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Chapter IV Structural analysis and design

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:

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
e Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
e 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, 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,
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Chapter IV Structural analysis and design

Strength provided > strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.
Code: ACI 2008 UBC

Material: Concrete B300
_ 2 . i
Feu =30N/mm~(MP&) £or circular section.

But, for rectangular section ( fc'=30*0.8 = 24M Pa).

Reinforcement steel:

The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}.
Factored loads:

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

Wu=12DL+16LL ACI-code-318-08(9.2.1)

4-3 Check of Minimum Thickness of Structural Member

Minimum thickness ( h)

Simply One end Both end
Member supported continuous continuous Cantilever
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Table 4-1: Check of minimum thickness of structural member.
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Chapter IV Structural analysis and design

For Rib :

hmin for(one end continuous)=L/18.5=6.16/18.5=33.3cm.
hmin for(both end continuous)=L/21=5.9/21=28.1cm.
hmin for(simply supported )=L/16=4.97/16=31cm.

Take h =35 cm.

27 cm block + 8 cm topping = 35cm.

For Beam:

hmin for(one end continuous)=L/18.5=5.85/18.5=31.6¢cm.
hmin for(both end continuous)=L/21=5.95/21=28.3cm.
hmin for(cantilever )=L/8=2/8=25cm.

Take h = 35 cm, but in some regions we have a drop beam.

4-4 Design of Topping
Statically System For Topping :

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

Wu

- - 40 cm -

Figure 4-1: Topping load.
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Load Calculations:

Structural analysis and design

Dead Load:
No. Parts of Rib Calculation
1 Tiles 0.03*23*1 = 0.69 KN/m
2 Mortar 0.02*22*1 = 0.44 KN/m
3 Coarse Sand 0.07*17*1 = 1.19 KN/m
4 Topping 0.08*25*1 = 2.0 KN/m
5 partions KN/ml1=11*
Sum = 5.32KN/m

Table 4-2: Dead load calculation of topping.

Live Load:

LL =5 KN/m2.

LL =5 KN/m2x1m=5KN/m.

Factored Load :

WU = 1.2 x5.32 + 1.6%5 =14.4 KN/m.

Check the strength condition for plain concrete, @Mn > Mu, where o = 0.55.

Mn = 0.42 A /f Sm (ACI 22.5.1, equation 22-2).

2 2
S = = = 20 = 1066666.67 mm?>.

@Mn =0.55x0.42x1x+/24 x1066666.67 x107¢ =1.21 KN.m

w

2
Mu = %ZL = 0.192 KN.m (negative moment)
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Chapter IV Structural analysis and design

W,L2
Mu = —

= 0.96 KN.m (positive moment)

gMn>> Mu = 0.192 KN.m

wil?

12 FT

Figure 4-2: Moment diagram.

No reinforcement is required by analysis. According to ACI 10.5.4, provide As,min for slabs

as shrinkage and temperature reinforcement.
pshrinkage= 0.0018. ACl17.1221

As = pxbxhtopping =0.0018 x1000x80 = 144 mm2/m
Step (s) is the smallest of:

3h = 3x80 =240 mm control ACI 10.5.4 450mm.

280

S :380(?) —2.5C, = 380 <

280
2
5420

> —2.5.20 = 330mmACI 10.6.4.

Take 6 8 @ 200 mm in both direction , S =200 mm < Smax =240 mm ...
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Chapter IV Structural analysis and design

4-5 Design of One Way Rib Slab
Requirements For Ribbed Slab Floor According to ACI- (318-08) .

BW > TOCIML. oo, ACI(8.13.2)

h<3.5%DW oo ACI(8.13.2)

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

tf>Ln/12=600/12 >50mm ........cceevevviniiiiniiiieinieanen, ACI(8.13.6.1)
Select tf=8cm

Material :concrete B300 Fc' =24 N/mm?2

Reinforcement Steel fy = 420 N/mm2

Section :

B =520 mm ,Bw= 120 mm ,h= 350 mm ,t= 80 mm , d=350-20-10-12/2= 314 m.

Statically System and Dimensions:

BILEO7

0

Hr 8502 =] =1 -l

Bl 2
D

BZ,.B03

=T G2
[
—
Tl [T

EZ.BDS
[ | { | i { | [ |
() [ Sy = -y = [ - I [

D .

Figure 4-3: One way rib slab (R12).
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Geometry

Units:meter,.cm

1 2 3 4 5
1 2 3 4
A Al A A
|:: 1 T 1T ::l
A A Ay Ay
0.6 4.46 0.8 M 0.8 4.2 0.8 549 0.6
— . } . . } i
t 5.16 o 4.51 ' 5. o 6.19 o
I i Il Il |
I 52, T T T 1
35,
12.
A-A
Figure 4-4: Geometry of rib slab (R12).
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
510 510 5.10 510
516 4.51 5. 6.19
Live load - Service Leoad factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.0
516 4.51 5. 6.19

Figure 4-5: Statically system and loads distribution of rib (R12).

Load Calculation:

Dead Load:

No. Parts of Rib

Calculation

1 Tiles

0.03*23*0.52 = 0.359 KN/m/rib

2 Mortar

0.03*22*0.52 = 0.229 KN/m/rib
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3 Coarse Sand 0.07*17*0.52 = 0.620 KN/m/rib

4 Topping 0.08*25*0.52 = 1.04 KN/m/rib

5 RC. Rib 0.27*25*0.12 = 0.81 KN/m/rib

6 Hollow Block 0.27*10*0.4 = 1.08 KN/m/rib

7 plaster 0.02*22*.52= 0.229 KN/m/rib

8 partions 1*0.52= 0.52 KN/m/rib
Sum = 5.1 KN/m/rib

Table 4-3: Dead Load Calculation of Rib(R12).
Dead Load /rib =5.1 KN/m.
Live Load:
Live load = 5 KN/M2.

Live load /rib =5 KN/m2 x 0.52m = 2.6 KN/m.

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

b

E For T- section is the smallest of the following:-
be = | /4 =619/ 4 =154.75cm

be =12+ 16t=12 + 16 (8) = 140 cm

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

Dg For T-section =52cm .
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Chapter IV Structural analysis and design

Moment/fShear Enwvelope (Factored) Units kM meter

WMoments: Spans 110 &

-39.8

-28.9 -27.8 _25.3
-16.9 -18.5 -AT.8
_/\?%1 I I1 :
0. Es'q b2 \__/ ihl ' '1 b7
a1
| 208 3.4 | 2.48 . 203 | 225
I t T t 1
Shear
-32.1 32
-24.8 -22.9 247 -26.3

-20.1

20.8

30.9

Figure 4-6: Shear and moment envelope diagram of rib (R12).

