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Project Abstract

The Structural Design and Tender Documents for Library Project

Project Team:

Sael Amr Hassan Rabba

Mohammad Hligawi

SUPERVISOR:

Dr . Mohammad T. Alsayyed

The project is about a library of four floor with total area of 2900 square meters. Each floor
except the forth floor, has two levels, each level is used differently. This building has a very
beautiful architectural elements.

A Structural design for all the structural elements will be made for this building. Also the group
will prepare bill of quantities for all the project as well as specifications and all tender
documents.

The structural analysis and design will be done in this project for the cafeteria andForum. The
design is based on (ACI_318) ( design of reinforcement concrete ) ,and by using several
software programs such as Autocad2007,0ffice2007, Atir ,etc .For the determination of live
loads the Jordanian code of loads was used .

The architectural drawing were first studied and corrected , the structural elements were

selected without any conflict with the architectural requirement . Analysis and design of
elements were done to make the requirement drawing for construction .
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List of Abbreviations

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 DL =dead loads.

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

e Ec =modulus of elasticity of concrete.

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

e h =overall thickness of member.

e | =moment of inertia of section resisting externally applied factored loads.

e Ln=length of clear span in long direction of two- way construction, measured face-to-
face of supports in slabs without beams and face to face of beam or other supports in
other cases.

eLL =live loads.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e S = Spacing of shear or in direction parallel to longitudinal reinforcement.

¢ \/c = nominal shear strength provided by concrete.

¢ \/n = nominal shear stress.

¢ \/s = nominal shear strength provided by shear reinforcement.

¢ \/u = factored shear force at section.

e \Wu = factored load per unit area.

e @ = strength reduction factor.

e &. = compression strain of concrete = 0.003.
e & = strain of tension steel.

e £= strain of compression steel.

ep =ratio of steel area .
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Chapter Four

Chapter Four

Structural Analysis & Design

4.1 Introduction.
4.2 Design of Rib Slab
4.2.1 Determination of Slab Thickness:-
4.2.2 Determination of Factored Load of ribs.
4.2.3 Design of topping.
4.2.4 Design of Rib.
4.3 Design of Beam.
4.3.1 Design of flexure.
4.3.2 Design of shear.

4.4 Design of one way solid slab.

4.4.1 Determination of Slab Thickness.
4.4.2 Determination of Loads of solid slab.
4.4.3 Design of Reinforcement.
4.5 Design of Stairs.
4.5.1 Determination of Slab Thickness.
4.5.2 Load Determination.
4.6 Design of column (C31).
4.6.1 Load Calculation.
4.6.2 Check Slenderness Effect.
4.6.3 Design of the Stirrups.
4 .7 Design of shear wall.
4.7.1 Design of shear.
4.7.2 Design of the Horizontal reinforcement

4.7.3 Design for Vertical reinforcement.
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Chapter Four

4.7.4 Design of Bending Moment.
4.8 Design of Isolated Footing (F3).
4.8.1 Determination of Loads.
4.8.2 Determination of Footing Area.
4.8.3 Determination the depth of footing based on shear strength.
4.8.4 Check for two-way shear action (punching).
4.8.5 Design of Bending Moment.
4.8.6 Development Length of main Reinforcement for Mul.
4.9 Design of Strip Footing.
4.9.1 Determination of Loads.
4.9.2 Determination of Footing Area.
4.9.3 Determination the depth of footing based on shear strength.

4.9.5 Design of Bending Moment.
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Chapter Four

4.1 Introduction:-

The project consists of several structural elements that will be designed according to
the ACI code and by using the finite element method using much of computer software
such as " ATIR , STAADpro, Safe And Etabs to find the internal forces, deflections, Shear

and moments for the all structural element in order to design them.

4.2 Design of Rib Slab

4.2.1 Determination of Slab Thickness:-

> = N
Q7 "-..%;\\ N

FigUre (4-1): Firsi Floor Slab.

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one

way slabs unless deflections are computed as follow :
hmin fOor one-end continuous = L/18.5 ............. ACI-9.5.2.1. Table 9(a).
Beam (B1/17) = 690/18.5 = 37cm.
hmin for both-end continuous = L/21 ............. ACI-9.5.2.1. Table 9(a).
Beam (B1/1) =591/21 = 28cm
hmin fOr simply supported = L/16 ............... ACI-9.5.2.1. Table 9(a).
Beam (B1/11) = 640/16 = 40 cm
The controller slab thickness is 40 cm.
But by deflection checked it was controlled at 40 cm thickness.

So select Slab thickness h= 40cm with block 30 cm & Topping10cm.
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4.2.2 Determination of Loads of rib:-

Determination of Dead load:-

Table(4-1) Calculation Dead Load for Rib.

Type ybh KN/m
Tiles 0.03*0.52*23 0.359
Mortar 0.02*0.52*22 0.229
Sand 0.07*0.52*17 0.5824
Topping 0.10*0.52*25 1.30
Hollow block 0.4*0.1*9 0.36
Polystyrene block 0.4*0.2*6 0.48
Plaster 0.02*0.52*22 0.229
R.C rib 0.12*0.3*25 0.9

Partitions 2.38*0.52 1.23
Sum 5.6794

Determination of Live Load:-

Nominal Total live load = 4 * 0.52 = 2.08kN/m of rib

Determination of factored Dead & Live Load

Factored dead load = 1.2*Dead load = 1.2*5.47 = 6.812 KN/m.

Factored Live load = 1.6*live load = 1.6*2.08 = 4.16 KN/m

Total factored load =6.812+4.16=10.972 KN/m
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4.2.3 Design of Topping:-

Determination of Dead Load of Topping

Table(4-2) Calculation Dead Load for Topping.

Type ybh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44
Sand 0.07*16*1 1.12
Topping 0.10*1*25 2.5
Partitions 2.38 *1 2.38
Sum 6.75

Live Load = 4KN/m.
qu=1.2DL+1.6LL.
qu=1.2*6.75+ 1.6 *4 = 14.5 KN/m. (Total Factored Load)

12

I
S Mu= ™ _145%042/12
12
=0.193KN.m.
., bh? .
2> Mn=0.42,/fc *? ............. (ACI-22.5.1, Equation 22-2)
* 2
=0.42 24 *M =3.43KN.m.

S ¢*Mn=0.55*2.19 =1.2KN.m.
¢* Mn =3.43 > Mu =0.193KN.m. OK
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No structural reinforcement is needed according ACI-10.5.4, provide As_,, for slab

as shrinkage and temperature reinforcement.
For the shrinkage and temperature reinforcement:

Accordingto  ACI 7.12.2.1, L =0.0018.

