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Abstract

Structural Design of ""Qara‘’ah commercial and industrial complex™.

The idea of this project can be summarized in the analysis and design of
a commercial and industrial complex composed of a paper factory and a

commercial building.

The project consists of two buildings: the first building is a three — story
paper factory with a total area of 2000 square meter , one floor is the
service and office floor, the second floor is a five-storey commercial
complex with a total area of 3550 meters Square, It is composed of a
basement floor, shops and three-storey offices .The design of the
project is based on the diversity of structural elements distributed in the

two buildings .

We used (ACI_318 08) code and structural designing programs such as
ATIR and AutoCAD(2014) are used in this project , and we also studied
some old graduation. The project will include detailed structural study
and analysis of identified construction elements subjected to various
loads followed by the structural design of these elements and the

preparation of all design drawings according on the prepared design.

God grants success
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List of Abbreviations:

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

e A = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

e Av = area of shear reinforcement within a distance (S).

e At = area of one leg of a closed stirrup resisting tension within a (S).
e b = width of compression face of member.

e bw = web width« or diameter of circular section.

e C.= compression resultant of concrete section.

e Cs= compression resultant of compression steel.

e DL =dead loads.

e d = distance from extreme compression fiber to centroid of tension
reinforcement.

e Ec = modulus of elasticity of concrete.

e fc: = compression strength of concrete .

o fy =specified yield strength of non-prestressed reinforcement.

oh = overall thickness of member.

eLn = length of clear span in long direction of two- way construction«

measured face-to-face of supports in slabs without beams and face to

18



face of beam or other supports in other cases.
e LL =live loads.
e Lw = length of wall.
e M = bending moment.
e Mu = factored moment at section.
e Mn = nominal moment.
e Pn = nominal axial load.
e Pu = factored axial load.
e S = Spacing of shear in direction parallel to longitudinal reinforcement.
¢ V¢ = nominal shear strength provided by concrete.
¢ \Vn = nominal shear stress.
¢ /s = nominal shear strength provided by shear reinforcement.
¢ VVu = factored shear force at section.
¢ \Wc = weight of concrete.
¢ \W = width of beam or rib.
e \WWu = factored load per unit area.
e @ = strength reduction factor.
e g = compression strain of concrete = 0.003.
e &= strain of tension steel.
e &= strain of compression steel.

e p = ratio of steel area.
19
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Chapter Four

Structural Analysis and Design

4.1 Introduction.

4.2 Design Method and Requirements.

4.3Check of Minimum Thickness of Structural Member
"" paper factory "'.

4.4 Design of Beam'" Paper factory "'.

4.5 Design of Two Way Solid Slab ' Paper factory "'.
4.6 Design of Two Way Rib Slab" Paper factory "'.

4.7 Design of Footing " Paper factory ™.

4.8 Design of One Way Rib Slab ""Commercial Building"'.
4.9 Design of Beam " Commercial Building ' .

4.10 Design of Column " Commercial Building .
4.11 Design of Stairs "* Commercial Building *'.

4.12 Design of Shear Wall " Commercial Building *'.

4.13 Design of Basement " Commercial Building ™.
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4-1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings,
retaining walls, tunnels and others.

Reinforced concrete is logical union of two materials: plain concrete,
which possesses high compressive strength but little tensile strength, and
steel bars embedded in the concrete, which can provide the needed
strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse
aggregate, water, and frequently admixtures.

Understanding of reinforced concrete behavior is still far from
complete, building codes and specifications that give design procedures
are continually changing to reflect latest knowledge.

Structural concrete can be classified into:
= Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
= Normal weight concrete with unit weight from about 1800 to 2400
kg/m3.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4-2 Design Method and Requirements:

The design strength provided by a member is calculated in accordance

with the requirements and assumptions of ACI_code (318 _08).

» Strength design method:

In ultimate strength design method, the service loads are increased by

factors to obtain the load at which failure is considered to be occurring.
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This load called factored load or factored service load. The structure or
structural element is then proportioned such that the strength is reached
when factored load is acting. The computation of this strength takes into
account the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.

NOTE:
The statically calculation and the key plans dependent on the

architectural plans.

e Code:
ACI 2008
UBC
e Material:
Concrete -B350
fc'=35N /mm?(MPa) For circular section
but for rectangular section ( fc'=35*0.8 = 28MPa ).
Reinforcement steel:
The specified yield strength of the reinforcement {fy = 420
N/mmz? (MPa)}.

> Factored loads:

The factored loads for members in our project are determined by:

W,=12D + 16 L, ACI-code-318-08(9.2.1).
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4.3 Check of Minimum Thickness of Structural Member"

paper factory ":

Table (4.3.1) Minimum Thickness of Non prestressed Beam Unless
Deflections are Calculated. (ACI 318M-11).

Minimum thickness ( h)

Simply One Both end
Member Supporte end continuous Cantilever
solid one
way L/20 L/24 L/28 L/10
Beam's br
ribbed one L/16 L/18.5 L/21 L/8
Table (4.1): Check of Minimum Thickness of Structural
Member.
e [For Beam:

hminfor(one end continuous)=L/18.5=850/18.5=45.95

cm
hminfor(both end continuous)=L/21=850/21=40.4 cm

Take h=50 cm
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4.4 Design of Beam" paper factory " :

> Design Of beam(3) for flexure :

_Reaclions

Faclored
H H L t i t H

DeadR  108.02 138.36 M2 20759 M2 338.36 108.02
LiveR  75.19 230.78 217.62 226.39 217.62 23078 79.19
MaxR  187.21 369.14 49482 32398 494.82 969.14 1811
MnR 9595 420.84 KX TNE N3 K5 TNE] 42084 95.9
Service
DeadR  90.02 20197 . 4799 1. 28197 90.02
LiveR 495 4.2 136.01 1415 136.01 4.4 495
MaxR  139.51 4262 310 389.48 367.0 4262 139.51
MnR 8248 33352 268.84 294.06 265.84 3332 8248

Fig. (4.1) : support reactions of the solid slab.

4.4.1 Dead Load calculations:

The maximum support reaction (factored) from Dead Loads for the

first support upon beam 3 is 108.02 KN .
Assume the width of the beam = 0.4m, then the own weight of
the beam and the weight of the floor layers within the beam width can

be calculated:

WDL =9.7 (KN/m?)
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Dead load of topping =
0.03 x 23 =0.69 (tiles)
+ 0.02 x 22=0.44(mortar)
+ 0.07 x 17=1.19(sand)
+ 0.2 x 25 =5 (RC beam)
+ 0.02 x 22=0.44plaster)
+  (partitions’) = 1.5 (KN/m)

The total factored Dead Load: WDL= 1.2*7.9=11.64 KN/m

Live Load calculations:

The maximum support reaction (factored) from Live Loads upon
beam on
LL =5 (KN/m?)
The total factored Live Load: WLL =1.2*7.9+1.6*5=19.64( KN/m)
By using ATIR program we get the envelope moment and shear

diagram as the follows:-

1 2 3 4 E]
1 2 3 4
l:: A ing A ™1 A 1 A 1
A LT A LT A LI A P
0.?} 6.1 lgﬁ 6.15 0.6 6.15 0.6 6.15 06
| 6.75 6.75 6.73 | 6.75
] 6 T
5 6
— A 1 A ::|
T A LT A
0. 6.15 1 6.1 0.7
= = =
6.75 | 6.7
50,
40.
ATA

Fig. (4.2) : Spans length of Beam.
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Loading

load group no. 1

Dead load - Service Unils:kN,meter
J"/J \\\ ,/J ‘\\ ,// \\\ /’J/ \‘\
AT e 61.8 AT |erg 6.8
A ! >N A N N
o 5 m 1 1 5 w . 1 5 m i 5 |
338, 338 338 3.38 33, 338 338 0, 338
f’ \\ d ",
/z‘f \\\ ,’/, \‘\
s g 61.8 \\\ e 61.8 .
A A N

1 1 1 1

. i)
338, 338 338, 338
T T
Live load - Senvice Load factors: 1.20.1.20/1.600.00
f_,." '\"ﬂ\._\_\_ -~ x""-._\_ el e f'-f s
- 33.8[ . - 33 s]*x.x ,,fI 33.81"“&1 ,f’[ 338
-"I.J'l' y 'l' e \f { 'Iv?x"' f"f"[v- } ¢ | "'JJ\I' Nl T
338, 3118 3138, 13118 31, 3318 338, 33
1 1 T T

| s

_Moments: spans 110 6
4349 3801 4349
345, -3549 3513 : 3513 3549, 345
A 2788, 2763 -H05.9, 3059 2763, 2788 JA
{0y i\ A /
‘i'lg \ / \ / \l fl,f \h \‘
A1.92 [ 12.03 .S Vi |2 I A B N
. AEE AP AP P el .
it 1 —Ht = it —Ht— H
\ /123144 /.08, /o / “f\'\ /
619 / L4 A4 {19 \L //hsi F\\ el TN/ 2\ 49
\\ K — S e - Ay ,/'
~ 2329 263.2 263.2 2329 S
3635 3635
| 304 . 371 | 338 338 | 338 338 | 338 338 | 338 , 338 | 371 . 304 |

Fig. (4.4) : Moment diagram for beam -(KN.m).
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Shear

-301.1

.-‘r;f ,"; F, ."' -" I .'J
t H ve H 7 Ht 4 Ht ; Ht -
1872 170.1 S - S - x_/

Fig. (4.5) : Shear diagram for Beam (KN)

4.4.2 Design of beam for flexure:

Assume bar diameter @25 for main positive reinforcement.
bw =40cm

d=500-40-10-25/2=437.5mm

The width of the Beam3can be defined from the maximum factored

moment.

The maximum factored moment in Beam3 Mu 363.5 KN.m .
Take @ = 0.9 for flexure as tension-controlled section
Assume p = 0.4 pb

Take B = 0.85 (fc' = 28).

p, =085 p| 600 =o.85xﬁxo.85x[ﬂJ=o.02833
f, " 600+ f, 420 600+ 420

y

p=0.4pb=0.4x0.02833=0.01133

fy 420

m= = =17.64
0.85fc’ 0.85x28

0.01133x17.64
2

R, = px fy(l—%J:0.01133x420x(1— j:4.282
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_ Mu _ 3635x10°
gR, 0.9x4.282
49.278cm

bd ? =bx437.5

here we take b=40cm.

