, = 0.75 * G

bd

@V, = 0.75 *

V,@a = 35.31 < @V. = 108.47

The slab thickness is enough

7- Design the flexural reinforcement

8
+1000 * 164 + 1073 = 108.47 KN/,

Section Factor Moment
2
A Wl -123kN.m /m
24
2
B Wl +21.1 kN.m/ m
14
2
C ng" -32.8 kN.m/ m

One way slabs

- Design section C

M, = —38.8kN.m/1m
OMn = Mu
Mu = @ p bd?fy (1 _ 0.59% p)
C

Assume @ = 0.9 to be checked later

2.36 * M, * 106
1i\/1_ Q)bdzfc’

T (@)




One way slabs

Jl _ 2.36%32.8x10°
0.9 x 1000 = 1642 « 28

1.18 (%0)

420
0.0388 = 0.9 * p * 1 % 0.1642 x 420 (1 —0.59— p) - p =0.00332

28
28 0.003 =0.018>p ~0 =09
420 0.003 + 0.005 p =L

p; = 0.85 * 0.85

P min. = P shr. for fy =420 - p 4, =0.0018

Pmin. < p < Pmax. ok
A, = 0.00332 1000 * 164 = 544.48 mm? /1m

Ag min = 0.0018 % 1000 * 190 = 342 mm? /1m

AS > As min ok

_ As _ 544.48 _48) 1
"= areaof onebar 1131 ar/1m
1000
S =——=208mm = 200 mm

4.8

. three times slab thickness (3t) = 3 %190 = 570mm
Smax. = min.of {

450 mm

S=200mm< S, =450mm
Use @12 mm @200mm c/c

- Design section A
M, = =123 kN.m/1m
PMn > Mu

Mu = @ p bd?fy (1 —0.59f—},1 p)
C

Assume @ = 0.9 to be checked later

420
0.123=0.9 * p*1x0.164% x 420 (1 — 0.595 p) - p =0.00122



One way slabs

f. &
— 08582 — ¢
Pe bty e 70005
28 0.003
p, = 0.85  0.85 =0.018>p ~ 0 =09

420 0.003 + 0.005

P min. = P shr. for fy =420 - p g, = 0.0018

A, = 0.00122 % 1000 * 164 = 200.8 mm? /1m

Ay im = 0.0018 * 1000 * 190 = 342 mm? /1m

A < Ag pin = use  Ag pin = 342mm? /1m
As 342

= = = 3 bar/1
"= area of one bar 113.1 ar/1m
1000
S = 3 = 333.33 mm = 300 mm

three times slab thickness (3t) = 3 %190 = 570mm

Smax. = min.of { 450 mm

S=300mm<  S,4 =450mm
Use @12 mm @300mm c/c

- Design section B
M, = 4211 kN.m/1m
OMn > Mu

Mu = @ p bd?fy (1 —0.59%' p)

Assume @ = 0.9 to be checked later

420
0.21.1 =09 * p* 1% 0.164% x 420 (1 —0.59 — p) - p =0.00221

28
fo &
=085p3— ————
Pe A fy e +0.005
28 0.003
p: = 0.85 % 0.85 =0.018>p ~0 =09

420 0.003 + 0.005
P min. = P shr. for fy =420 - p 4, =0.0018



One way slabs

Pmin. < p < Pmax. ok
A, = 0.00221 1000 * 164 = 346 mm? /1m

As min = 342 mm? /1m

B As 346 _
area of one bar ~ 113.1 ar/1m
1000

S = = 333.33 mm = 300 mm

three times slab thickness (3t) = 3 * 190 = 570mm

Smax. = min.of { 450 T

S=300mm< S, =450mm
Use @12 mm @300mm c/c

8- Temperature and shrinkage reinforcement.
A s = 0.0018 1000 * 190 = 342 mm? /1m
Use @10 mm as shrinkage reinforcement

As 342
area of one bar ~ 78.5

= 4.35 bar/1m

5 =209 _ 229 mm = 200
T35 coT T T SURT

o three times slab thickness (5t) = 5 * 190 = 950mm
Smmax. = min.of {

450 mm
§=200mm< S, =450mm — Use @10 mm @200mm c/c

9- Sketch detail of reinforcement
@ 12mm@200 mm

03Lor03L, 03L0r031L, @ 12mm@300 mm

0.5 which greater which greater 0.234
40mm e & o @ T §F & @
i,
cover { :

@ 10mm@200 mm @ 12mm@300 mm J’ @ 12mm@300 mm @ 10mm@200 mm

150mm-—

4 L=4.5m 1 f L,=4.5m ¥



One way slabs

H.W: Design the slab of the plan shown below. The dead load is due to self-weight plus
weight of:

Tiles 3 cm (density 20 kN/m3)
sand 7 cm (density 20 kN/m3)
mortar 2 cm (density 20 kN/m3)
plaster 2 cm (density 20 kN/m?3)
partition 2 kN/m?

Live load =2.5 kN/m?

f¢ =25 MPaand f, = 420 MPa

10.00 m

| || ||
| | |
“+0.30 m 0.30 m ++0.30 m
| || ||
qL 4.80m J‘ 3.30 m
La>Mo

(L ) 3Ll Johall ( (Al ACH ) Ayl o pg3all sl pusviaall Jskall
(I )aUall dshall (& (ACH ) Ayl o L] Eloss Sl puscinn! Jglall
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Lecture (9)

One way slabs
One Way Solid Slab Design Procedure
1- Find hand d

d = h — cover — —

2
2- Find p from
As =nx*Ag
1000
"t
AS
P=hd

3- Check Pmin. < P < Pmax.

P min. = P shr.

£ 0.003
Pmax. = 0.85 ﬁl -

fy (0.003 + 0.004)

4- Find Mu from

IR fo 0003
® =09 ifp, = 0.85p; fy 0.003+0.005

Mu =0 pbd*fy (1- 0.59% p)
5- Find Wu or WL

One way slabs



One way slabs

Example-2: For the simply supported reinforced concrete one way solid slab of section
and detail shown below, find the maximum live load can be carried by this slab.

f; =25 MPaand fy = 420 MPa

—200mm
| |
— ® e e e e e o6 e e o l N
| @ 10mm@200 mm @12mm@200mm|
e \
4L 4m 4L
Solution:

A5=n*A5b

1000

s — S * Agp
_1000 1000 .
"= T 7200 /Im

As = 5% 113.3 = 565.5 mm?

1)
d=h—cover—5=200—20—6=174mm

Ag 565.5
P =hd " 1000x174 200324
P min. = P shr. for f, =420 - p 5, = 0.0018
Pmax. = 0.85 4 Je 0.003 = 0.0184

fy (0.003 + 0.004)

Pmin. < p < Pmax. ok

PMn = Mu

Mu = @ p bd?fy (1 —0.59f—},1 p)

c

25 0.003
420 0.003 + 0.005

p; = 0.85 * 0.85 =0.0161>p =~ @ =0.9



420
Mu = 0.9 * 0.00324 = 1000 * 1742 = 420 (1 —0.59— 0.00324

25
= 35.88 kN.m/1m

Wu l? Wu 42

Mu = 3 — 35.88 =

kN
Vu @d =T—Wud

4
—0.174 * W,

Viea=
Vu @d == 1826 Wu

\/E

6

@V, = 0.75 * \/%_5 * 1000 * 174 % 1073 = 108.75 kN /1m

oV, = 0.75« X< b d

QVCZVu@d

108.75 = 1.826 W, — W, =59.56 - /1m

Use the minimum one (Wu = 17.94 ~ /1m)

D.L =0.2%24=48kN/m?
Wu=12x+D.L+1.6*L.L
1794 =12+48+1.6+L.L
L.L =7.61 kN/m?

One way slabs

) *107°




One way slabs

Example-3: A reinforced concrete slab is built integrally with a spandrel beam. The slab
consists of two equal parts as shown in the figure. Use f = 28 MPa and f, =
420 MPa. Find the maximum live load can be carried by this slab. The dead load is due to

the self-weight plus weight of:

e Tiles2cm

e mortar2cm
(Use density=24 kN/m?3 for concrete, mortar and tiles)

?P12@150
@ ?12@200

: \ :
@ 10 mmi@200 mm B 12mmi@150 mm J @ 10mmi@200 mm

P12@150

-|L 4.5m -]L -1[' 4.5m L

i

Solution

Spandrel beam B c D E Spandrel beam

% 1.15Wu.Ln/2
1.15Wu.Ln/2 Wu.Ln/2
Wu.Ln?/14 Wu.Ln?14
Wu.Ln?/24 Wu.Ln?9  Wu.Ln?9 Wu.Ln?/24



_In_ 4500

——=187.5 =190 mm

T 247 24

d=h—c0ver—9=190—20—6=164mm

2

Draw the shear and bending moment according to ultimate load.

w12
Moment @ (A)—7
A =n=*Ag,
1000
s = S * Agp

=T T 200

As =5 %113 = 565 mm?