As = p*b*h=0.0018*1000*100 =180mm?.

n=As/100=180/50= 3.6 bars

S=1000/4 =2500 mm

S= 3 h = 3*1000 =300 mm(control)

S=450 mm ACI-7.12.2.1 (section 8.5)
S=380*280/fs-2.5Cc  .............. ACI-10.6.4
=380*280(2/3*420)-2.5*20 = 330 mm

S= 380*280/fs fs=(2fy/3) .......... ACI-10.6.4
=300*280*3/2*420 = 300 mm

Use S =250 mm < S max = 300mm

Use ®8 @ 25 cm c\c in both directions.

4.2.4 Design of Rib10 :-

Geometry Units:meter.cm
1 2 3
1 2 3
L T 1, T 1, T 1, |
A A A
|D'E| 2,22 . 0.8 . 4.14 . 0.8 . 3.67 .
b 2.92 N 4,94 N 437 '
I T T
52,
10,
40,
12,
A—A

Figure (4-2): Rib10. Geometry.
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Dead load - Service Units:kN,meter
567 567 5.6T7
k! 3 3
2982 4.94 437

Live load - Service Load factors: 1.20,1.20/1.60,0.00

A N A S Y A T A Y A A 2 A

2.82 4.54 437

Figure (4-3) : Loading of Rib 10.

¥
i
i

134 15.4
02, 15| 247 | 247 | 2.62 L1
| | I I | | 1
.Figure (4-4) : Moment Envelop of Rib 10
269
20.7 -19.1 AT.T
-12.8 ADg
I I I I . '
13
1.
16.8 158
248 276

.Figure (4-5) : Shear Envelop of Rib 10

34




Chapter Four

Factored

f—
DeadR .24
LiveR 4.8
Max R 11.05
Min R 4.48
Service
DeadR 5.2
LiveR 3.
Max R 8.2
Min R 4.11

29.42
15.81
45332
3362

24.52
9.94

I4.48
27.14

36.29

18.21
4.5

4476

20.25
11.38
41.62
15.54

11.26
6.432

1768

1033

8.38

4.02

13.4
g8

Design of Positive Moment of Rib 10:-

Figure (4-6) : Reaction from Rib 10

Assume bars diameter of 12mm

d= 400-20-8-6= 366 mm.

b er<= 520 mm. (Control)

<=4370\4 = 1092.5mm.

<=16 *100 +120 = 1720mm.

2be = 520 mm.

¢*Mnf =0.9*%0.85*24*0.10*0.52*(0.366 —0.10\ 2) *1000 = 301.69KN.m.

¢

301.69>15.4

*Mn > mu

—Rectangular Section.

Maximum Positive Moments Mu = 15.4kN.m->Span (3)

Mn =15.4/0.9 = 17.11kN.m

Rn

m=_—0___40 _,4
0.85*fc’  0.85*24
Mn  17.11*10%6
= ——= = 0.2456Mpa
b*d? 520*(366)
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_1 |- 2mRn
p=—@ L fy )

_ 1 .|, 2(0.2456)(20.6)
p (1 \/l 220 )

=0.000588

As = 0.0005884(520) (286) = 111.985 mm’

fc 1.4
As. .. =——bw)d)>—(bw)d).............. ACI -105.1
Ay )= W) ‘ )
V24 1.4
As,. = 4(4—20)(120)(366) > 4—20(120)(366)

ASmin =128.07 <146 .4

As . =146.4mm’

As=111.985mm*<As . =146.4mm?

# of bars = As/ As pa = 146.4/78.54= 2 bars * Note Ap1p= 78.54mm?2
Select 2 ® 10mm.
Chick for strain :

Tension = compression

As*fy=0.85*fc' *b*a

157.08 * 420 =0.85*520 * 24 * a
a=>6.219mm
c=i:@:7.77mm

,81 0.85

366 -7.77

&g X0.003

g =0.138 > 0.005 oK
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2) Positive moment Mu= 13.1kN.m->Span (2)

Mn = 12.8/ 0.9 = 14.22kN.m

m = fy - = 420 = 20.6
0.85* fc 0.85*24
Mn 13.1*10”6
Rn = = = 0.188MPa
b*d 520*(366)
1 2mRn
p=—(@1- 1- )
m fy

0 1 (1_\/1_2(0.188)(20.6)):0.0004498

206 420

As = .000739 (520) (366) = 85.616 mm’

e 14

As., = m(bw)(ol )> F(bw)(ol) ................ (ACI -10.5.1)
V2 1.4

As,. = 4(4—20)(120)(366) > 4—20(120)(366)

As i =128.07 <146.4

As . =146.4mm’

As=85.616 mm? < As , =146.4mm’

# of bars = As/ AS v = 146.4/78.54= 2 bars

Select 2 ® 10mm .

e Chick for strain :
Tension = compression
As*fy=0.85*fc' *b*a

37
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157.08*420=0.85*520*24*a
a=6.219mm

a_b219 4 7mm

"B 085
366—7.77

s =

&, =0.138>0.005

X0.003

Design of Negative Moment of Rib 10:

1) Maximum negative moment Mu= 13.9 kN.m->support (3)

Mn= 13.9/ 0.9 = 15.44 kN.m

fy _ 420

= - = = 20.6
0.85* fc 0.85*24

Mn 15.44*10"6
Rn = = =0.9605 MPa

b*d?2~ 120*(366)°

2mRn
fy

L. h- )
m

1 \/ 2(0.9605)(20.6)

— (1 -
P= 206! 420

As = 0.002343(120) (366) =

102927 mn? As., =31 (bw)(d)z%(bw)(d

4(ty)
24 14
As . 120)(366) > ——(120)(366
Sin = 4(420)( )(366) 20( )(366)
As . =12807 <1464
min

As . =146.4mm’
As=102.927 mm?< As ;. =146.4mm’

# of bars = As/ AS v = 146.4/78.54= 2 bars

Select 2 ® 10 mm .