Usually in construction the maximum width of the beams is 100 cm.
Here, take b=40cm and no need to recalculate the loads acting on the

beam.

Note that the factored moments of other supports and spans may be
satisfied by the section width of 40 cm as a singly reinforced beam

sections, but the support section with Mu =363.5 KN.m

Check whether the section will be act as singly or doubly reinforced

section:
Maximum nominal moment strength from strain condition €s =0.004

s 3
7 7

C= 1d= ! x437.5=187.5mm.
a=p*xc=0.85x187.5=159.375 mm .
max = 0.85x fc' x a x b x (d- a/2) Mn

= 0.85 x 28x 159.375 x400x% (437.5-159.375/2)*10"-6 =
542.89 KN .m

®=0.82
® Mn = 0.82 x542.89=445.17 kN .m

® Mn=445.17KN.m > Mu=363.5KN.m
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Design of beam as singly reinforcement concrete :
Design of moment : (positive moment)

Take Mu =363.5kN.m ............ from Atir program

Mn
Rn = bxd* = 363.5%1076/0.9*400*437.5"2=5.27

* * *
p:i(l— y_2m*Rny_ 1 (1_\/1_2 17.64*4.282) 111306
m f, 17.64 420

=0.25*28/420*400*437.5=551.198 mm?
As,min=(1.4/420)*400%*437.5=583.33mm? ...control

As=pbd = 0.011326*(400) (437.5) = 1982.05mm?> >As min =583.33

mm?2

# Of bars =1982.05/491=2bars Note Apr5=491

mm?2

Select4®25 for bottom reinforcement

TOta| AS (provide) :1964mm2

Check for yielding:
Tension = Compression

A x fy=0.85x f_ xbxa
1964*420=0.85*28*400*a
a=86.64
c=86.64/0.85=101.93

£=0.003*((437.5-101.93)/101.93)
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=0.00987>0.005....0K
Check for displacement:

Sb=(400-40*2-10*2-4*25)/3

Sb=66.66mm >25mm.....ok

Design of moment : (positive moment)

Take Mu =232.9kN.m ............ from Atir program

Mn
Rn= bxd* = 232.9*1076/0.9*400*437.5"2=3.37Mpa

* * *
T L a _\/ | 2*17.64*337, ) 1ogeg
m f, 17. 64 420

(ow)(d) > y(bw)( )——(ACI —10.5.1)

&‘

As. ..

i (—
=0.25*\28/420*400*437.5=551.198 mm?

As,min=(1.4/420)*400*437.5=583.33mm? ...control

As=pbd = 0.00868*(400) (437.5) = 1519mm? >As min =583.33 mm?

# Of bars =1519/380.1=4bars Note
Aq>22=380.1mm2

Select4®2?2 for bottom reinforcement

Total AS providey =1520.5MM"
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Check for yielding:

Tension = Compression

A x fy=0.85x f 'xbxa
1520.5*420=0.85*28*400*a
a=67.08mm
€=67.08/0.85=78.91mm
£=0.003*((437.5-78.91)/78.91)
=0.0136>0.005....0K

Check for displacement:
Sh=(400-40*2-10*2-4*22)/3

Sb=70.66mm >25mm.....ok

Design of moment : (positive moment)

Take Mu=263.2kN.m ............ from Atir program

Mn
Rn= bxd* = 263.2*1076/0.9*400*437.5"2=3.81Mpa

pzl(l— 1 2m AL (1_\/1_M):0,00994
m fy 17.64 420

As,, = %(bw)(d )> %(bw)(d )——(ACI —10.5.1)

=0.25*V28/420*400*437.5=551.198 mm?
As,min=(1.4/420)*400%*437.5=583.33mm? ...control
As=pbd = 0.00994*(400) (437.5) = 1740.1 1mm? >As min =583.33 mm?

# Of bars =1740.11/491=4bars Note

Aq>25:491mm2
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Select4®25 for bottom reinforcement

Total AS (provide) =1964 MM’

Check for yielding:

Tension = Compression

A x fy=0.85x f_ 'xbxa
1964*420=0.85*28*400*a
a=86.64

c=86.64/0.85=101.93
£=0.003*%((437.5-101.93)/101.93)
=0.00987>0.005....0K

Check for displacement:
Sb=(400-40*2-10*2-4*25)/3

Sb=66.66mm >25mm.....ok

Design of moment : (Negative moment)

Take Mu =-345kN.m ............ from Atir program

Mn
Rn = bxd? = 345%1076/0.9*400*437.5"2=5.01

p:

* * *
1g_ jp_2m*Rny 1 (1_\/1_2 17.64*5.01, ) 135
m f, 17.64 420
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As,, = %(bw)(d )> %(bw)(d )——>(ACI -10.5.1)

=0.25*28/420*400*437.5=551.198 mm?

As,min=(1.4/420)*400%437.5=583.33mm? ...control

As=pbd = 0.0135*(400) (437.5) = 2362.5mm? >As min =583.33 mm

# Of bars =2362.5/491=5bars

Note Aq>25=491 mm?2

Select5®25 for bottom reinforcement

Total AS (provide) =2455 MM’

Check for yielding:

Tension = Compression

A x fy=0.85x f_ 'xbxa
2455*420=0.85*28*400*a
a=108.3

c=108.3/0.85=127.4
£=0.003*%((437.5-127.4)/127.4)

=0.00987>0.005....0K

Check for displacement:
Sb=(400-40*2-10*2-5*25)/4

Sb=34.75mm >25mm.....ok

Design of moment : (Negative moment)

Take Mu =-354.9kN.m ...........

from Atir program
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Mn
Rn = bxd* = 354,9%1076/0.9*400*437.5"2=5.150

o= 1(1_ L 2m Rn): 1 (1_\/1_2 17.64 5.15):0_01398
m f, 17.64 420

As, = E(bw)(d )> E(bw)(ol )——>(ACI -10.5.1)
4(fy) fy =0.25*\/28/420*400*

437.5=551.198 mm?

As,min=(1.4/420)*400%437.5=583.33mm? ...control

As=pbd = 0.01398*(400) (437.5) = 2448.5mm? >As min =583.33 mm?
# Of bars =2448.5/491=5bars Note Agpr5=491 mm?

Select5®25 for bottom reinforcement

Total AS (provigey =2455 MM’

Check for yielding:

Tension = Compression

A x fy=0.85x f_'xbxa
2455*420=0.85*28*400*a
a=108.3

c=108.3/0.85=127.4
£=0.003*%((437.5-127.4)/127.4)

=0.00987>0.005....0K

Check for displacement:
Sb=(400-40*2-10*2-5*25)/4

Sb=43.75mm >25mm.....ok
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Design of moment : (Negative moment)

Take Mu =-278.8kN.m ............ from Atir program

Mn
Rn = bxd? = 278.8%1076/0.9*400*437.5"2=4.046

* * *
p=1(1— | 2m Rn): 1 (1_\/1_2 17.64 4.046):0.01062
m f, 17.64 420

Jic 1.4
As,, = m(bw)(ol )= f—y(bw)(d )——(ACI —10.5.1)

=0.25*28/420*400*437.5=551.198 mm?
As,min=(1.4/420)*400%*437.5=583.33mm? ...control
As=pbd = 0.01062*(400) (437.5) = 1860.24mm? >As min =583.33 mm?
# Of bars =1860.24/491=4bars Note Ap5=491 mm?

Select4®25 for bottom reinforcement

TOta| AS (provide) :1964mm2

Check for yielding:

Tension = Compression

A x fy=0.85x f_'xbxa
1964*420=0.85*28*400*a
a=86.64

c=86.64/0.85=101.9
£=0.003*((437.5-101.9)/101.9)

=0.0098>0.005....0K
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Check for displacement:
Sb=(400-40*2-10*2-4*25)/3

Sb=66.66mm >25mm.....ok

Design of moment : (Negative moment)

Take Mu =-276.3kN.m ............ from Atir program

Mn
Rn = bxd® = 276.3*1076/0.9*400*437.5"2=4.01

p=£(1— 1_2m R”)= 1 (1_\/1_M):o,o105
m fy 17.64 420

Jfc! 1.4
As,, = A1) (ow)(d)> f—y(bw)(d)——>(ACI ~10.5.2)

=0.25*\28/420*400*437.5=551.198 mm?

As,min=(1.4/420)*400*437.5=583.33mm? ...control
As=pbd = 0.0105*(400) (437.5) = 1841.7mm? >As min =583.33 mm?
# Of bars =1841.7/491=4bars Note Apa5=491 mm?

Select4®25 for bottom reinforcement

TOta| AS (provide) :1964mm2

Check for yielding:
Tension = Compression

A x fy=0.85x f 'xbxa
1964*420=0.85*28*400*a
a=86.64
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c=86.64/0.85=101.9
£=0.003*((437.5-101.9)/101.9)
=0.0098>0.005....0K

Check for displacement:
Sb=(400-40*2-10*2-4*25)/3

Sb=66.66mm >25mm.....ok

Design of moment : (Negative moment)

Take Mu =-305.9kN.m ............ from Atir program

Mn
Rn = bxd? = 305.9%1076/0.9%400*437.5/2=4.44

* * *
p:ia— L 2m Rn): 1 (1_\/1_2 17.64 4.44):0'01179
m f, 17.64 420

As, = %(bw)(d )= %(bw)(d )——(ACI -10.5.1)

=0.25*\28/420*400*437.5=551.198 mm?
As,min=(1.4/420)*400%*437.5=583.33mm? ...control
As=pbd =0.01179*(400) (437.5) = 2064.9mm? >As min =583.33 mm?
# Of bars =2064.9/491=5bars Note Aps=491 mm?