Aq 565

Section Factor
Moment w,12
(A) 24
Moment W, 12
(B) 14
Moment w,12
(C) 9
Shear 1.152Wuln

_ 1000 _ 1000 _

P =14~ 1000+ 164

P min. = P shr.

fe

= 0.00344

0.003

Pmax. = 0.85 B4

Pmin. < p < Pmax.

fy (0.003 + 0.004)

for f, =420 - p g, = 0.0018

= 0.0206

One way slabs



One way slabs

PMn > Mu
Mu = @ p bd?*fy (1 — o.59f—3,’ p)
fe
28 0.003
p; = 0.85 % 0.85 =0.0181>p ~ @ =109

420 0.003 + 0.005

420
Mu = 0.9 * 0.00344 * 1000 = 1642 x 420 (1 — 0.595 0.00344) * 1076

=34 kN.m/1m
Mu = Waln - 34 = W~ 457 - Wu =403 k—N/1m
24 24 m
Moment @ (B)=WLI’21
14

As =nx*Ag

1000

s = S * Asp

1000 1000
n=——="Tg = 6.66
As = 6.66 * 113 = 752.6 mm?

Ag 752.6

= 0.00459

P=5d~ 1000« 164

P min. = P shr. for f, =420 = p s, = 0.0018

=0.85 Je 0.00 = 0.0206
Pmax. = 085 B1 = 76503 T 0.000) ~

Pmin. < p < Pmax. ok

OMn > Mu
Mu = @ p bd?*fy (1 — 0.59f—),] p)
fe
28 0.003

p; = 0.85 * 0.85 =0.0181>p ~ @ =0.9

420 0.003 + 0.005

7
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420
Mu = 0.9 * 0.00459 = 1000 * 1642 = 420 (1 — 0.595 0.00459) * 1076
=44.77 kN.m/1m

= gy WA 3095 MY i
14 14 m
Moment @ (C)=W%l'2’
As =nx*Ag
1000
s = S * Agp
1000 1000
n=—g =gg - 000
As = 6.66 * 113 = 752.6 mm?
A, 752.6
P =5d " 1000x164 200459
P min. = P shr. for f, =420 - p &, =0.0018
f- 0.003

= 0.0206

= 0.85 B, =
Pmaz. A %5 0003+ 0.009)

Pmin. < p < Pmax. ok

PMn = Mu
Mu = @ p bd*fy (1 — 0592 p)
fe
28 0.003

p: = 0.85 % 0.85

420 0.003 + 0,005 _ 00181 >p =~ @ =09

420
Mu = 0.9 * 0.00459 * 1000 * 1642 % 420 (1 — 0.59% 0.00459) * 1076
= 4477 kN.m/1m
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Wu * 4.52 kN
— 44,77 = — 5 - Wu=199 F/lm

I
o~
SN

W,
Mu =

Find the load from the shear

115 W,
Vu @d — T_ u-d
1.15W, * 4.5
Vu @d = 2 _0164‘*Wu
Vu @d = 24235 Wu
OV, = 0.75 = \/ZC bd

OV, = 0.75 = %_8 x1000 * 164 * 1073 = 108.47 kN/1m

Q)VCZVu@d

108.47 = 2.4235 W, > W, = 44.77 %N/m

Use the minimum value of Wu which is 19.9 %N/lm

Wu = 1.2Wd + 1.6WI

Find the dead load
- Self weight of slab = 0.19 » 24 = 4.56 KN/ ,

- Tiling& mortar = 0.04 % 24 = 0.96kN/m2

- Total dead load = 5.52 kN /m?
Find the live load

Wu = 1.2Wd + 1.6WI
19.9 = 1.2 % 5.52 + 1.6W!
Wl = 8.3 kN/m?



One way slabs

H.W: A reinforced concrete slab is built integrally with a spandrel beam. The slab consists
of two equal parts as shown in the figure. Use f; = 25 MPa and f,, = 420 MPa. Find
the maximum live load can be carried by this slab. The dead load is due to

e The self-weight

e Tiles2cm

e mortar2cm

(Use density=24 kN/m?3 for concrete, mortar and tiles)

P12@160 15 @170
M e e —
. - I 6 10mm@200 mm |

@10@200 @12@170
; 5m K Sm————+

HW: For the simply supported reinforced concrete one way solid slab of section and
detail shown below, find the maximum live load can be carried by this slab.

f; =27 MPa and fy = 420 MPa

-
=

& 10mm@200 mm

P12@150 -

Y %
. ¥

5m

10
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Lecture (10)

One way slabs

One way slabs

s>

Jgad! Jo> (Sao Al o 3 ,(ésal.um JR) 92 Cellaall 9 JIgudl § mdudd! slast @iy Ladis

iyl

(JLeaV (po ©guall) (sl arall g didylang (392 90)l el 0)395 (SUI) -1l p3adl Sl -

If @Mn = Mu - ok

OMn < Mu - Not ok

,d\é’.w.” L"Q ub.:ud\ @LMJU\ &o didyling (@JL&J\ ezl Cw>) @M‘ Cb:z.“«.w‘ -y
rwnling 35 JI5edl (3 Jraadl ol OF olias 1968 Janadl geadusll (o J31 (o gunadl gradanil] 0513 -
38 e JIgad! 3 Jrnadl edetd] O oliae 14gd J1gedl (3 Jrnadl okl (po ST Ggunmmall el OET131 -

P12@200mm > P12@300mm

because
For 12@200mm

1000 T__, 5
n=m=5 —>AS=5*212 = 565.5mm
For p12@300mm

1000 T__, 5
n= 300 = 3.33 » As = 3.33 *212 = 376.4mm

S P12@200mm > 012@300mm



One way slabs

Example-4: The floor system shown in the Figure below supports a service live load of 4
kN/m? and a service dead load 3 kN/m? (not include slab weight). Use f/ =
28 MPa and fy = 420 MPa to answer the flowing.

1- Classify the floor system into one way or two way solid slab.

2- What is the minimun slab thickness that should be used to control deflection and shear
requirement? (use one thickness for all slabs)

3-By using @ 12 mm rebar, what is the required positive reinforcement?

4-1f the top reinforcement at interior support is @ 12 mm @200 mm, show if this
reinforcemnt is adquate to support the applied load?

__H____l____ﬂ_ 030m
I IC
! ¥
[
! ¥
[ 6.00m
| ‘ ‘ |
| | |
| a8 g
|! n F| 0.30m
A | | A
T | N |
| |
| A |
| ] |
| | 6.00m
| |
| I |
! N ¥
o A u
— — - - — W= - = — — 030m
#~2 .00 m—e+ 400m H 400m H 2 00 m—
0.30 m 0.30 m 030 m
Floor Plane
0.60m
2 00 m 400m 4.00m 2 .00 m—t
0.30 m 0.30 m 0.30 m
Section A-A
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0.30m

0m

0.30m

Solution:

1- For Panel 1 e P S
l/S=12-3/4=3>2—>onewayslab ﬁ :: |ﬂ|
For Panel 2 :: ! i: °
lYg=123/,=615>2 > :: !! ]
one way slab :T : % g %

6.0

0m

0.30m

2- Minimum slab thickness
For panel 1 (both ends continues)

L4000 _ 143
28 28 o oomm

For panel 2 (cantilever slab)
_l_ZOOO_ZOO ol
=10- 10 - mm contro

12
d= 200—20—7= 168 mm
- Check the slab thickness according to shear requirement.
Self weight = 0.2 * 24 = 4.8 kN /m?
W,=12%(3+4.8)+ 1.6 (4) =15.76 kN/m? = 15.76 kN/m/1m
Wuln " 15.76 x 4

Vi max = 1.15 % 5*T=36.25 kN/1m
w, 1
Vy @q = 1.15 ”2”—Wu.d

Vy @a = 36.25 — 15.76 x 0.168 = 33.6 kN/1 .



One way slabs

\/Ebd

@V, = 0.75 * G

OV, = 0.75 + 20 4 1000 + 168 + 103 = 111.12 kN/

V., max. = 33.6 kN/1m < @V, = 111.12 kN/1m

The slab thickness is enough

Column |A B C D E
Column
Wu.Ln/2 1.15Wu.Ln/2
SFD
1.15Wu.Ln/2 Wu.Ln/2
Wu.Ln?M14 Wu.Ln2/14
BMD
Wu.Ln¥2 Wu.Ln?M16 Wu.Ln?9  Wu.Ln?/9 Wu.Ln2/16 Wu.Ln?2
2 %42
3. Mt =2l = D70 _ 1801 kN.m/1m
14 14
PMn = Mu
Mu = @ p bd?fy (1 _ 0.59% p)
C

Assume @ = 0.9

2.36 % 18.01 * 106
1i\/1_0.9* 1000 * 1682 = 28

1.18 (@)

p=
28



One way slabs

p =0.00171
A, = 0.00171 % 1000 * 168 = 287.28 mm? /1m

for fy =420 - p ¢ = 0.0018

P min. = P shr.

