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Chapter Four
Structural Analysis and Design
4

4-1 Introduction,

4-2 Design Method and Requirements.

4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4-6 Design of Tow Way Rib Slab.

4-7 Design of Beam.

4-8 Design of Stair.

4-9 Design of Column.

4-10 Design of Shear Wall.

4-11 Design of Footing.
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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:

v' Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
v Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
v 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).
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v’ 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.

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.

v Code : ACI 2008
UBC
v" Material :

Concrete: B300.... (fc'[1(130*0.8 [1[124MPa) .

Reinforcement steel : The specified yield strength of the reinforcement
{fy = 420 N/mm?(MPa)}
Mild steel : A-36

Connection Type : Weld , Bolts
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v" Factored loads:

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

Wu = 1.2 DL + 1.6 LL ACI-code-318-08(9.2.1).

4-3Checkof minimum thickness for structuralmembers:

TABLE 9.5(a) — MINIMUM THICKNESS OF NONPRESTRESSED BEAMS

OR ONE-WAY

SLABS UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Minimum thickness , h

Simply

supported

One end

continuous

Both end

continuous

Cantilever

Member

Members not supporting or attached to partitions or other construction

likely to be damaged by large deflection

Solid one way

Slabs /20 a4 /28 e
Beams or ribbed
one way slabs L/16 1/18.5 L/21 L/8

Table (4.1): Check of minimum thickness of structural members

For rib :

hmin=L/18.5=476/18.5=25.7 cm" One end continuous "

hmin=L/21 =419/21 = 19.95 cm " Both ends continuous "
select :35 cm thickness with 27 cm block and 8 cm toping .
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4-4 Design of topping:

v’ Statically system for topping :

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

bW > TOCM. . ceii i ACI(8.13.2)

h<3.5%DW oo ACI(8.13.2)

Select h=35cm<3.5*12= 49 cm

> /12250« ACI(8.13.6.1)
Select tf=8cm

No reinforcement is required by analysis. According to ACI 10.5.4

Consider the topping as strip of (1m) width, and span of mold length with both end
fixed in the ribs

Wu

- 40 cm -

wiL? w2
12 12

WL
24

Figure 4-1: Topping load and moment diagram.

For the topping , the total dead load to be used in the analysis and design is
calculated as follows:

34



Structural Analysis and Design 2 )l Juadll

0.08*1*25= 2 KN/m/rib

0.07*1*25= 1.75 KN/m/rib

Sum = 3.75KN/m/rib

Table (4 — 2) Dead load calculation for topping

Nominal total dead load = 3.75 KN/m.

Nominal total live load = 1.5KN/m?2,

Nominal total snow = (h-400)/400 = 1.2 KN/m?
1.5> 1.2 Take Nominal live load = 1.5KN/m?,
LL=1.5KN/m?* 1 m = 1.5KN/m

Design of topping for ribbed slab as a plain concrete section :-

Toping

Hollow Block ( 27cm)

Figure (4-2): Topping of one way rib slab
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qu= 1.2xD+1.6xL
6.9KN/m. (Totalfactored load)

*2
Wu'll _ 0.092KN.m  Control

Negative M, =

2

. Wy *1
Positive M, = Sy 0.046KN. m

@M, = 0.55 * 0.42 * V24 * 1000 * 80%/6 = 1.207 KN.m
@M, = 1.207 KN.m > M, = 0.092 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement :-
p =0.0018

A= p*bxh=0.0018 * 1000 * 80 = 144 mm?/m

Step (s) is the smallest of:

1. 3h =3x80 =240 mmcontrol ACI 10.5.4
2. 450mm.
3. S =380(280/fs)-2.5C_c=380 (280/(2/3 420))-2.5 .20=330mmACI 10.6.4

~ Use @8 @ 20 cm in both directions , S = 200mm <Smax=240mm ..... ok

Check shear strength:
qu * 1
Vu= —5—= 1.38KN.m
0.75
@=*Vc= x*v24 %1 *80 = 49 KN
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49>1.38

~No shear reinforcement is requirement.

4-5Design Of Rib1 in Ground floor:

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

One way rib slab Shrinkage & Temperatuer Bar's

Hollow Block ( 28cm )

Figure (4-3) : One way rib slab
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c10
I B1(50%35) EIC5
N
—cg
5y B2(80X70) C2 i
E)\. | o
& 9
3 R 3
2 o
3) | ] @
@ B3(80X70)
o
B4(50X35)

Figure 4.4: Rib lin ground floor

Load group no. 1
Dead load - Service Units: KN, meter

4.07 4.07 4.07

49 4.2 5.

Figure 4-5: Dead load in the rib.
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Live load - Service Load factors: 1.20,1.20/1.60,0.00
b lozsl 1 bl ofa &1 P lozal &}
49 4.2 3.

Figure4-6: Live load in the rib .

<) —_
Figure 4-7: Geometry of rib and it’s dimension
Reactions
Factored
Lt I | I I | I |
[l LR L L 1
DeadR 9.85 24,22 24.75 10.04
LiveR 2.73 6.95 7.04 277
Max R 12.58 3117 3.8 12.81
Min R 9.64 26.3 26.85 9.84
Service
DeadR 8.21 20.18 20.63 8.37
LiveR 1.71 4.34 4.4 1.73
Max R 9.91 24.53 25.03 10.1
Min R 8.08 21.48 21.94 8.24

Fig 4-8: Reactions of rib (live and dead)
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Moments:

spans 1to 3

135 -14.1
87 -9.1

12.9
| 1.96 | 2.94 | 21 | 21 | 1 3;'4 2.
Fig 4-9: Moment diagram of Rib
Shear
153 7.8
1.2 13.6 1.3 128

—1 | | | | |

I I I I I I

11. 10.9
126 13.4 15.7
18.2

Fig -.10: Shear diagram of Rib.
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Calculation of the total dead load for one way rib slab is shown in the following

table:

Material Quality

Density

Topping 25

Calculation

1 0.52x0.08%25 = 1.04
2 Rib 25 0.27x0.12%x25 = 0.81
3 Slope concert 25 0.52x0.07x25 =0.91
4 Block o 0.4x0.27x10 = 1.08

5 Plaster 22 0.52x0.02x22 =0.2288

y = 4.07 KN/m/rib

Table (4 — 3) Calculation of the total dead load for one way rib slab.

L= 1.5%0.52 = 0.78KN/m/rib

qu =1.2* D+ 1.6*L
=1.2%4.07+1.6*.78 KN/m/rib

=6.132 KN/m/rib

Effective Flange Width ( b_):-ACI-318-11 (8.10.2)

bE For T- section is the smallest of the following:-

=L ('smallest span) / 4 = 419/ 4 =104.75cm 4,

b, =12 +16t=12 + 16 (8) = 140 cm

b = be < center to center spacing between adjacent beams = 52 cm.

Control

be For T-section = 52cm .
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Design of Rib (1):-

Moment Design for (R 1):-
Design of Positive Moment:-

4-5-1 Design of Positive Moment for (Spanl ):-(Mu=12.9KN.m)

Assume bar diameter g 12 for main positive reinforcement
— dp 12
d =h- cover - dstirrups—? =350—-20—-10 — ? =314 mm
Check if a>hs to determine whether the section will act as rectangular or T- section.