Select5®25 for bottom reinforcement

Total AS providey =2455 MM’

Check for yielding:

Tension = Compression
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A x fy=0.85x f_ 'xbxa
2455*420=0.85*28*400*a
a=108.3

¢=108.3/0.85=127.4
£=0.003*((437.5-127.4)/127.4)
=0.00987>0.005....0K

Check for displacement:
Sh=(400-40*2-10*2-4*25)/3

Sb=66.66mm >25mm.....ok

4.4.3 Design of Beam for Shear :

ACI — 318 — Categories for shear design:
Critical section at d=437.5mm
VUmax=285.9KN
Ve=1/6*1%V28*400%437.5%10"-3=154.33kN
Check for section dimensions:
Vs=285.9/0.75-154.33

=226.86kN
Vs,max =2/3*V28*400%437.5%10"-3
=617.3kN
Vs =226.86kN<Vs,max=617.3kN

The section is large enough.
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Find the maximum stirrups spacing.

If Vs<Vs' then Smax<d/2

Vs’ =1/328*400%437.5%10-3
=308.6kN

Vs=226.86 kN<Vs'=308.6kN

Then Smax < 600 ...

Smax <437.5/2=218.75 mm ...control

Check Vs, min:

Av, min =1/16*\/24*bw*S/fyt ,,,but not less than

Av, min =1/3*bw*s/fyt ...control(V28/16=0.330<1/3)
Vs,min =1/16*V28*400%437.5*107-3=57.87kN
Vs,min =1/3*400*437.5*10"-3
=58.33kN...control

® Vc=115.7< Vu=285.9<®d(Vc+ Vs,min)=159.5
OR
Vs=226.86>Vsmin=58.33 case IV
Compute the stirrups spacing required to resist the shear force
Assume (4 _leg ®8) ,Av=2*50.27=201.1 mm?
Av/s=Vs/(fyt*d)
S=(Av*fyt*d)/Vs=(201.1*420*437.5)/(226.86*10"3)

=162.88mm

Take 2 U Shape (4leg stirrups) ®8(@150mm<S,max=162.88mm
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4.5 Design of Two Way Solid Slab" paper factory ":

4.5.1 Calculate the minimum thickness slab :

w— — - .

2 fa

£35

fa

wH— — — &

Fig (4.6): Solid slab panel for thickness

. . anelperimeter
First trial = hpjp = Ee?
180

_ 2(7.98+6.35)
- 180

28.66
==0.159 m——

180

Take hmin =16 cm

Check for the minimum thickness of the slab :

Exterior beam

0.30 0.34

0.16

0.34

Fig (4.7): Exterior beam
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Hy =34 cm < 4h =4*16 =64 cm

_ 16(30+34)%(34+8)+(34+30%17) _

Yc= =29.52cm
16(30+34)+(30%34)
Ib = (30+34)*;16+4.47)3 _ 30*:473 n 30*2:.523 _

439336.74 cm

Interior beam :

0.34 0.40 0.34

0.16

0.34

Fig (4.8) : Interior beam

Bw + 2hy = 40 + 2*34 = 108 cm
Bw+ 8h =40+ 8*16 =168 cm
Bw + 2h, =108 < by, + 8h = 168 cm OK

_ 16(40+34+2)+(34+8)+(40%34%17) _

16(40+34+2)+(40+34) 30.98 cm

Yc

b_(40+34*2)*(16+3.01)3 2%34x3.013
B 3 3
40 * 30.983

+ 3 = 643140.97 cm

Slab section for exterior beam:
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Longdirectionl = 7.98 = 798cm

1 798
Iy = (E ! :;V) al = (T +1320) e’ = 146432 cm"4

Slab section for interior beam

long direction :

98
Lright = — = 3.99m =399 cm

8.15
Lleft = T=4.O75m =407.5 cm

| _ (806.5 +407. 5)16°

=2 : 4
s 12 88938.66 cm

short direction :

Liest = Lright =6.35m=635cm

(F+bw)h®  (2+40)16°

I, = 2= = — 230400 cm™ 4
I, 643140.97
1= 1.7 T230400
I, 439217.6552
2= 1.7 7 146432
I, 643140.97
3= 1.7 T230400
I, 643140.97

%t = 1 = 288938.66 -
_ (2.8+3+2.8+2.22)

4

22

=2.8>2.0

Um
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The minimum slab thickness will be:
[y 420

- L,(0.8 + 1400) B 7.98 % (0.8+m) — 0.186m
- 36+98 798 ™
B 36 +9*

First trial thickness h = 200 mm OK

Take slab thickness hgas= 200 mm

4.5.2 Load calculations for dead and live load :

Dead load from: Oxy KN/m
Tiles 0.03x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse sand 0.07x17x1 1.19
Slab 0.20x25x1 5
Plaster 0.02x22x1 0.44
Partitions 1.5*1 1.5
9.7

Table(4.2): calculation of the Dead load solid

Dead load =9. 7 KN/m?,

Live load = 5 KN/m?,

WuD = 1.2*Dead load = 1.2*9. 7 = 11.64 KN/m?.
WuL = 1.6*live load = 1.6*5 = 8 KN/m?.

Wu = 11.64+8 = 19.64 KN/m?
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4.5.3 Check for shear :

L./L,=0.8

0.8 — w,=0.83

Wy =0.17

83% of the load is transmitted in the short direction and 17% in the

long direction .

The total load on the panel being ( 7.98*6.35*19.64) = 995.22 KN
The load at face of the long beam is (0.83x995.22/(2*7.98))=51.76 KN

The load at face of the short beam is (0.17x995.22/(2*6.35))=13.32 KN
Assume @ 16 :

d=200-20-16\2=172 mm

V=28 *1000*172*10"-3)\6 =151.69 KN

gV:-0.75* 151.69 = 113.77 KN

Vumax =51.76 *1 m=51.76 < 0.5 gV..= 56.88 KN

The thickness of the slab is adequate enough.

4.5.4 Moment Calculations :

Case 9 :

Negative Moment at Continuous edge :
0.8 —» C,=0.075

Cp,=0.017
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Ma= Caw L2 =0.075 * 19.64 * 6.35? = 59.4 KN.m/m
Mp = Cp W Lp? = 0.017 * 19.64 * 7.982 = 21.26 KN.m/m

Positive Moment at continuous edge :
0.8 — C, (DL) = 0.029

Cp (DL) =0.01
M, (DL) = C, (DL)W L2, =0.029 * 11.64 * 6.352 = 13.61 KN.m/m
My (DL) = Cp (DL) W Lp?2 =0.01 * 11.64 * 7.982 = 7.41 KN.m/m
0.8 — Ca (LL) =0.042

Cp (LL) =0.017
M, (LL) = C4 (LL)W L2, =0.042 * 8 * 6.35% = 13.55 KN.m/m

My (LL) = Cp (LL) W Ly2 = 0.017 * 8 * 7.98% = 8.66 KN.m/m

M, = 13.61 + 13.55 = 27.16 KN.m/m
Mp =7.41 + 8.66 = 16.07 KN.m/m

Negative Moment at Discontinuous edge :

1/3 positive moment
a=1/3*16.07 =5.35 KN.m/m

4.5.5 Flexural Design :

Short Direction :

Take @ = 0.9 for flexure as tension-controlled section
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Mid span :

Mu = 27.16 KN.m/m

Assume @ 14 :
d =h- cover - (dgar\2) =200-20-7=173 mm
Mn — Mu _ 27.16 — 30.18KN

n= -4 = 09 30 .m/m
Rn — Mn B 30.18+10"6 _ 1.008M

"= bdrz T 1000+17372 pa

fy 420
m = 0.8sfc _0.85:28 1 -6°Mpa
p—l(l— /1_ 2mRnJ
m f,

1 (l_\/1_2*1.008*17.65J=0_00245

17.65 420

Asrei= p b d=0.00245 * 1000 * 173 = 423.85 mm?
ASmin= pmin b h =0.0018 * 1000 * 200 = 360 mm?
ASreq = 423.85 mm?>Aspin = 360 mm? OK
Provide As = 423.85 mm?

Use @ 14 then:

_ As  423.85
"= As®14  153.94

= 2.75 = 3bars

The step of main reinforcement :

1 1
s=—=—=0.333m
n 3

Take ® 14 @ 200 mm
200mMm < 2h=400 mm <450 mm OK
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Continuous edge :

Mu =59.4 KN.m/m

Assume @ 16 :
d =h- cover - (dgar\2) =200-20-8=172 mm
Mn — Mu B 59.4 — 66KN
n-= > 09 - .m/m
Rn — Mn B 66 1076 _2.23M
"= barz T 1000+ 17272~ “0MPA
fy 420
= = =17.65M
™ = 0.85fc _ 0.85 « 28 65Mpa
p—l(l— /1_ 2man
m f,
1 (1_\/1_2*2.23*17.65J=0_00558
17.65 420

Asrei= p b d=0.00558 * 1000 * 172 = 959.76 mm?
ASmin= pmin b h =0.0018 * 1000 * 200 = 360 mm?
ASreq = 959.76 mm?>Asmin = 360 mm? OK
Provide As = 959.76 mm?

Use @ 16 then :

As  959.76

n= AsP16 20106 r77 = Sbars

The step of main reinforcement :
1 1 0.2
s=—===0.2m
n 5

Take ® 16 @ 200 mm
200 mm < 2h= 400 mm < 450 mm OK

Long Direction :
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Take @ = 0.9 for flexure as tension-controlled section

Mid span :

Mu =16.07 KN.m/m

Assume @ 14 :

d =h- cover — d par short) - (dgar\2) =200-20-14-7=159 mm
Mu 16.07

n @ 0.9 86 m/m

Mn  17.86* 10"6
bd*2 1000 * 1592

_ fy 420
"~ 0.85fc’  0.85 %28

p—l(l— /1_ 2mR, J
m f,

* *
1 (1_\/1_2 0.71*17.65

T 17.65 420

Rn =

= 0.71Mpa

m = 17.65Mpa

J: 0.0017

Take p = 0.0018 ( minimum )

Asrei= pb d=0.0018 * 1000 * 159 = 286.2 mm?
ASmin= pmin b h =0.0018 * 1000 * 200 = 360 mm?
ASreq = 286.2 MM?<Aspin = 360 mm?  NOT OK
Provide As = 360 mm?