28 0.003
420 0.003 + 0.005

p, = 0.85 % 0.85 =0.018>p -~ ok ® =09

Ag min = 0.0018 % 1000 * 200 = 360 mm? /1m

Ag < Agpmin 2 use Ag = Ag pmin

_ As _ 360 _ 318 1
n= area ofonebar 113.1 ar/Im

= 1000 = 314 = 300

~3qg  Cormm=Louumm

three times slab thickness (3t) = 3 * 200 = 600mm

Smmax. = min.of { 450 mm

S=300mm<  S,4 =450mm
Use @12 mm @300mm c/c

_ Wyli  15.76%42

4- M, = s = 5 = 26.24 kN.m/1m
_looo_1000 ..
n=—g =300 - 0P1/1m
5012 5%113.1
Asprovide = @012@200mm = H - p= m = 0.00336 > Pmin.
28 0.003
pp = 0.85 % 0.85 =0.0189>p = @ =09

400 0.003 + 0.005

OMn = @ p bd?*fy (1 — 0.59f—),1 p)
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420
@Mn = 0.9 = 0.00336 * 1000 * 1682 x 420 (1 — 0.59 o8
= 34.78 kN.m/1m

* 0.00336) * 1076

PMn = 34.78 > M, = 26.24 this reinforcemnt is adquate to support the applied load

HW: The floor system shown in the Figure below supports a service live load of 5 kN/m?

and a service dead load 3 kN/m? (not include slab weight). Use f; = 23 MPa and fy =
420 MPa to answer the flowing.

1- Classify the floor system into one way or two way solid slab.

2- What is the minimun slab thickness that should be used to control deflection and
shear requirement? (use one thickness for all slabs)

3- By using @ 12 mm rebar, what is the required positive reinforcement?

4- If the top reinforcement at interior support is @ 12 mm @150 mm, show if this
reinforcemnt is adquate to support the applied load?

__ﬁ____.é___ﬂ_ 0.30m

| 6.00m

N HB . 0.30m

| |
| |

| |
| |

| |
| ] |

| | 6.00m
| |

| |
| |

| |

__u____u&___g_ 0.30m

+2.00m \- ! 4.00 m l [ 4.00 m ++—2.00 m—
0.30 m 0.30 m 0.30 m
Floor Plane
0.60m
—2.00 m 400 m 400m 2.00 m—t
0.30 m 0.30 m 0.30 m

Section A-A
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Problems

1- For the floor system shown in Figure below, support service live load 4 KN/m? and service
dead load 5KN/m?. Answer the flowing.

a) Classify the floor system into one way or two way solid slab.

b) What is the minimun slab thickness that should be used to control deflection and shear
requirement?

c) By using @ 12 mm rebar, what is the required positive and nagative reinforcement?

d) Sketch the detail of reinforcement.

1 6.00 m ““T;G.OO m 'H 6.00 m 1
l | | m
Use: fy = 420 Mpa, f; = 30 Mpa,
3.00m
J—0.3Om
a— F— | |
A B
3.00m
— | | n
3.00m
— | | |

2- The floor of building shown below is design to carry its self-weight, service dead load
of 6 kN/m? and service live load of 4 kN/m?. The slab thickness is 170 mm reinforced by
@10 mm @150 mm top and bottom.

0CHMI—@C = = = — — — — = N _ — — - — — _ -

\ |

400m | | |

\ |

03%0mI WM~ - - _ _ _ - "mM-_-_-_-_--—-—”-™

\ |

\ [

4.00m | | |

\ |

omT— W — - — — — — — — [ i —
0.30 m ! 8.00 m H 8.00 m ‘ 0.30m

0.30 m

1- Check the adequacy of the slab thickness.
2- Can the floor carry the applied load?

use: fy = 400 Mpa, f. = 30 Mpa,b,, = 300mm



One way slabs

3- Design the floor system shown below to support service live load=5 kN/m?, service dead load
=4 kN/m?use fy = 420 Mpa and f; = 25 Mpa.

0.60m || || || %
#—2.00m 4.00 m 4.00 m 400 m—
0.30 m 0.30m 0.30 m
4- Find the maximum ultimate load can be carry by the floor system shown below.
use fy =400 Mpa and f, = 28 Mpa.
@ 12mm@150 mm @ 12mm@150 mm R
T—-—H%—.—-—r v v = 5 v [ =)
2.5m £ k 4.5m + ok 5.5m 4




One way slabs

1- If the service dead load = 4 kN/m2, find the maximum live load can be carried by

the floor system shown below?

2- Based on the result of (1) check the adequacy of the slab thickness.

A A
7.20 m
i add@12 @300mm @12 @300mm add@12 @300rhm
@12 @300mm
r150 mm
t |
L 360m 360 m 1.50 m‘-j’
L e F o i
030m 0.30 m 030 m

Section A-A

10
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Two way slabs

Lecture (11)

Two way slabs

Two way solid slabs
1. Introduction
When the slab is supported on all four sides and the length, L, is less than twice the
width, S, the slab will deflect in two directions, and the loads on the slab are transferred
to all four supports. This slab is referred to as a two-way slab.

The bending moments and deflections in such slabs are less than those in one-way
slabs; thus, the same slab can carry more loads when supported on four sides. The load
in this case is carried in two directions, and the bending moment in each direction is
much less than the bending moment in the slab if the loads were carried in a one
direction only. Typical slab—beam—girder arrangements of one-way and two-way slabs

are shown in the Figure below.

Column Column
( - Girder LW f { . .
i T
Beam
L'l Beam . -Beam LlBeam.
* g & . * * 9
Girder # f
| / Beam
i' - I — l- - L » ]
-t G -t S rt G et 5 Gt G — et St §—
(@) (b)

(@) One-way slab, L/S> 2, and (b) two-way slab, L/S <2.



Two way slabs

2. Type of Two Way Slab

1-

Two-Way Slabs on Beams: This case occurs when the two-way slab is supported by

beams on all four sides. The loads from the slab are transferred to all four
supporting beams, which, in turn, transfer the loads to the columns, as shown in

Figure (a) below.

Flat-Plate: A flat-plate floor is a two-way slab system consisting of a uniform slab
that rests directly on columns and does not have beams or column capitals as
shown in Figure (c) below. In this case, the column tends to punch through the
slab, producing diagonal tensile stresses. Therefore, a general increase in the slab

thickness is required or special reinforcement is used.

Flat plate with column capital and/or panel drop: A flat slab is a two-way slab

reinforced in two directions that usually does not have beams or girders. The loads
are transferred to the drop panel and column capitals, as shown in Figure (b)

below.

Two-Way Ribbed Slabs and the Waffle Slab System: This type of slab consists of a

floor slab with a length-to-width ratio less than 2. The thickness of the slab is
usually 5 to 10 cm and is supported by ribs (or joists) in two directions. The ribs are
arranged in each direction at spacings of about, producing square or rectangular
shapes. The ribs can also be arranged at or from the centerline of slabs, producing

architectural shapes at the soffit of the slab, as shown in Figure (d) below.



Two way slabs

Types of two way slab: (a) slab on beams, (b) flat plate, (c) flat slab (with column capital
and/or drop panel, (d) waffle slab

column drop
capital

- column

L.
flat plate flat slab with flat slab with
column capital column capital
and drop panel

Flat slab with column capital and drop panel



Two way slabs

The ACI Code specifies two methods for the design of two-way slabs:

1. The direct desigh method DDM (ACI Code, Section 13.6)

Is an approximate procedure for the analysis and design of two-way slabs. It is limited
to slab systems subjected to uniformly distributed loads and supported on equally or

nearly equally spaced columns.

The method uses a set of coefficients to determine the design moments at critical
sections. Two-way slab systems that do not meet the limitations of the ACI Code,

Section 13.6.1, must be analyzed by more accurate procedures.

2. The equivalent frame method EFM (ACI Code, Section 13.7)

Is one in which a three-dimensional building is divided into a series of two-
dimensional equivalent frames by cutting the building along lines midway between

columns.

The resulting frames are considered separately in the longitudinal and transverse
directions of the building and treated floor by floor.

The systems that do not meet the requirements permitting analysis by the "direct
design method" of the present code, has led many engineers to continue to use the

design method of the 1963 ACI Code (The coefficient method)




Two way slabs

The Coefficient Method (method three)

is a quick hand-method of calculating the moments in two-way slabs supported by
edge beams. The Coefficient Method was first included in the 1963 edition of the ACI
Code as a method to design two-way slabs supported on all four sides by walls, steel
beams, or deep beams. The Coefficient Method is not included in current versions of

the ACI Code 318, but it can still be used for two-way slab systems with edge beams.

Design Two Way Solid Slab by Coefficient Method (method 3)
The panel must be divided into middle strips and column strips in both the short and
long directions. The width of the middle strip in each direction is equal to % the clear

span length. The 2 edge strips are then % the width of the clear span length.

M, t M,
3 “I‘ 13
o _ : l
Las4 Columnstrip
< I l./2 middel strip
T T8
Las4 Columnstrip
1 I Il _1
£l Lbis Lb/4
- lp/2 —-
Column middel Column
strip strip strip

Moment at column strip and middle strip are computed by:

M, = CaWuL%l
M, = C,W, L%
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Where:

M, = moment in short dirction

M, = moment in long dirction

C,& C, = tabulated moment coef fecients

L,&L, = clear span in short and long direction, respectivally

W,, = uniform ultimate load kN /m?

1
width of middle strip = 5 panel

width of colume strip = 7 panel

As expected in two-way slabs, the moments in both directions are larger in the
center portion of the slab than the edges. Therefore, the middle strip must be designed
for the maximum tabulated moment. In the edge strips, the strips must be designed for

1/3 of the maximum value of the calculated moment.