Moment Design for (R 12):

Design of Positive Moment for (Rib12 ):-(Mu=23.7 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—% =350—-20—-10 — % = 314 mm

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

Mnf =0.85. f.. b,. h. (d——
:0.85x24x520x80x(314——)><10 6 = 232.5KN. m

Mn>; l\fp“ = 203—';: 26.33KN.m, the section will be designed as rectangular section

withbe =520 mm.

M, _ 23.7x10°

Rn= =
¢bd? 0.9x520x3142

= (0.514 Mpa

fy _ 420 =206

T 0.85f.  0.85x24
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Chapter IV Structural analysis and design

p=1<1 _ 1 _ﬂ> _ L(l _\/1 _w> = 0.00124
m 420 20.6 420

As,req = p.b.d =0.00124 x520x314 = 202.5 mm2

Check for As min:

. E(bW)(0|)
AS min = 4(fy) ACI-318 (10.5.1)

ﬂ(120) (314) =110mm?

A'S min = 4(420)

1.4
—— (bw)(d
AS min:(fY)( v

%(120)(314) =125.6mm*

AS min=4 controls

Asreg=202.5mm2 >Asmin=125.6 mm2 OK

Use 2 g 12 ,As,provided= 226 mm2>As,required= 202.5mm?2 .... Ok

S= 120—40—210—(2><12) =36mm>d, =12 >25 mm OK

Check for strain:

_ Asfy  226x420

= - = = 8.94 mm
0.85bf. ~ 0.85x520x24

8.94
X= = =>2=10.53 mm
B, 0.85

d— X) _ 0 (314 —10.53

ss=0.003< TR

" ) = 0.0864 > 0.005 Ok

Design of Positive Moment for(Rib12 ):- (Mu=11.7 KN.m)
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Chapter IV Structural analysis and design

d =h- cover - dstirrups—dz—b =350-20—-10— % = 314 mm

M, _  11.7x10°

Rn: =
@bd? 0.9x520x3142

= 0.25 Mpa

f 420
=2 = = 20.6
0.85f.  0.85x24

m

p= 1(1 _ 11 _ﬂ> = L(l _Jl _M> = 0.000599
m 420 20.6 420

As,req = p.b.d = 0.000599x520%314 = 97.8 mm?2

Check for As min:-

_ E(bW)(d)
AS min = 4(fy) ACI-318 (10.5.1)

22

A'S min = 4(420)

(120)(314) =110mm’

14
—— (bw)(d
AS min:(fY)( D)

) ﬂ(:|.20)(314) =125.6mm?
AS min =420 controls

As,required=125.6 mmz2.

Use 2 0 10 ,As,provided= 157.08 mm2>As,required= 125.6 mm2 ... Ok

_120-40-20—(2x10) _
= - =

S

40 mm > dy, = 10 > 25 mm OK

Check for strain:

_ Asfy  157x420

= - = = 6.22 mm
0.85bf.  0.85x520x24

a 6.22
X=—=—="7.31mm
B, 0.85
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Chapter IV Structural analysis and design

d—x 314 —7.31
& = 0.003( " ) = 0.003 (7—31> = 0.125 > 0.005 Ok

Design of Positive Moment for (Rib12 ):- (Mu=12.9 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—dz—b =350—-20—-10— % = 314 mm

My 129x10%
Rn= gbd2 ~ 0.9x520x3142 0.28 Mpa
f 420
Y — = 20.6

m= — =
0.85fc 0.85%X24

p= i<1 _ 11 _ﬂ> = ;<1 _\/1 _w) = 0.000671
m 420 20.6 420

As,req = p.b.d =0.000671x520%314 = 109.56 mm?2

Check for As min:

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

ﬂ(120) (314) =110mm?

A'S min = 4(420)

14
—— (bw)(d
AS min:(fY)( v

1'7‘:)(120)(314) —125.6mm?

AS min=4 controls

Asreq = 125.6 mm2

Use 2 10 ,As,provided=157.08 mm2>As,required= 125.6 mm2... Ok

_120-40-20—(2x10) _
= - =

S 40 mm > dy, = 10 > 25 mm OK
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Chapter IV Structural analysis and design

Check for strain:

AS.
_ fy, _ _157x420 _ 6.22 mm

0.85b fC 0.85%X520%24
X=i=@=7.31mm

B, 0.85

d—x 314 — 7.31
e = 0.003 (—) = 0.003 (—) = 0.125 > 0.005 Ok
X 7.31

Design of Positive Moment for (Rib12 ):- (Mu=33.7 KN.m)
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

M 33.7x10°
Rn: u =
¢bd? 0.9x520x3142

= 0.73 Mpa

f 420
m=—L = = 20.6
0.85f. ~ 0.85x24

p=i<1 _ 1_m> =L<1 _Jl _M) =0.00177
m 420 20.6 420

As,req = p.b.d =0.00177x520x314 = 289 mm2

Check for As min:

. E(bW)(0|)
AS min = 4(fy) ACI-318 (10.5.1)

Vo4 (120)(314) =110mm?

AS min = 4(420)

1.4
—— (bw)(d
AS min:(fY)( "D

] ﬂ(lZO)(3l4) =125.6mm?
AS min =420 controls
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Asreq= 289 mm2 >Asmin=125.6 mm2 OK

Use 2 g14 ,As,provided=308 mm2>As,required= 289 mm2... Ok

s 120—40—210—(z><14) =32mm>d, =14 >25 mm OK

Check for strain:

_ Asfy  308x420

a= - = = 12.2 mm
0.85b fl  0.85x520x24

12.2
X= = = == = 14.35 mm
B, 0.85

d—x 314 — 14.35
& = 0.003( " ) = 0.003 (TSS) = 0.0626 > 0.005 Ok

Design of Negative Moment for (Rib12 ):- (Mu=-16.9 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

Rn= Mu _ 16.9x10°

T 0bd?  0.0x120x314% 1.59 Mpa

f 420
m=—% = = 20.6
0.85f, ~ 0.85x24

p:l<1 -1 _ﬂ> — L(l _Jl _w> = 0.00395
m 420 20.6 420

As,req = p.b.d = 0.00395%120%314 = 148.8 mm?2

Check for As min:

_ Jfe! (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1)

ﬂ(120) (314) =110mm?