Use @ 14 then:

_ As _ 360
"= As®14 ~ 153.94
The step of main reinforcement :

= 2.3 = 3bars

1 1
s=—=—=0.333m
n 3

Take ® 14 @ 200 mm
200mMm < 2h=400 mm <450 mm OK

Continuous edge :
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Mu =21.26 KN.m/m

Assume @ 16 :
d =h- cover — dpar (short)-(dear\2) =200-20-16-8=156 mm
Mn = Mu 2126 _ 23.62KN.m/m

P 0.9

Mn 23.62+x10"6

Rn = = =0.97M
"= bd 2~ 1000 « 1562 pa
B fy B 420 _
m = 085fc 0.85-28 L 65Mpa
p—l(l— /1_ 2mRnJ
m fy
_ 1 1_\/1_2*0.97*17.65  0.0024
17.65 420

Asrei= pbd=0.0024 * 1000 * 156 = 374.4 mm?
ASmin= pmin b h =0.0018 * 1000 * 200 = 360 mm?
ASreq = 374.4 mm?>Asmin = 360 mm? OK
Provide As = 374.4 mm?

Use @ 16 then :

As 374.4
"= As®16  201.06
The step of main reinforcement :
1 1
s = 13" 0.5m

Take @ 16 @ 200 mm
200 mm < 2h= 400 mm < 450 mm OK

= 1.86 = 2bars

Discontinuous edge :

Assume ® 16 :
AS = 1/3 ASpositive = 1/3 * 360 = 120 mm2< ASmin = 360 mm2 NOT OK
Provide Asreq = 360 mm?
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_As 360
"= Asd16  201.06
Take ® 16 @ 200 mm

200 mm < 2h=400 mm < 450 mm OK

=1.79 = 2bars

beam BY

:

beamn BB;

beam BB6

beam B

i a

Fig (4.9): Reinforcement of two-way solid slab
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4.6 Design of Two Way Rib Slab" paper factory " :

4.6.1 Minimum thickness for ribbed slab

h=25cm

Check for the minimum thickness of the slab:

Interior beams have rectangular section of 40 cm width and 50cm depth:
;o bl 40 * 50°
T 12 T 12
Exterior beams have rectangular section of 30 cm width and 50cm depth:
;o bl 30 + 50°
T 12 T 12
The moment of inertia for the ribbed slab:
40+x8+4+32+12 %16

= 416667cm*

= 312500cm*

Ye 40+ 8 + 32 12 cm
10.55° 2.55% 21.45° .

Lip = 52+ —5—— 40+ + 12+ = 59609cm
Slab section for exterior beam:
Shortdirectionl = 6.37m = 637cm

Lip* GG+ bw) 59609« (5 + 30) \
I = b, = = = 399495cm
Longdirectionl = 6.98m = 698cm

Lip* GG+bw) 59609 (5= + 30) \
I = b, = 52 = 434458cm
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Slab section for interior beam:

Shortdirectionl = 6.37m = 637cm

Lip* (G +=+bw) 59609+ (27 + 22+ 40)
I 1= =
* bs 52
= 774917cm*
Longdirectionl = 6.98m = 698cm
Lip* (G +=+bw) 59609+ (0 + 22+ 40)
1 1= =
s bs 52
= 910184cm*
_ I, _312500 _
1= 1.~ 399495
_ I _416667 _
2= 1.~ 910184
_ I _416667 _
3= 1. T 774917
_I_312500
A4 = 1. T 434458
(0.78 + 0.46 + 0.54 + 0.72)
o, = =0.63<2.0
4
The minimum slab thickness will be:
fy 420
Ln0-8+78) 698 (0.8+700) 02

h = =
36 +58(a,, —0.2) 36+5x1.1(0.63—-0.2)
h = 25cm > 20cm — OK

Take slab thickness 25 cm
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Ders = 520 mm bw =120 mm h= 80 mm
h 250 mm h block =170 mm

4.6.2 Load calculation:

For the two-way ribbed slabs, the total dead load to be used in the

analysis and design is calculated as follows:

Steel Bar's —

Fig.(4.10): Two way ribbed slab

Table (4.3) Calculation of the total dead load for two way rib slab

(6).
Quality Density
No Material Calculation
KN/m3
1 Topping 25 0.52x0.52x0.08x25 = 0.541
2 Rib 25 (0.4+0.52)0.17x0.12x25 =0.47
3 Sand 17 0.52x0.52x0.07x16 = 0.303
4 Mortar 22 0.52x%0.52x%0.02x22 =0.119
5 Tile 22 0.52x0.52x0.03x22 =0.178
6 Plaster 22 0.52x%0.52x%0.02x22 =0.119
7 Block 9 0.4x0.4x0.17x9 = 0.245
8 Partitio 1.5 1.5x0.52%0.52 =0.406
Y = 2.38 KN/unit
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Dead Load of slab:

2.38

= = . KN 2
052-052 OB8KN/m

DL

wp = 1.2 8.8 = 10.56 KN /m?
LL = 2.5KN /m?
w; =1.6*2.5=4KN/m?

w=10.56 + 4 = 14.56KN /m?
4.6.3 Moments calculations:

Ratio=6.23/6.58=0.95

Ma = Cawla®bf
Mb = Cbwlb®bf

52 cm

__________________

-
40 em —=

&2com
12 em

-

t— 40 cm

12 cm
40 em 40 o ——=

Fig.(4.11): Two way ribbed slab
Negative moment :

Chneg = 0.067
My ey = (0.067 * 14.56  6.58%)  0.52 = 21.96KN.m
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Positive moment :
Cappos = 0.031
Cpp,pos = 0.031
CaLpos = 0.036
ChLpos = 0.032

Ma,pos,(dl+ll)
=(0.031%10.56 *6.23%2 + 0.036 * 4 * 6.23%) x 0.52
=9 51KN.m

My, o5 (ai+11)
=(0.031+%10.56 * 6.58% + 0.032 * 4 * 6.58%) x 0.52
= 10.25KN.m

Negative moments at discontinuous edges = 0.333As positive

347
: TT0]
0000 |2106 0O000
noog | 0O000
noog L0000
noogd | =]
5.03 0 9.51
-3.44

Fig.(4.12): Negative and Positive Moment for Two Way Rib panel
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Design of positive moment :
Short direction ( Mu = 10.25 KN.m )

bf = 520mm

Assume bar diameter ¢p12 for main positive reinforcement.

. d, 12
d = h — cover — dstirrups -5 = 250-20—-10 ——

2
= 214 mm.
R - M,  10.25x10° 0.478MP
"= Obd? 0.9 x 520 x 2142 a
420
m Iy =17.65

~0.85fc 0.85+28

o= l<1 _ 2.m.Rn> _ 1 (1 B \/1 B 2><17.65><0.478> _
m 420 17.65 420

0.001149

As = p.b.d =0.001149 x 520 x 214 = 127.92mm?

CheckforAs, min..

i 1.4

As,min =0.25 f b,+*d>—»>b, xd
y

120 x 214 = 80..88 mm?

A i _ 0 25
— 0.25 *
s, min

As, min = 0" 120 x 214 = 85.6 mm? ..... Control.

As,required = 127.92 mm?>A4s,min = 85.6 mm? (OK)
For long & short direction , use 210, with As 157.1

mm?>As, required = 128.23 mm?
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Check for strain: (¢, = 0.005)

Tension = Compression
As = fy = 0.85 x f. x b x a
157.1 « 420 = 0.85 * 28520 * a

a =5.33mm

c

&

=o.003*(

s =0.003 x (

_a 5.33_627
~B, 085 ermm

d——c
c
214-6.27

)

) =0.0994>0.005 - ¢ =0.9 .. OK.

Design of negative moment (Mu = —21.96 KN.m)

bf = 520mm

Assume bar diameter ¢p12for main reinforcement.

] d, 12
d = h—cover—d.sttrrups—;z 250-20-10 — —

2
=214 mm.
r o= Mu _ 21.96 x 10° 4 aaMP
"= PbdZ 0.9 x 120 x 2142 a
420
m Iy —17.65

~0.85fc 0.85+28

p=l<1— 1_2.m.Rn> __1 (1_J1_M> — 0.0118
m 420 17.65 420

As = p.b.d =0.0118 x 120 x 214 = 302.97 mm?
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checkforAs, min..

f 1.4

As,min = 0.25

, V28 2
As,min = 0.25*420 120 x 214 = 80.88 mm

1.4
As,min = 120" 120 x 214 = 85.6 mm? ..... Control.

As,required = 302.97 mm?>As, min = 85.6 mm?
(OK)
Use 20114, with As =307.88mm?>4s, required = 302.97 mm?

Check for strain: (g = 0.005)

Tension = Compression

As « fy = 0.85 « f. * b x a
307.88+« 420 = 0.85 * 28+ 120+ a

a =45.28 mm

_a 45.28_53 -

c—ﬂl—— ogs — >3-27mm
d—c

£5 = 0.003 » (—)

=0.003 « (==227) = 0.008996 > 0.005 - ¢ =0.9 .. OK.
53.27

Design of negative moment at discontinues edge:(Mu =

0.333 M positive = 3.42KN.m)

Use 20310, with As 157.1 mm?>A4s, required = 0.333 *
128.23 = 42.74 mm?
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4.6.4 Check shear strength:

w,=0.33
W, =0.67

Total load on the panel = 6.23*6.58*14.56=596.86 KN

load per meter on the long beam =0.33*596.86*0.52\(2*6.58)= 7.78
KN\m

load per meter on the short beam =0.67*596.86*0.52\(2*6.23)=16.69
KN\m

Vu= 16.69 —14.56 x0.52 x0.212 = 15.08 KN

1.1
@*Vc=.75*T*\/fc'*bw*d

1.1
:'75*7* 28 *120 %212 x 1073 = 18.51 KN

Case 1

1
V“<E* b * 'V,

1
Va=15.08> >+ ¢ V. = 9.255 .. Not OK

Case 2

1
E*cl)*Vc <V, < o*V,

1
> % * Ve = 9.255KN <V, = 15.08 KN < ¢ * V = 18.51KN - OK
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Provide minimum shear reinforcement
> — [T bw*d =+ V28 *120*212*10° = 8.41 KN.

¢Vs min = 6.31

VSmin

<7+by xd=2+120+212%10° = 8.48 KN

¢Vs,min =6.36.............. control

Use 2 Legd8 for stirrups with Av = 100.53mm2

_Avefy-d_100.53:420+212
5= "Vsmin 8.48 * = -20mm

d 212
Smax SE = T =106 mm.

