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i and moment envelope for a continoous beam: (o) maximuom positive moment: (2 maximom negative
mum negative moment at right end; {4} composite moment envelope.

Eng.mumdoh al-bosily Page 1


مــمــدوح
Typewriter
Eng.mumdoh al-bosily


CE472

One way joist Slab formula:

M, /0.9 d,
n=bu*d2*106:Mpa, d=h—20—7—ds=_mm
1 2R xm
m:f—y=_, p=—|1- [1-——F— |=_
0.85 = f, m fy
[ 1.4
m*bw*d
Ag=p*bxd=_mm?,  Asp,m =max N = _ mm?
l < *bw*dJ
4 %420
nzj—zzrealnumber for flexural — n @d,

As shrinkage = 0.0018 * 1000 * hf = _mm2
A
Smax = min (A—b * 1000 = _mm,300mm, 4 * hf)
s

C,*wy, *L
4 =% ) (z>VC=1.1*0.75*@*bw*d*10—3=_kn

@V. >V, noneed to shear reinforcment

Beam formula:-

M, /0.9 ]
R"_—1000*d2*10 =_ Mpa
dp
d =600—40—d, -5 =_—mm (one layer)

S
d =600—40—d, —25—§=_mm (two layer)

o 1 1 2¥Ryxm |
T 085%f ' m £ —

1.4
| st |

As min = l’l’laX| \/ﬁ | _ mm?
[ az0 " 2w * 4]
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A
check A > Agin 0k, n= A—s = real number

b

check bpy, =80+60+ (n—1)(d, +25) >b ok
. ap 600 S a .
T a=P\eoorg)”a T

a
=03758; > T ~ Tension — controlled section
t t

(DVC=O.75*\/6f_C*bW*d*1O_3=_kn

a
lf TCL

V, — oV,
h=—g75 = —n

if V<2V,
e d
Smax = mini{H600 ,E)

if 2V. < V. <4V,

no need for shear reinforcment

if oV.> V, >=-0V.

N| =

need to provide minmume

1 s b, *s
Ay min =maX{<E\/ﬁ *bW*E>'( 3fy )}
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Example 1:

The figure shown below shows the architectural plan for 3-story building. The slab will be designed to
carry super imposed dead load (1.5KN/m?) and Live load (3KN/ m?) by compressive strength 25 Mpa
and steel yield strength 420 Mpa.

Given data:

The one way joist slab is used.

Weight of block =12Kn/m?
hf =50mm, h, =250mm, b, =120mm, S=500mm
The beams dimensions = (300,600) mm

The columns dimensions= (300,500) mm

i _ _ _ ]

8m

Typical joist slab

»d
Lan |

8m

. -
< »d
Pl L |

v
'y
A
) 4

4m 4m

I kennnn

4m ' 4m
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Determine the following:

1- Check if Slab thickness meets SBC304.

2- Design the slab for Max +Ve moment.

3- Design the slab for Max -Ve moment.

4- Check the slab for Shear reinforcement.

5- Draw the details and show all value.

6- Design the beam (A-B) for flexure and shear.
7- Calculate the axial load acting on column C.

Solution:

L _a000_
min =57 T Top T U mm

[ 4000

== = 2162
hmin = 185 = 185 6.2 mm

hpin = maxifi190.5 ,216.2) = 216.2 mm
h =300 mm > h,,;, — ok
500
hf > (SOmm 17 = 41,67 mm) =50mm hf =50mm ok

h,, (3.5 * 120 = 4200mm) h, =250 mm ok
b, = 100 mm b, =120mm ok
S *» 800 mm S =500mm ok

bf =500+ 120 = 620 mm

bt

v

A

hf hf

A\ 4
A
v
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Load on typical rip:

DLy = (2.75 % 0.62) + (0.25  0.12 * 25) + (0.5 * 0.25 * 12) = 3.955 kn/m

Wu = 1.4(2.75) + 1.7(3) = 8.95 kn/m?

DL = own weight + superimposed

DL = (0.05 * 25) + 1.5 = 2.75 kn/m?

LL = 3 kn/m?

Wu =14DL + 1.7LL

LLjy = (3% 0.62) = 1.86 kn/m

Wu,y, = 1.4(3.955) + 1.7(1.86) = 8.7 kn/m

P ———

»d
Ll |

»
L |

»
>

P
<«

»
»