Mur =0.85. f7. b. hy. (d — L)

= 0.85 X 24 X 0.52 X 0.08 X (0.314 - %) x 103 = 232.527 KN.m
12.9_

oo 14.33 KN.m , the section will be designed as rectangular section with

Mo =
1)
be =0.52m

_ My 12.9x10°
@®bd?  0.9X520x3142

Rn = 0.279Mpa

1, 420
=—2_ = = 20.6
0.85f/  0.85x24

p= 1(1 _ I _m) - L(l — \/1 _M> = 0.00067
m 420 20.6 420

Asreq = p.b.d = 0.00067 x520x314 =109.39mm?
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Check for As min:-

AS min = ‘/_(b w)(d) ACI-318 (10.5.1)

AS min = S (120)(314) =109.877mm?
4(420)

AS min —m(bw)(d)

ASmin = 4'—2 (120)(314) = 125.6mm? controls

Use 2 g 10 ,As provided= 2*78.5:157mm2>As,required: 125.6mm?....

Ok

120-40—20—(2x10)

S=
1

=40mm > 25 > d, = 10 mmOK

Check for strain:-

Asfy  157x420
0.85bf! = 0.85x520%x24

= 6.216mm

a 6216
c=—=—=731mm
B, 085

d—c 284 —7.31
& = 0.003( p ) = 0.003 (T) = 0.1135 > 0.005
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4-5-2 Design of Positive Moment for (Span2) :- (Mu=1.9KN.m)

d =h- cover - dsimps— 22 = 350 — 20 — 10 — 22 = 314 mm

M, _ 19x10%
Rn= @bd? ~ 0.9x520x3142 0.0411 Mpa
Jy 120 _ 90.6

m= ; =
0.85f¢ 0.85x24

p:l<1_ 1_M> :L(l_\/l_m> = 0.0001
m 420 20.6 420

Asreq = p.b.d = 0.0001x520%314 = 16.328mm?

Check for As min:

Jio

. C
As min _m(bw)(d)ACIGlS (10.5.1)

As min = ﬂ(120)(314) =109.877mm?>
4(420)

.14
=——(bw)(d
As min (fy)( w)(d)

As min :i'—;;(120)(314) =125.6mm?” controls

As,required: 1256mm2
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Use 2 g 10 ,As.provided= 2*78.5:157mm2>As,required: 125.6 mm?.... Ok

S = 120—40—210—(2><10) = 40 mm > 25 > d,, = 10 mmOK

Check for strain:-

_ Asfy  157x420

T0.85b5]  0.85x520x24 6.216mm
=2 =22 _ 731 mm
B, 0.85
d—c 284 —7.31
g = 0.003 (T) = 0.003 (T) = 0.1135 > 0.005 Ok

4-5-3 Design of Positive Moment for(Span3 ):- (Mu=13.4KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dyimps— 2 = 350 — 20 — 10 — = = 314 mm

_ My __ 134x10°
Rn= oba? — voxsaoxaiaz ~ 0-290Mpa
m= 2 20 _ 206

T 0.85f/  0.85x24

o= 1(1 _ 1 _m> - L(l _\/1 _M> = 0.000695
m 420 20.6 420

Asreq = p.b.d = 0.000695x520x314 = 113.47 mm?

Check for As min:-

[

AS min =W(bw)(d)ACI-318 (10.5.1)
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As min = ﬂ(120)(314) =109.877mm?
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(120)(314) =125.6mm?* controls

Use 2 g 10 ,Asprovided= 2*78.5:157mm2>As,required: 125.6mm?.... Ok

_ 120-40-20—(2x10)
- 1

S

=40 mm > 25 > d, = 10 mmOK

Check for strain:-

_ Asfy  157x420

= - = = 6.216mm
0.85bf!  0.85Xx520x24

a 6.216
c=—=——-=731mm
By 0.85

d—c 284 —7.31
& = 0.003 (T) = 0.003 (T) = 0.1135 > 0.005

Design of Negative Moment:-

Ok

4-5-4 DesignFor Negative Moment for(Supportl ):- (Mu=-13.5KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d =h- cover - dstirrups—7 =350—-20—-10— 7 =314 mm

_ M, __ 135x10°
T @bd?2 ~ 0.9x120x3142

= 1.267 Mpa

Rn

420
m= 22— =206
0.85fc 0.85x24
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p:i<1_ 1_m>_ <1_\/1_w>=0.00311
m 420 20.6 420

Asreq = p.b.d=0.00311 x120x314 = 117.1848mm?

Check for As min:-

AS min =—— \/_ (bW)(d)ACI 318 (10.5.1)

AS min :ﬂ(lzo)(sm) =109.877m?

4(420)

A'S min —'—4(bw)(d)
(fy)

1.4
A'S min :4—20(120)(314) =125.6mm” controls

Use 2 g 10 ,As provided= 2*78.5:157mm2>As,required: 125.6 mm?....

Ok

120-40—20—(2x10)
1

S= =40mm > 25 > d, = 10 mmOK

Check for strain:-

Asfy _ 157x420

a= - = = 6.216mm
0.85bf, 0.85x520x24
=2 =222 _ 731 mm
B,  0.85
d—c 284 —7.31
& = 0.003 (—) = 0.003 (—) = 0.1135 > 0.005
c 7.31
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4-5-5 Design For Negative Moment for(Support2 ):- (Mu=-

14.1KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirups— — = 350 — 20 — 10 — — = 314 mm
M, __ 141x10%

Rn= @bd? ~ 0.9x120x314%2 1.324 Mpa
b= 229 _ 206

T 0.85f!  0.85x24

p:1<1_ 1_m>_ <1_\/1_M>=0.00326
m 420 20.6 420

Asreq = p.b.d = 0.00326x120x314 = 122.83 mm?

Check for As min:-

AS min = \/_ (bW)(d)ACI 318 (10.5.1)

AS min :£(120)(314) =109.87m?

4(420)
1.4
AS min =—— (bw)(d
S min (fy)( w)(d)
14

AS min = m (120)(314) =125.6mm? controls
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Use 2 g 10 ,As.provided= 2*78.5:157mm2>As,required: 125.6 mm?.... Ok

S = 120—40—210—(2><10) = 40 mm > 25 > d,, = 10 mmOK

Check for strain:-

_ Asfy  157x420

= - = = 6.216mm
0.85bfc 0.85X520%24
a 6216
c=—=—=7.31mm
B,  0.85

d—c 284 —7.31
& = 0.003 (T) = 0.003 (T) = 0.1135 > 0.005

4-5-6 Shear Design for (R 1):-

Vu at distance d from support= 15.7KN (for Spanl)

Ok

Shear strength V., provided by concrete for the joists may be taken 10% greater than
for beams. This is mainly due to the interaction between the slab and closely spaced

ribs.(ACl, 8.13.8).
1.1 1.1 -
Ve ==/flbyd = -=V24 x 120 x 314 x 107% = 33.84 KN

oV =0.75x33.84 =25.38 KN
0.5 8 V:=0.5%x25.38 =12.69 KN
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05¢ Vc< Vu =15.7<g Vc

Minimum shear reinforcement is required (4, ,in),EXceptfor concrete joist
construction.

SO,NO shear reinforcement is required

4-6 Design of Two way ribbed slab:

B8(50X35) C4 1= C42
= 3
? =
S UL o)
D / &
) o
1128 B11(80X60) C1%

Fig (4- 11): two way rib slab location at the ground floor slab.