< 600 mm.

Select 2 leg 8 @ 10cm
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4.7 Design of Footing " Paper Factory " :

«» Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :- (From Column Group A)

Dead Load = 1000Kn, Live Load =600Kn

Total services load = 1000+600 = 1600Kn

Total Factored load = 1.2*1000+ 1.6*600= 2160Kn
Column Dimensions (a*b) =60*60 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 250Kn/m2

27

Fig (4.13) :Footing Section.

Assume h =40cm

Opetcation = 250 — 25%0.4 — 18*1- 5= 224.2kn/m2

97



v Area of Footing :-

Pt 1600

T 2242
qnet—allow

A= = 7.136m?

Assume Square Footing
B required = 2.67 m
SelectB=2.7m

v’ Bearing Pressure :-
Qu =2160/2.7%2.7 = 296.296Kn/m?

v" Design of Footing :-

4.7.1 Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column

Assume bar diameter g 18 for main reinforcement and ™ s KNim®
7.5 cm Cover
e PN
Let Vu=gvc nnsacaer” | 17 |
B- 1 l
Vu = qu*( Za _ d) * L :ch = @g X vV fc’ X bw x d g:\-;l_c:;ysz’l;c: !or\.[; /Tribulary area for
27—06 one-way shear
296.296*( — d) * 2.7=0. 75% X V28 x 2700 X V
d —-ﬁ d V
d:032m Column /
h=320+75+18 =413mm
take h=400mm 7z
then d =400-75-18=307 l/é

One-way shear,

4.7.2 Design of Two Way Shear Strength :-

Let Vu==@vc , ® = 0.75
VU=296.2968( 2.7*2.7_(0.6+0.307)(0.6+0.307))= 1916.25KN

The punching shear strength is the smallest value of the following equations:-

1 2 '
¢'\/c = ¢E(l+ ﬂ_cj\/fbod

......... control



b, /d

V. = ¢.%\/f7bod

V. =¢,$[ il +2}/ f.'b,d

Where:-
_ columnlength (a) 0.6

¢ column length (b) ~ 0.6 1

b, _ Perimeter of critical section taken at (d/2) from the loaded area
by =2%(0.307+0.6) +2+(0.307+0.6) = 3.628m

%s = 40 for interior column

1 2
@Vec =0.75 = g(l + I) V28 %3628 * 307 * 1073 = 2210.12
oVe =2210.12 >Vu =1916.25 ....... safe

4.7.3 Design of Bending Moment :-

Critical Section at the Face of Column
FR = qu- (52) + L =296.206 * 2729 1 2, 7=839.99Kn

Mu =839.99*(1/2) = 419.99Kn.m

M 419.99x10°
Ri=—"% = = 1.833 Mpa
" 9bd2 T 0.9%x2700x3072 p

_fy 420
"~ 0.85f.  085x28 17.65

o= 1(1 _ |1— Z-m-Rn> _ i(l _ \/1 _m> = 0.00454
m 420 17.6 420

Asreq = p.b.d = 0.00454x2700x307=3768.77mm?
Asmin = 0.0018*2700*400 =1944mm?

As,req :376877mm2

Check for Spacing :-

S =3h=3*40 =120cm

280 Y _25%75=192.5¢cm
* 420

S = 380*(3
3

S=45cm ......... 1s control

Use 24918 in Both Direction, Asprovideds= 6108Mm?>As requires= 3768.77 mm?... Ok

Check for strain:-
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Asfy _ 6108x420

a= = =39.92mm
0.85b fc 0.85%x2700%x28
_a _ 3992
C_B1 = 585 = =46.96 mm
—0.003 (d _ C) —0.003 (307 —46. 96) = 0.0166 > 0.005
g, =0. ) =0 16.96 = 0. .005 ...

4.7.4 Design of Dowels :-
Load Transfer In Footing :-

®Pnb = d(0.85 fc'A, \/%)

A1=0.6*0.6=0.36 m2
Ax=2.7*%2.7=7.29 m?

A _ 1729 _4552. 42 _,
A, .0.36 A,
OPnb =0.65+x0.85%x28*360+2 =11138.4KN
OoPnb = 111138.4 > Pu = 2160
No Need For Dowels

Load Transfer In Column :-

@Pnb = 0.65 + 0.85 * 28 x 360 = 5569.2KN
@Pnb = 5569.2 > Pu = 2160

NO Need For Dowels

5
eom

f=al
ES & = r:ulr::
kel I 5
T e
5 EdH o < -
= e | i [
|2 .53 (g
1=eik L ﬂ&y $ E
=7 (@aam

LiF:)
__j/:_ (a0 L=205 &) 3e10,L=514
] ! 4
—— L HH ] %| _ ® I
aa
Zection A-—-4

Fig (4.14) :Footing Reinforcement Details
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4.8 Design of One Way Rib Slab" Commercial Building " :

4.8.1 Determination of Thickness:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and

the intended use.

The overall depth must satisfy ACI Table (9.5.a):
The minimum required thickness of the joists:

Figure (4.15): Maximum spans

Toping

Hollow Block ( 27cm)

{W\, \j}:n
Fig. (4.16) Toping of slab

from ACI-318-08(9.5a):

101



Select slab thickness h=35cm with Topping 8cm

4.8.2 Design of Topping for Ribbed Slab:

Dead load for topping =

0.03 x 22 x1 (tiles)

+ 0.02 x 22x1 (mortar)

+ 0.07 x 16.4x1 (sand)

+ 0.08 x 25x1 (slab)

+ 2.38x1 (partitions’) = 6.628 KN/m.

Live Load4x1 = 7KN/m.

Wu = (1.2 X6.628 ) + (1.6 x4)
= 14.353KN/m

-> For a one meter strip Wu = 14 KN/m

Assume slab fixed at supported points (ribs):

0.75x ./ fc'xbxh 0.75xv28x1x0.08

dve =

6 6

= 52.9KN

gl 14.353x0.4
VU=—=———""=2 8706KN

2 2
dVe>Vu OK.

2 14.353%0.42

My = VU = 0.1913KN.m

12 12

fr=0.42x,/ fc' ACI-318-08 (22.5.1)

=2.222Mpa=2.2224*1000=2222.4KN/m?
Mn = frxs
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1)
2)

3)

4)

bh? 1.00x0.08
6

Mn = 2222.4x1,067x10°° = 2.371KN.m

®Mn = 0.55 x2.371= 1.304KN.m

S= =1.067x10°m?®

® Mn = 1.304KN.m > Mu = 0.1913KN.m OK

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement:
p =0.0018 ACI-318-08 (7.12.2.1)
As = px b x h=0.0018 x 1000 x 80 = 144 mm?
Try bars @ 8 with As =50.27

Bar numbers n = _As _ 144 2.87

Asg8 50.27
Take 3 ® 8 with As = 150.8 mm?2/m strip or ® 8 @ 300mm

In both direction step (S) is the smallest of :-

3h =3*80=240mm............ control ACI-318-08 (10.5.4)
450mm
s = 380(@j ~25Cc =380 =220 | 2.5x 20 = 330mm but
fs
3 x 420

s< 300(@) =300 280 =300mm

S 2)(420 ACI-318-08 (10.6.4)

Take @ 8 @200mm in both direction S= 200mm<Smax =240mm.....ok

Use ®8@20 cm
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4.8.3 Load Calculation:

For the one-way ribbed slabs, the total dead load to be used in the analysis and
design is calculated asfollows:

Effective Flange width ( bg) ACI-318-08 (8.12.2)

e For T- section is the smallest of thefollowing:
b.=3.45/4 =86.25cm

be=12+16t=12 + 16 (80) = 140cm
be=52cm .................. control.

One way rib slab Shrinkage & Temperatuer Bar's

Hollow Block (24 cm )

Figure (4.17): One way rib slab
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Calculation of the total dead load for one way rib slab is shown in the following table:

Table (4 — 4) Calculation of the total dead load for one way rib slab.

Nominal Total Dead Load:

Table (4.4) Calculation of the total dead load for one way rib slab.

No. Parts of Calculation

1 Rib 0.12 x .24 x 25 = 0.72 KN/m
2 Top 0.08 x 0.52 x 25 = KN/m 1.04

3 Plaster 0.02x0.52x22 = 0.2288 KN/m
4 Sand 0.07x0.52 % 16.4=0.59696 KN/m
5 Tile 0.03x0.52x22 =0.3432 KN/m
6 Mortar 0.02x0.52x22 =0.2288 KN/m
7 partition 2.38 x 0.52=1.2376 KN/m

4.40 KN/m

D.L. totas =0.69 + 0.78 + 0.3432 + 0.6188+ 0.3588 + 0.96+ .3432 + 1.196 = 5.29 kN/rib

the live load is 4 KN/m?

Live load =4 x 0.52 = 2.08 KN/m offrib.

4.8.4 Design of Rib for one way rib slab :

Figure (4.18): Rib location
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By using ATIR program we get the envelope moment and shear diagram as the follows:-

1 2 3
1 2
i i
J I | 1 . |
A A
0.25 6.03 08 3.45 Ly
'I' 6.5 ' | ' 445 ' | '
I 1 1

Figure (4.19) Spans length of rib

load group no. 1

Dead load - Service Units:kH,meter
519 519
¥
6.55 415
Live load - Service Load factors: 1.20,1.201.60,0,00

2.bs 2.113

6.55 415

Figure (4.20) surface Load of rib(09)-(kN/m

Moments: spans 1to 2

-42.3
274 -30.5
| 1.38.2.75 |
I | 1
[ I | I -\‘-\-‘_\-\"“"—\—\_._ I |
"1.481.47" T
3. | I I 3.7
9.2 '
kTR |
2.62 | 3.93 24 1.25

Figure (4.21) Moment diagram for rib-kN.m
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Shear
-40.4
-32.8
113
7.5 —
H f I I
Lm/ 4.3
21.6 "5
Reactions
Factored
- — |
Deadk  18.39 45.43 152
LiveR 9.23 232 6.24
Max R 21.62 71.63 13.76
Min R 17.96 56.43 489
Service
DeadR  15.32 40.36 6.27
LiveR 5.07 145 3.9
Max R .09 54.86 1047
Min R 15.06 45.36 4.62

Figure (4.22) Shear diagram for rib-(kN).