AS min = 4(420)
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1.4
—— (bw)(d
AS min:(fY)( "D

. ﬂ(:|.20)(314) =125.6mm?*
AS min =420 controls

Asreq = 148.8mm2 >Asmin=125.6 mm20K

Use 2 g 10 ,As,provided= 157.1 mm2>As,required= 148.8 mm2... Ok

_ 120-40-20—(2x10) _
= - =

S

40 mm > dyp, = 10 > 25 mm OK

Check for strain:-

_ Asfy  157.1x420

= - = = 26.95 mm
0.85bf.  0.85x120x24

a 2695
X=—=—>==31.7mm
B, 0.85

d—x 314 —31.7
& = 0.003( " ) = 0.003 (T) = 0.0267 > 0.005 Ok

Design of Negative Moment for (Rib12 ):- (Mu=-18.5 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

Rn= Mu _ 18.5x10°

T 0bd?  0.0x120x314% 1.74 Mpa

fy 420
m= — =
0.85f¢ 0.85%24

p:l<1 -1 _%> — L(l _\/1 _w> = 0.00434
m 420 20.6 420

As,req = p.b.d =0.00434x120%314 = 163.5 mm?2

= 20.6

Check for As min:-
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_ Vi (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1)

ﬂ(120) (314) =110mm?

AS min = 4(420)

14
—— (bw)(d
AS min:(fY)( v

1'7‘:)(120)(314) —125.6mm?

AS min=4 controls

Asreq = 163.5mm2 >Asmin= 125.6 mm20K

Use 2 g 12 ,As,provided= 226 mm2>As,required= 163.5 mm2... Ok

S = 120—40—210—<2Xl2> =36mm>d,=12>25mm OK

Check for strain:-

Asfy 226X420

= - = = 38.77 mm
0.85bf. ~ 0.85x120x24

a 38.77
X=—=——=45.62 mm
By 0.85

d—x 314 — 45.62
& = 0.003( " ) = 0.003 (W) = 0.0176 > 0.005 Ok

Design of Negative Moment for (Rib12 ):- (Mu=-9.5 KN.m)
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups— 2 = 350 — 20 — 10 — 2 = 314 mm

Rn= Mu _ 9.5x10°
" gbdZz ~ 0.9x120%x3142

= 0.892 Mpa

fy 420
m= — =
0.85f; 0.85%24

= 20.6
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p=1<1 _ 1_m> =L<1 _Jl _M> = 0.00217
m 420 20.6 420

As,req = p.b.d =0.00217 x120x314 = 81.76 mm2

Check for As min:

_ Vi (bw)(d)
AS min = 4(fY) ACI-318 (10.5.1)

ﬂ(120)(314) =110m?

AS min = 4(420)

14
—— (bw)(d
AS min:(fY)( v

14 (120)(314) =125.6mm?

AS min =420 controls
Asreq = 125.6 mm2

Use 2 10 ,As,provided= 157.08 mm2>As,required= 125.6 mm2... Ok

_120-40-20—(2x10) _
= - =

S

40 mm > dy, = 10 > 25 mm OK

Check for strain:

_ Asfy  157x420

= - = = 6.22 mm
0.85bfl.  0.85x120x24

a 6.22
X=—=—-="7.31mm
B, 0.85

d—x 284 —7.31
gs = 0.003 (T) = 0.003 (T) = 0.125 > 0.005 Ok

Design of Negative Moment for (Rib12 ): (Mu=-9.1 KN.m)
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Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups—dz—b =350—-20—-10— % = 314 mm

Rn= M, _  9.1x10°
T gbd?z ~ 0.9x120x3142

= 0.855 Mpa

fy 420
m= T =
0.85f¢ 0.85x24

p:l<1 -1 _w> = L(l _Jl _M> = 0.00208
m 420 20.6 420

As,req = p.b.d =0.00208x120%314 = 78.37 mm?2

= 20.6

Check for As min:

Jie (bw)(d)

As min=4(1Y) ACI-318 (10.5.1)

a4 (120)(314) =110m?

AS min = 4(420)

1.4
—— (bw)(d
AS min:(fY)( "AD

] ﬂ (120)(314) =125.6mm?
AS min =420 controls

Asreq = 125.6 mm2

Use 2 010 ,As,provided= 157.08 mm2>As,required= 125.6 mm2... Ok.

_ 120-40-20—(2x10) _
= - =

S

40 mm > dyp, = 10 > 25 mm OK

Check for strain:

Agt 157x420
=—Y_ = = 6.22 mm
0.85b fl.  0.85x120x24
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a 6.22
X= B_1 = E = 7.31mm
d—x 284 —7.31
e = 0.003 (—) = 0.003 (—) = 0.125 > 0.005 Ok
X 7.31

Design of Negative Moment for (Rib12 ): (Mu=-27.8 KN.m)
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

Rn= Mu_ _ 27.8x10°
T ¢bd2 ~ 0.9x120x3142

= 2.61 Mpa

f, 420

Yy
m=——7= = 20.6
0.85f,  0.85x24

p=1<1 _ |1 _ﬂ> - L(l _\/1 _w> = 0.00667
m 420 20.6 420

As,req = p.b.d =0.00667 x120x314 = 251.3 mm2

Check for As min:

_ Vi (bw)(d)
AS min = 4(fY) ACI-318 (10.5.1)

a4 (120)(314) =110m?

1.4
—— (bw)(d
AS min:(fY)( (@)

) ﬂ(120)(314) =125.6mm?
A min =420 controls

Asreq = 251.3 mm2 >Asmin=125.6 mm20K

Use 2 g14 ,As,provided= 308 mm2>As,required= 251.3mm2... Ok
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_ 120-40-20—(2x14) _
= - =

S 36 mm > dp = 14 > 25 mm OK

Check for strain:

_ Asfy  308x420

= - = = 12.2 mm
0.85b fl  0.85x120x24

12.2
X= = = == = 14.35 mm
B, 0.85

d-— X) —0 (284 —14.35

gs = 0.003 (T 1435 ) = 0.0626 > 0.005 Ok

Design of Negative Moment for (Rib12 ): (Mu=-25.3KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups—% =350—-20—-10— % = 314 mm

_ My _ 253x10%
Rn= ¢bd2 ~ 0.9x120x3142 2.38 Mpa
fy 420
m = = 20.6

"~ 0.85f,  0.85x24

p=i<1 |1 _ﬂ> - L(l _Jl _w> = 0.00604
m 420 20.6 420

As,req = p.b.d = 0.00604 x120x314 = 227.59 mm2

Check for As min:-

_ Jfe (bw)(d)
AS min = 4(TY) ACI-318 (10.5.1)

o4 (120)(314) =110m?