P
<

dm dm dm dm
Lu (m) 4m 4m 4m 4m
Ln (m) 3.7m 3.7m 3.7m 3.7m
Cm 1/24 | 1/14 1/10 |1/11 |[1/16 |1/11 |1/11 |1/16 |1/11 |1/10 1/14 1/24
Wu(kn/m?) 8.7 8.7 8.7 8.7
Mu(kn.m) 8.51 11.91 11.91 | 8.51
d (mm) 267 267 267 267
Rn (Mpa) 0.214 | 1.55 1.55 0.214
P 0.00051 | 0.0038 0.0038 | 0.00051
As (mm?) 84.75 123 123 84.75
AS min(mm?) 106.8 | 106.8 106.8 106.8
As (mm?) 106.8 | 123 123 106.8
N 1.36 1.57 1.57 1.36
Use 2410 2410 2410 2410
As 90 90 90 90
shrinkage(mmz)
S max( Mm) 200 200 200 200
Cv 1.15 1.15
Vu (kn) 18.51 18.51
Ve (kn) 22.03 22.03
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sample of cacluations

L,=4m, L,=4-015-0.15=3.7m

1 1
szﬁ, Mu=E*8.7*3.72=11.91 kn.m
d=300—-20-8 10 267 R —11'91/0'9 10 =155 M
— — — —_——_—= = * = 1.
2 mm ., "= 1202672 pa
420 19765 1 ) 2%1.55%19.765 | 0.0038
Mm=085+25 % PT719765 420 Bl

[ 1.4 ]
220 x 120 * 267

A, = 0.0038% 120 * 267 = 123 mm?,  Agpy = max = 106.8 mm?

l \/Z * 100*225J

4 %420

Ay 123 157 ~ 2
"Ta, T78s5 70T
for flexural - use 2 @10

A shrinkage = 0.0018 * 1000 * 50 = 90 mm?

(7
Smax =m1n(90

* 1000 = 872.2mm,300mm, 4 * 50 = 200) = 200mm

for shrinkage — use 10@200 mm

_ 115%8.7%3.7

= 1851k
> n

¢, =115, V,

5
%120 * 267 * 1073 = 22.03 kn

OV, = (1.1)0.75 *

@V, >V, = shear reinforcment is not needed
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Typical reinforcement in a one-way slab

Top hars at
exlerler beams

Top bars at

/extener beams\

\_[ Betlem bars

\_[ Temperature bars \_[ -

‘ Exterior span R } Interior span R
I 1T i
(a) Straight top and bottom bars
Bem bar / Bent bars \
= re— . e
Benom bars \_[ Temperature bars 7 u
‘ Exterior span J ‘ Interior span ‘
]

| "| |1

(b) Alternate straight and bent bars

Larger ol 0.3 £, and 0.3 5

14 . e

Larger of 0.3 1z and 0.3 i

['_

Kmimum & in.
typical M _h t fq
(c) One-way slab
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Design of beam (A-B) :-

..A....I -

8m

.
L
VVV VYV VVY Yy vV Yy v
L A A r.

8m o —
> —
e <
—>

x.JJ N

<
<

i

\
y
\ 4
X
Y.
A
4

4m am 4m ' 4m

>

Load acting on the beam (A-B)

1- Dead load:

3955

DL
0.62

% (1.85+ 1.85) + (1.5 % 0.3) + (0.6 * 0.3 * 25) = 28.55 kn/m

2- Live load

6
% (1.85 + 1.85) + (3 % 0.3) = 12 kn/m

LL =
0.62

Wu = 1.4(28.55) + 1.7(12) = 60.37 kn/m
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*

Lu (m) 8m 8m
Ln(m) 7.7m 7.7m
Wu(kn/m) 60.37
Cm 1/16 1/14 1/9 1/9 1/14 1/16
Mu (kn.m) 255.7 397.7 397.7 255.7
d(mm) 517.5 (two layer) | 517.5(two layer) | 517.5(two layer) | 517.5 (two layer)
Rn(Mpa) 3.54 5.5 5.5 3.54
P 0.0093 0.0155 0.0155 0.0093
As(mmz) 1443.825 2406.375 2406.375 1443.825
AS min (MmM?) 517.5 517.5 517.5 517.5
n 4.,59=5 7.66=8 7.66=8 4.,59=5
Fs=Fy Ok Ok Ok Ok
TCL Ok Ok Ok Ok
b min (mm) (0]4 OK OK 0K
Use 5020 8020 8020 5020
Cv 1 1.15 1.15 1
Vu (kn) 232.4 267.3 267.3 232.4
Ve (kn) 97.03 97.03 97.03 97.03
Vs (kn) 180.5 227.03 227.03 180.5
Av (mm?) 157 157 157 157
S (mm) 189.1 150.31 150.31 189.1
S max (MmM) 258.75 258.75 258.75 258.75
Use P10@185 P10@150 ?10@150 ?10@185
sample of cacluations
L, =8m, L,=8-015-015=7.7m
1 1
Cp = 5 M, = 5 60.37 x 7.7 = 397.7 kn.m
25
d=600—-40—-10—-20-— -5 = 517.5 mm (two layer)
397.7/0.9 p
"= 300+517.52 100 = > Mpa
420 1 2%55 %x19.765
m—m—19765, p—m 1—- |1- 420 = 0.0155

A, = 0.0155 * 300 * 517.5 = 2406.375 mm?,

Eng.mumdoh al-bosily
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A . = ﬂ* 300 * 517.5 = 517 mm?
Ssmin 420

V25

Asmin = 4 %420 %300 % 517.5 = 462.1 mm?