Table of coefficients

The ACI Coefficient Tables are designed to give you appropriate coefficients based on the
edge conditions of the slab. To give you an idea of different edge conditions, see the

floor plan below:

It is seen that some panels, such as A, have fy————— _H_ _____ _H__ —
two discontinuous exterior edges, while the E : I : i
other edges are continuous with their : A } : B i :
neighbors. Panel B has one edge i : : i I

discontinuous and three continuous edges, ﬂ::::::%zz:::::::l-- ——
the interior panel € has all edges i I : i i
continuous, and so on. : : : c : E
. | | 1 |

At a continuous edge in a slab, moments _} ______ L: ______ J"l:"

are negative, just as at interior supports of Ai ______ E“E —————— .II-= =
o L1

Plan of a typical two-way slab floor
with beams on column lines.
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continuous beams. Also, the magnitude of the positive moments depends on the

conditions of continuity at all four edges.

Note

slab

SN\

Brick

wall

slab

RC
wall

slab

(b)

RC
beam

|(a)discontinuous slab or (b)supporting have small torsional resistance

slab |
<

H support

(c)

support

—

b

} R.Cwall

=y

(d)

g{c] slab is continuous a cross support (d) fixed

Table 1: gives the moment coefficients for Negative Moments at Continuous Edges. The

coefficient you use depends on the ratio of I/, and the edge conditions of the panel in

guestion. The maximum negative edge moment occurs when both panels adjacent to an

edge are fully loaded. Negative moments at discontinuous (free) edges are assumed to

be 1/3 of the positive moment in the same direction.
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Table 1- Coefficients for Negative Moments in Slabs

- _ 2
Ma, - Cu,negwuia

- _ 2
Mb - Cb,negwuib

where w, = total factored uniform load (DL + LL)

Ratio Case 1l Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

Ly 3
m= — r : :

Ly .

Caneg 0.045 0.050 0.033 0.061
1.00 ' - 0.076 0.075 0.071 0.071

Chyneg 0.045 0.050 0.061 | 0.033

Ca,neg 0.050 0.055 0.038 0.065
0.95 ' - 0.072 0.079 0.075 0.067

Chyneg 0.041 0.045 0.056 | 0.029

Ca neg 0.055 0.060 0.043 0.068
0.90 ' - 0.070 0.080 0.079 0.062

Chyneg 0.037 0.040 0.052 | 0.025

Ca neg 0.060 0.066 0.049 0.072
0.85 ' - 0.065 0.082 0.083 0.057

Chyneg 0.031 0.034 0.046 | 0.021

Ca neg 0.065 0.071 0.055 0.075
0.80 ’ - 0.061 0.083 0.086 0.051

Coneg 0.027 0.029 0.041 0.017

Ca neg 0.069 0.076 0.061 0.078
0.75 ’ - 0.056 0.085 0.088 0.044

Chyneg 0.022 0.024 0.036 | 0.014

Caneg 0.074 0.081 0.068 0.081
0.70 ’ - 0.050 0.086 0.091 0.038

Chyneg 0.017 0.019 0.029 | 0.011

Caneg 0.077 0.085 0.074 0.083
0.65 ’ - 0.043 0.087 0.093 0.031

Chyneg 0.014 0.015 0.024 | 0.008

Ca,neg 0.081 0.089 0.080 0.085
0.60 ' - 0.035 0.088 0.095 0.024

Chyneg 0.010 0.011 0.018 | 0.006

Ca,neg 0.084 0.092 0.085 0.086
0.55 ' - 0.028 0.089 0.096 0.019

Chyneg 0.007 0.008 0.014 | 0.005

Ca neg 0.086 0.094 0.089 0.088
0.50 ' - 0.022 0.090 0.097 0.014

Chyneg 0.006 0.006 0.010 | 0.003
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Table 2: gives the moment coefficients for Positive Moment due to Dead Load

Table 2 - Coefficients for Dead Load Positive Moments in Slabs
Mypt =Copiwoila”
“JDL+ DL DL az where wp, = uniform factored Dead Load (DL)
Mppr = Cppwprlp
Ratio Case 1 Case 2 Case 3 Case 4 Case 5 Case b6 Case 7 Case 8 Case 9
la
m=2 1 || |1 P L b3
b
1.00 Cs oL 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023
. Cb,DL 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020
0.95 CE,DL 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024
. Cbrm 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017
0.90 Ca,DL 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026
. CerL 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015
0.85 CE,DL 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028
. CerL 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013
0.80 Ca,DL 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029
. CyoL 0.023 0.011 0.020 0.016 0.009 0.015 0.022 0.015 0.010
0.75 CE,DL 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0.036 0.031
. CerL 0.019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0.007
0.70 Ca,DL 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.033
. Cb,DL 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006
0.65 Ca,DL 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.034
. CerL 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005
0.60 Cs oL 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.036
. Cb,DL 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004
0.5 CE,DL 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037
. Cbrm 0.008 0.003 0.009 0.005 0.002 0.004 0.00S 0.005 0.003
0.50 Ca,DL 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.038
. CerL 0.006 0.002 0.007 0.004 0.001 0.003 0.007 0.004 0.002

10
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Table 3: gives the moment coefficient for Positive Moment due to Live Load. This table is
used in the same manner as Table 2. The reason for the separation of Dead and Live load
positive moments is due to Live load placement to achieve maximum effect. For live load,
the maximum positive moment in the panel occurs when the full live load is on the panel
and not on any adjacent panel. This produces rotations at all continuous edges of the
panel which require restraining moments. Dead load across all the panels creates
rotations that cancel each other out (or closely enough).

Table 3 - Coefficients for Live Load Positive Moments in Slabs
M, " =C, w0
“'u‘+ alL*LL ”2 where w, = uniform factored Live Load (LL)
My = Cprawirlpy
Ratio Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9
la
L | {3 (L |
1.00 Ca 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030
. Cbru 0.036 0.027 0.032 0.032 0.027 0.032 0.035 0.030 0.028
0.95 Ca,LL 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032
. Cb,LL 0.033 0.025 0.029 0.029 0.024 0.029 0.032 0.027 0.025
0.90 Ca,LL 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.036
. Cb,LL 0.029 0.022 0.027 0.026 0.021 0.025 0.029 0.024 0.022
0.85 Ca,LL 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039
. Cb,LL 0.026 0.019 0.024 0.023 0.019 0.022 0.026 0.022 0.020
0.80 Ca,LL 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042
. Cb,LL 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.017
0.75 Ca,LL 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046
. Cb,LL 0.019 0.014 0.019 0.016 0.013 0.016 0.020 0.016 0.013
0.70 Ca,LL 0.068 0.049 0.057 0.057 0.051 0.060 0.063 0.054 0.050
. Cb,LL 0.016 0.012 0.016 0.014 0.011 0.013 0.017 0.014 0.011
0.65 Ca,LL 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
. Cb,u 0.013 0.010 0.014 0.011 0.009 0.010 0.014 0.011 0.009
0.60 Ca,LL 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059
. Cb,LL 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 0.007
0.55 Ca 0.088 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063
. Cb,LL 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006
0.50 Ca,LL 0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.076 0.067
. Cb,LL 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004

11




Two way slabs

Table 4 provides the coefficients for determining shear in the slab and loads on edge

beams.
Table 4 - Coefficients for Shear in Slabs
Ratio of load Win |, and |, directions for Shear in Slab and Load on Supports for Beams
Ratio Casel | Case2 | Case3 | Case4 | Case5 | Caseb6 | Case7 | Case8 | Case9
la r b L
mei | [ [ N33
1.00 W, 0.50 0.50 0.17 0.50 0.83 0.71 0.29 0.33 0.67
W, 0.50 0.50 0.83 0.50 0.17 0.29 0.71 0.67 0.33
0.5 W, 0.55 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.71
W, 0.45 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29
W, 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75
o0 W, 0.40 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25
W, 0.66 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79
08 W, 0.34 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21
0.80 W, 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83
Wy 0.29 0.29 0.67 0.29 0.08 0.14 0.51 0.45 0.17
0.75 W, 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86
W, 0.24 0.24 0.61 0.24 0.06 0.12 0.44 0.39 0.14
0.70 W, 0.81 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89
W, 0.19 0.19 0.55 0.19 0.05 0.09 0.38 0.32 0.11
0.65 W, 0.85 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92
W, 0.15 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08
0.60 W, 0.89 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94
W, 0.11 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06
0.55 W, 0.92 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95
W, 0.08 0.08 0.31 0.08 0.02 0.04 0.19 0.15 0.05
0.50 W, 0.94 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97
W, 0.06 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03

12
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Two way slabs

Lecture (12)

Two way slabs

6 Slab Reinforcement According to ACI 13.3

The main reinforcement for the two-way edge-supported slab panel should be placed

orthogonally (parallel and perpendicular) to the slab edges. The reinforcement in the

short direction (/l;) should be placed below the reinforcement in the long direction (/b).

Negative reinforcement should be placed perpendicular to the supporting edge beams.

1-

Area of reinforcement in each direction for two-way slab systems shall be
determined from moments at critical sections but not less than minimum
reinforcement.
Spacing of reinforcement at critical sections shall not exceed two times the slab
thickness.

Smax. < 2t where:t = slab thickness
Positive moment reinforcement perpendicular to a discontinuous edge should
extend to the edge of slab and have embedment, straight or hooked, at least 150
mm in spandrel beams, columns, or walls.
Negative moment reinforcement perpendicular to a discontinuous edge shall be
bent, hooked, or otherwise anchored in spandrel beams, columns, or Walls.
At exterior corners of slabs supported by edge walls or where one or more edge,
top and bottom reinforcement shall be provided at exterior corners in accordance
with 13.3.6.1 through 13.3.6.4.
13.3.6.1- Corner reinforcement in both top and bottom of the slab should be
sufficient to resist a moment per unit width equal to the maximum positive
moment per unit width in the slab panel.
13.3.6.2 - The moment shall be assumed to be about an axis perpendicular to the
diagonal from the corner in the top of the slab and about an axis parallel to the

diagonal from the corner in the bottom of the slab.