) =0.002343
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e Chick for strain :
Tension = compression
As*fy=0.85**b*a
157.08*420 = 0.85*120*24*a
a=26.95mm
c= 2255 4 omm
B 0.85

366 -31.7

Eg=—————
31.7

g, =0.0316 > 0.005

X0.003

OK
2) Negative moment Mu= 10.3KN.m=>support (2)

Mn=10.3/ 0.9 = 11.44kN.m

m = fy - = 420 =20.6
0.85*fc  0.85*24

Mn _ 11.44*10"6

Rn = = > =0.712MPa
b*d? 120*(366)
1 2mRn
=—(1- 1-
P m( y )
0 1 - \/1— 2(0.712)(20.6))=0_001725
20.6 420

As = 0.001725(120) (366) = 75.797 mm?

e 1.4

As,. = 4(fy)(bw)(d)2 F(bw)(ol) ................ (ACI —10.5.1)
V2 1.4

A, = 4(4—20)(120)(366) > 4—20(120)(366)

Asmin =128.07 <146.4

As . =146.4mm’

As=75.797mm?< As , =146.4mm’

# of bars = As/ AS pr = 146.4/78.54= 2 bars

e Select2® 10 mm.
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e Chick for strain :
Tension = compression
As*fy=0.85**b*a
157.08*420 = 0.85*120*24*a

a=26.95mm

8 _2695 41 2mm

C=—=
6, 085

= MXO.O%

s

g, =0.0316 > 0.005 OK

4.2.4.2 Design of Shear of Rib 10:

1) Vud = 19.8 KN —=at Support 3

[
®Vec=d* ——bw*d

................ ACI-11.2.1

V24

= 0.75* T 120*0.366= 26.89 KN

According to ACI code-8.13.8, Vc in Ribs , take 10% greter that in beam ,so

1.1*® Vc =1.1*26.89 = 29.58 KN.
dVnmax =5 dVc = 22.33> Vu = 19.8 The Section is large enough

Check for items:-
1) VusoVe/2
20.3>14.79 ( notok )
2) ®Vc/2sVusd Ve
11.65<19.8<29.58  (ok )
So according to ACI code.

No minimum shear reinforcement is required for rib construction

e Use2®d8@30cmclc.
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2) Vud = 17.3 KN 2at Support 2

[
® Vc= CD*TbW*d

V24

= 0.75* e 120*0.366=26.89 KN.

according to ACI code-8.13.8, Vc, take 10% greter that in beam ,so
=1.1* d Vc = 1.1*21.02 = 29.58 KN.

dVnmax =5dVc = 105.1> Vu = 17.3 the section is large enough
Check for items:-

1) VusoVc/2
17.3>14.79 ( notok )

2)®Vc/2sVuso Ve
14.79 <17.3<29.85 ( ok )
So No minimum shear reinforcement is required for rib construction according to ACI code

Use 2 ® 8 @30 cm clc.

3) Vu = 10.9 KN -?at Support 4

J
dVec= d* ——bw*d

24

= 0.75* e 120*0.366= 26.89 KN

1.1*® Ve =1.1*21.02 = 29.58 KN.
®Vnmax =5®dVc = 105.1> Vu = 17.3 the section is large enough

1) Vys® Vc/2
10.9<14.78 (ok)
No shear reinforcement is required for joist construction according to ACI code

Use ® 8 @30 cm c/c
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4.3 Design of Beam: B (1-17)

-~

Figure (4-7) : Beam Plan

Determination of Dead load of beam:-

From rib 4 = 24.55/0.52=47.21 KN/m

Table(4-3) calculation dead load for beam.

Type ybh KN/m

Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44
Sand 0.07*1*17 1.19
Reinforcement concrete 25* 1*0.5 125
Plaster 0.02*1*22 0.44
Partitions 2.38*1 2.38
Fromrib 4 47.21
Sum 61.85

Determination of Live Load of Beam:

Nominal live load : 4*1 = 4kN /m

From rib 4 = 9.94/0.52=19.11 KN/m

SUM=4+19.11=23.11
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Determination of Factored Lead & Live Load:-

Factored dead load = 1.2*Dead load = 1.2*61.85=73.626KN/m.

Factored Live load = 1.6*live load = 1.6*23.11= 36.976 KN/m

1 2 3 4
1 2 3
L L
A A A
0.3 6.51 0.5 4. 0.5 4.82 0.3
H 1 — m +— =22 H
I I I I
&0,
&0.
AR
Figure (4-8) : Beam Geometry.
Dead load - Service Units: kN, meter
£1.8 618 61.8 B1.8
471
1 k.
3M . 32 4.5 522
T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
1£ ER 231 ! 231 ! 234
3. | 3.2 45 5.22
T

Figure (4-9) : Load of Beam.
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Moment/iShear Envelope (Factored Units: kM, meter
Moments:  spans 1to 3
4631
o
[
43148
311 | 3.5 | 2o am | 2.87 235 |
I T T T T 1
Figure (4-10): Moment Envelop for Beam.
Moment/Shear Envelope (Factored) Units: kM, mater
Shear
4414
3614
-237.5 -253.
A57.5 1841
(] i | | i i
L/ | il k
226.9 2377 2588
2705 247 T 1399

Figure (4-11): Shear Envelop for Beam.

Factored

DeadR
LiveR
Max R
Min R
Service
DeadR
LiveR
Max R
Min R

H HH HH H
185.83 453.59 156.87 164.26
837 265.49 220.52 8e.78
279.54 760.08 §77.38 252.04
181.53 G60.69 406.33 167.28
164.86 411.33 287.38 136.88
58.57 166.93 137.82 6649
213.43 §77.26 436522 192.37
162.17 452.01 3283 132.52

Figure (4-12) : support reaction for Beam.
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4.3.1 Design of flexure:-
Design of Negative moment:-

Assume bars of & 25
bw=80cm h=50cm

d=500-40-10-12.5 =437.5 mm
1) Mu =387.5KN .m

Cmax= 3/7 d= 3*437.5 /7=187.5 mm a=0.85 C=0.85*187.5= 159.37mm
®Mn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*159.375*800*(437.5-159.37/2)*10"-6=763.153KN.m>Mu =387.55KN.m
Ok

Design as Singly

Mn= Mu/0.9= 235.2/ 0.9 = 430.55 KN m

Mn  430.55*10"6

Rn = = =2811M

" b*d? " 800*(437.5) >
1 2mRn

= _ 1_

P m(1 y )

- 1 ‘- \/1_2(1.706)(20.6))20.007233
20.6 420

As = 0.00426 (800) (437.5) =2531.76 mm?®

Jic 1.4
A - bw)d) > == (bw)d ).ovrrirrerrnn.. ACI —105.1
Smin 4(fy)( W)( ) fy(W)( ) ( )
V24 1.4 5
As o :4(420)(437.5)*(800)3420(800)(437.5)) > As, =116767mm
2531.76mm’> As . =11667mm” ok
# of bars = As/ As py = 2531.76/490.87= 6 bars * Note Ap5=490.87

Select 6@ 25 mm with As=2945.22>As req ok.
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e Check for strain:
Tension = compression
As*fy=0.85*fc' *b*a
294522 *420 =0.85*800 *24 *a
a=75.79mm
c=2 -1 g9 17mm
[31 0.85
437.5-89.17
Ea=&—
5 89.17
83 =0.0117 > 0.005 Ok

X0.003

check for bars spacing:
S =(800- 40*2 - 2*10 -6*25) / 5= 110mm >25mm Ok

2) Mu =204.3 KN .m
Mn= Mu/0.9= 204.3/ 0.9 = 227KN m

Mn  227*1076

Rn= ——= =1.4824Mpa
b*d® 800*(437.5)2
1 2mRn
=~ @1- [1-
P rn( y )
e L. \/1_ 2(1.4822)(20.6))20_00366
20.6 420

As = 0.0036615(800) (437.5) =1283.88 mm?