1.4
—— (bw)(d
AS min:(fY)( ()
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) ﬂ(120)(314) =125.6mm?
AS min =420 controls

Asreq = 227.59 mm2 >Asmin= 125.6 mm20K

Use 2 g14 ,As,provided= 308 mm2>As,required= 227.59 mm2... Ok

S = 120—40—210—<2Xl4> =36mm>d,=14>25mm OK

Check for strain:-

_ Asfy  308x420

= - = = 12.2 mm
0.85bf;,  0.85x120%x24

a 122
X=—=—"-=14.35mm
B, 085

d-— X) —0 (284 —14.35

gs = 0.003 (T 1435 ) = 0.0626 > 0.005 Ok

Shear Design for (R 12):
Vu at distance d from support= 30.9 KN

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.(ACI,
8.13.8).

Ve == ffib,d = =-v24 x 120 X 314 X 1073 = 33.84 KN
Ve =0.75%33.84 =25.38 KN

0.5 9 Vc =0.5%x25.38 =12.69 KN

0.58 Vc<Vu< g Ve

Vu>g Ve

For shear design, shear reinforcement is required (A, ),
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. 1 1

Vsmin =—./fflbwd = = bwd

Vs min=—1/24 120 = 314 = 11.54kn

Vsmin =2 bw d=— * 120 * 314 = 12.56kn

g(Vc+Vsmin)= 0.75(33.84+12.56)=34.8kn

gVc<Vu <g (Vc+Vsmin)

25.38<30.9<34.8

For shear design, minimum shear reinforcement is required (A, nin), Reinforcement.

Use stirrups (2 leg stirrups ) 8 8@150 mm , Av = 2 x 50.24 = 100.5 mm2

.1 7 byws 1bys
Avmin —1—6w/fc— > ——

fyt = 3 fyt
. 1 120s _
Avmin=100.5 —1—6\/24 220 - s=1.145m
1005 =1 2% 5 — 1.055m
3 420

S max—»% = 157mm

S max —»<600mm

Take (2 leg stirrups) g 8 @ 150 mm

2x50.3
A, =
0.15

= 670.67 mm2/mstrip

Vu at distance d from support=24.7 KN

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.(AClI,
8.13.8).

Ve == [fib,d = 24 x 120 x 314 X 107° = 33.84 KN
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Chapter IV Structural analysis and design

gVc =0.75x33.84 =25.38 KN

0.5 9 Vc =0.5%x25.38 =12.69 KN

Vu=24.7< 0.5 Vc=12.69 no

0.59 Vc<Vu< g Ve

12.69<24.7 < 33.84 ok.

Minimum shear reinforcement is required except for concrete joist construction.
So, no shear required reinforcement is provided.

Vu at distance d from support=20.8 KN

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.(ACI, 8.13.8).

Ve == [fib,,d = V24 x 120 x 314 X 107% = 33.84 KN

gV =0.75x33.84 =25.38 KN

0.5 2 Vc =0.5x25.38 =12.69 KN

Vu=20.8<0.50Vc=12.69 no

0.58Vc<Vu<gVc

12.69< 20.8 < 33.84 ok.

Minimum shear reinforcement is required except for concrete joist construction.
So, no shear required reinforcement is provided.

Vu at distance d from support= 24.8KN

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.(ACI,
8.13.8).
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Ve =2 [fb,,d = =24 x 120 X 314 X 107° = 33.84 KN

gVc =0.75x33.84 =25.38 KN

0.5 8 Vc =0.5%25.38 =12.69 KN

Vu=24.8<0.50Vc=12.69 no

0.58Vc<Vu<g Vc

12.69< 24.8 < 33.84 ok.

Structural analysis and design

Minimum shear reinforcement is required except for concrete joist construction.

So, no shear required reinforcement is provided.
So we take for all rib the maximum case:

Take (2 leg stirrups) g 8 @ 150 mm

_ 2%50.3
V" 015

= 670.67 mm2/mstrip

4-6 Design of Beam
Material : concrete B300 Fc' =24 N/mm2
Reinforcement Steel fy = 420 N/mm2
Section :
B=60cm
h=35cm

d=350-40-10-18/2= 291 mm
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Chapter IV Structural analysis and design

Statically System and Dimensions:

Geomeiry Units:meter.cm
1 2 3 4 &
1 2 3 4
E Al A Al A ::|
| S | S |-
A A A A
ICl GI 4.7 IIJ.EI 5.02 IIJ.EI 5.35 II] G 4.6 IU.GI
o 5.3 s 5.62 s 5.95 s 5.2 v
I } } } f
3b.
&0.
A-A
Figure 4-7: Geometry of beam (B1).
....... »
Toad group no. 1
Dead load - Service Units:kN,meter
25.9 25.9 24.9 25.9
24.3 24.3 24.3 24.3
53 B LT 5P
Live load - Service Load factors: 1.20,1.20/1.60,0.00

I Jias] Vodoads boboads J Jassl |
5.3 5.62 5.2

5.95

Figure 4-8: Statically system and loads distribution of beam (B 1).

Load Calculations:
Dead Load Calculations for Beam (B1):

The distributed Dead and Live loads acting upon B1 can be defined from the support reactions of
the R12.
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Chapter IV Structural analysis and design

From Rib12

The maximum support reaction from Dead Loads for R12 upon B1 is7.54 KN, The
distributed Dead Load from the R12 on B1.

DL =(12.68/0.52) = 24.38 KN/ m

Self-weight of beam = 0.35*0.6*25 = 5.25 KN/ m
DL =24.38+5.25 =18.83 KN/ m

Dead Load from External wall

D =3.45*0.3 *25 = 25.9 Kn/m

Live Load calculations for Beam (B1):

From Rib12

The maximum support reaction from Live Loads for R12upon B 1 is 6.69 KN The distributed
Live Load from the Rib 12 on B1.

LL =6.69/ 0.52= 13.38 KN/m.