50



Structural Analysis and Design

) ) Juadl)

4-6-1 Determination of Thickness for Two Way Ribbed Slab:

52 50
o |
35 35
12 Beam 10 + Beam 9 + Beam8
—_——
Rib +

Fig (4- 12): rib and beams sections

Assume H =35cm

50%353

— _ 4
lbg= 5 =178646 cm
+353
o= -23% _178646 cm®
12
+253
Ib10= 50125 =178646 cm*
+603
lb11= “->>-=1440000 cm
Yc= 40*8*4+35*12*16=11.63cm
40%8+35%12
*11.633 %x3.633 %23.373
| = 52 13163 40 ?;63 12:2337% 300 et
53014+(222+80
ls1= #=532689cm4
52
53014+(222+50
kz=-————££———l=502104cnﬁ
52
53014%(222450
ls3= +=660126 cm?
53014%(222450
lsa= +=660126 cm?

51
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Ol _ 178646
1= —=0.36
502104

O _ 1440000 _
" 532689

O _ 178646 _

3= =0.27
660126

O _ 178646
’ -

= =0.27
660126

a _ 0.36+2.704+0.27+0.27

fm= =0.9=2.0

4

11.95
B =5es ~1:35

8850+(0.8+(—or

MmN 2 641.35+5+(0.9-0.2)
h= 35 cm >hmin=23.9cm

Load Calculation:

)
1‘“’0) =239mm>125mm

No. | Parts of Flight Calculation

1 Slop 25*0.07*0.52*0.52 = 0.4732KN

2 Topping 25*0.08*0.52*0.52 = 0.541KN

3 Rib 25*0.27*0.12*(0.52+0.4) = 0.7452KN
4 Block 10*0.27*0.4*0.4 = 0.432 KN

5 Plaster 22*0.02*0.52*0.52 = 0.119 KN

Sum 2.310

Table (4 — 4) Calculation of the total dead load for tow way rib slab.
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Dead Load of slab:

DL=—231 _ -8.55 KN/m?
0.52%0.52

Wp =1.2*8.55 =10.25 KN/m?
LL=1.5 KN/m?

W, =1.6*%1.5=2.4 KN/m?

W =10.25+2.4 =12.65 KN/m?

Moments Calculations:

m =22 _0.75
11.95

From tables use Case (1 ): Cneg= 0.0
Ca,dL =0.061 , ,Cb,dL =0.019

Ca,LL=0.061, ,Cb,LL =0.019

M*2.4= Ca gl *Wuex(La)’= 0.061x10.25%(8.85)**0.52= 25.46 KN .m / rib.

M*a= Can*Wux(La )*= 0.061%2.4%(8.85)*x0.52= 5.96 KN .m / rib.
Ma positive = 2546 + 596 = 3142 KN .m / I‘Ib

Negative moment at discontinuous edges = 1/3
positive

Maneg=( 1/3) x31.42 = 10.47 KN .m / rib.

M*p.q= Co at *Wuax(Lp)*= 0.019%10.25%(11.95)*%0.52= 14.46 KN .m / rib.

M*p L = ConxWu<(Lp )°= 0.019%2.4%(11.95)*%0.52= 3.39KN .m / rib.
Mb positive= 14.46 + 3.39 = 17.87KN .m / rib.

Negative moment at discontinuous edges = 1/3

positive.

Mb neg= (1/3) ¥17.87 = 5.95KN.m /rib.
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10.47

31.42

2.92 2.92

17187

10.47

Figure (4-13) : moment diagram for tow way rib slab

4-6-2design of flexure for rib (13):

4-6-2-1Design of positive moments:

Design of Positive Moment :- (Ma=31.42 k.m)

Assume bar diameter ¢ 14 for main positive reinforcement

d =h- cover - dumps— -2 = 350 — 20 — 8 — = = 315 mm
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M, _ 3142x10%
Rn= @bd2 ~ 0.9x520x3152 0.68Mpa
20
Jy 20 _ 206

m= =
0.85f!  0.85x24

420 | 206 420

p= %(1 - 1= Z.m.Rn> _ L(l - 1= 2X20.6%x0.68

A req = p.b.d = 0.00647 x520x315 = 270 mm?

Check for As min:-

[

AS min =———(bw)(d) ACI-318 (10.5.1)
4(fy)

A'S min =£(120)(315) =110.23mm?

4(420)

AS min =%(bw)(d)

AS min = i'—;:) (120)(315) = 126mm? controls

Asreq = 270mm? >Asmin= 126 mm? OK

Use 2 914, As, provided= 308 mm?>A;, required= 270mm?... Ok

) = 0.00647

Check for strain:-

_ Asfy  308x420
T0.85b f] T 0.85%520%24

=12.19mm

=2 =28 _ 93 44mm
B1 085

d—c 315 —23.44
& = 0.003 (T) = 0.003 (—) = 0.037 > 0.005

23.44

55

Ok



Structural Analysis and Design

) ) Juadl)

Design of Positive Moment:- (Mb=17.87KN.m)

d =h- cover - dyimps— -2 = 350 — 20 — 8 — = = 315mm

M 17.87x10°
Ri=—% = = 0.38Mpa
"7 @bd2 T 0.9x520%x3152 p

_fy 420
T 0.85f!  0.85x24

= 20.6

420 | 206 420

p= %(1 - 1= Z.m.Rn> _ L(l - 1= 2><20.6X0.38> — 0.0009

As req = p.b.d = 0.0009 x520x315= 150 mm?

Check for As min:-

[

AS min =——(bw)(d) ACI-318 (10.5.1)
4(fy)

A'S min =£(120)(315) =110.23mm?
4(420)

AS min =%(bw)(d)

AS min = % (120)(315) =126mm? controls

ASreq = 150mm? >Asmin= 126 mm? OK

Use 2 912, As, provided= 226.2 mm?2>A;, requires= 150mm?... Ok

Check for strain:-

AS.
- fy = 226.2%X420 — 896 mm
0.85bfc 0.85%520%24
_a _89%_
c= 5 = 085 10.54mm
= 0.003 (d _ C) = 0.003 (285 _ 10'54) — 0.078 > 0.005
& =5 c ) 1054 /) '
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4-6-2-2design of negative moments:

Design of Negative Moment :- (Ma=-10.47KN.m)

Assume bar diameter ¢ 12 for negative reinforcement
dp 12
d =h- cover - dstirrups—7 =350—-20—-8— 5 = 316 mm

M, __ 10.47x10°

R,= =
"7 @bd2 ~ 0.9x120%x3162

= 0.97 Mpa

fy 420

m= ;= = 20.6
0.85f,  0.85X24

o l<1 - 2.m.Rn> _ ;(1 _ 1 _M) = 0.00243
m 420 206 420

A req = p.b.d = 0.00243 x120x316 = 92 mm?