_ A fe 14
As.i, _W(wad)zF(bw)(d) .................... (ACI -10.5.1)
V24 14 )
As_ . =——(437.5)* (800) < —— (800)(437.5 o
S e 4(420)( )*( )< )(4375)) > As.. =117667mm

2
2 -
1283mm°>As .. =117667mm™,

# of bars = As/ As , =1176.67/380.13= 4bars * Note Ap»=380.13mm?2

Select 4 ®22 mm with As=1520.5>As req ok.
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e Check for strain:
Tension = compression
As*fy=0.85*fc' *b*a
15205*420=0.85*800*24* a
a=239.13mm

c= a =39.13/.85=46.035mm
A

_ 437.5-46.035
46035

£ = 0.0255 > 0.005 Ok

£ X0.003

check for bars spacing:
S = (800- 40*2 - 2*10 -4*22) /3 =204mm >25mm Ok

Design of positive moment:

Maximum positive moment pmuy =432.5 KN.m

Assume bars of ® 25
bw=80cm h=50cm

d=500-40-10-12.5 =437.5 mm
1) Mu =432.5KN.m

Cmax= 3/7 d= 3*437.5 /7=187.5 mm a=0.85 C= 0.85*187.5= 159.37mm

®Mn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*159.375*800*(437.5-159.37/2)*10"-6=763.153KN.m>Mu =432.5KN.m Ok
Design as Singly

Mn= Mu/0.9=432.5/ 0.9 = 480.55KN m

Mn 480.55*10"6
Rn = = = 3.138 Mpa

b*d® " goo * (437.5)2
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2mRn
fy

p= 1@ -
m

2(3.138)(20.
o= 1 (1- [1- (3.138)( 06))=O.00815
20.6 420

As = 0.00815(800) (437.5) =2855.169 mm?

NA( 1.4
AS iy = (owW)d) > 2 (oW Yo (ACI ~105.1)
a(ry) )= ow)a)
J24 14
As . =———(437.5)* (800) < ——(800)(437.5 As,.;, =1176.67mm’
2855.160mm?> As . =1176.67mm* oK

# of bars = As/ AsS p, = 2855.17/490.87 = 6bars
Agp25=490.87mm?2

Select 4® 25 mm with As=2945.22 >As req Ok

e Check for strain:
Tension = compression
As*fy=0.85*fc' *b*a
2945.22*420=0.85*800* 24 * a

a="75.796mm
a 75.796
ﬂl 0.85
437.5-89.17
&g =————X0.003
89.17

£q = 0.0117 > 0.005 Ok

check for bars spacing:
S =(800- 40*2 - 2*10 -6*25 ) /5 =110 mm> 25 mm Ok

* Note
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Span (2) Mu = 25.5 KNm

Assume bars of & 25
bw=80cm h=50cm
d=500-40-10-12.5 =437.5 mm

Mn= Mu/0.9= 25.5/0.9 = 28.33 KN m

Mn
Rn= — = 28.33%10%6 _ 185 Mpa

~ b*d?  800* (437.5)?

1 2mRn
= —(1- 1_
p m( y )
2(0.1 20.
p= i(l- \/1— (0.185)( 06))=o.ooo44
20.6 420

As = 0.0004425(800) (437.5) = 155 mm?*

As,, :4£(bw)(d)2 %(bw)(d) .................... (ACI -10.5.1)
V24

4(420

14
AS i = —)(437.5)* (800) < E(800)(437.5))

Asmin =1176.67mm

2

2
2 _
155 mm- < Asmin =1176.67mm

As =1176.67mm?

# of bars = As/ AS pa =1176.67/314.1592 = 4bars
* Note Ap0=314.1592mm?2

Select 4 ® 20 mm with As=1256.63>As req ok.

e Check for strain:

Tension = compression
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As*fy=0.85*fc' *b*a
1256.63*420=0.85*800*24* a
a=323399mm

a
= % _32339/.85=238.046mm
B

4375 - 38.046
gg = ———————X0.003

38.046
£ = 0.03149> 0,005 Ok

check for bars spacing:
S = (800- 40*2 - 2*10 -4*20) /3 =206mm >25mm Ok

Span (3) Mu = 287.5KNm

Assume bars of & 25
bw=80cm h=50cm
d=500-40-10-12.5 =437.5 mm

Mn= Mu/0.9= 287.5/0.9 = 319.44 KN m

Mn
Rn= 1 _ 319.44*1076 _ 2.053 Mpa

~ b*d®  800* (437.5)?

1 2mRn
= 1 - 1_
P o ( y )
2(0.93)(20.6
p= —1 (1- \/1——( X ))= 0.00516
20.6 420

As = 0.0051639(800) (437.5) = 1807.36 mm?

As . = %(bw)(d )> %(bw)(d) .................... (ACI -10.5.2)
AS i = %(437.5)* (800) < %(800)(437.5))
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As

m

1807.36 mm?>As . =1176..67mm
min

in =1176.67mm

2

2

# of bars = As/ As  =1176.67/490.87 = 4bars

Select 4 ® 25 mm with As=1963.56>As req ok.

Check for strain:

Tension = compression
As*fy=0.85*fc' *b*a
196356*420=0.85*800*24* a
a=50.5327mm

a
~ = _50532/.85=49.45mm
B
4375 — 49.456

gg =———————X0.003
49.456

£s =0.019> 0005 .

check for bars spacing:

S = (800- 40*2 - 2*10 -4*25) /3 =200mm > 25 mm

Ok

* Note Ap0=490.87mm?2

4.3.2 Design of shear

1) Vu = 365KN =2 support (2)

® Ve = d)*—"’gcbw*d

Nen

= 0.75* T 800* 437.5*10"-3= 214.33 KN

4/ fc'
® Ve + (2/3) d * . bw * d =50Vc = 1071.65KN > Vu=365 KN

-2>The dimension is big enough.