Design of Positive Moment for Rib 6:

Assume bar diameter ® 12 for main positive reinforcement

d = h — cover — dgjrryps —

Mn=0.85><fc'><b><hf<

=271.28

db
2
hf
d-3

2

12
=350-20—-10 — = = 314mm

80
) =0.85x 28 x 520)(80(314—7) x 1076
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The maximum positive moment in all spans of rib 6 Mu =37.1KN.m

®OMn = 244.15KN.m > My = 37.1KN.m

Design as a rectangular with b, =52 cm

i

. __c' ana.
AS min = a(ty) (bw)(d) ACI-318-08 (10.5.1)

As min = (120)(314) = 118.68

4(420)

. _ 14
A =——(bw)(d
S min (fy)( w)(d)

Asmin = %(120)(314) = 125.6mm? .....control

fy 420

0.85fc 0.85 x 28 7.6

m

37.1 _
L (5)10 3 = 0.804
M= bdZ T 0.52x(0.314)2
_Af | _2zmkn)\_ 1 [ | 2x17.64x0.804\
P=m fy | 17.64 420 -
As =0.00194 (520) (314) = 318.02 mm?> AS min = 125.6 mm?
# of bars = As / Asbar = 318.02/153.9 =2 * Note Agis = 153.9 mm?

Select bottom bars 2d14

TOtal AS (provide) =307.8 mm2
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Check Strain:

Tension = Compression

A x fy=0.85x f_ 'xbxa
307.8(420)=0.85(28)(520) a

a=10.45
c= 2 _1045 L o omm
B, 085
314 — 12.29
£, = 0.003 (ng) —0.0736 > 0.005 ..ok

Design of Negative Moment for Rib 6:

According to ACI 8.9.3 — for beams built integrally with supports, design on the
basis of moments at faces of support shall be permitted.

The maximum negative moment at the face of support is

Mu = 30.5kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08

db 12
d = h — cover — dgrrups — -5 = 350—-20—-10 - -5 = 314mm

Design as a rectangular with bz =52 cm

N

- Ve 318
AS min = 4(y) (bw)(d) ACI-318-08 (10.5.1)

_ V28
Asmin = 4(4—20)(120)(314) =118.68

.14
A =——(bw)(d
S min (fy)( w)(d)
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As min = %(120)(314) — 125.6mm? .....control

_ fy _ 420 — 17 64
M=0.85fc 085x28
30.5 _
kn = om_ (G5) 10 = 0.661
= pdz T 0.52x(0.314)2
A, |, zmen)_ 1 [ | 2x17.64x0661)_
P = fy | 17.64 420 e

As =0.00159(520) (314) = 260.63 mm?> As min = 125.6 mm?
# of bars = As / Aspar = 260.63/113 = 2.3 * Note Aoz = 113 mm?

Select bottom bars 2®12

Total As (provide) =226 mm2

Check Strain:
Tension = Compression

A x fy=0.85x f xbxa
226(420)=0.85(28)(520) a

a=7.67
c=i=ﬁ=9.02mm
B1 0.85
&,=0.003 (W) =0.003 >0.005 ...0k

Design of shear for rib:

Design of shear at support
Critical section at distance d = 284 mm from the face of support
fy: = 420 MPa
Vimax = 32.8kN.
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Case3 : (ch<Vu S(b(Vc'*‘Vs,min)

Provide minimum shear reinforcement

Vimin = 1o /e * bu*d = 7+ V28 *0.12*0.314%10°= 12.46KN.

¢)Vs,min:9.345

> g* b, *d= % £0.12 * 0.314*10% = 12.56KN

Gvsmin=9.42.............. control
Case (111) is satisfy — shear reinforcement is required. .

Use 2 Legs ¢8 for stirrups with Ay= 100.52 mm?

_ ¢Vsmin  8.52

Vs 5 =07% =11.36
s — Av xfyt+d _ 100.52 420 « 284 1073 = 1407.28 mm
Vsmin 9.42
s <= 2% 140mm,
2 2
< 600 mm.

Select 2 leg $8 @ 15cm
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4.9 Design of Beam" Commercial Building " :

Design Of beam(4a) for flexure :

Fig.(4.23) : Beam location

Reactions
Factored
H +H H

DeadR 20917 7264 MT.48
LiveR 11207 336.44 118.76
Max R MM 1058.09 336.24
Min R 190.73 885,92 202,34
Service

DeadR 17431 601.37 181.24
LiveR 70.04 M0.28 4.2
Max R 244.35 #11.65 255.46
Min R 162.78 704.04 171,77

Fig. (4.23) : support reactions of the solid slab.

4.9.1 Dead Load calculations:

The maximum support reaction (factored) from Dead Loads for the first support upon
beam 1is 217.48 KN .

Assume the width of the beam = 0.8m , then the own weight of the beam and the
weight of the floor layers within the beam width can be calculated:
WDL =9.7 (KN/m?)
Dead load of topping =
0.03 x 23 =0.69 (tiles)
+ 0.02 x 22=0.44(mortar)
+ 0.07 x 17=1.19(sand)
+ 0.2 x 25 =5 (RC beam)
+ 0.02 x 22=0.44plaster)
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+  (partitions’) = 1.5 (KN/m)
The total factored Dead Load: WDL= 1.2*7.9=11.64 KN/m
Live Load calculations:

The maximum support reaction (factored) from Live Loads upon beam on
LL =5 (KN/m?)
The total factored Live Load: WLL = 1.2*7.9+1.6*5=19.64( KN/m)

By using ATIR program we get the envelope moment and shear diagram as the

follows:-
1 2 3
1 2
B — —
LT
A A
0.4 581 0.4 615 0.4
— 6.1 = 6.55 —
I I I
55,
80.
A-A
Fig. (4.24) : Spans length of Beam.
load group no. 1
Dead load - Service Unitz:kH,meter
63.9 6.7 62.1
¥
L gy ‘ 148
1oz | 119 6.55
1
Live load - Service Load factors: 1.20,1.20/1.60,0.00
25.2 A 21.2 26,0 !
3.02 . 319 i 6.55
T

Fig. (4.25) : Factored Load of Beam-(KN.m).
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Moments: spans 1to 2

6721
569.2 570

| 199194 ,

f i |
[ ‘/F‘!‘rr [ \-\\ [

. 1.331.36 .
61 f T 1 4.7
3058 6.

| 2.48 | 373 | 393 , 262 |
I I 1 1 1

Fig. (4.26) : Moment diagram for beam -(KN.m).

Shear
-531.6
-436.3
-336.2
247,
| | I /
1 1 1 1
2.3
2
4317.2
526.5

Fig. (4.27) : Shear diagram for Beam (KN)

4.9.2 Design of beam for flexure:

Assume bar diameter @ 18for main positive reinforcement.

bw =55cm

d=550-80-10-18/2=451mm

The width of the Beam 4acan be defined from the maximum factored moment.
The maximum factored moment in Beam 4a Mu 570KN.m .

Take @ = 0.9 for flexure as tension-controlled section

Assume p = 0.4 pb
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Take B = 0.85 (fc' = 28).

p, —085-c g 800 =O.85xﬁx0.85x[ﬂJ=0.02833
f, " 600+ f, 420 600+ 420

p=0.4pb=0.4x0.02833= 0.01133

fy 420

m= = =17.64
0.85fc’ 0.85x28

R, = px fy( —%J —0.01133x 420 [1- 0'01133”7'64} ~4.282
bz = MU _ 570 x 10° b x 4512

" ORn 0.9x4.282
b=727.16

here we take b=80cm.

Usually in construction the maximum width of the beams is 100 cm. Here, take

b=80cm and no need to recalculate the loads acting on the beam.

Note that the factored moments of other supports and spans may be satisfied by the

section width of 80cm as a singly reinforced beam sections, but the support section with

Mu =570KN.m

Check whether the section will be act as singly or doubly reinforced section:

Maximum nominal moment strength from strain condition €s =0.004

33
74= 1

C= ! d= 1 x701=300.428mm.

a = xc=0.85%300.428=255.364mm .

Mnmax = 0.85x fc' x a x b x (d- a/2)

= 0.85 x 28x 255.364 x800x (451—(255.364/2))*10"-6 = 1572.01KN .m
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®=0.82
® Mn =0.82 x1572.01=1289.1kN .m

® Mn=1289.1.m > Mu=570KN.m

Design of beam as singly reinforcement concrete :

Design of moment : (negative moment)

Take Mu =570kN.m ............ from Atir program
Rn = Mu  570x10° _ 3892

M= bd?z T 0.9x800x4512

_1(y 2mxRn) 1 [ 2+17.64 * 3.222
P m fy | 17.64 420

= 0.008275
As,, =—V( (ow)(d) > (bw)( )——(ACI -10.5.1)
fy

=0.25%\28/420%800*451=1136.41mm>
As,min=(1.4/420)*800*451=1202.66mm? ...control
As=pbd = 0.008275*(800) (451) =2985.62mm? >As min =1202.66 mm?
# Of bars =2985.62/279.9=11bars Note Ap15=279.9mm?

Select11®18 for top reinforcement

Total AS grovicey =3078.9MM’
Check for yielding:

Tension = Compression

A x fy=0.85x f xbxa
3078.9*420=0.85*28*800*a
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a=67.92

c=67.92/0.85=80
£=0.003*((451-80)/80)
=0.0139>0.005....0K

Check for displacement:
Sh=(800-40*2-10*2-11*18)/10

Sb=50.2mm >25mm.....ok

Design of moment : (positive moment)

Take Mu =436.8kN.m ............ from Atir program

Mn
Rn = bxd ? = 436.8*1076/0.9*800*45172=2.982Mpa

_1(, |, 2mxRn} 1 [ 2+17.64-2.982) _
P = fy | 17.64 420 R
As,, = RALE (ow)(d) > E(bw)(d )——(ACI —-10.5.1)
4(fy) fy

=0.25*28/420%*800*451=1136.41 mm?
As,min=(1.4/420)*800*451=1202.66mm? ...control
As=pbd = 0.00761*(800) (451) = 2745.68mm? >As min =1202.66 mn?’
# Of bars =2745.68/279.9=10bars Note Ap18=279.9mm?