Check for As min:-

[

AS min =—~——— (bw)(d) ACI-318 (10.5.1)
4(fy)

AS min = S (120)(316) =110.58mm?>
4(420)

AS min =%(bw)(d)

AS min = % (120)(316) =126.4mm? controls

ASreq = 92 <Asmin= 126.4mm? 0K

Use 2 ¢10, AS provided= 157-08 mm2>As, required= 126-4mm2-.. Ok
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Check for strain:-

_ Asfy _ 157.08x420

= . = = 26.95mm
0.85bf,  0.85x120x24
a 2695
Xx=—=——=31.7mm
B, 085

d—x 316 — 31.7
& = 0.003 (T) = 0.003 (T) = 0.027 > 0.0050k

Design of Negative Moment :- (Mb=-5.96KN.m)

Assume bar diameter ¢ 12 for negative reinforcement
dp 12
d =h- cover - dstirrups—7 =350—-20—-8 - 5 = 316 mm

M, _  5.96x10°

Ry= =
"7 @bd2 T 0.9x120%x3162

= 0..55 Mpa

fy 420

m= = = 20.6
0.85f,  0.85X24

420 | 206 420

o %<1 - 2.m.Rn> _ ;(1 _ 1 _M) = 0.00133

A req = p.b.d = 0.00133 x120x316 = 50.35 mm?

Check for As min:-

[

AS min =——(bw)(d)ACI-318 (10.5.1)
4(fy)
A'S min =£(120)(316) =110.58mm?>
4(420)
_14

in = bw)(d
A'S min (fy)(w)()

AS min = i—;) (120)(316) = 126.4mm? controls

AsSreq = 50.35 <ASmin= 126.4mm? OK

Use 2 ¢10, AS provided= 157.08 mm2>As, required= 126-4mm2-.. Ok

Check for strain:-
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_ Asfy _ 157.08x420

= . = = 26.95mm
0.85bf,  0.85X120%24

a 2695
x=—=——=31.7mm
B, 085

d—x 316 — 31.7
& = 0.003 (T) = 0.003 (T) = 0.027 > 0.0050k

4-6-3 Design of shear for rib:

Maximum shear coefficient in short direction as in case (1) W.@ m = 0.75

W, =0.76

The total load on the panel =11.95*8.85%12.65= 1338 KN

The load per rib at the face of long beam =0.76*1338%0.52/(2%11.95)= 22.12 KN
Vud = Vuface - Wu*bs*d = 22.12 - 10.65%0.52%0.316= 20.37 KN

The shear strength of one rib:

Ve==fibyd = 224 x 120 X 316 X 1072 = 34.1 KN

@V, =0.75%x34.1 =25.55KN
0.5 9 V. =0.5x20.37=10.19KN
Vud< (4] Vc

Minimum shear reinforcement is required except for joist construct

4-7 Design of Beam (B3 ) in the Ground Floor:

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?
By using ATIR program, we get the envelope moment and shear force

diagram

as the:-
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1 2
1
A
A
03 9.8 03,
I I | 101 | I 1
" 80 '
5.
70,
50.
A-A

Figure (4-14) : Beam geometry.

Load on beam :-

Load of this beam come from reactions of Rib1 as following:

Load group no. 1
Dead load - Service Units: KN, meter

Figure (4-15): Dead load in the Beam

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

AR R ' T Y 2 Y TN "R A T R A T A A
10.1

Figure (4-16) : Live load in the Beam
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»Self-weight of beam =10.9 KN/m

Reactions
Factored
H H
DeadR 306.58 306.58
LiveR 68.36 68.36
Max R 374.93 374.93
Min R 374.93 374.93
Service
DeadR 255.48 255.48
LiveR 42.72 4272
Max R 298.2 298.2
Min R 298.2 298.2
Fig (4-17): Reactions of Beam (live and dead)
Moments: spans 1to1
|t | I
55.4 55.4
5.05 94?-? 5.05
I 1 1
Figure (4-18) :Moment Diagram in beam
Shear
.363.8374.9
|—t |
T [
374.9 3638

Figure (4-19) :Shear Diagram in beam
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4-7-1 Load Calculations:-

Dead Load Calculations for Beam(B 3 ):-

The distributed Dead and Live loads acting upon B3can be defined from the support
reactions R1.

From Ribl
Themaximumsupport reaction from Dead Loads for R1 upon B3 is
20.63KN.

self-weight = 10.9KN

DL =20.63/ 0.52=39.67+ 10.9= 50.573KN/m

Live Load calculations for Beam (B 2):-

From Ribl
The maximum support reaction from Live Loads for R1lupon B3 is 4.4 KN The

distributed Live Load from the Rib1 on B3.

LL =4.4/ 0.52= 8.46KN/m.
qu = 1.2* D+ 1.6%L

=1.2*50.57+1.6*8.46KN/m

=74.22 KN/m

wi?_74.22+10.1%

Positive Moment =S8  ° 946.39 KN.m

Positive moment from program =946.7 KN.m

4-7-2 Moment Design for Beam (B 3):-
Flexural Design For Positive Moment :-
(Mu=946.7 KN.m)
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Determine of Mn max

d =700-40 -10 -25\2 = 637.5 mm

3 3
=—-d==.637.5=273.2
X Z 763 5 3.2mm

a=B.x =273.2%0.85 = 23222 mm

Mn, max= 0.85# f. *a *b(d - % ) = 0.85%24*232.22*800*(637.5-232.22/2 ) *10°=
1975.9KN.m

® Mnmax = 0.82* 1975.9= 1620.238KN.m >946.7

Desgin The Section Singly Reinforced Concrete Section .

Determine of Mn max
d =700- 40 -10 -25\2 = 637.5 mm

Check if a>hs to determine whether the section will act as rectangular or T- section.

Mt =0.85. f;. be. hf . (d — L

=0.85 x 24 x 800 x 350 x (637.5 — %) X 107 = 2641.8 KN.m

Mnf>>% = %z 1051.89 KN.m , the section will be designed as rectangular section

with be =800 mm.

My 946.7x105
Rn= Pbd2 ~ 0.9x800X637.52 3.235Mpa.
__Jy 20 _ 0.

T 0.85f!  0.85x24

o= i(l i _m) _ L(l _\/1 _M> — 0.00843
m 420 20.6 420

s=p.b.d = 0.00843x800%x637.5 = 4299.3 mm?,
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Check for Asmin:-
_ e N,
S a(ty )( w)(d) = 1% 420 mm?
ASmin = (fy )(bW)(d) = 12‘(1) *500*637.5= 1062.5 mm?Controls

As=4299.3 mm?

Use 9925 Bottom, Asprovided= 4417.83mMm?>As required= 4299.3 mm? ...

Ok

Check spacing:-

500—40%2—20—(9%25)
8

S =

= 21.875mm < d, = 25 < 25not ok

Use 6832 Bottom, Asprovided= 4825.48>As.required= 4299.3 mm? ... Ok

500—40%2—20—(6%32)

S =
5

= 41.6mm > d;, = 25 > 25not ok

Check for strain:-

Asfy _ 4825.48x420

= - = = 124.185mm
0.85bfc 0.85x800x%x24
124.185
c=— = = 146.1mm
B: 0.85

d—c 637.5 — 146.1
& = 0.003 (T) = 0.003( ) = 0.010 > 0.005 9 =.9

146.1
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4-7-3 Shear Design for (B 3):-

Vumax = 363.8 KN

1 5 1
V= g\/fc b,d == - 24 % 500 * 637.5/1000 = 260.258 KN

® V= 0.75*260.258 =195.193 KN

Vu =363.8<® V.= 195.193

|4 Vu /4
s=—=Vc
?