2



Two way slabs
13.3.6.3- Corner reinforcement shall be provided for a distance in each direction

from the corner equal to one-fifth the longer span.

13.3.6.4- 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.

L | -LLong
| e ' LLong)/5
| (Liong)/5 ' (Lrong)”?
| | |
u 2
2
| | §
| 2o | =
| | 5 | Asper 13.3.6 | 3
| o| < | top and bottom o <
‘ n’:.I ! )|
| | | |
| |
B B L
OPTION 1 OPTION 2

7. Minimum Slab Thickness of Two Way Solid Slab

parameter of slab 2(lg+1p)
180

- Minimum slab thickness= max. of

90 mm

8. Shear Strength of Two Way Solid Slab
In a two way floor system, the slab must have adequate thickness to resist both bending
moments and shear forces at the critical sections. To investigate the shear capacity of

two way slabs, the following condition should be satisfied.

1
,@d < Q)g fibd



Two way slabs

Procedure of solution

1- Check ~2om9) _ if < 2

a (short)

L
2- Find the case of the slab and then find m= —2&"00
Lp (long)

3- Find the slab thickness by applying

parameter of slab 2(lg+1p)
180

Minimum slab thickness= max. of
90 mm

4- Find effective depth in the short direction (d;) and an effective depth in the long

direction (d;). Use table 4 to find the ratio of load that transfers to each direction

db (short)

dy =h =20 ~—

db (long)

d=h—-20-4d, (short) — 2

5- Check shear at the critical section (short direction and use d;)

1
V,@d < @gﬁb d

6- Find the moment transferred to the middle strip of the short direction (positive and
negative moment) and the middle strip of the long direction (positive and negative
moment).
For negative moment use table 1
For positive moment use table 2 and 3
7- Use the equation of singly reinforcement to find p (use d; for shot direction and d; for
the long direction).

Mu < @Mn Mu = @ p bd?*fy (1—0.59% p)

do not forget that
use @ = 0.9 and b=1000 mm



Two way slabs

8- Check the minimum steel reinforcement ratio

for f, = 280 MPa to 350 MPa = Pmin. = 0.002

for f, = 400 MPa and 420 MPa - Pmin. = 0.0018

_ 0.0018 420
for f,, exceeding 420 MPa = Omin. = > 0.0014

fy
ASpmin. = pmin.b h

If o < ppin then, use p = pin.
As = Ag min = Pmin. * 1000 * h

9- Check Pmin. < P < Pmax.

£ 0.003

= 0858, -
Pmax. A1 %5 0.003 + 0.008)

10- Calculate S and S, 4.

_ Ag,
~ Area of one bar
1000
S = —
n

Calculate S, 4.

(2¢)

Smax. = min. of {450 m

Then, chose the minimum one

11- Draw the detail of the section and reinforcement.
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Two way slabs

Lecture (13)
Two way solid slabs
Ex-1: For the reinforced concrete floor shown in the Figure below, design the slab to

. kN
carry service live load 5 — and dead load due to:

. . k .
Self-weight, 3 cm tiles, 2 cm mortar, 2 cm plaster and 2 —IZ partition.
m

f; =20 MPa, fy 400 MPa and all beams have width 300 mm

Solution:
l, =65—03=62m N o \
l[,=8—-03=7.7m
lb 7.7 8.00 m
Z =3 1.24 <2 - two way slab
2l + 1) 2x(6200+ 7700)
= = = D /
180 180 154 u ./
= 160mm
‘\\_///
- Dead load
: kN kN
Material y — W=yXh ——
Tiles 22 22X0.03=0.66
mortar 22 22X0.02=0.44

Self-weight of slab | 25 25X0.16=4

plaster 22 22X0.02=0.44

partition 2

Total dead load 7.54




Two way slabs

Factored dead load= 1.2*7.54=9.048 fn—N

2

- Live load

Factored live load= 1.6*5=8 %

kN
Wu=9.048+8 =17 —
m

m=2%2=081
lp \
To find the value of shear go to table 4 6.2m
a- Short direction
L \
W, (— = 0.80) = 0.71 | Cased X
L 7.Tm N\
And \\\\.\\
[ =
W, (—“ = 0.85) = 0.66 m = 0.81
Iy
l, 7
w, (— = 0.81) = 0.7
I /
b- Long direction § p.

l
w;, (i = 0.80) =0.29

And



Two way slabs

The reactions of the slab are calculated from Table 4, which indicates that 70% of the

load is transmitted in the short direction and 30% in the long direction.

Wua=0.7x17=11.9kKN/m
AARRRARRANRAANRANR R AN

6.2

Wua la Wya la _
= = 36.89
> 36.89 5

Vu@d = 36.89 —0.134 x 11.9 = 35.3 kN/1m

V20
@V, = 0.75 X — X 1000 X 134 X 1073 = 74.9kN /1m

V. > Vu@d ok 12
)7 @ d =160 20 —— = 134 mm

the slab thickness is enough to resist the shear force




Two way slabs

Short direction

1- Negative moment at continuous edge. Use table 1

Negative moment/short
m factor length load Moment ds As
0.81 0.07 6.2 17 45.74 134
M; =C,WI2
lq lq lq
C, (l_ = 0.80) =0.071&C, (l_ = 0.85) = 0.066 — C, <l_ = 0.81) = 0.07
b b b
M; =0.07 X 17 X 6.22 = 45.74 kN.m/m
2- Positive moment at mid span. Use table 2&3
Positive moment/ short
m Factor lenath load Moment Total ds As
D L g D L D L moment

M;d = Cadelczl...table 2
l l l
Coa (—“ = 0.80) = 0.039 & Cyy (—“ = 0.85) =0.036 - C,y (—“ = O.81> = 0.038

Ly Ly Ly
M}, = 0.038 x 9.048 x 6.22 = 13.35 kN.m/m

M(-;L == CaLWng...table 3
l l l
C, (l—“ = 0.80) = 0.048&C,; (l—“ = 0.85) =0.043 > Cy, (z_a = 0.81) = 0.047
b b b
M}, = 0.047 x 8 X 6.2%2 = 14.45kN.m/m

3- Negative moment at discontinuous edge= 1/3 positive moment
=1/3*%27.8=9.27 kN.m/m




Two way slabs

Long direction

1- Negative moment at continuous edge. Use table 1

Negative moment/Long direction
m factor length load Moment do As

lq lq lq

Cy (— = 0.80) =0.029 & Cy (— = 0.85) =0.034 - G, <— = 0.81) = 0.03
Iy Iy Iy

M, =0.03x17 X 7.7 = 30.23 kN.m/m

2- Positive moment at mid span. Use table 2&3

Positive moment/Long direction

m Factor lenath load Moment Total d As
D | L g D L D L moment L

Ml-)'-d = deWdll%...table 2

la

== 0.81) = 0.0166
Ly

lq la
b b

M}, = 0.0166 x 9.048 X 7.72 = 8.91 kN.m/m

= 0.85> =0.019 > Cpy (

MI;I-L - CbLWLllz)...table 3
lq lg lq

Cy, (l— - O.80> = 0.02&Cp, (l— - 0.85) ~0.023 > Cp, (l— - 0.81) — 0.0206
b b b

M;, = 0.0206 x 8 x 7.72 = 9.77 kN.m/m

M = M}, + M}, = 8.91 + 9.77 = 18168 kN /i

3- Negative moment at discontinuous edge= 1/3 positive moment

=1/3*18.68=6.22 kN.m/m




Two way slabs

6.22

Short direction

1- Negative moment at continues edge Mu=45.74 kN.m/m

12
dg, = 160—20—7= 134 mm

Pmim. = 0.0018 — AS,; = 0.0018 x 1000 X 160 = 288 mm?

Pmax. = 0.85 X B X f—"! X E = 0.0154
fy 7

OMn > Mu
Mu = @ p bd%fy (1 0502 p)

c

236 % M,, + 106
1J—’\/“ 0bd’f

T (@)

p = 0.00779

Pmin. < p < Pmax. ok

As = 0.00779 x 1000 x 134 = 1043.86 mm? > As,,;,, = 288 mm?
7



Two way slabs

1044 1000

n= m= 519 barinlm - s = m= 192.6mm =~ 190mm

Smax. = min.of (2h = 320mm, 450mm)
S < Smax. 0k, Use @ 16 @190 mm

2- Positive moment at mid span Mu=27.8 kN.m/m

p = 0.00454

Pmin. < p < Pmax. ok
As = 0.00454 x 1000 x 134 = 608.36 mm? > As,,;, = 288 mm?