Vs =Vn —Vc =486.6 — 285.77 = 200.89KN
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Check for items:-

1) Vus<®Ve/2
365>107.165n0t ok

2) ®Vc/2sVusodVc

107.16<365 => 365> 214.33 Not ok

¢Vsmin20.75(%)*bw*d

=0 .75*(%)*800 *437.5 *10"-3= 87.5KN

J24 J24

=20.75 (F *by*d =0.75* BT * 800 * 437.5 * 10°= 87.31KN.

®Vsmin = 87.5 KN
3) dVcsVus<sdVc+dVsmin
214.33<365

365 >301.61 => Not ok
NR(
4) ®Vc+ dVsminsVu<d Ve + (DT *bw*d

301.61<365<642.99 Ok S max =d/2 =437.5/2 =218.745 mm <600 Ok
So item, (4) satisfy
Take Av = 2010 = 2* 78.5 =157 mm?
Av/ s =Vs/fy *d
157/ s = 201*10"3/437.5*420 - s =143.5mm
S=143.5< d/2 =218.75 mm < 600 mm.
Select S= 15cm

Use ®10 (2legs) @ 15c/c
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2) Vu = 236.2 KN -2 support (3).

dve= o* Y pyrg

Nen

= 0.75* 5 800* 437.5*10"-3= 214.33 KN

fc
dVc+ (213)d* T bw*d =50Vc = 1071.65KN > Vu=236.2 KN

->The dimension is big enough.

Vs =Vn — V¢ =314.933 — 285.77 = 29.1633KN
Check for items:-
1) VusdVce/2 =>236.2>107.165 Not Ok

2) ®Vc/2sVusd Ve =>101.0165<236.2 => 236.2>214.33 Not Ok

¢Vsmin20.75(%)*bw*d

=0 .75*(%)*800 *437.5 *10"-3= 87.5KN

Jo4 J24

=20.75 (F *by*d =0.75* F * 800 * 437.5 * 10°= 87.31KN.

®Vsmin = 87.5 KN

3) ®VcsVu<sodVc+dVsmin
214.33<236.2 => 236.2<301.61 => ok

So item, (3) satisfy

Take Avp, = 20 10 = 2* 78.5 =157 mm?

AVpin/ S = Vsmin/fy * d

157/ s =87.5/437.5*420 - s =329.7mm
S=329.7 >d/2 =218.75mm < 600 mm.

Select S= 20 cm

Use @ 10 (2legs) @ 20 c/c for All distance.
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3) Vu = 230KN -2 support (1)

® P Ve = CD*—Vngw*d

V24

= 0.75* T 800* 437.5*10"-3= 214.33 KN

4/ fc'
dVc+ (2/3)0* T bw*d =5®Vc = 1071.65KN > Vu=230 KN

->The dimension is big enough.

Vs =Vn — Vc =306.66— 285.77 = 20.89KN
Check for items:-

1) Vus®dVc/2 =>230>107.165 not ok

2) ®Vc/2sVusd Ve =>101.0165<230 => 230> 214.33 Not ok

®d Vsmin =2 0.75 (%) *bw * d

=0 .75*(%)*800 *437.5 *10"-3= 87.5KN

J24 Jo4

=20.75 (F *by*d =0.75* T * 800 * 437.5 * 10°= 87.31KN.

®dVsmin = 87.5 KN
3) ®VcsVu<sodVc+dVsmin

214.33<230
230<301.61 => ok
So item, (3) satisfy

Take Avpin = 20 10 = 2* 78.5 =157 mm?

AVnin/ S = Vsnin/fy * d

157/ s =87.5/437.5*420 -2 s =329.7mm
S$=329.7 >d/2 =218.75mm < 600 mm.

Select S= 20 cm

Use ® 10 (2legs) @ 20 c/c for All distance.

54



Chapter Four

4) Vu =187.5 KN -2 support(4).

® Ve = CD*—V(:wa*d

V24

= 0.75* T 800* 437.5*10"-3= 214.33 KN

A/ fc'
dVc+ (2/13)d* T bw*d =50Vc =1071.65KN > Vu=187.5KN

->The dimension is big enough.
Check for items:-

1) Vus®Vc/2 =>187.5>107.165 not ok
2) ®Vc/2sVusdVc =>101.0165<187.5 => 187.56<214.33 ok

So item, (2) satisfy

®d Vspin =2 0.75 (%) *pbw * d

=0 .75*(%)*800 *437.5 *10"-3= 87.5KN

J24 Jo4

20.75 (F *b,*d =0.75* BT * 800 * 437.5 * 10°°= 87.31KN.

®Vsmin = 87.5 KN

Take Av,,, = 2 10 = 2* 78.5 =157 mm?

AVnin/ S = Vsmin/fy * d

157/ s =87.5/437.5*420 - s =329.7mm
S$=329.7 >d/2 =218.75mm < 600 mm.

Select S=20 cm

Use @ 10 (2legs) @ 20 c/c for All distance. Select ® 12 @ 250mm
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4. 4 :Design of one way solid slab.

Bdd

Figure (4-13): one -way solid slab.

4.4.1 Determination of Slab Thickness:-

Minimum thickness (deflection requirements) for simply supported one way solid slab:
hmin=L/20 ... ACI 9.5.2.1 Table 9.5(a)

Nmin = 4.13/20 = 0.21m.

Take h= 25 cm.
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4.4.2 Determination of Loads of Solid Slab:-

Determination of Dead Load:-

Table(4-4) calculation dead load for solid slab.

Type y*b*h KN/m
Tiles 0.02x22 0.66
Mortar 0.02x23 0.46
Sand 0.07%x16 1.12
Reinforced 0.25%25 6.25
Plaster 0.02*22 0.44
Nominal Total Dead Load = 8 KN/m?
Determination of Live Load:-
Take L.L=4KN/m?
qU=12%8+16*4=16KN/m?
For 1m Strip in Y direction (qu)=16KN/m
1 2
1
I P s
| 0.8 . 3.53 . 0.6
: | ' 413 ' .
25,
100.
A-A

Figure (4-14): Geometry of Solid Slab.
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Dead load - Service

Units:kN,meter

.00

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

4.00

413

Figure (4-15): Loading Solid Slab.

Figure (4-16): Moment Envelope to Solid Slab.

-24.7

-33.