363.8

Vs,req = 75 260.258 =224.8 KN

1
Vs' = g*\/fc’*bw*d

Vs' = g* 24 * 500 * 637.5 =520.5

Vs'OK<Vs
Smax =d/2 =637.5/2 = 318.75 mmcontrol

Smax = 600 mm

Use 2 leg @ 14 @150mm
S=150mm < 318.750K

Av = fy*d
Vs,pro = ————

Vs = 200842006375 _ 5494 KN >V, max = 363.8 OK
1501000
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4-8 Design of Stair

Fig (4-20): Stair Plan.

< Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

4-8-1 Design of Flight :-
v" Determination of Thickness:-

hmin = L/20
hmin = 3.30/20 = 16.5 cm
Take h =25 cm

The Stair Slope by 6 = tan™(16.3 / 30) = 28.6°
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v" Load Calculation:

$ 25 cm Concrete

e |
AAAAAAA

\I\

. [
S e
UGG O O0.00.9,%

AAAAAAAAAAA

Fig (4.21):Stair Section.

Dead Load for Flight for 1m Strip:-

No. | Parts of Flight Calculation
1 | Tiles 23*0.03*1*((0.35+0.163)/0.3 ) = 1.18Kn/m
2 | Mortar 22*0.03*1*((0.3+0.163)/0.3 ) = 1.02Kn/m
3 Stair 25*0.5*0.163*1 = 2.04Kn/m
4 R.C 25*0.25*1 / c0s28.6 ° = 7.11Kn/m
5 Plaster 22*0.02*1 / c0s28.6° = 0.51Kn/m

Sum 11.9Kn/m

Table (4-5): Dead Load Calculation of Flight.
Live Load For Landing For 1m Strip =5*1 =5 Kn/m

Factored Load For Flight :-
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Wy = 1.2 x11.90 + 1.6x5 =19.9Kn/m

v" System of Flight:-

Serwce Live Load = Kndfm

LLLl LLLilLlLLLLllllil

Service Dead Load = 11.9 KN/M

- .
. "
— e e e

= il
o D L =19.7 KN
= L.L=825KN
/:v'::- El =
D.L 1 19.7 KN
L.L = 825KN
PR AT 3.3 M _ 0.5 Nj

(Fig 4.22): Statically System and Loads Distribution of Flight.

Moments: spanl1ltol

\ 2.15. 51.5 2.15

Shear

-37

37

Fig (4-23): Shear and Moment Envelope Diagram of Flight.
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4-8-1-1 Design of Shear for Flight :- (Vu=37.0 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover—dz—"z 250—20—12—4= 223 mm

Ve==\/fc'b, d == =V24 %1000 * 223 = 182.1 Kn

O V:=0.75* 182.1 = 136.6 KN> Vu = 37Kn...... No shear reinforcement are
required

4-8-1-2 Design of Bending Moment for Flight :- (Mu=51.5 Kn.m)

_ My __ 515x10%
Rn= Obd? _ 0.9x1000x2232 1.15 Mpa
420
= b =206

T 0.85f!  0.85x24

p=1<1 _ 11 _M> =L<1 _\/1 _M> = 0.00282
m 420 20.6 420

Asreq = p.b.d = 0.00282 x1000%223 = 630 mm?/m

Asmin= 0.0018*1000*250 = 450mm?/m

ASreq =630 mm2>As,min:450mm2/m

Check for Spacing :-

S =3h =3*300 =900 mm
280
g* 420

S = 380*( ) —2.5*20 = 330

S =450 mm
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S =330mm ......... is control

Use 912 @ 150 mm ,As.provided= 770 mm2>As,required: 630mm?... Ok

Check for strain:-

a= Asfy  770x420

= - = = 15.85 mm
0.85b !~ 0.85x1000x24

a 15.85
c=—=——=18.65mm
B1 0.85

c 173 — 18.65
& = 0.003 (T) = 0.003 (—

18.65 ) = 0.025 > 0.005 ...... Ok

1- Lateral or Secondary Reinforcement For Flight :-

As reg= Asmin =0.0018*1000*250 = 450mm?

Use g10@ 150mm ,Asprovided= 523 mm2>As,required: 360mm?... Ok

4-8-2 Design of Middle Landing :-

v' Determination of Thickness:-

hmin = L/20

hmin = 3.30 /20 = 16.5 cm

Take h=25cm
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v" Load Calculation:-

Dead Load For Solid 7 Landing For 1m Strip:-

No. | Parts of Landing | Calculation

1 Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.03*1= 0.66Kn/m
4 R.C 25*0.25*1=6.25Kn/m
5 Plaster 22*0.02*1= 0.44Kn/m

Table (4-6 ): Dead Load Calculation of Middle Landing.

Sum

8.04Kn/m

Live Load For Landing =5*1 =5 Kn/m

Reaction From Flight:-

DL =19.7Kn/m
LL =8.25Kn/m

Total Dead Load = 8.04 + 19.7 = 27.74Kn/m

Total Live Load =5 + 8.25 = 13.25 Kn/m

Factored Load For Landing :-

Wy = 1.2 x27.74 + 1.6x13.25 =54.50Kn/m
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v" System of Landing:-

Service Live Load = 8‘ 25 KN/M

LD L LI ) CL L LI LI L LT

...........................

Service Live Load =5 KN/M

U0 0 10 0 00 0 O 0 0 0 0 0 0O O

......................................

........

15M 01M 15M

Fig (4-24): Statically System and Loads Distribution of Middle Landing.

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: shan 1to 1

1 15 65.5 1R \

Shear

84.5 64.8

Fig (4-25): Shear and Moment Envelope Diagram of Middle Landing.
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4-8-2-1Design of Shear:- (Vu=64.8Kn)

Assume bar diameter g 14 for main reinforcement
d =h- cover —"2—” =250 — 20 —12—“ = 223 mm

Ve==\/fc'b, d == =V24 1000 * 223 = 182.1 Kn

6

O* Ve=0.75* 182.1 = 136.6Kn> VVu = 64.8Kn...... No shear reinforcement are
required

4-8-2-2 Design of Bending Moment :- (Mu=65.5Kn.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —‘12—’1 =250 — 20 —12—“ = 223 mm

M, __  655x10°

R.— _
" 9bdZ ~ 0.9x1000x2232

= 1.46 Mpa

420
m= 2 — = 20.6
0.85f ~ 0.85x24

p:l<1 -1 _M> :L(l _\/1 _w> = 0.0036
m 420 20.6 420

Asreq = p.b.d = 0.0036x1000x223 = 807.12 mm?

Asmin =0.0018*1000*250 = 450mm?

Asreq = 807.12 mm?......... is control

Check for Spacing :-

S =3h =3*300 =900 mm

280

S =380*(3 ) —2.5*20 = 330
g * 420

S =450 mm

S =330mm ......... is control
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Use g14@ 15mm ,Asprovided= 1026 mm2>As,required= 807.12 mmZ... Ok

Check for strain:-

_ Asfy  1026x420
0.85b f! ~ 0.85x1000x24

=21.14 mm

21.14
== =""=2487mm
B, 0.85

d—c 223 —24.87
& = 0.003 (T) = 0.003 (W) = 0.024 > 0.005

lateral or Secondary Reinforcement For Landing :-

Asyreq: As,min =0.0018*1000*250 = 450 mm2

Use g10 @ 150 mm ,Asprovided= 523 mm2>As,required: 450 mm?... Ok

4-8-3 Design of Main Landing :-

v" Determination of Thickness:-

hmin = L/20

hmin = 3.20 /20 = 16 cm

Take h=25cm
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v" Load Calculation:-

Dead Load For middle Landing For 1m Strip:-

No. | Parts of Landing | Calculation

1 Tiles 23*0.03*1=0.69Kn/m
2 Mortar 22*0.03*1= 0.66Kn/m
4 R.C 25*0.25*1=8.75 Kn/m
5 Plaster 22*0.02*1= 0.44Kn/m

LiveLoadFor Landing For 1m Strip =5*1 =5 Kn/m

Table (4-7): Dead Load Calculation of Main Landing.