MomentiShear Envelope (Factored) Units:kMN meter

Moments: __spang 110 4

-294.6

-215.7 -212.9
1.4
I =

-280.2

1983 5 -205.1
| A3TT ,
t } |

-250.5

-179.1 -176.2
1.
4=l |

1.59

N, RPETY
MHH
127.3

203.7
2.81

ol
lola7
1.02
157.9

2.97

188.5

3.2

| 212 348 |
f f

2.81 |
T

2.98 | . 208 |
T t i

Shear

-286.2
-234.2

-199.5

-251.4

-278.6

-226.7 _182.2

-130.3

137.5
189.4

211.6
263.6

210.7
262.7

233.6
285.6

Figure 4-9: Shear and moment envelope diagram of beam (B1).
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Chapter IV Structural analysis and design

Moment Design for (B11):
Flexural Design of Positive Moment for(B1):-(Mu=203.7 KN.m)
Determine of Mn,max

d =350 — 40 -10 — 18\2 = 291 mm
—3d—3 291 = 124.7
x=-d=-. = .7 mm

a=B.x=124.7 x0.85 = 106 mm

Mnmax= 0.85x f; *a *b( d - % ) = 0.85*24*106*600*(291-106/2 ) *10-6= 308.8 KN.m
® Mnmax = 0.82* 308.8 = 253.22 KN.m >203.7 KN.m .

Design as singly reinforcement

R = My 203.7 x 10° _ 445M
0= 0bdZ ~ 0.9 x 600 x 2012 _ ~r>Mpa

f 420
=2 = = 20.6
0.85f.  0.85x24

b= i<1 _ 1o 2.m.Rn> _ <1 _ Jl _ 2><20.6x4.45> — 00121
m 420 20.6 420

As =p.b.d =0.0121x600%x291 = 2112.66 mm2

Check for As,min:

— ( w)(d ) V24 *600 * 291

Asmin = 4(f y) 4*420 =509.14 mm?2
—( w)(d) 14 —*600*291

Asmin = (%) = 420 = 582 mm2Controls

As=2112.66 mm2

Use 7g 20 Bottom, As,provided= 2200 mm2>As,required= 2112.66 mm2... Ok
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Chapter IV Structural analysis and design

Check spacing :

600—40%2—20—(7%20)
6

S= =60 mm >d, =20 >25mm OK

Check for strain:-

Asfy _ 2200x420
0.85bf. ~ 0.85x600x24

= 75.5 mm

a 75.5
X=—= ——888mm

(291 —88.8

—0003(d_x)—0003
& = U x ) 88.8

) = 0.00683 > 0.005 0k

Flexural Design of Positive Moment for (B1):-(Mu=127.3 KN.m)

M, _  127.3x10°

Rn= =
¢bd? 0.9X600x2912

= 2.78Mpa.

_fy 420
0.85f;,  0.85x24

p=l<1 -1 _m> = L(l _Jl —w> = 0.00714
m 420 20.6 420

As =p.b.d =0.00714x600%x291 = 1246.6 mm2.

= 20.6

Check for As,min:

S OE) Y2 w0

Asmin = 4(fY) 4*420 = 509.14 mm2
—( w)(d) 14 — " *600*291

Asmin = () = 420 = 582 mm2Controls

As= 1246.6 mm2.

Use 5g18Bottom, As,provided= 1272.35 mm2>As,required= 1246.6 mm2 ... Ok
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Check spacing :

600—40%2—20—(5+18)

Structural analysis and design

S= - =102.5mm >d, =18 >25 OK
Check for strain:-
_ Asfy 1272.35 X420
- = = 43.66 mm

0.85b fC 0.85X600%x24
x=2 =295 _ 5136 mm

B, 085

= 0.003 (d _ X) = 0.003 (291 _ 51'36) = 0.01399 > 0.005 0k
& = U x ) 51.36 /) '

Flexural Design of Positive Moment for(B1):-(Mu=157.9 KN.m)

R = M,  157.9x10° 345 M
M= 0bdZ ~ 0.0 x 600 x 2912 _ > pa
= b 420 906

0.85f.  0.85x24

o= i<1 _ - 2.m.Rn> _ L<1 B \/1 _ 2X20.6X3.45
m 420 20.6 420

As = p.b.d =0.00906 x600x291 = 1581.9 mm2

Check for As,min:

) = 0.00906

S OE) Y2 w0

Asmin = 4(fY) 420 = 509.14 mm2
—( w)(d ) L4 — = *600*291

Asmin = () 20 =582 mm2

As = 1581.9 mm2Controls

Use 79 18, As,provided= 1781.3 mm2>As,required= 1581.9 mm2... Ok

61



Chapter IV Structural analysis and design

Check spacing:

600—40%2—20—(7+18)
6

S= = 62.33 mm > d, = 18 > 25 OK

Check for strain:

Asfy 17813 x420
0.85bf. ~ 0.85x600x24

=61.12 mm

a 6112
X=—=——="71.9mm
B, 085

d—x 291 -719
gs = 0.003 (—) = 0.003 (—) = 0.00914 > 0.005
X 71.9

Flexural Design of Positive Moment for(B1 ):-(Mu=188.5 KN.m)

oMy 1885x10°
M= 0bdZ ~ 0.0 x 600 x 2012 ~-=pa
fy 420
m= —%_ = =206

0.85f,  0.85x24

p:l<1_ 1_ﬂ>_ <1_\/1—w>=0.0111
m 420 20.6 420

As=p.b.d=0.0111 x600%291 = 1938.1 mm?2

Check for As,min:

— ( )() V24 * 600 * 291
Asmin = 4(f y) 4*420 =509.14 mm?2

L4 pwyd) L4 xg00 201
Asmin = (V) = 420 =582 mm2

As = 1938.1mm2Controls

Use 8 g 18 ,As,provided= 2035.75 mm2>As,required= 1938.1 mm?2...
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Chapter IV Structural analysis and design

Check spacing :

600—40%2—20—(8+18)
7

S= =50.85mm >d, =18 >25 OK

Check for strain:-

Asfy _ 2035.75 X420
0.85b f. ~ 0.85x600x24

= 70 mm

x=2="2—8235mm
B, 0.85

= 0.003 (d _ X) = 0.003 (291 _ 82'35) = 0.00758 > 0.005
& = U x ) 8235 ) '

Flexural Design of Negative Moment for(B1):-(Mu=-198.3 KN.m)

My 1983x10°
M= 0bdZ ~ 0.0 x 600 x 2012 _ > Mpa

f 420
=2 = = 20.6
0.85f.  0.85x24

p=i<1_ 1_m>_ <1_J1_w>=0.0118
m 420 20.6 420

As=p.b.d=0.0118 x600%291 = 2060.28 mm?2

Check for As,min:

S ewE) 2 g0z

Asmin = 4(fy) 4*420 = 509.14 mm2
—( w)(d) 14*600*291

Asmin = () = 420 =582 mm2

As =2060.28 mm2Controls

Use7 g 20 ,As,provided= 2200 mm2>As,required= 2060.28mm?2...
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Check spacing :

_ 600—40+2—20—(7%20)

Structural analysis and design

S - = 60 mm > d, = 20 > 25 OK
Check for strain:

AS.