33,

247

D= mbimme

Figure (4-17): Shear Envelope to Solid Slab.
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4.4.3 Design of Shear:-
d = 250- 20 — 14/2 =233 mm

Vu(max) = 25.2KN
@*Vc >Vn

1 1
¢*v«::g*o.75* fc'*b*d:6*0.75*\/27*0.233*1000:142.68

pNCc =142.68 >>Vu = 25.2KN

4.4.4 Design of Reinforcement:

Design for positive moment:-
Mu = 34.11KN.m

Mn= Mu/0.9= 34.11/ 0.9 =379 KN m

Mn 37.9*10"6

Rn = = = 0.762 Mpa
b*d?  1000*(223)2 P
1 2mRn
== (1- -
p o ( y )
o= L @- \/1— 2(0.762)(206) y _; 50185
20.6 420

As = 0.00185(1000) (233) =412.5 mm?

According to ACI 7.12.2.1, o =0.0018.

As in = 0.0018 *b *d = 0.0018 * 250 *1000 = 450...control

m
; bar' 0 3.97
F¥1F nar = ——= .
number of bar's 1131
1000
spacing = ——= = 251 mm

3.97
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Check for spacing

1. - =
3h=3*250=750m
2, s =380 {ES“) —2.5Cc
I=
.............. ACI-10.6.4
280
5= 330 3 )—2.5*20=33ﬂmm
== 420
3
. 280
3, s =300 ( = }
.............. ACI-10.6.4
0
5 =3ﬂﬂl*(2 =300 ........control
3% 420

Shrinkage and temperature reinforcement:-

According to ACI 7.12.2.1, £ =0.0018.

As =0.0018*1000*250 = 450mm’ /m

Number of bar's=540/79=5.69
Spacing=1000/5.69=175.55mm
Check for spacing
S=5h=5*250=1250mm

S=450mm-control
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4.5 Design of Stairs

4.5.1 Determination of Slab Thickness:-

Minimum slab thickness for deflection is (for a simply supported one-way solid slab).
Amin = (L/20)  ...oeeeee ACI1 9.5.2.1 Table 9.5(a)
hmin =5.25/20=0.2625m= 26.25cm

where the slab ends are cast with supporting beam and additional negative reinforcement
is provided

hin= (L/24)  veve . ACI 9.5.2.1 Table 9.5(a)
hmin =5.25/28=0.21=21cm

Take Min h =25 m

= 5,2500 -
030
I—'-I F=— 23 "I" 1.65
'R
- 245
=1
N
_r

Figure(4-18): Stair plan.
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4.5.2 Load Determination:

Flight dead load computation:-

a= tan™(rise/run) = tan*(150/300) =26.56

Table(4-5) Calculation Flight Dead Load

Type ybh KN/m
Reinforced Concrete (25*0.25*1)/c0s26.56 6.99
Stair steps (25/0.3)*((0.15*0.3)/2) 1.875
Mortar 22*((0.15+0.3)/0.3)*0.02*1 .66
Tiles 27*((0.15+0.35)/0.3)*0.03*1 1.35
Plaster (22*0.02*1)/c0s26.56 0.4919
Total Dead Load = 11.367KN/m
Landing Dead load computation:-
Table(4-6) Calculation Landing Dead Load
Type ybh KN/m
Reinforced Concrete (25*0.25*1) 6.25
Mortar 22*0.02*1 0.44
Tiles 27*0.03*1 0.66
Plaster (22*0.02*1) 0.66

Total Dead Load = 8.01 KN/m

Factored Total Dead Load = 1.2*D+1.6L

Live load = 4 KN/m.
For flight:

.............. (Y sl Jal) 2 S)
w= 1.2*11.367+ 1.6 *4*1 =20.04 KN/m

For landing : w=1.2*8.02 + 1.6 *4*1 =16.024KN/m
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20,04 KM
16 025 kMN/m
et
f———— 3.60 —fm— 1,65 =
Figure (4-19): Load Geometric of Stair.
Dead load- Service Units:kN,meter
11.2
g.pz
f 1.6 1, 1.65
Live load - Service Load factors: 1.20,1.20/1.60,0.00

A Y Y A A A

5.25

Figure (4-20): Stairs Loading.

465
8.8

4.
614

Figure (4-21): Stairs Shear Diagram.
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Cheek for shear strength:
Assume bar diameter ®14 for main reinforcement.

d= h -20-db/2=250-20-14/2=223mm
Assume beam width 50 cm
Vu = 44 KN

Take the maximum shear at distance d from the face of the support VU =44 KN
1 1
Vc ::g* fc'*b*d :g* 24 *223*1000 *10"-3 =182KN

¢ =0.75
¢ *Vc = 0.75*182.08 =136.56 KN
#NC =136.56 >>Vu = 44KN

The thickness of the slab is enough.
4.5.3 Calculate the Maximum Bending Moment and Steel

Reinforcement

134

Figure (4-22): Moment Envelope.

Mu = 66.3KNm
Mn = Mu/0.9 = 60.2 /0.9 =73.367.m

_ Mn _ 73.67*1076
N p.d2 1000*2232

R =1.48mpa

m = fy = __420 =20.588
0.85* fc' 0.85*24

) = 0.00368

o= 1 . \/1_2(20.588)(1.488)
420
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A'S g = pbd = 0.00368 1000*223 = 821.2mm*/m

According to ACI 7.12.2.1, p =0.0018.

A'S min = 0.0018*1000*250=450mm?*
Use AS (gq = 821.2mm?.
Steps (s) is the smallest of

1. 5=
3h=3*250=750m

5 =380 z;ﬂ —25CC ACI-10.6.4

5 =380 (123” )— 2.5%20 = 330 mm

;}C42|}
— 300(%
2, =300 ( ~ }
.............. ACI-10.6.4
5 =300% (,,23“ ): 300 ... ......control
Zwazn
3. s=450mm ... ACI-7.12.2.1 (section 8.5)

Shrinkage and temperature reinforcement:

According to ACI 7.12.2.1, p =0.0018.

As =0.0018*1000* 250 = 450mm’*/m
Number of bar's=450/113= 3.98
Spacing=1/3.98 =0.251 m

Check for spacing
S=5h=5*200=1000mm

S=450mm-control
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4.6 Design of column (C31):-

4.6.1 Load Calculation:

DL=929.31KN
LL=290KN ...From Load Table
Table(4-7) Dead and Live Load from Beam

BEAM 1-20

BEAM 1-18,2-22

BEAM 2-11

Wu = 2*25 x( 0.5"2x 3.14/4) x 3.85= 40 KN
py =1.2x980.8+1.6 x 285 = 1630KN

Pn = 1633 /(0.65) =2505 KN

029 =0.015...... Assumed

Pn = 0.8* Ag{0.85* fc'+pg(fy —0.85fc")}

3

2505*10° = 0.8* Ag[0.85* 24 + 0.015(420 — 0.85* 24)

Ag = 0.1188m?