Reaction From Flight:-

DL =19.7 Kn/m
LL =8.25 Kn/m

Sum

10.54 Kn/m

Total Dead Load = 10.54 + 19.7 = 30.24 Kn/m

Total Live Load =5 + 8.25 =13.25 Kn/m

FactoredLoad For Landing :-

Wy =1.2 x30.24 + 1.6x13.25 =57.48 Kn/m

v" System of Landing:-
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Service Live Load = 325 KMN/M

[éiJcL[DiaLLoLdl=111|_}KlN}Mlllllllll.l.l LLLLLLLLLL]
TR T, XTI
[T 11ijﬂ?ij:ﬂﬂi}gIEJKLijl1L TITIIIIILI
ERRRRRRRR AR R R AR AR AR

1.5M 01 M 1.5 M

Fig (4-26): Statically System and Loads Distribution of Main Landing.

Moment/Shear Envelope (Factored) Units:kN, meter

Moments: spnan 1to 1

15 69.1 15

=-\//;

Shear

_62.7 89.1

89.1 62.7

Fig (4-27): Shear and Moment Envelope Diagram of Main Landing.
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4-8-3-1 Design of Shear:- (Vu=62.7 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 2 = 350 — 20 — = = 323 mm

Ve==z\/fc'b, d == V24 %1000 * 323 = 263.7 Kn

®* Vc=0.75* 263.7 = 19.8Kn> Vu = 62.7Kn...... No shear reinforcement are

required

4-8-3-2 Design of Bending Moment :- (Mu=69.1Kn.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover—%= 350—20—12—“= 323 mm

My 69.1x10°
Rn= Obd? _ 0.9x1000x3232 0.74 Mpa
420
Jy = 20.6

m= ; = =
0.85f¢ 0.85x24

p=1<1 i _M> =L<1 ‘Jl _M> — 0.0018
m 420 20.6 420

Asreq = p.b.d = 0.0018x1000x323 = 576.6 mm?

Asmin =0.0018*1000*350 = 630mm?
As,req:576.6mm2<As,min630.0 mm2 ......... is control

Asmin630.0 mm?......... is control

Check for Spacing :-

S =3h =3*300 =900 mm
280

S = 380*(3 ) —2.5%20 =330
3 * 420

S =450 mm

S =330mm ......... is control
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Use g12@ 15 mm ,Asprovided= 753 mm2>As,required= 630mméZ... Ok

Check for strain:-

_ Asfy _ 753x420

= - = = 15.5mm
0.85b f/ ~ 0.85x1000x24

21.14
c= = =22=18.23mm
B, 0.85

d—c 323 —18.23
& = 0.003 (T) = 0.003 (W) = 0.05 > 0.005 ...... Ok

lateral or Secondary Reinforcement For Landing :-

Asyreq: As,min =0.0018*1000*350 = 630 mm2

Use 12 @ 150 mm ,Asprovided= 785 MM?>As required= 630 mm?... Ok
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0.16+

1.3m 3.6m 1.5m
—/ f

Fig (4-28): Stair Reinforcement Details.
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4-9 Design of Column
« Material :-
= concrete B350 Fc' = 28 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

4-9-1 Load Calculation:- (From Column Group E)

Service Load:-

Dead Load =2500KN
Live Load =500 KN

Factored Load:-

Pu = 1.2 x2500+ 1.6x500 =3800 KN

4-9-2 Dimensions of Column:-

Assumepg = 0.01

¢*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
3800*1073 = 0.65 x 0.8x Ag{0.85*24 (1—0.01) + 0.01* 420}
Ag= 299545 mm2

Assume Rectangular Section

b= 650mm

h = 299545 /650 = 460 mm

select b = 500 mm

0.5

0.65

Fig (4-39): Column section
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v" Check Slenderness Parameter:-

m<34—12ﬂs40
r M2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective
length factor k, shall be permitted to be taken as 1.0.

R: radius of gyration = \/L: ~03h . For rectangular section

Lu=4.45-0.35=4.10m
M1/M2 =1
K=1 for braced frame.

e about y-axis (b=0.50 m)

m<34—12ﬂ <40

r M2
1x4.10 _ 27.3> 22
0.3x0.50

Column Is long About Y-axis

e about X-axis (h=0.650m)

Klu 34—12% ............... ACI —(10.12.2)

r

1x4.10

— " =21<22 Then Column Is Short About X-axis
0.3x0.650
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v Minimum Eccentricity:-

Mux
Pu

ey = 0

min ey =15+ 0.03xh =15+ 0.03x500 =300mm

ey =0.030m

v Magnification Factor:-

5. =—CM - 10and <1.4
1 Pu

~ 0.75P,

Cm=0.6+ O.4(ﬁ) =04
M2

Cm=06+04*1=1>0.4

_ 7’El
“ (KLu)®
=
El =04—%
1+ B,

E, = 4700,/ fc' = 4700x /28 = 24870.6Mpa
_1.2DL _1.2*(2500)

=0.940<1
Ps Pu 3800
3 3
I, = bxh _ 0.65x0.50 — 0.00677m*
12 12
El = 0.4x24870x0.00677 _34.715MN .m?
1+0.940
2*34.715
P, =T 1222 _ 20.38MN
(1*4.1)
o L =1.31>1.0and <1.4
e 3800 U= =
0.75*20380
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v" Interaction Diagram:-

ey =€, X0, =0.030x1.33 = 0.0395m

ey 00395 _
h 065

_2%* _2%* —
7 _500-2*40-2*10-25 _
h 500

From the interactio n diagram chart

from chart A9 - b for % = 0.75 - pg = 0.01

Select reinforcem ent
Ast = pg x Ag = 0.01x650*500 = 3250mm?
Select 14 ¢18 with As = 3563mm* > Ast = 3250mm? .

from chart A9-b for %: 0.75— pg =0.01

Select reinforcem ent
Ast = pg x Ag = 0.01x650*500 = 3250mm?®

Select 14 ¢18 with As = 3563mm?* > Ast = 3250mm? .

4-9-3 Design of the Stirrups:-
The spacing of ties shall not exceed the smallest of :-

spacing <16xd, =16x1.80=28.8cm
spacing <48xd, =48x1.0=48cm
spacing < least dim =50 cm

UseplO@ 20 cm

83



Structural Analysis and Design

) ) Juadl)

14918

0,10

0s

3210e10

4

=3

0.3

010

0.4

nee

0,10

0.10

016

Figure (4-30): Column Reinforcement Details.

4-10 Design of Shear Wall

First floor

Ground floor

Figure (4-31): Shear Wall.
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243.25

725

Figure (4-32): Shear Diagram of Shear Wall.