- fy, — 2200%x420 — 755 mm

0.85b fC 0.85xX600%x24
x=2 =725 _ 888mm

B, 085

d—x 291 — 88.8
gs = 0.003 (—) = 0.003 (—) = 0.00683 > 0.005 0k
X 88.8

Flexural Design of Negative Moment for(B1):-(Mu=-205.1 KN.m)

M, _ 2051x10°
~ @bd2 ~ 0.9 x 600 x 2912

Rn = 4.49 Mpa

f 420
m=—L = = 20.6
0.85f. ~ 0.85x24

o= i<1 _ 1o 2.m.Rn> _ L<1 B Jl _ 2X20.6x4.49]
m 420 20.6 420

As =p.b.d =0.0122 x600%291 = 2130.12 mm?2

Check for As,min:

I @y V2

*600 * 291
Asmin = 4(fY)

1.4
=2 owyd) 1% ~600*201
— 420

Asmin = (fy) =

As =2130.12 mm2Controls

=582 mm2

) = 0.0122

4*420 =509.14 mm2

Use7 g 20 ,As,provided= 2200 mm2>As,required= 2130.12 mm2... Ok
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Check spacing :

_ 600—40+2—20—(7%20)

Structural analysis and design

S - = 60 mm > d, = 20 > 25 OK
Check for strain:

AS.

- fy, — 2200%x420 — 755 mm

0.85b fC 0.85xX600%x24
x=2 =725 _ 888mm

B, 085

d—x 291 — 88.8
gs = 0.003 (—) = 0.003 (—) = 0.00683 > 0.005 0k
X 88.8

Flexural Design of Negative Moment for(B1 ):-(Mu=-179.1 m)

R = My  179.1x10° _39M
0= 0bdZ 00 x600x2012 ~~pa
fy 420
m=—_ = — 206
0.85f.  0.85x24

1 2.m.R 1 2X20.6X3.9
p=—(1— [1-22n) = 1 [ [ 222039
m 420 20.6 420

As =p.b.d =0.0104 x600%291 = 1815.84 mm?2

Check for As,min:

) = 0.0104

fc'
VI bwy) Y2 w0 %201
Asmin = 4(fy) = 4*420 =509.14 mm2
1.4
=2 owyd) 1% ~600*201
Asmin = (V) = 420 = 582 mm2

As = 1815.84 mm2Controls

Use 6 g 20 ,As,provided= 1885 mm2>As,required= 1815.84 mm2... Ok
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Check spacing :

600—40%2—20—(6+20)

Structural analysis and design

S= . =76 mm > d, = 20 > 25 OK
Check for strain;

As,

_ fy, _ _1885X420 _ 4o

0.85b fC 0.85X600%x24
x=2 =27 _ 76.12mm

B, 085

= 0.003 (d _ X) = 0.003 (291 _ 76'12) = 0.00847 > 0.005 0k
& = U x ) 7612 ) '

Flexural Design of Negative Moment for(B1 ):-(Mu=-176.2m)

R = M, 1762 x10° 385 M
M= 0bdZ ~ 0.0 x 600 x 2012 _ 0> P2

f; 420
m= y =

- = 20.6
0.85f,  0.85x24

o= i<1 _ - 2.m.Rn> _ <1 _ Jl _ 2x20.6x3.85
m 420 20.6 420

As=p.b.d=0.0106 x600%291 = 1850.76 mm2

Check for As,min:

> = 0.0106

— ( w)(d ) Joa * 600 * 291

Asmin = 4(f y) *420 =509.14 mm2
L4 owyd) 14 «go0*201

Asmin = () = 420 =582 mm2

As = 1850.76 mm2Controls

Use 6 g 20 ,As,provided= 1885 mm2>As,required= 1850.76 mm2... Ok
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Check spacing :

600—40%2—20—(6+20)

Structural analysis and design

S= . =76 mm > d, = 20 > 25 OK
Check for strain;

As,

_ fy, _ _1885X420 _ 4o

0.85b fC 0.85X600%x24
x=2 =27 _ 76.12mm

B, 085

= 0.003 (d _ X) = 0.003 (291 _ 76'12) = 0.00847 > 0.005 0k
& = U x ) 7612 ) '

Flexural Design of Negative Moment for(B1 ):-(Mu=-215.7 kn.m)

R = My 215.7 x 10° 17 M
M= 0bdZ ~ 0.0 x 600 x 2012 ~/<Mpa

f; 420
m= y =

- = 20.6
0.85f,  0.85x24

o= i<1 _ - 2.m.Rn> _ <1 _ \/1 | 2X20.6x4.72
m 420 20.6 420

As =p.b.d =0.013 x600x291 = 2269.8 mm2

Check for As,min:

> =0.013

— ( w)(d ) Joa * 600 * 291

Asmin = 4(f y) *420 =509.14 mm?2
L4 owyd) 14 «go0*201

Asmin = () = 420 =582 mm2

As =2269.8 mm2Controls

Use 8g 20,As,provided= 2513.3 mm2>As,required= 2269.8 mm2... Ok
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Check spacing :

600—40%2—20—(8+20)

Structural analysis and design

S= > = 48.6 mm > d,, = 20 > 25 OK
Check for strain:-
_ Asfy 2513.3X420
- = = 86.24 mm

0.85b fC 0.85x600x24
x=2 =22 _ 101.46 mm

B, 085

= 0.003 (d _ X) —0.003 (291 _ 101'46) = 0.0056 > 0.005 0k
& =5 x ) 10146 /)~ '

Flexural Design of Negative Moment for(B1 ):-(Mu=-212.9 kn.m)

My 2129x10°
M= 0bdZ ~ 0.0 x 600 x 2012 _ ot Mpa

fy — 420 =206

T 0.85f.  0.85x24

o= i<1 _ - 2.m.Rn> _ L<1 B Jl _ 2X20.6X4.66
m 420 20.6 420

As=p.b.d=0.0128 x600%291 = 2234.88 mm2

Check for As,min:

) = 0.0128

— ( )() V24 * 600 * 291

Asmin = 4(f y) *420 =509.14 mm2
—( w)(d ) 14*600*291

Asmin = (%) 20 =582 mm2

As =2234.88 mm2Controls

Use 80 20,As,provided= 2513.3 mm2>As,required= 2234.88 mm2... Ok
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Chapter IV Structural analysis and design

Check spacing :

_ 600—40%2—20—(8%20)
- 7

S = 48.6 mm > d,, = 20 > 25 OK

Check for strain:-

As
— fy = 2513.3X420 — 8624 mm
0.85b fc 0.85xX600%X24
x=2 =22 _ 101.46 mm
B, 085
= 0.003 (d - X) =0 (291 — 101'46) = 0.0056 > 0.005 0k
& =5 x ) 10146 /)~ '

Shear Design for (B 1):

Case 3:

for shear design, minimum shear reinforcement is required (Ay nin), Reinforcement.
Use stirrups (2 leg stirrups ) @ 8/ 150 mm , Av = 2 x 50.24 = 100.5 mm2

Vu =234.2 KN

Ve==vVich, d = =VZ4& * 600 + 291 = 142.56 KN

Check for section dimensions:

2342
075

Vs= ‘;T“ — Ve 142,56 = 169.71
Vs,max = 2Vic'b,, d= 224 * 600 * 291=570.24 KN

Vs=169.71<Vs,max =570.24 - the section is large enough .