60836 _ . 1000
— = O. - ==
" =131 artn tm=3="7%3g

= 1859 mm =~ 185 mm

Smax. = min.of (2h = 320 mm,450 mm) S < Smax. 0k, Use @ 12 @185 mm

3- Negative moment at discontinuous edge

1
As = 3 X 608.36 = 202.78 mm? < As,,;, = 288 mm?, use As,,

Smax. = min.of (2h = 320 mm, 450 mm)

288 1000

n=m=2.54barm1m—>s=m=392mm>5max_=320mm

Long direction

1- Negative moment at continues edge Mu=30.23 kN.m/m

12
db=160—20—12—7=122mm

Pmin. = 0.0018 — ASpm = 0.0018 x 1000 X 160 = 288 mm?

Pmax. = 0.85 X B X Je X 3 _ 0.0154
fy 7



Two way slabs

@Mn = Mu
Mu = @ p bd?fy (1 — 0.59f—},1 p)
fe
2.36 % M, x 10°
1i\/1— Ob A2
p =
1.18(f—3,])
fe

- p = 0.00608
As = 0.00779 X 1000 X 122 = 741.76 mm? > Aspin = 288 mm? ok

_ 741.76 1000

n= 1131 =6.55barm1m—>s=E=15Omm

Smax. = min.of (2h = 320 mm, 450 mm)
S < Smax. 0k, Use @ 12 @150 mm

2- Positive moment at mid span Mu=16.68 kN.m/m

p = 0.00364

Pmin. < p < Pmax. ok
As = 0.00454 x 1000 X 122 = 444.36 mm?2 > As,,;, = 288mm?

n= 4436 _ 392 barinlm _ 1099 _ 255.1mm = 250mm
— f— . - —_— = ] ~
113.1 art s 3.92

Smax. = min.of (2h = 320 mm,450mm) S < Smax. 0k, Use @ 12 @250 mm
3- Negative moment at discontinuous edge

1
As, = 5 X 44436 = 14812 mm? < ASpn, = 288 mm?,use Aspin,

Smax. = min.of (2h = 320 mm, 450 mm)

288 1000

n=m=2.54barl’n1m—>s=m=392mm>5max_=320mm



Two way slabs

design the steel reinforcement for corner
The corner should be design according to max. bending positive moment of long and
short direction.

{Mu short = 27.8 kN.m/m, Mu long = 18.68 KN. m/m}

Use @ 12 @185 mm

|
L

1

S

T&B@12@185 0

G)]

o

[N

'_

T@12@320 % TQJ‘]G@‘]QO
I ®
(']
[
m
B@12@185

(o]

(Fy]

G)]

od

]

u § | /
~ |~

10



Two way slabs

HW: For the reinforced concrete floor shown in the Figure below, design the slab to carry
. k
service live load 6 m—IZ and dead load due to:
. . k .
Self-weight, 5 cm tiles, 2 cm mortar, 2 cm plaster and 3 —IZ partition.
m

f; = 25 MPa, fy 420 MPa. For concrete use density=24 %, for tiles, mortar and plaster

: kN
used density=20 —

S 49m ¥
| ]
p \
7m
|| /
L~

11
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Lecture (14)

Two way solid slabs

Two way slabs

Ex-2: For the reinforced concrete floor shown in the Figure below, design the slab (A) to

N kN
carry service live load 5 — and dead load due to:

2

Self-weight, 3 cm tiles, 3 cm mortar, 2 cm plaster and 3

KN ..
— Partition.

f; = 25 MPa, fy = 420 MPa. For concrete use density 24 % and for tiles, mortar and

: k
plaster use density 22 m—l\;

8.0m 8.0m 8.0m
1 ™
B A 6.0m
| s |
I
3.0m
B | |
| |

Solusion
1- Find the type of the slab

Ly

a

2- Find slab thickness

_2(l+1,) 2% (6000 + 8000)

8
L =¢" 1.33 <2 - two way slab

180 180

= 155.5 = 160mm



Two way slabs

3- Find the ultimate load

- Dead load

Material % % W=yxh =%
Tiles 22 22X0.03=0.66

mortar 22 22X0.03=0.66

Self-weight of slab | 24 25X0.16=4
plaster 22 22X0.02=0.44
partition 3
Total dead load 8.6

Factored dead load=1.2*8.6=10.32 %

- Live load

Factored live load= 1.6*5=8 %

kN
Wu=1032+8=1832 —
m

4- Check the shear requirement

m="2=5-075 (case 8)
lp 8

To find the value of shear, go to table 4 | 8.0 m |

a- Short direction W, (i—“ = 0.75) = 0.61

" A

And

e

b- Long direction &

l
w, (l—“ = 0.75) =0.39
b

The reactions of the slab are calculated from Table 4, which indicates that 61% of the

load is transmitted in the short direction and 39% in the long direction.



Two way slabs

For short direction

Wua=0.61x18.32=11.18 kN/m

A A A A A A A A A

33.54 kN 6 m 33.54 kN

12
d5=160—20—7=134mm

Vu@d = 33.54 — 0.134 x 11.18 = 33.04 kN/1m

V25
@V, = 0.75 X — X 1000 X 134 x 1073 = 83.75 kN/1m

OV, > Vu@d ok

the slab thickness is enough to resist the shear force

For long direction

Wub=0.39x18.32=7.14 kN/m

I A A

28.56 kN 8 m 28.56 kN

12
dL=160—20—12—7=122mm

Vu@d = 28.56 — 0.122 X 7.14 = 27.69 kN /1m



Two way slabs

V25
OV, = 0.75 X ——x 1000 x 122 X 107 = 76.25 kN/1m

oV, > Vu@d ok

the slab thickness is enough to resist the shear force

Short direction

1- Negative moment at continuous edge. Use table 1

Negative moment/short
m factor length load Moment ds As
0.75 0.061 6 18.32 45.74 134
M; =C,WI2

lq
Cy (— = 0.75) = 0.061
Iy
M7 = 0.061 x 18.32 x 6% = 40.23 kN.m/m

2- Positive moment at mid span. Use table 2&3
M;d = Cadelczl...table 2

la

Cod (l— _ 0.75) = 0.036
b

M}, =0.036 x 10.32 x 62 = 13.37 kN.m/m

M}, = Cy W, I2.. table 3

l

C, (l—“ = 0.75) = 0.049
b

M}, =0.049 x 8 x 62 = 14.11 kN.m/m

M} =M}, + M} =13.37 +14.11 = 27.48 kN.m/m
3- Negative moment at discontinuous edge= 1/3 positive moment

=1/3%27.48=9.16 kN.m/m



Two way slabs

Long direction

1- Negative moment at continuous edge. Use table 1

Negative moment/Long direction
m factor length load Moment du As
0.75 0.036 8 18.32 122
M, = C,WI2

la _
Cy E =0.75] = 0.036

M, = 0.036 x 18.32 x 8.02 = 42.2 kN.m/m

2- Positive moment at mid span. Use table 2&3
Ml;l-d = deWdll%...table 2
lg
Cpa (— = 0.75> =0.013
lp
M7, =0.013 x 10.32 x 8.0> = 8.59 kN.m/m

M;L = CbLWng...table 3

l
Cpy (i = 0.75) =0.016

M7, =0.016 x 8 x 8.0 = 8.19 kN.m/m

M} = Mj, + M}, = 8.59 + 8.19 = 16,78 kN.m/m



Two way slabs

8.0m
/ - |
/ 9.16
16.78
| q 6.0 m
42.2 27.48 42.2
{ || ~ | | 7
K 40.23 /

Short direction

1- Negative moment at continues edge Mu=40.23 kN.m/m

12
dq =160 —20 — — = 134 mm
Pmin. = 0.0018 — ASpm = 0.0018 x 1000 X 160 = 288 mm?

= 085X B X 25 ><3—00184-
pmax._ - ﬂ 420 7_ -

PMn > Mu

Mu = @ p bd%fy (1 0502 p)
C

0 b d2f;

T (B

6
1i\/1_2.36>|<Mu>|<10

p = 0.006324



As = 0.006324 x 1000 x 134 = 847.4 mm? > As,,;, = 288 mm?

847.4 1000

=113.04=7.5barm1m—>s=ﬁ=133mmz130mm

n

Smax. = min.of (2h = 320mm, 450mm)
S < Smax. 0k, Use @ 12 @130 mm
Or Use @ 16 @230 mm

2- Positive moment at mid span Mu=27.48 kN.m/m

6
1i\/1—2'36*Mu*10

O b dzf,

T (@)

p = 0.004226

As = 0.004226 x 1000 x 134 = 566.2 mm? > As,,;;, = 288 mm?

566.2 © 0 bar in 1 1000 200
= — = . b = =
n 1131 arinilm S 50 mm

Two way slabs

Smax. = min.of (2h = 320 mm,450 mm) S < Smax. 0k, Use @ 12 @200 mm

3- Negative moment at discontinuous edge

1
As = 3 X 566.2 = 188.73 mm? < As,,;,, = 288 mm?,use Asy;,

Smax. = min.of (2h = 320 mm, 450 mm)

288 1000

n=———=254barinlm->s=——=392mm > S,,,, = 320 mm

113.1 2.54

Use @ 12 @320 mm



Two way slabs

Long direction

1- Negative moment at continues edge Mu=42.2 kN.m/m

12
dp = 160—20—12—7= 122 mm
Pmin. = 0.0018 > As,,;, = 0.0018 x 1000 X 160 = 288 mm?