Try( 0.5 m diameter) with Ag = 0.19634m?

4.6.2 Check Slenderness Effect:

Lu = 3.85m

M1&M2 =1

K=1

klu M1

—— <34 -12—— e ACI — (10.12.2)
r M2
1*3.85

——  =30.8 > 22

0.25*0.5

..long Coloumn
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E.l

El =04—12- ... [ACI318 -05 (Eqg. 10 —-15)]
1+ fy

E. =4700,/ fc' =4700 % /24 = 23025.2Mpa

_1.2DL _ 1.2*(929)

=0.68849 <1
Pa Pu 1630
N N4
I =7Z'><d 4:3.1415><O.5 — 0.003067m*
9 64 64
El — 0.4 x 23025 % 3.067 —16.734MN.m?2
1+ 0.68466
7r2EI
Per = T e ACI318 - 05(Eqg. 10-13)
(KLu)
2
3.14" x16.116
Pe = > =11.1428MN.
(1.0 x 3.85)
M1
Cm=06+04 m ............ ACI1318 — 05(Eq.10 —16)

Cm=1.... According to ACI318 —05(10.10.6.4)
Cm

Sng =——5— =10 AC1318 — 05(Eq. 10 —12)
1_
0.75P,
1
She = —1.24231 >1
ns 1630 ~

 0.75x11142.28

€min = 15+ 0.03x h =15+ 0.025 x 500 = 30mm = 0.030m
€=€nin ¥ Ons =0.030x1.124231=0.03726m

e 0.037266

— =0.074539<0.1
h 0.6

Because e/h<0.1 we well design as concentrically loaded column:

0.01<=pg <=0.08  .....coiiiiinns ACI 318-05, section 10.9.1) so,
0.01> pg Take g =0.01

As—=0.01*500"2*3.14/ 4 — 1963.495mm>

1583 _ g6

Use 10&16 == & of bar = =

Use 10 ® 16 with As = 2010mm? >As,., = 1963.495mm?2
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4.6.3 Design of the Stirrups:

The spacing of ties shall not exceed the smallest of-

spacing <16 x db =16x1.6 =25.6 cm
spacing < 48xdg =48x1.0 =48 cm

spacing < least.dim. =50 cm

Use#10 @ 25 cm

4 .7 Design of shear wall:-

E i
.|
ﬁ@%
|
f
i
|
li!

h
]
|
Ny
—'__
[
E—
2L _IE 1|

Figure (4-23): Etabs Shear wall

16317
4.86m
175 KM
4.25m
1436.5 KMN.m 1294 KN
4.25m
2283 25 KM
Iloment diagrmam shere diagram WATHLD

Fig. (4-24) Moment and shear diagram
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Fc = 24MPa Fy =420 MPa
t=25 cm .shear wall thickness
Lw = 5.6 m .shear wall width

Hw for one wall = 4m story height

4.7.1 Design of shear:
> Fx=Vu=199.5KN

4.7.2 Design of the Horizontal reinforcement:

The critical Section is the smaller of:

I;V 5 6 =2.8mK K control
hw _12.75 6.375m
2 2

storyheight =4.25m
d=0.8xIlw=0.8x5.6=4.48m

OVmax = 02 f;: /

Iﬁ‘“ILl'I

= 0.75 * 0.83 *+/24 = 250 « 4480 = 3429.28KN > I,

—

1 1
08 —E\f,'; za—a‘ajq-r’E{] #4480 » 107% = 914 476KN

— N,d —
V. =027 f hd + 4; = 027424 « 250 = 4430 + 0 = 1481.45KN

228225 — 14365 M, — 14365

= M, = 1725.05N.m

4.25 T~ 325-28
M, L, _172505 56 __
v, 2 01994 2 7
— L2 Fr+0.23
[fi- = U[]E-."f;- Ma tw hll.ﬂ
=— _ 5.6(0.1/3% _
- [G.GE-»-H— ]255: 4480 = 1073 = 799.4KN .... control
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Vu=199.4<0.5*0.75*Vc = 299.81

...... minimum shere reinforcement is required
p = 0.0025

Use ® 10 As=78.5 mm?

_2%78.5
T S %250

a = 00025 = 5 = 253.12mm

Max. Spacing

L, 5600
5~ g oo

3h = 3 =250 = 750mm

Apn _ 2:78.54

= = (0.002528
Fg=h 250250

pt=

4.7.3 Design for Vertical reinforcement:-

h, 12.7
= —5 =2.275
L, 5.6
R,
Pomin = 0.0025+ 0.5 (2.5 —T)fpr— 0.0025) = 0.0025

Dymin = 0.0025 + 0.5(2.5 — 2.275){0.002512 — 0.0025) = 0.0025

pl=0.002501
278 0.002501 = § = 251.64m

P=5w2s0 =0 T eoneamm
Max. Spacing
Ly 2600 1866.7
3 3 oooermm

3h = 3 =250 = 750mm

450 mm............... control
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4.7.4 Design of Bending Moment:

o [5600\ o
AL = [ 250 )r 2#78.5 = 3bla.8mm-

- [-'.»-;Er )f 3516.8 )42c:| o 0s30e
e/ T \se00+250/ 22
LR

c W+ o 0.043968 + 0 _
— = = : = 0.0542
I, 2w +0855 2+00439 +0.85 «0.85

i B, . c

OM,, = 0054 f,1,,(1 +—2=)(1— —

= 0.9[0.5 « 3516 « 420 = 5600 + 0)(1 — 0.0542)] = 3519KN.m < Mu .. .....0k

P10, 850m I=4.2m ofe both alde

4, B8

210/ 28cm I=Bm cfc both =ide

4., 25

210250 L=58.83m <2 bolth alde

213/ 26cm I=Bm o/c bolth =ide

4. 261m

__E #1028cm L=2.20m c/c both =ide
#10/28cm [=58R2m o/c both =ide

W3 &4
Fig. (4-25) Shear Wall Details
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Chapter Four

4.8 Design of Isolated Footing (F3) :

4.8.1 Determination of Loads:

Total service load =1070KN

Total factored load = 1500 KN.

Column Dimensions = 50*30 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (450cm) thick.

Footing weight = 25X0.45= 11.5 KN/m2.

Soil weight above the footing = 0.85 X18 = 15KN/m2.