Ag min = max(517,462.1) = 517mm?

_ 2406.375 766 ~ 8
TV
_ 8x314 %420 1655
4= 085%25+300 o0
ab a .
F: 0.5 >E: 0.32 s fszfy
arcl a . .
P = 0.31875 > T = 0.306 ~ Tension — controlled section
t t

for flexure use 8020

115603 % 7.7
N 2

¢, =115, V, = 2673 kn

5
PV, = 0.75 * * 300 * 517.5 * 1073 = 97.03kn

_267.3—-97.03

= 227.
|74 075 7.03 kn

10° )
A, =2x T = 157 mm* (two leg)

_ 157 %420 % 517.5

_3 —
53703 * 10 150.31 mm

v <2y,
517.5
Sinax = min (300'T = 258.75) = 258.75mm

use p10@150mm
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Axial load on column C:-

Beam s in x- direction:
4 4
DL = {(0.3 * 0.6 * 25) * 5} + {(0.3 * 0.6 * 25) * E} =18kn

LL=0+0=0kn

Beams in y- direction:

DL {(03 0.6 * 25) + (1.5 03)+(3'955 37)} 8
= 3% 0.6 x O *x 0. * 3. * —
0.62 2

+ {(0.3 % 0.6 % 25) 4+ (1.5 % 0.3) + (

> 37) 8 22842k
062 }*E_ e kn

LL {1'86(37)+ 3 03} 8+{1'86(37)+ 3 03} 8 96 k
={—— (3. * (. * — — (3. * (). * — =
0.62 ( )j*3 06z ( )j*3 n

Wu = 1.4(18 + 228.42) + 1.7(96) = 508.188 kn

Eng.mumdoh al-bosily
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Example 2:

Given data:-

fe =30 Mpa ,f, = 420 Mpa

super imposed = 2.5kn/m? , LL = 3kn/m?

hf =50mm, h, =250mm, b, =120mm, S =500mm ,Weight of block =12Kn/m?
beams size = (700,400) ,columns size (500,400) , weight of wall = 15kn/m
Required:-

Design the one way joist slab for flexure and shear.

Design the beam (A-D) for flexure and shear.

Compute the axial load on column C.

1+ - - - i

9m

I Typical joist slab

9m

9m

“..

v
A
v
A
v
A
A {

4.4m 4.4m 4.4m 4.4m

Page 13
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L _aa00_
nn =35 = 1 = 2095 mm
o=t M0

min = 953 T g5 2o/ mm

Rhpin = maxi{209.5 ,237.8) = 237.8 mm
h > h,,;, = ok

h =300 mm > h,,;, — ok

500
hf > (SOmm 17 = 41,67 mm) =50mm hf =50mm ok
h,, #(3.5 * 100 = 350mm) h,, =250 mm ok
b, = 100 mm b, =120mm ok
S » 800 mm S =500mm ok

bf =500+ 120 = 620 mm

bt
hy i he
h
hw hw
v
< bw e S >« bw > 4Tw>
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DL = own weight + superimposed
DL = (0.05 * 25) + 2.5 = 3.75 kn/m?
LL =3 kn/m?
Wu=14DL + 1.7LL

Wu = 1.4(3.75) + 1.7(3) = 10.35 kn/m?
Load on typical rip:

DLy = (3.75 % 0.62) + (0.25 * 0.12 * 25) + (0.5 * 0.25 * 12) = 4.575 kn/m

LL;y = (3 %0.62) = 1.86 kn/m

W, = 1.4(4.575) + 1.7(1.86) = 9.567 kn/m

————

Lu (m) 4.4m 4.4m 4.4m 4.4m
Ln (m) 4m 4m 4m 4m
Cm 1/24 | 1/14 1/10 | 1/11 | 1/16 | 1/11 | 1/11 | 1/16 | 1/11 | 1/10 1/14 | 1/24
Wu(kn/m?) 9.567 | 9.567 9.567 | 9.567
Mu(kn.m) 10.93 | 15.31 15.31 | 10.93
d (mm) 267 267 267 267
Rn (Mpa) 0.275 1.99 1.99 0.275
P 0.00066 | 0.0049 0.0049 | 0.00066
As (mm?) 109.3 157 157 109.3
AS min(mm?) 106.8 106.8 106.8 106.8
As (mm?) 109.3 157 157 109.3
N 1.39 1.999 1.999 1.39
Use 2610 2610 2410 2410
As 90 90 90 90
shrinkage(MmM®)
S max( MM) 200 200 200 200
Cv 1.15 1.15
Vu (kn) 22.0041 22.0041
dVc (kn) 24.13 24.13
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sample of cacluations

L, =44m, L,=44—-02-02=4m

1 1
Cn=17g> Mu =ﬁ*9.567*42 =15.31kn.m

15.31/0.9

R, =——  —%10°=199M
"= 1202672 pa,

10
d=300—20—8—7=267mm,

* * 7

__ 420 S S OO N L E LT (7 VIR
Mm=085+30 't PTT1gan 420 =
Ag = 0.0049 * 120 * 267 = 157 mm? , Agpn = max ]l

for flexural — use 20110

Ag shrinkage = 0.0018 * 1000 * 50 = 90 mm?