70.5

Figure (4-33) Moment Diagram of Shear Wall.
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v" Material and Sections:- (From Shear Wall 2)

= concrete B350 Fc' =28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness h=30cm

= Shear Wall Width Lw =1.50m

= Shear Wall Height Hw =7.97m

4-10-1 Design of Horizontal Reinforcement:-
> Fx=Vu=690.5 KN

The critical Section is the smaller of:

M = % =0.725m....... Control
2 2
w_ 755 _ 3 775m

2 2

storyheigh(Hw) = 4.1m

d=08xLw=0.8x1.45=1.16m

5
DVmax = Qg fc'hd

=0.75%0.83 x V28 %300 %1160 = 1146.3 KN >V, = 117.5KN

V.is the smallest of :

1 1
1-V. = 3 f'hd = €V28 * 300 * 1160 = 306.9KN

wd

N
2— V. =027/ hd + 7

Ly

86
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7 Ny
Ly (07 +02:°%)
3— V. =|0.05/f. + | hd
| Vo 2

[ 1.45(0.1V28 + 0
3— V. =10.05V28 + (472 )

M, = 243.25 + 117.5 * (4.1 — 0.725) = 640KN.m

300 x1.16 = 148.64KN

M, 1, 640 145

Vc =148.64KN

@ *vc + Qvs = vu

@ * vs=vu-0@ * vc

Vs=vu/@ — vc

Vs=117.5/0.75-148.64= 8kn need reinforcement

Ao — U5

S f,d_ 4003600
4, 0000005

Pt=sm =" 03

= 0.000005m2/m

= 0.00001 < 0.0025

- Maximum spacing is the least of :

Lw 1450
— = — =200mm....... Control

5 5
3*h =3*300 = 900mm

450 mm

Select 10 ,tow layers

Sh=157/0.75=209.33
2% 78.5

— Apn _ —
P = S = 57300 0.0025
Sh=209.33

Select Sh=200mm<Smax= 290 mm.
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4-10-2 Design of Vertical Reinforcement:-

2% = 0.0025 + 0.5 (2.5 - ;‘—va) (p; — 0.0025) > 0.0025

h, 755
Lw ~ 1.45

for this wall with le_‘,:,} >2.5,p = 0.0025

=5.2

- Maximum spacing is the least of :

L—W = @ =483.3 mm
3 3 7

3*h = 3*300 = 900mm

450 mm ....... Control

Use ¢$10/200 mm for two layers

4-10-3 Design of Bending Moment:-

1450
Ag = ( 0)*2*79=1145mm2
( )f _( 1145 >420_00395
h) f. ~ \1450 « 300/ 28 ~

a= =0

lwhfc
C w+a 0.0395 + 0
— = = = 0.04928

l, 2w+0.858, 2x%0.0395+ 0.85  0.85

OM, = @ [0.545 f, 1, (1 +-—7)(1 — —)

stfy
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= 0.9[0.5 * 1145 % 420 * 1450(1 + 0)(1 — 0.04928)] = 298.3KN

< 640KN.m
Not OK
Try $14/150 mm for two layers
1450 )
st = ( 150 ) * 2 x 154 = 2977mm
A 2977 420
w=( “)f—y,=( ) =0.103
L,h/) . \1450 * 300/ 28
P,
a=—-—=0
lwhfe
C w+a 0.103+0
— = = =0.111
I, 2w+0858, 2%0.103+ 0.85*0.85
B, c
OM,, = @ |0.545.f, L, (1 +—)(1 —+)
Astfy lw

= 0.9[0.5 * 2977 * 420 * 1450(1 + 0)(1 — 0.111)] = 725KN > 640KN.m

4-11Design of Footing

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

v Load Calculations :- (From Column Group B)
Dead Load = 2500 Kn , Live Load = 500Kn
Total services load = 2500 + 500 = 3000 Kn
Total Factored load = 1.2*2500 + 1.6*500 = 3800 Kn
Column Dimensions (a*b) = 65*50 cm
Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2
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Soil densily = 18 Kgem3

AV AV AV AV A VAVAY

Figure (4-34):Footing Section.

Assume h =70cm

Qnet—aliow = 400 — 25*0.7 — 18*1.0— 25*0.6 = 349.5kn/m2

v Area of Footing :-

Pt 3000

— 2
= 3195 = 8.58m

A=

Onet-attow
Assume Square Footing
B required =3 m
SelectB=3m

v Bearing Pressure :-

Qu = 3800/3*3 = 422 Kn/m?
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4-11-1 Design of One Way Shear Strength :-

5 KN/m2

S A

Inclined crack P

Critical section for
one-way shear

Tributary area for
/ one-way shear

d

.-
)

RN

One-way shear,

Figure (4-35) :Critical Section at Distance (d) From The Face of Column

Assume h = 60cm , bar diameter g 14 for main reinforcement

d=700-75-14 =611 mm

B—-a

Vu:qu*( 2

—d)*L

3.0-0.50

Vu = 422.0*( - 0.611) + 3 = 809Kn

#VC = ¢%*,/ fo'*b, *d

pNVC = 0.75*%*\/ 28*3000*%611=1212Kn

#NVc=1212KN >Vu =809Kn
. Safe
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4-11-2 Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 3800 - 422[(0.5+0.611)* (0.65+0.611)] = 3209Kn

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

1 2 '
V.=¢.=|1+— 1/ f bd
w32 )T

1 o '
V. =¢.— 3 2 f bd
¢ C ¢12(bo/d+ J C (0]
¢'VC = ¢'% V fC,bOd

Where:-

Column Length (a) 65
Be = _ =—=13
Column Width (b) 50

b, _ Perimeter of critical section taken at (d/2) from the loaded area

b, = 2*(61.1+50) + 2* (61.1+ 65) = 474.4cm

%s = 40 for interior column

AV =¢%(1+ﬂ£j\/ fc'bod =%*(1+£j* 28 *4744*611 = 4866.8Kn

PN = 9. (b T j\/ bd—075 [ 407611 2)* 28 *4744*611 = 6855.8Kn

4744
AT =¢%ij' b,d =O'—;5* 28 *4744*611 = 3834.5Kn

®Ve =3834Kn>Vu=3209Kn
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4-11-3 Design of Bending Moment :-

Critical Section at the Face of Column

B—-a

FR = qu~ (52) L = 422 * (2="22) %3 =1582.5Kn

Mu = 1582.5* 1.25/2 = 989 Kn.m

My 989x10%
Rn= @bd? ~ 0.9x3000x6112 0.98 Mpa
=L 20 _ 17,65

m= =
0.85f  0.85x28

p:1<1 _ 11 _m> :;<1 ‘\/1 _M> = 0.00239
m 420 17.6 420

Asreq = p.b.d = 0.00239%x3000x611 = 4381.3 mm?

Asmin = 0.0018*3000*700 = 3780 mm?

Asreq = 4381.3mm? ......... is control

Check for Spacing :-

S = 3h = 3*70 = 210cm
S = 380* (22

%*420

) — 2.5%75 = 192.5 cm

S=45¢cm ......... is control

Use 18918 in Both Direction, Asprovided= 4581mm2>As,required= 4381.3 mmZ... Ok

Check for strain:-

_ Asfy _ 4581x420
0.85b f! ~ 0.85x3000x28

= 26.95mm

a 2695
c=—=—"-o-=31.7mm
B,  0.85

d—c 611 — 31.7
& =0.003(——) =0.003(————=——] = 0.054 > 0.005 ...... 0k
C 31.7
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4-11-4 Design of Dowels :-

Load Transfer In Footing :-

®Pnb = ®(0.85 fc’A, x \/%)

A1 =50* 65 =0.325 m?
A, = 300* 300 = 9.0 m?