Find the maximum stirrups spacing:

If Vs<Vi= %\/@bw d then Smax < or Smax < 600 mm

N |

Vi=2Vich,, d =2v24+ 600 + 291 * 10-3= 285.12 KN
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Chapter IV Structural analysis and design

291
Smax < 600 mm, Smax Sg = 2 =1455mm Control

Check for Vs, min:

Av, min = Vi 25 put not less than
16 fyt

. 1bw S 1 4.9 1
Av, min==-222 Control ( —=Vfc'===<= )
3 fyt 16 16 3

Vs,min=—vfc'b,, d = =2 600 x 291 * 10-3 =535 KN

Vs,min= by, d =2+ 600 + 291 *10-3 = 58.2KN Control

® Ve=0.75*%142.56 =106.92 KN

1 1
@ Vsmin> 0.75 (3) * bw * d =0 .75* (3 )*600*291*10-3 = 43.65 KN Controls

Jfe! V24
® Vsmin >0.75( 16 Y*pw*d=0.75%( 16 )*600 * 291*10-3 = 40.1 KN

D Ve<Vu <P Ve + ® Vsmin
106.92<234.2 < 106.92+43.65=150.57 ...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :

vy = zVic'b, d = V24 + 600 + 291 = 285.12KN

Q)(Vc + Vs,min) <vy = Q(Vc + Vs’)
0.75(142.56+ 43.65) < 234.2< 0.75(142.56 + 285.12)
139.66 < 234.2 <320.76

Use2leg @ 10
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As =158 mm?2

234.2

Vs=Vn-Vc= oo 142.56 = 169.7KN

. A fy d 158 %420 * 291

= = 113.95
Ve 169.7 * 1000 mm
d 291
Smax = S=5 = 145.5 mm control
or Smax < 600 mm

Use2leg ® 10 @120

4-7 Design of One Way Solid Slab.

Structural analysis and design

Figure 4-10: One way solid slab(S1).

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

Slab Thickness Calculation:-
The overall depth must satisfy ACI Table (9.5.a):
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Chapter IV Structural analysis and design

Min H (deflection requirement) : “For one end continuous”

24 24

For One way solid slab, will use thickness of slab 15 cm.

Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is

calculated as follows:

-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

# material calculation
1 Tiles 0.03*22=0.66
2 mortar 0.03*22=0.66
3 Coarse sand 0.07*16=1.12
4 RC concrete 0.15*25=3.75
5 plaster 0.02*22=0.44
Sum 6.63

Table 4-4: Dead Load Calculation of Solid Slab.

Live load =5 KN/m
v' Design of Positive Moment :

Design of Positive Moment :-(Mu=16.5 KN.m)

Assume bar diameter @12 for main reinforcement .

Y- 420 5059

©085*fc 0.85*24
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Rn= Mu/é
b*d?

*1A6
1000* (124)2

p :l(]__ [1_ 2m*Rn)
m fy

1 . \/1_2(20.59)(1.19)

P~ 5059 ¢ 420

) = 0.0029

As=p *b *d =0.0029* 100 *12.4= 3.6cm?

Check for As min:
As min=p_ . *b*h =0.0018*100*15 = 2.7cm?

Asieq= 3.6cm” >Aspin=2.7cm*  OK

Structural analysis and design

USE %) 12/25Cm y Asjprovided: 4520m2>A5 required: 36cm2 ceee Ok

Design of Positive Moment :-( Mu=12.2KN.m)

fy - 420 _,559

m=——~— =
0.85* fc 0.85*24

Mu/ ¢
b*>d?

Rn =

P g
Rn= 12:2*10°/0.9 _ ¢ gg q\nay
1000* (124)°

P :i(l_ 1_2m*Rn)
m fy
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oo 1 (1_\/1_ 2(20.59)(0.88)):0.0021
20.59 420

As=p *b *d=0.0021* 100 *124= 2.6cm*

Check for As min:
As min=p_. *b*h =0.0018*100*15 = 2.7cm’

ASreq= 2.6cm* <Asmin=2.7cm?  Not OK

USE 3ﬂ12/1m Strip y Asypro\/ided: 3.3gcm22Asﬁrequired: 2.60m2 .

v Design of Negative Moment:

Design of Negative Moment:- (Mu=15.9 KN.m)

m = L - 420 _ 20.59
0.85* fc 0.85*24
Rn = MU—/¢
b*d?

*106
Rn= 15.9*10°/0.9 _ 15 q\nay
1000* (124)2

p :l(l_ [1_ 2m*Rn)
m fy

o 1 (1_\/1_2(20.59)(1.15)):0_0028
20.59 420

As=p *b *d=0.0028* 100 *124=3.47 cm?
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Chapter IV Structural analysis and design

Check for As min:-
As min=p_. *b*h =0.0018*100*15 = 2.7cm?
Asreq= 3.47cm? > Aspin=2.7cm?  OK

USG ﬂ12/250m y Asyprovided: 4.Szcm22As,required: 3.47cm2 coce Ok
Shrinkage and Temperature:-

—p = 0.0018
As min=p,_. *b*h =0.0018*100%15=2.7cm’ (control)

Use 3®12/1m strip.
Shear Design:-

Check Whether Thickness Is Adequate For Shear:-
Vi max = 29.3 KN/ 1m strip

d=h-15—db =200 - 15 — (12 /2) = 124 mm
dVe= %*d)*,/fc'*bw*d

= %*0.75*\@ *1000*124 = 75.9 KN / 1 m strip

®dVc/2=37.95 KN >V =29.3 KN/ 1m strip.

u,max

The thickness of the slab is adequate enough.
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4-8 Design of Column (C28/GF).
Material :

concrete B350 Fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?