Callow =400 — 11.5 — 15 = 374.5 KN/m?

4.8.2 Determination of Footing Area:

1070

A= = 2.857 m”
374.5

Try 1.7* 1.7 m with area = 2.89 m2 < Areq =2.87m2

Determinate q, = 1500/2.89 = 519.03KN/m?

4.8.3 Determination the depth of footing based on shear strength:
Assume h=50cm ..... d = 450-75-20 =350 mm

*Check for one-way shear strength

Vu =>519.03* (% —0.3/2-0.355)*1.7 = 304.411KN

¢$.\/c=¢.(%*\/f_c'*bw*d)

AR 0.75*%*\/ 24 *1700* 355 = 369.645KN
#Vc =369.645KN >Vu =304.411KN

The thick is adequate enough
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4.8.4 Check for two-way shear action (punching)

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

1, 2\ [,
" _¢.6(1+ﬁ—0]\/fbod
AV, =¢.$( % +2]Hbod

b, /d
oV = ¢.%w/ f.'b,d
Where:

_ Column Length (8) 50

.= - =—=1.67
Column Width (b) 30

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(d +a)+2(d +b) =2(0.355+0.3) + 2(0.355+ 0.5) =3.02m

a . .
s =40 for interior column

AV :"5'%(“51}/ f. b,d =%*[1+ %)* 24 *3020* 355 = 1538.64KN

oN = p > (“S d +2}/ f, byd = 0'75*(40 405 +2j* 24 *3220* 355 = 2410.33KN

120 b 12 3220

(o]

AV =¢%,/ f.'b,d =0'—;5* 24 *3220*355 = 1400KN

¢NV. =1400KN .... Control

Vu = 374.5*{(1.7*1.7) — (0.5 + 0.355) * (0.3 + 0.355) } = 606.09kN
#Vc =1400KN >Vu_ = 606.09KN........ satisfied

4.8.5 Design of Bending Moment:

Mul=374.5*%1.7*%0.7% / 2 =155.396KN.m
Mu = 155.396KN.m

d =500 —75—20 = 405 mm

Mn  155.396/0.9x10°

Kn = > = 5
b*d 1700 x 355

=0.725Mpa

Fy 420

m= = =20.588
0.85fc' 0.85x24
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1 2mKn
p=—@-[1- )
m fy

1 (1_\/1_2><20.588><0.723
20.588 420

P ) =0.00175

AS,, =0.00134x1700x 355 = 1060.969mm? /m

As, . =0.0018*1700*450 =1377mm’/m
As,., =1377mm?/m > As_, =1060.96mm*/m

#of bar in on meter = E =8.9

153.9

Select 9®14 with As = 1377mm?2
Check Strain =» === =

A * fy=0.85* fc' *b*a
1377*420 =0.85*%24*1700*a

a=16.67
c=2 — 16.67 =19.6mm
£, 0.85
£, = 355-19.6..5 003 - 0.0514
19.6

g, =0.0514 > 0.005—— o0k
4.8.6 Development Length of main Reinforcement for Mul.:

0241y, -0.24*420

Jic J24

Ldyeq = 0.044 xfy xdb = 0.044 x420 x1.4 = 25.872cm

Ldyreq= 1.4=28.808cm .

Ldyreq = 28.08cm > Ld 2)eq=25.8726cm=>control

Available Ld = (450 — 75 — 2*14) = 347 mm.
Available Ld = 34.7 cm > Ld1)eq=28.08cm

Using hook >14* ¢

Required length of hook > 14* ¢ >14*1.4 = 22.4cm

Use HooKse. = 25 cm > Hookeq =22.4Ccm
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' 9 E g, b

bl g — T ¥ - o ® J

I ) f ktr 4+ ch
Wl —55—

9 420 1«1«0.8

ﬁ " 1x V22 * 55 #+ 16 = 345,022 mm

tlpeg =

Ld available = 450-75= 375mm

Ld =375 mm > ld,., = 345.022Zmm

available™

Use the column bars as a dowels

014 9014

a5

152

Z5

— D>
|

152

25

]
150 3T \

25

i7n

iz0

Fig. (4-26) Horizontal plane

for isolated plane.

/ \/
0.00

@8 @15 cm

I H
15.0 - = w = 5 ¥ w £
TEMETHEMTEENEETE TEMN=MTETMTETENHEIFITN
g
450 i 90 14
a & & b ®© » & &
e DA ]
170
120

Fig(4-27) Vertical section
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4.9 Design of Strip Footing

4.9.1 Determination of Loads:

Service Dead Load = 392 KN/m

Service Live Load = 129 KN/m

Factor load =1.2*392+1.6*1.25=670.4 KN/m

wall thickness =25cm

Soil density = 18 Kg/cma3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (30cm) thick.

Footing weight = 25X0.3= 15 KN/m2.

Soil weight above the footing = 1X18 =7.2 KN/m2.
Consider 1-m strip.

Qattow =400 — 15 — 7.2 = 377.8KN/m?
4.9.2 Determination of Footing Area:

32
4 = —— = 1.368m"
AT 3778 1

A=1*b b=1.368 Take b=1.4
A=1.4m*
determine qu=670.4/1.4=478.8KN/m?

4.9.3 Determination the depth of footing based on shear strength:

*Check for one-way shear strength

14 0.25
VU = 478.8* (= - —=2 _{)
2 2

HNC = ¢.(%*ﬁ*bw *d)

1
pNC = 0.75*8* 24 *1000*d

let Vu = gVc
14 0.25 1
478.8* (— ————d) =0.75*—*+/24 *1000*d
2 2 6
d =0.252m

Assume cover 75mm and steel bar of¢ 20
h=252+75+(20/2)=337mm take h=350mm
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4.9.5 Design of Bending Moment:
Mu =478.8*%0.575*0.575/2=79.15KN.m

d=350—-75-20/2=265mm

~ Mn  79.1/0.9x10°
b*d? 1000 x 2657

Rn =1.25Mpa
Fy 420

m= = =20.588
0.85fc' 0.85x24

As. =0.0018*1000*350 = 630mm=2 /m

) = 0.00307

1 2% 20.588%1.25
p Q-,1-

20588 420

ASyeq = 0.00307 x 1000 x 265 = 814.4mm? /m

As,;, =630mm*/m< As,, =814.4mm*/m

#of bar in on meter = % =7.02
113.1

Minimum (temperature) reinforcement ,According to ACI code section (7.12.2.1)

min reinforcement =0.0018* b *h=0.0018*1000*265=630mm?2

#of bar in on meter = @ =5.575
113.1
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