\/E: 190 50652 i, A,
A V.325 A

®Pnb = 0.65x% (0.85x 28x 325 x 2) =10055Kn
®Pn =10055 > Pu = 3800........... ok

No Need For Dowels

Load Transfer In Column :-

®Pn.b =0.65x(0.85x 28 325) =5027Kn
®dPn =5027 > Pu =3800kn........... ok

No Need For Dowels
As,min = 0.005 * Ac = 0.005 * 500 * 650 = 1625 mm2

Use 12914, Asprovided= 1848 mm2>As,required= 1625 mm?... Ok

4-11-5 Development Length In Footing :-

Tension Development Length In Footing :-

_ 9. B Websthr
LdT req — R * WTC * keL“;-ng * db> 300mm

Ktr = 0 (Nostripes)
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16 150
cb=75+7=83mm 0rcb=T=75mm

ktr+cb_0+75

b 16 =468 > 25
ktr+cb_25
db =

Ld _ 9, 420 14108
Treqa = 10" 1«28 2.5

-75= 625 mm

* 16 = 365.75 mm> 300mm

1900-500

LdT available =

LdT available = 625 mm >ldreq = 395.054 mm........ OK

Compression Development Length In Footing :-

_ 0.24xFy*dB

Ldcreq= T> 0.043*Fy*dB >200mm
Ldcreq= % = 304.8> 0.043*420*16 = 288.96>200mm

LdCreq: 304.8 mm

LdCavaiIabIe: 600-75-16—-16 =493mm >LdCreq: 304.8 mm......... Ok

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb =0.071x420 x16 = 477.12 mm > 300 mm

Select Lsc =500 mm
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Figure (4-36): Footing Reinforcement Details.

210@200M

#10 @20CM

DAMPRPPFING (BITUMINY pron

29074 [=320cm

D{ NEs 259814 L=320cm
| | S
0,10 120 065 120 010
00 200 0,

SECTION A=A IN F5
Figure (4-37) : Section from Footing Reinforcement Details.

96



il gill 5 bt el Joadl)
el J il
il gill 5 il
5
2l 1-5
a5 2-5
el ol 3-5
Olaaldll 4-5

98



Cila gl il Cdlall Juadl)

i 1-5

i A (e il 138 Aalliy 7 g Al & et a5 Allidanae e ol ecunil) a8 J)gaill s il YA
—:‘éjﬁu:\é 5:~.~.~

il g ALY g il ALl Ly ) sl sla) & S 50 4l A jlanal) cillalidl pgd -1
Leloe 48, 5k agh g 4 gunal) el s e aSBll LY aanall 4 ) 5 e (g5l Jall e 5080 o)-2

5 okl Biny s Lasanal Lgasana 21l @lld g0 Lelae 401 aa g clgan Jalaill 488 5 ¢ 40l jualiall o o pail) - 3
Anlasy) s &l

Clua gil) 2-5

Ll SalSia e gty (i ppanalll dolee JA LIV 5 (5 lenal) parmall (o Ganaii dllin ()5S o) a1
Llerass

AiSae @l i JBL £ 5 puially 488 jall illadadiall Cres & 5 pial) 24 aa 3-2

& sodall sl 3l lasal Lo g il 5 cillaladially o 3l o) 5 2l e ol Dl Co i (udige 35 53 i3
On e Alding e (o JLaay Sl 85 il i g g pdall Sl 5 loeS aaeail) JlaSind a4
Aulasy) Lalil)

&‘J‘d\ 9 siladl) Aild 3-5

21990 ¢ cglae ¢,V ida gl bl Galaa ¢ gl s Jlaa1 35S ¢ )Y kgl olid) cila S
ol ALY cillaaMe-2

(e g8 Yiaall daigll Ganadd 8 A8l & jA0 0 jlie — 4

ACI Committee 318 (2011), ACI 318-11: Building Code Requirements for Structure -3

.Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264-2

99



Clua gill g il

Cdlall Juadl)

Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

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

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Member

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

deflections.

Solid one-
way slabs

/20

124

€128

Mo

Beams or
ribbed one-
way slabs

tNn6

£18.5

er21

L8

Notes:

Values given shall be used directly for members with normalweight concrete

(densi
tions, rt?lhe

a) For structural i

less than 1.09.

values shall

W, = 2320 kg/m*) and Grade 420 reinforcement. For other condi-
modified as follows:

ghtweight concrete having unit density,
1440-1920 kg/m3, the values shall be multiplied by (1.65 -

, in the range

W,
0.603w,,) but not

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

MINIMUM THICKNESS OF NONPRESTRESSED BEA'S OR ONE WAY

SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection o be considered Deflection fimitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L
structural elements likely to be damaged by £/180°
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
tural elements likely to be damaged by large £/360
deflections
Roof or floor construction supporting or That part of the total deflection occurring after
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of 1/480°
damaged by large defiections the long-term deflection due to all sustained
Roof o floor construction supporting o Ioadsandthemnegnaxedeﬂecumduetoany
attached to nonstructural elements not likely to £/240°
be damaged by large deflections
* Limit not intended to should be checked by suttable calculations of deflection, including added deflections due to
va\er and considering Wmmdm laalmmsustaned , camber, oorstrwbon’w tolerances, and reliability ofprwsnnsuiga et

Lug—mmdefemmstﬂbedebmmednm«damewmﬂzsmsw hnnaybem&eedb;ammd@ﬁemahﬂedtombeheam
nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characterisfics of members sim-

ilar to those being considerad.

*Lmlmaybeexwededﬁadeqnbmasamsuehkmbpmdamagelosmwdmamdam&

&mw&%wammuwwhmmmmlinimybeawededimbuispmﬁedsoma!mdefectonmm
not e

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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Abstract

Dura Woman's Centre
(Cultural, social, entertaining)

The idea of this project can be summarized by preparing Dura Woman's
Center. This consists of all facilities that should be available in any Center.

The project consists of two floors, and the total area of the building is 5000
square meters. The design of the project is based on the multiplicity of spatial
cluster and distributed consistently aesthetically and functional.

The ACI-318 code will be used in the design of structural elements, where
other programs such as ATIR and AutoCAD are used as supporting programs.
Old graduation projects where reviewed and studied.This project will include
detailed structural analysis and design of the construction elements according
to the expected various loads. Shop drawings will be produced based on the
resulting design.
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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 As’ = 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 b, =web width, or diameter of circular section.

e C.= compression resultant of concrete section.

e C,= 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.

o h=overall thickness of member.

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.

o LL = live loads.

e Lw = length of wall.

o M = bending moment.

o Mu = factored moment at section.

o Mn = nominal moment.

e Pn = nominal axial load.
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o Pu = factored axial load.

e S = Spacing of shear in direction parallel to longitudinal reinforcement.
e \/c = nominal shear strength provided by concrete.

o VVn = nominal shear stress.

e /s = nominal shear strength provided by shear reinforcement.
o Vu = factored shear force at section.

o W= weight of concrete.

o W = width of beam or rib.

e Wu = factored load per unit area.

o @ = strength reduction factor.

e £, = compression strain of concrete = 0.003.

e g = strain of tension steel.

e £.= strain of compression steel.

® p =ratio of steel area
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