25 3
Pmax. = 0.85 X ,8 X m X 7 = 0.0184

PMn > Mu

Mu = @ p bd?*fy (1 —0.59f—),] p)
c

2.36 % M,, * 10°
1i\/1_ (Z)bdzfc’

T (@)

- p = 0.008161
As = 0.008161 X 1000 X 122 = 995.6 mm? > As,;, = 288 mm? ok

995.6 891 bar in 1 1000 110
= — = 0. b = =
n 113.1 arimlm S 381 mm

Smax. = min.of (2h = 320 mm, 450 mm)

S < Smax. 0k, Use @ 12 @110 mm

Or, Use @ 16 @200 mm

2- Positive moment at mid span Mu=16.78 kN.m/m

12
dp = 160—20—12—7= 122 mm
Pmin. = 0.0018 = ASpm = 0.0018 x 1000 X 160 = 288 mm?

= 085X f X 25 ><3—00184
pmax._ - ﬂ 420 7_ -

PMn > Mu



Two way slabs

Mu = @ p bd?*fy (1 — 0.59f—),, p)
fe
_ 236« M, x10°
1i\/1 G5bdf
p =
1.18(f—),/>
fe

- p = 0.003076
As = 0.003076 x 1000 X 122 = 3753 mm? > As,y;, = 288 mm? ok

3753 _ coi 1000 _
o — = 8. - = =
n 1131 arinilm S 881 mm

Smax. = min.of (2h = 320 mm, 450 mm)

S < Smax. 0k, Use @ 12 @300 mm

location Short Long
Moment kN.m/m As Moment kN.m/m ASs
Positive 27.48 @12 @200 16.78 @12 @300
Negative continuous 40.23 @12 @130 40.23 @12 @110
Negative discontinuous 9.16 @12 @320 | = s | e
8.0 m
s || — ||
]
s |®
™~ —
¢ 8
T¢12@110 5 T$12@110 6.0 m
| B@12@300 ‘
D /
| =
[ B — &N | 7 -
]
B
__-———'_______-——-________

=
o




Two way slabs

HW-2: For the reinforced concrete floor shown in the Figure below, design the slab (B) to

- kN
carry service live load 6 — and dead load due to:

. . k .
Self-weight, 3 cm tiles, 3 cm mortar, 2 cm plaster and 4—1\2 partition.
m

fi =22 MPa, fy = 420 MPa. For concrete use density 24 % and for tiles, mortar and

: kN
plaster use density 22 —

8.0m 8.0m 8.0m
[ l I |
B A 6.0 m
n | n | |
30m
n | | | |
| | | |

11
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Two way slabs

Lecture (15)

Two way solid slabs

Ex-3: For the floor system shown in the figure below use:
- live load 5 kN/m?
- The service dead load consists of self-weight, 2 cm tiles, 2 cm mortar, and 1.5 cm

plaster. (use concrete density 25 % while the density of tiles, mortar and plaster is
22-3)
- f¢ =30 MPa, f, = 400 MPa and all beam have width 300 mm
Answer the following:
1- Classify the floor system into one way or two way.
2- Find the slab thickness to satisfy deflection requirement. (use one thickness for all
slabs)
Check the proposed slab thickness in previous step according to shear
requirement.
Design the continuous edge (section a-a) (middle strip) shown in Figure.

T 1

w
1

D
1

7.50 m

7.50m

J’—d.SUm

8.80 m



Solution:

1)

Ib/la=7.5/4.5 =1.66<2

Two way slab

b

) 3

b

m =la/l,=4.5/7.5=0.60

Panel 1
la=7.5m

Ib=8.8 m

Ib/la= 8.8/7.5 = 1.17<2
Two way slab

I,

case 4

m =la/l,=7.5/8.8=0.85

Two way slabs

7.50m

7.50 m




Two way slabs

2) Find the slab thickness

. 2(Ig + 1) 2% (7500 + 8800)
180 180

3) Check the proposed slab thickness according to shear requirement.

=181 = 190mm

a- Find the ultimate load applied on slab

- Deadload

, kN . _kN
Material % — W=yXh =

Self-weight of slab 25 25*0.19=4.75

Tiles 22 22*0.02=0.44

Mortar 22 22%0.02=0.44

plaster 22 22*0.015=0.33

Total dead load 5.96

Factored dead load= 1.2%5.96=7.152 %

b- Live load
Factored live load= 1.6*5=8 %

kN
Wu =7.152+ 8 = 15.15 —
m
Go to table 4
Panel 1

Short direction

W, , = 0.66 X 15.15 = 10 kN /m

Wy aXlg _ 10X7.5

Reaction= =375kN/m



Two way slabs

Long direction

W, , = 0.34 x 15.15 = 5.15 kN /m

WyupXlp _ 5.15X%8.8

Reaction= = 22.66 kN/m

Panel 2
Short direction

W, , = 0.89 x 15.15 = 13.48 kN/m

Reaction= W”;Xl“ = 13'482X4'5 = 30.33 kN/m

Long direction

W,, = 0.11 x 15.15 = 1.66 kN/m

WypXlp _ 1.66 X7.5
. =

Reaction= = 6.225kN/m

Wua=0.89x15.15=13.48kN/m Wu,=0.34x15.15=5.15kN/m

30.34kN 30.34kN T 122.66kN 22 66kN

6.25kN

anel 2
H panel 1 Long 0.34
0.89 ‘ =
Short ‘ ‘ 4

£ g
g 0.11 case 4 0.66 'a
2 . Short T
s Long =
o 2
< 3
E <
S (0]
’ 4
2 8 [

6.25kN
NAGLE

|-

|

I —



12
d, = 190—20—7= 164 mm

12
db=190—20—12—7=152mm

V,@d=375-10 x 0.164 = 35.86 kN/1m

V30 )
OV, = 0.75 x ——x 1000 x 164 x 10~ = 112.28 kN/1m

oV, > Vu@d ok

the slab thickness is enough to resist shear force

4) Design section a-a

Panlel

Long direction, 1a=8.8m, case4 and m=0.85

Negative moment at discontinuous edge
lq

C, (— = 0.85) = 0.034

Ly
M; = 0.034 x 15.15 x 8.82 = 39.89 kN.m/m

Panle2

Short direction, la=4.5m, case4 and m=0.6

Negative moment at discontinuous edge
lq

Cp (— = 0.6) = 0.089

Ly
M; = 0.089 x 15.15 X 4.52 = 27.3 kN.m/m

Two way slabs



Two way slabs

39.89 kN.m/m

Note:
In continuous edge, there are two values for the negative moment, therefore the

following condition should be considered:

M, , = the smallest value of moment
M, , = the largest value of moment

M
if Mu 1>0.8 design accoding to lagest value of moment

u?2
if ZZ: < 0.8 the moment shold be redisterbution as shown below
1
M, = M, , + (AM) X1l—s1
T
Where:

M,, = design moment
AM =My, — My,
ls = the length parallel to smallest moment

[L = the length parallel to largest moment

7



Two way slabs

/- N
S X
\\ S
) /
Ca &
27.3kN.m/m 39.89 kN.m/m
273 _ 0.68 < 0.8
39.89 '
1 1
My = My 1 + (AM) x = Ls — = 27.3+ (39.89 — 27.3) X 14—-51 — 35.6 kN.m/m
YL 25788

Find the reinforcement
12
d, = 190—20—7= 164 mm

12
db=190—20—12—7=152mm

Pmin. = 0.0018 = ASym. = 0.0018 x 1000 X 190 = 342 mm?

Pmax. = 0.85 X [ X f—C, X E = 0.0154
fy 7

Table 22.2.2.4.3—Values of B1 for equivalent rectangular
Concrete stress distribution
fi MPa B
a|l17 <f/ <28 0.85
L |28 <f/ <55 085 0.05(f, — 28)
7
c| f/>55 0.65

0.05(f, — 28) _ o5 0.05(30 — 28)

= 0.836
7

B =0.85—

30 3
= Vu. X 0. X——X == 0.
Pmax. = 0.85 X 0.836 X 75 X = = 0.0228

8



Two way slabs

OMn = Mu
Mu = @ p bd?*fy (1 — 0.59f—),} p)
fe
_ 236 M, x10°
1% Jl 5bdef
p =
(2
fe

Use depth of the long direction (d, = 164 mm)

2.36 = 35.6 * 106
1i\/1_0.9* 1000 * 1522 % 30

1.18 (%)

p:

p = 0.00443

As = 0.00443 x 1000 X 152 = 673.36 mm? > As;, = 342 mm?

673.36 1000

1131 =5.95barm1m—>szﬁ

Smax. = min.of (2h = 380 mm, 450 mm)

=168 mm

n=

S < Smax. 0k, Use @ 12 @160 mm



10

Two way slabs
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Load transferred to beams

Lecture (16)

Load transferred to beams

Load Paths
Structural system transfer loads from the floors and roof to ground though load paths

that need clearly identified in the design process.

w {kN/m}
g {kN/m?} I TY ¢/¢ AL
/ < ==
Beam AN Beam Column|
MM}/MMMTM A A R
BAAAARRARAERAAL. R
PARA AR AR A AR | '
T A A Y N N
[ Bean O Bearm | @ ><‘ < X

Identifying the correct path is important for determining the load carried by each structural
member.

The distributed load over the floor has unit (force/ area) kN/m?

In order to design the beam, the tributary load from the floor carried by beam and
distributed over the span is determined. This load has unit (force/ distance) KN/m.