Smax = min( 50

* 1000 = 872.2mm ,300mm, 4 x 50 = 200) = 200mm

for shrinkage — use @10@200 mm

_ 1.15%9.567 * 4

> = 22.0041 kn

c, =115, V,

0
OV, = (1.1)0.75 * — = 120 * 267 x 103 = 24.13kn

@V, >V, = shear reinforcment is not needed
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Load acting on the beam (A-B)

1- Dead load:

_ 4575

0.62 *(2+2)+15+ (25+%0.4) + (0.7« 0.4 « 25) = 52.52 kn/m

2- Live load

6
*(2+2)+(3+04)=13.2kn/m

LL =
0.62

Wu = 1.4(52.52) + 1.7(13.2) = 95.968 kn/m

#

Lu (m) 9Im 9m 9Im
Ln(m) 8.6m 8.6m 8.6m
Wu(kn/m) 95.968
Cm 1/16 1/14 1/10 1/11 | 1/16 1/11 1/10 1/14 1/16
Mu (kn.m) 507 710 710 507
d(mm) 615.5 615.5 615.5 615.5
Rn(Mpa) 3.72 5.21 5.21 3.72
P 0. 00962 0.014 0.014 0. 00962
As(mm?) 2368.444 | 3446.8 3446.8 2368.444
AS min (MM?) 821 821 821 821
N 7.54=8 | 10.97=11 10.97=11 7.54=8
b min (Mm)

Fs =Fy Ok Ok Ok Ok
TCL Ok Ok Ok Ok
Use 8920 11¢20 11620 8¢20
Cv 1.15 1.15

Vu (kn) 474.6 474.6

dVc (kn) 168.56 168.56
Vs (kn) 408.1 408.1
Av (mm’) 226.08 226.08
S (mm) 143.21 143.21
S max (MmM) 307.75 307.75
Use $®12@140 ®12@140
Page 17
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sample of cacluations

L,=9m, L,=9-02-02=86m

1
Cp =— My =5 95.968 * 8.6 = 710 kn.m

25
d=600—-40—-12—-20— - = 615.5 mm (two layer)

710/0.9

"= 200= 61552 " 10" =521 Mpa

420 16471 1 2%521%16.471 \ _ 0.014
Mm=085+30 ' PT 16471 420 Bl
Ag = 0.014 % 400 = 615.5 = 3446.8 mm?,
1.4 5
V30
Asmin = 77,250 * 400+ 615 = 803 mm?
Ag min = max(821,803) = 821mm?
A AR E!
=T T OUE
_ 11%314%420 14292
= 085+30+400 ~ oeemm
ap a .
== 0.5 > 7= 023 = fozpy
arcy, a . ,
p] = 0.31875 > d_ =0.222 ~ Tension — controlled section
t t
for flexure use 11920
1.15 % 95,968 = 8.6
c, =1.15, V, = > = 474.6 kn
0
@V, = 0.75 * * 400 * 615.5 * 1073 = 168.56kn
V= 474.6 — 168.56 1081k
s = 0.75 - Fhe.en
Page 18
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122
Ay=2xm——= 226.08mm? (two leg)

_226.08 % 420 % 615.5
N 408.1

%1073 = 142.21mm
Vs <2V,
, 615.5
Sinax = min (300,7 = 307.75) = 300 mm

use P12@140mm

Axial load on column C:-

Beams in x- direction:
4.4 4.4
DL = {((0.4 0.7 % 25) 4+ 15) x 7} + {((0.4 0.7 % 25) + 15) * 7} = 96.8 kn

LL=0+0=0kn

Beams in y- direction:

4575 9
DL =1l oo * (2+2) + 15+ (25 % 04) + (0.7 5 0.4 % 25) |+ 5

4.575 9
+ {( ey @D+ 15+ (255 04) + (07 0.4 25)) *E} = 472.68 kn

LL = 1.86 242 3% 0.4 i 1.86 242 3%0.4 9—1188k
_{(0.62*( TD+E ')>*§}+{<0.62*( t2)+ @ ')>*§}_ o

Wu = 1.4(96.8 + 472.68) + 1.7(118.8) = 999.232 kn
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