Load Calculation:-

Service Load:-

Dead Load =1553.9KN
Live Load =858.65 KN

Factored Load:-

Pu =1.2 x1553.9+ 1.6x858.65 =3238.52KN

Dimensions of Column:-

Assumepg = 0.01

#*Pn=065x0.8xAg{0.85 fc (1- pg) + pg * Fy}
3238.52*1000 = 0.65x 0.8x Ag {0.85* 24 (1-0.01) + 0.01* 420}
Ag=255605.37 mm2

Assume Rectangular Section

Try h =600mm
b =450mm
D@ 10820
L=200
E
S| s " 410@20
@ S =y
Nevjoazo
©810@20
11 =
16618 =54
650cm

Figure 4-11: Column (C28) section and reinforcement.
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Chapter IV Structural analysis and design

Design of the tie reinforcement :

S <16 db (longitudinal bar diameter)
S<48dt (tie bar diameter).

S < Least dimension.

spacing <16xd,=16x2.8 =44.8cm ....
spacing <48xdt=48x1.0 =48 cm
spacing < least.dim =45cm control

Use¢p10@40 cm

For Using Column We have using [16v18.

4-9 Design of Isolated Footing.
Material :-

concrete B350 Fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?

Load Calculations:-

Dead Load = 2207.78 Kn , Live Load = 1066.15 Kn

Total services load = 2207.78 + 1066.15 = 3273.93 Kn

Total Factored load = 1.2*2207.78 + 1.6*1066.15 = 4355.18Kn
Column Dimensions (a*b) = 60*60 cm

Soil density = 20 Kg/cm3

Allowable Bearing Capacity = 350 Kn/m2
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Chapter IV

315

Structural analysis and design

025

035

3514 =365

3,30
B0emn

1Be25

60cm

330

3.15
jeisE S W

025

Figure 4-12 :Foot plan.

Assume h = 80cm
Oreteaiiow = 350 — 25*0.8 — 20*0.6 — 0.7*25 = 300.5kn/m2

Area of Footing :-

Pt 3273.93

—_ 2
3005 10.89m

A=

Onet-aliow
Assume Square Footing
B required =3.3 m
SelectB=3.3m
Bearing Pressure :-
qu = 4355.18/3.3*3.3= 399.92 Kn/m?

Design of Footing :-
Design of One Way Shear Strength :-

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

Assume h = 80cm , bar diameter g 14 for main reinforcement

d=800-75-14 =711 mm

78
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Chapter IV Structural analysis and design

B—-a
2

Vu:qu*( —d)*L

3.3-0.6

VU = 399.92 ( — 0.711) % 3.3 = 843.31Kn

¢Vc=¢.%*ﬁ*bw*d

pVC = 0.75*%*@*3300*711: 1436.8Kn

¢NVc=1436.8KN >Vu=843.31Kn
. Safe

Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 4355.18 — 399.92[(0.6 + 0.711) * (0.6 + 0.711)] = 3667.8Kn

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

(. 2\ [
¢.\/c =¢g(l+ﬁ—0]\/?bod
A =¢.$( % +2]\/fT'b0d

b, /d
oV, = ¢.%w/ f.'b,d
Where:-

_ Column Length (a) 60
© ColumnWidth () 60

b, — Perimeter of critical section taken at (d/2) from the loaded area
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Chapter IV Structural analysis and design

b, = (0.6+0.711)*4 = 5244 mm

s =40 for interior column

AV :¢%(1+ﬂ£}l fclbod :%*(1+%j* 24*5244*711=6849.7Kn

075 40*711
V. = 2 W f, bd_ +2 |*/24*5244*711=8474.6Kn
e = [b /d J ( 5244 j
YA :¢é\/ fc'bod :%* 24*5244*711 = 4566.4Kn

OVe =4566.4 Kn>Vu=3667.8Kn

Design of Bending Moment :-

Critical Section at the Face of Column

FR = qy» (52) + L =399.92 * (222) *3.3 =1781.6Kn

Mu =1781.6*0.675 = 1202.58 Kn.m

M, 1202.58x10°
R=—"%= = 0.8Mpa
"™ @bd2 ~ 0.9x3300x7112 p

f 420
X_ = = 20.59

T 0.85f!  0.85x24

o= i(l _ 11 _ﬂ> - ;<1 ‘\/1 _M> = 0.00194
m 420 20.59 420

Asreqg = p.b.d =0.00194x3300%x711 = 4551. 82mm?

As min = 0.0018*3300*800 = 4752 mm?
Asyreq < Asymin = 4752 mmz'

As,min is control.

80



Chapter IV Structural analysis and design

Check for Spacing :-

S =3h = 3*80 = 240cm
280

3 )—2.5*75=192.5cm

S = 380%(

S=45cm ......... is control

Check for strain:

Tension = Compression

A x fy=085xf 'xbxa

5033.7x 420 =0.85x 24 x 3300x a

a=31.4mm

:31—'4:36.9

0.85

£, = %x 0.003 = 0.0548 > 0.005...0k

Design of Dowels :-

®dPnb = d(0.85 fc'A, x \/%)

A; = 60* 60 = 0.36 m?
A, =3.3*3.3=10.89 m?

®Pnb =0.65%(0.85x24x0.36x 2) = 9547.2Kn
OPn=9547.2 > Pu=4355.18........ ok

No Need For Dowels
As,min = 0.005 * Ac = 0.005 * 600* 600 = 1800 mm2
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Chapter IV Structural analysis and design

Use 12814, As provided= 1847.25 MM*>A; required= 1800mmZ... Ok

Development Length In Footing :-

Tension Development Length In Footing :-

2 Ty Yelsle , gh> 300mm

Ldr req — E A\/_ ktr+cb

Ktr = 0 (Nostripes)
ktr +cb
db

LdT req

=25

9 420 1*1*0.8

* 14 = 345.7mm >300mm

1*\/_ 2.5
I—dT available = 33002600 -75= 1275 mm
LdT a\/ai|ab|e: 1275 mm >ldreq == 34’5.7 MMeeeeconee OK

Compression Development Length In Footing :-

Ldcreq™ “22"2 >0.043*Fy*dB >200mm
Ldcreq= et = 288.05 >0.043*420*14 = 252.84>200mm

V24

LdCreq: 288.05mm

LdCava”ab]e 800 75 14 14 697mm >LdCreq 288 O mm...c.e.e Ok

Mesh #10820cm Mesh #10820cm
- T~ ’rT

--------------------------------

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

_____

1 35814 L=3.65
e —

35814 L=3.65

Figure 4-13:