* If L/S > 2 the load will transfer to beam by one way path as shown in the below

W(kN>—L d of lb(kN)x51 1| | e Ay 110
m) = O Gnz) 72 1 N 1 N B

—— Beam —-

= ==

=

E

Ln
+
1’}

_—— e —— e e —




Load transferred to beams

* If L/S < 2 the load will transfer on beam by two way which are bounded by 45-
dgree lines drawn from corner of the panel as shown in figure below.

I”

i Uniform distributed load transfer to short s Bs

i direction beam from each panel

i Wu. § N

i us = 3 il

i >

i /

L i 5 B4

L A L )
A L 7 L A
'I
i While the Uniform distributed load transfer to )
i long direction beam from each panel We(S/2)
: Wu.§s 3-m? T T (T [T, Beam B3-B4
: Wi = * & iN v
i 3 2 ) v v
H / ! K i S 7
L L |
A L 4 L A
(©) Beam B1-B2
Figure (a) Tributary areas for slab loads on beams; (b) tributary

areas for loads on continuous beams; (¢) loads on beams B3-B4 and B1-B2



Load transferred to beams

Where:

W, =uniform distributed load supported by slab (kN/m?).

W, . = equivalent load transferred from slab to beam of long direction (kN/m).
W, s = equivalent load transferred from slab to beam of short direction (kN/m).
S =length of short direction.

L =length of long direction.

m = ratio of S/L

For Roof

The load transferred to beams of roof consists of:

1- Load transferred from slabs (one way or two ways)
2- Load transferred from walls (if any)

3- Load transferred from parapet (if any)

For Floor
The load transferred to beams of floor consists of:
1- Load transferred from slabs (one way or two ways)

2- Load transferred from partitions (if any)

Ex:1

The roof system shown in the figure below carries an ultimate load of 5 % find the
following

1- The load transferred to the beam AB.

2- The load transferred to the beam CD

3- The load transferred to the beam EF

4- The load transferred to the beam DE

Notes

- The parapet dimension is 500 mm height and 200 mm thickness.

- A brick wall of 1.5 m height and 125 mm thickness is located at the edge beams of roof

- All beams of the first floor carry a brick wall of 3 m height and 250 mm thickness

4



Load transferred to beams

, respectively.

3

- The densities of concrete and wall are 24 % and 18 fn—N

—8.0m—-2.0m+—8.0m——
A C
5m
B D
E F
5m

Solution

1- The load transferred to the beam AB

- From slabs
W _Wu.S_5><5_833kN
T3 T 3 T T T T m

- From parapets
kN
1.2x05x%x0.2x%x 24 =288 —

- From walls

kN
1.2x1.5x0.125 x 18 = 4.05 py

Total load transferred to beam AB=8.33 + 2.88 + 4.05 = 15.26 %N



Load transferred to beams

2- The load transferred to the beam CD

- From two way slab
~Wu.§S 5x5 kN

usT o3 3 T m
- From one way slab

W(kN>—L d zb(kN)xS—st—skN
—) = oad of sla — 5 = 5=

Total load transferred to beam CD=8.33 + 5 = 13.33 %N

3- The load transferred to beam EF

2

5

W s Wu. S 3-m?> 5x 5 3—(§) o1 74 KN
= * = * = . _—

ul 3 2 3 2 m

4- The load transferred to the beam DE
Wus - 0



Load transferred to beams
Ex:2

The first floor system shown in the figure below carries a dead load of 4 % and a live load
of 6 % find the load transferred to beams B1, B2, B3, B4, and b5

Notes
- The parapet dimension is 500 mm height and 200 mm thickness.

- A brick wall of 1.5 m height and 125 mm thickness is located at the edge beams of roof
- All beams of the first floor carry a brick wall of 3 m height and 250 mm thickness

k_N
m

-, respectively.

- The densities of concrete and wall are 24 % and 20

—8.0m—-25m+—8.0m——

B2 B4 BS




Load transferred to beams

Ex:3
The slab system shown in the figure below carries the following loads

- For the first floor, a dead load of 4 % and a live load of 6 %

- For the roofs, a dead load of 4 k—’\; and a live load of 2 k—’\;
m m

1-Find the load transferred to beams B1, B2, and B3 of the first floor

2-Find the load transferred to beams B1, B2, and B3 of the roofs

3- Draw the frame 1-1

Notes

- The parapet dimension is 500 mm height and 200 mm thickness.

- A brick wall of 1.5 m height and 125 mm thickness is located at the edge beams of roof

- All beams of the first floor carry a brick wall of 3 m height and 250 mm thickness

- The densities of concrete and wall are 24 k—l\; and 20 k—'Z respectively.
m m
—8.0m—r25m+—8.0m——

B B2 | B3
@ —®
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Load transferred to beams

Lecture (17)

Load transferred to beams

Ex:2

The first floor system shown in the figure below carries a dead load of 4 % and a live load
of 6 % find the load transferred to beams B1, B2, B3, B4, and b5

Notes
- The parapet dimension is 500 mm height and 200 mm thickness.

- A brick wall of 1.5 m height and 125 mm thickness is located at the edge beams of roof
- All beams of the first floor carry a brick wall of 3 m height and 250 mm thickness

kN
m

-, respectively.

- The densities of concrete and wall are 24 % and 20

—8 0m—r2.5m+—8.0m——

B2 B4 BS




Load transferred to beams

Solution

kN
Wi =12Wp + 16W, = 12X 4+ 16X 6 = 144 —

1- The load transferred to the beam B1
- From two way slab

Wu. S 144 X6 kN
WuS = 3 = 3 = _

- From walls

kN
1.2><3><0.25><20=18F

Total load transferred to beam B1=28.8 + 18 = 46.8 %N

2- The load transferred to the beam B2

- From slabs
62
W g WU S 3 —m? 5, 144 X 6 3—(§) s
= * = * — 2 —
ul 3 2 3 2 m
- From walls

kN
1'ZXBXO'ZSXZO=18F

Total load transferred to beam B2=70.2 + 18 = 88.2 %V

3- The load transferred to the beam B3

- From two way slabs

Wu. § 144 X 6 kN
WuS = 3 = 3 = 288 F

- From one way slab

kN kN\ S 2.5 kN
W(—) = Load of slab (—) X==144 X — =18 —
m m2/ 2 2 m



Load transferred to beams

- From walls
kN
1'ZX3XO'ZSXZO=18W

Total load transferred to beam B3=28.8 + 18 + 18 = 64.8 %N

4- The load transferred to the beam B4
Wus = 0

- From walls

kN
1.2X3XO.25X20=18?

Total load transferred to beam B4=0 + 18 = 18 %N

5- The load transferred to the beam B5

- From slabs
62
W gy Wu.S 3 —m? ), 144 x 6 3—(§) I
= *k = *k = . —_—
ul 3 2 3 2 m
- From walls

kN
1.2X3XO.25X20=18%

Total load transferred to beam B5=70.2 + 18 = 88.2 %N



Load transferred to beams

Ex:3
The slab system shown in the figure below carries the following loads

- For the roofs, a dead load of 4 % and a live load of 2 %

- For the first floor, a dead load of 4 % and a live load of 6 %

1-Find the load transferred to beams B1, B2, and B3 of the roofs

2-Find the load transferred to beams B1, B2, and B3 of the first floor

3- Draw the frame 1-1

Notes

- The parapet dimension is 500 mm height and 200 mm thickness.

- A brick wall of 1.5 m height and 125 mm thickness is located at the edge beams of roof

- All beams of the first floor carry a brick wall of 3 m height and 250 mm thickness

- The densities of concrete and wall are 24 k—l\; and 20 k—IZ respectively.
m m
—8.0m—r25m+—8.0m——

B B2 | B3
@ | @




Load transferred to beams

1- load transferred to beams B1, B2, and B3 of the roofs

kN
Wy =12Wp +16W, =12x4+16Xx2=8 —

- The load transferred to the beam B1

- From slabs

6

Wu.S 3-m? ,, 8 %6 3—(§) kN
* =

3 2 3 2 m

WuL = 2 X
- The load transferred to the beam B2=0
- The load transferred to the beam B3

- From slabs

6

W g WU S 3 —m? ,, 8 %6 3—(§) 29 KN
= E3 = E3 = —

ulL 3 2 3 2 m

2- load transferred to beams B1, B2, and B3 of the first floor

kN
Wi=12Wp +16W, = 12X 4+16%6 =144 —

- The load transferred to beam B1

From slabs
6 2
W gy Wu.S 3 —m? ,, 144 % 6 3—(§) S0z KN
= X * = * = 2 —
ul 3 2 3 2 m
- From walls

kN
1.2><3><0.25x20=18ﬁ

Total load transferred to beam B5=70.2 + 18 = 88.2 %N

6



Load transferred to beams

- The load transferred to the beam B2

From walls

kN
1.2x3x0.25x20=18?

- The load transferred to the beam B3

From slabs
62
W o Wu. S 3 —m? ,, 8 %6 3—(§) e
= ES = k — ] —_
ul 3 2 3 2 m
- From walls

kN
1.2><3><O.25x20=18?

Total load transferred to beam B5=70.2 + 18 = 88.2 %N

3- Drawing of frame 1-1

39 kN/m 39 kN/m
[TIITIITIT] [TTTITIIIT]

88.2 kN/m |18kN/m| 88.2 kN/m
[IIITIIII I II I TP IIIITITITIL]

Section 1-1