Select10d18 for bottom reinforcement

Total AS grovicey =2799 MM’

117



Check for yielding:
Tension = Compression

A x fy=0.85x f 'xbxa

2799*420=0.85*28*800*a
a=61.74mm
€=61.74/0.85=72.63mm
£=0.003*((451-72.63)/72.63)

=0.0156>0.005....0K

4.9.3 Design of Beam for Shear :

ACI — 318 — Categories for shear design:
Critical section at d=451mm
VUmax=437.2KN
Ve=1/6*1*#+28*800*451%10"-3=318.19kN
Check for section dimensions:
V/s=(437.2/0.75)-318.19

=264.74kN
Vs,max =2/3*V28*800*451*10"-3

=1272.78kN

Vs =264.74kN<Vs,max=127.78kN

The section is large enough.
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Find the maximum stirrups spacing.
If Vs<Vs' then Smax<d/2
Vs’ =1/3728*800%451%10-3
=636.39kN

Vs=264.74kN<Vs'=636.39kN
Then Smax < 600 ...
Smax <451/2=225.5mm ...control
Check Vs, min:
Av, min =1/16*\24*bw*S/fyt ,,.but not less than
Av, min =1/3*bw*s/fyt ...control(V28/16=0.330<1/3)
Vs,min =1/16%V28%*800*451%10/-3=119.32kN
Vs,min =1/3*800*451*10"-3

=120.26kN...control
@O Vc=238.64< Vu=437.2< ®(Vc+ Vs,min)=328.83
OR

Vs=264.74>Vs min=120.26 _case IV

Compute the stirrups spacing required to resist the shear force

Assume (4 _leg ®8) ,Av=2*50.27=201.1 mm?

Av/s=Vs/(fyt*d)

S=(Av*fyt*d)/Vs=(201.1*420*451)/(264.74*10"3)
=143.566mm

Take 2_U Shape (4leg stirrups) ®8@200mm<S,max=225.5mm
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4.10 Design of Column " Commercial Building " :

«+ Material :-

= concrete B350 Fc' = 28 N/mm?

= Reinforcement Steel ~ Fy =420 N/mm?

4.10.1 Load Calculation:- (From Column Group Cf)

Service Load:-

Dead Load = 6000KN
Live Load = 1500 KN

Factored Load:-
Py =1.2 x6000+ 1.6x 1500=9600KN

4.10.2 Dimensions of Column:-

Assumepg =0.01
$*Pn=0.65x 0.8x Ag{0.85 fc (1- pg) + pg * Fy}
9600*1000=0.65*0.8*Ag(0.85*28(1-0.01)+0.01*420)

Ag=664993.10 mm?2
Try a=800mm

4.10.3 Check Slenderness Parameter:-

m<34—12ﬂ£40
M2

r
Lu: Actual unsupported (Unbraced) length.

K: effective length factor.
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R: radius of gyration = \/L: R03h .o For rectangular section

Lu=4.1m
M1/M2 =1
K=1 for braced frame.

about X-axis (b=0.8m)
@ <34 - 12M—1 <40
r M2
1+x4.1
0.3x0.8
17.08 <22<40

<34-12<40

Column Is Short About X-axis &Y -axis

9600*1000=0.65*0.8(0.85*28(640000-As)+As*420)
As=8151.28mm?
= As =0.01
p g - Ag - "
Usel4®d 28with As=8621.2mm?

4.10.4 Design of the Stirrups:-

Use ® 10 for ties

The spacing of ties shall not exceed the smallest of :-
Spacing <= 16 db =44.8 cm
Spacing <= 48 ds =48 cm

Spacing <= least dim. =80 cm

UseglO@ 20 cm

121



4.11 Design of Stairs " Commercial Building " :

i it

L

— N

=} ey
2

N

Fig (4.28): Stair Plan.

« Material :-

= concrete B350 Fc' = 28N/mm?
= Reinforcement Steel Fy = 420 N/mm?
4.11.1 Design of Flight :-

» Determination of Thickness:-

hmin = L/20

hmin =5.25/20 = 26 cm
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hmin =5.25/28 = 0.19cm
Take h =250 mm

> Load Calculation:-

— 155 —

287 270 95—

Fig (4.29): Stair Section.

Dead Load For Flight For 1m Strip:-

Table (4.5): Dead Load Calculation of Flight.
123



Live Load For Landing For 1m Strip = 5*1 =5 KN/m

Factored Load For Flight :-

Wy =1.2 x12.303+ 1.6x5 =22.76 KN

> System of Flight:-

Ferwloes Live Lowooud -

Skn/m

Farwilcos Deool Looad =‘123D3|{r‘|fr‘n

D=123032 KM
L= o |

D=12303 KM
L=25 KM

4.11.2 Design of Shear for Flight :- (Vu=37.82KN.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 —12—4 — 223 mm
Ve :i fc'b, d= ix/zs +1000 * 223 * 1073 = 196. 7KN

® V=0.75*196.7 =147.5 KN > Vu = 37.82 KN
Vu max =37.82 <1/2® V. =147.5...... The thickness of the slab is adequate enough
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4.11.3 Design of Bending Moment for Flight :- (Mu=30.32KN.m)

_ M, _ 3032x10°%
Rn= Obd? ~ 0.9x1000x2232 0.68 Mpa
420
m= ¥ = — 17.65

"~ 0.85f. 0.85x28

- é(l [ 2.m.Rn) 1 (1 B \/1 ~ 2><17.65><.0.68> — 0.001478

420 | 17.65 420

Asreq = p.b.d = 0.001478x1000x250= 369.67 mm?
Asmin= 0.0018*1000*250= 450 mm?

ASreq =369.67 mm? < Asmin=450 mm?2......... As min is control

As _
As<2)14_2'92

s=1-_1 _0.342
n 2.92

Take 3®14/m with As = 461.7 mm?%/m or ®14/300mm

Use ® 14...... then N=

Check for Spacing :-

S =3h=3*250 =750 mm
S =450 mm

2
3%x420

S =380 ((380) 280 ) =330

280

s<300— =300 ......... is control
280

S=300<S max =300...... ok

Check for shear strength :-

Assume bar diameter ®14for main renforcment
d=h-20-db/2= 250-20-14/2=223mm
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Take the maximum shear as support reaction Vu =78.49
Ve =< \fc'b, d = V28 + 1000 « 223 + 1073 = 196. 7KN

® V.-0.75*196.7 =147.5 KN > Vu = 37.82 KN
Vu max =37.82 <1/2® V. =147.5...... The thickness of the slab is adequate enough

Calculate the maximum bending moment and steel reinforcement:

Mu= 78.47 (1.43+%)-(18.18)(1.43)(1.2+%)- 22.76(1. 22/2)-KN.m/m

Assume bar diameter ®14 for main reinforcement d=223mm

_ M, _ 102.27x10°
" Pbd2 ~ 1000x2232

- $<1 - Z.m.Rn> B ;(1 B \/1 ~ 2><17.65><2.056> — 0.005126

Rn = 2.056Mpa

420 | 17.65 420

Asreq = p.b.d= 1143.17mm?
As min=450 mm?
As=1143.17>As min=450 ......... OK

Use ®16
n= As
" Asp16
1

s=1=_1 _0.175
n 5.69

Take 6016/m with As = 1206.6 mm2/m or ®16/150mm

=5.69

Check for Spacing :-

S =3h=3*250 =750 mm
S =450 mm

S =380 ((380)2280 ) =330
§><420
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280

s<300—=300 ......... is control
280

S=150<S max =300...... ok

Temperrature and shrinkage reinforcement :

As temp.=0.00018bh= 450mm?

n= As
T Asp14
1

s=1-_1 _0.34m
n 2.92

Take 3014/m with As = 461.7 mm2/m or ®14/300mm

=2.92

S max:

1.5h=1250

2.450 ......... control
S=300<Smax =450mm

Design of F3:

2276

17.61

2313 KM

34,202 0y
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Check shear strength :

Assume ®14

d=250-20-(14/2)=223mm

take the maximum shear as the support reaction Vu=34.202
=1 ! = l * * * R

vc-g,/fc b, d= 6\/2_8 1000 % 223 + 1073 = 196. 7KN

® V:=0.75*196.7 =147.5 KN > Vu =34.202 KN
Vu max =34.202<1/2® V¢ =49KN...... Thethikness of the slab is adequate enough

Calculate the max bending moment and steel Reinforcment :

Mu=34.2(1.75)-17.61(0.8)(1.35)-22.76(0.952 /2)=30.56
As F1 3014 , 014 @500

The consider F1 and F2 same design because the reactions on Both close to each other .
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4.12 Design of Shear Wall * Commercial Building " :

247 4
462 5 535 4
1268.3
796.4
2201
877.9
37325 9355
41505
Fig (4.30 ) :Moment and shear diagram
Fc = 28MPa
Fy = 420 MPa

t =20cm .shear wall thickness
Lw = 4.25m .shear wall width

Hw. for one wall = 18.02 m

4.12.1 Design of shear :

D Fx=Vu=9355KN

129
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4.12.2 Design of the Horizontal reinforcement:

The critical Section is the smaller of:

Iw  4.25
T
hw 18.02
2 2
storyheigh(Hw) = 2.62m...... control
d =0.8xIw =0.8%x4250 = 3400

=2.125m

=9.0Im

5
(Z)Vnmax = Q)g\/f_c,hd
=0.75%0.83 *v28 * 250 * 3400 * 103 =2811.11KN > Vu

V. is the smallest of :

1 1
1-V,= g\/fc’hd = EVZB * 250 * 3400 = 1073 = 749.6KN ... cont

N,d
2= V= 0.27/f'hd + 1= = 0.27V28 + 250 + 3400 5 107 + 0 = 1214.4KN
w
7 Ny
L, (0.1/E +o0. le_h)
3 -V, =10.05/f + TH— hd
Ve 2
4.25(0.1V28 + 0
= lo.osx/zs + ( ot ) 250 * 3400 = 1205.17KN

l, 38115 4.25_195
2 935.5 2

M,
Vu

1
VU = 935.5KN< 2 *0.75*749.63 = 281.11 KN Need reinforcement

Minimum shear reinforcement is required:

Take P =0.0025
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Maximum spacing is the least of :

Lw
5 - 4250 _ 850mm
3*h = 3*250 = 750mm
450 mm ....... Control

Try 10 (As = 78.5 mm2) for two layers

Avh

P _ h*S2 — 2*78.5

250*S2

S2=2512mm , ¢10@250 mm

= 0.0025

—usedp10@250 mm in tow layer

4.12.3 Design for Vertical reinforcement:-

h, 18.02

Ny 2692y o5

L, 425

Lw _ 4250 _ 1 416.67mm
3 3

450 mm ....... Control
3*h = 3*250 = 750mm
P+ =.0025

Try @ 10 (As = 78.5 mm2)
78.5*2=0.0025*S*250

S=251.2
Select @ 10 @250mm In tow layer.
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4.12.4 Design of bending moment ( uniformly distribution flexural

reinforcement)

4250
Ay = ( ) *2 % 153.9 = 6542.36mm?

200
Ag\f, [ 6542.36 \420

W= (Lwh)f_c’ - (4250 R 250) 2g 00923
Py

=t

C W+ Q 0.0923+0

- - =0.1018
l, 2w+0.85p; 2+x0.0923+0.85x0.85

P, c
OM, = 0]0.5A4f,1,(1+ 1—-—
Agfy Iy
=0.9[0.5 % 6542.36 * 420 + 4250(1 + 0)(1 — 0.1018)] = 4720.42KN.m
> Mu = 4150.5

Select @ 14 @200mm for vertical reinforcement .
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4.13 Design of Basement Wall " Commercial Building " :

/f/“/

298

I T 2682

Fig (4.31): Geometry of basement.

Fc’ =28Mpa

Fy =420 Mpa

® = 30°

y = 18KN/m?3

Ko=1-sin®
=1-sin30
=0.50

4.13.1 Design of bending moment: (vertical)

Assume h =250, d bar =¢20
D=250-75-20/2 = 165 m

Mu max =30.7KN.m
133
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Mu 30.7

Mn=ﬁ=0—9=3411KNm

K _Mn*106_34.11*106_1253M

"= Tpd?  1000+1652 pa
Fy 420

m =17.65

~0.85+fc 0.85+28

1 1 1 2+ kn*m
= — % —_ —_——
P Fy

1 ) 2 %1.253 % 17.65
~17.65 \ | 420

= 0.00307
Asreq =p*bxd=0.00307 « 1000 * 165 = 505.941cm?/m

Asmin = 0.0015 «b +xh = 0.0015 * 1000 * 250 = 375cm?/m

Jfe 1.4
As min(for flexure) = 0. ZSLbW xd>——bwxd

fy fy
V28
As min = o.zsmwoo * 165 = 519.7

220" 1000 x 165 = 550

As min =

Amin = 550 > Areq = 505.941
Take As =550 mm?/m

Select p12

n=550/115.1 =4.863

Select 5012/m or@12@200mm
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4.13.2 Design of the horizontal reinforcement:

Asmin = 0.002 b «h =0.002 « 1000 = 250 = 500cm?/m

Select 5012 or $12@20cm/m, in two layer.
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	,𝜺-𝒔.=𝟎.𝟎𝟎𝟑∗( ,𝒅−𝒄-𝒄.)
	= 𝟎.𝟎𝟎𝟑∗,,𝟐𝟏𝟒−𝟔.𝟐𝟕-𝟔.𝟐𝟕..=𝟎.𝟎𝟗𝟗𝟒>𝟎.𝟎𝟎𝟓  ∴ф =𝟎.𝟗 … 𝑶𝑲.
	Use 𝟐Ø𝟏𝟒,  with As =307.88,𝒎𝒎-𝟐.>𝑨𝒔,𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅=𝟑𝟎𝟐.𝟗𝟕 ,𝒎𝒎-𝟐.
	Check for strain: (,𝜺-𝒔.≥𝟎.𝟎𝟎𝟓) (1)
	Tension = Compression (1)
	𝑨𝒔 ∗ 𝒇𝒚  = 𝟎.𝟖𝟓 ∗ ,𝒇-𝒄-′. ∗ 𝒃 ∗ 𝒂 (1)
	307.88∗ 𝟒𝟐𝟎 = 𝟎.𝟖𝟓 ∗ 𝟐𝟖∗ 𝟏𝟐𝟎∗ 𝒂
	𝒂 =𝟒𝟓.𝟐𝟖 𝒎𝒎
	𝒄=,𝒂-,𝜷-𝟏..= = ,𝟒𝟓.𝟐𝟖-𝟎.𝟖𝟓.=𝟓𝟑.𝟐𝟕𝒎𝒎
	,𝜺-𝒔.=𝟎.𝟎𝟎𝟑∗( ,𝒅−𝒄-𝒄.) (1)
	= 𝟎.𝟎𝟎𝟑∗,,𝟐𝟏𝟑−𝟓𝟑.𝟐𝟕-𝟓𝟑.𝟐𝟕 ..=𝟎.𝟎𝟎𝟖𝟗𝟗𝟔>𝟎.𝟎𝟎𝟓  ∴ф =𝟎.𝟗 … 𝑶𝑲.
	𝐂𝐚𝐬𝐞 𝟏
	,𝐕-𝐮.<,𝟏-𝟐.∗ ф∗,𝐕-𝐜.
	,𝐕-𝐮.=𝟏𝟓.𝟎𝟖>,𝟏-𝟐.∗ ф∗,𝐕-𝐜.=𝟗.𝟐𝟓𝟓… 𝐍𝐨𝐭 𝐎𝐊
	𝐂𝐚𝐬𝐞 𝟐
	,𝟏-𝟐.∗ф∗,𝐕-𝐜 .<,𝐕-𝐮.< ф∗,𝐕-𝐜.
	,𝟏-𝟐.∗ф∗,𝐕-𝐜.=𝟗.𝟐𝟓𝟓𝐊𝐍<,𝐕-𝐮.=𝟏𝟓.𝟎𝟖 𝐊𝐍<ф∗,𝐕-𝐜.=𝟏𝟖.𝟓𝟏𝐊𝐍 –𝐎𝐊
	4.8.1   Determination of Thickness:
	4.8.3  Load Calculation:
	4.8.4  Design of Rib for one way rib slab :
	Design of Positive Moment for Rib 6:

	307.8(420)=0.85(28)(520) a
	a=10.45
	𝐜=,𝐚-,𝜷-𝟏..=,𝟏𝟎.𝟒𝟓-𝟎.𝟖𝟓.=𝟏𝟐.𝟐𝟗𝒎𝒎
	,𝜺-𝒔.=𝟎.𝟎𝟎𝟑,,𝟑𝟏𝟒−𝟏𝟐.𝟐𝟗-𝟏𝟐.𝟐𝟗..=𝟎.𝟎𝟕𝟑𝟔>𝟎.𝟎𝟎𝟓    ….𝒐𝒌
	Design of Negative Moment for Rib 6:
	According to ACI 8.9.3 — for beams built integrally with supports, design on the basis of moments at faces of support shall be permitted.
	The maximum negative moment at the face of support is
	226(420)=0.85(28)(520) a
	a=7.67
	𝐜=,𝐚-,𝜷-𝟏..=,𝟕.𝟔𝟕-𝟎.𝟖𝟓.=𝟗.𝟎𝟐𝒎𝒎
	,𝜺-𝒔.=𝟎.𝟎𝟎𝟑,,𝟑𝟏𝟒−𝟗.𝟎𝟐-𝟗.𝟎𝟐..=𝟎.𝟎𝟎𝟑>𝟎.𝟎𝟎𝟓    ….𝒐𝒌
	Design of shear for rib:


	Case3 :    фVc<Vu  ≤ф(Vc+Vs,min)
	Provide minimum shear reinforcement
	Vs,min    ≥   ,𝟏-𝟏𝟔.∗ ,,𝒇-𝒄-′.. * bw*d = ,𝟏-𝟏𝟔.∗ ,𝟐𝟖. *0.12*0.314*103= 12.46KN.
	фVs,min=9.345
	≥    ,𝟏-𝟑.∗,𝒃-𝒘.∗𝒅 = ,𝟏-𝟑.∗𝟎.𝟏𝟐∗𝟎.𝟑𝟏𝟒*103 = 12.56KN
	фVs,min=9.42………….. control
	∴Case (III) is satisfy → shear reinforcement is required.
	Use 2 Legs ф8 for stirrups with  Av =  100.52 mm2
	𝐕𝐬=,ф𝐕𝐬𝐦𝐢𝐧-ф.=,𝟖.𝟓𝟐-𝟎.𝟕𝟓.=𝟏𝟏.𝟑𝟔
	𝐬=,𝐀𝐯∗𝐟𝐲𝐭∗𝐝-𝐕𝐬𝐦𝐢𝐧.=,𝟏𝟎𝟎.𝟓𝟐∗𝟒𝟐𝟎∗𝟐𝟖𝟒-𝟗.𝟒𝟐.∗,𝟏𝟎-−𝟑.=𝟏𝟒𝟎𝟕.𝟐𝟖 𝐦𝐦
	S  ≤,𝒅-𝟐. =  ,𝟐𝟖𝟒-𝟐. = 142mm.
	4.12.1  Design of shear :
	,𝐕-𝐜. is the smallest of :
	4.12.4 Design of bending moment ( uniformly distribution flexural reinforcement)    :
	,𝐀-𝐬𝐭.=,,𝟒𝟐𝟓𝟎-𝟐𝟎𝟎..∗𝟐∗𝟏𝟓𝟑.𝟗=𝟔𝟓𝟒𝟐.𝟑𝟔,𝐦𝐦-𝟐.
	𝐰=,,,𝐀-𝐬𝐭.-,𝐋-𝐰.𝐡..,,𝐟-𝐲.-,𝐟-𝐜.′.=,,𝟔𝟓𝟒𝟐.𝟑𝟔-𝟒𝟐𝟓𝟎∗𝟐𝟓𝟎..,𝟒𝟐𝟎-𝟐𝟖.=𝟎.𝟎𝟗𝟐𝟑
	4.13.1 Design of bending moment: (vertical)
	4.13.2 Design of the horizontal reinforcement:

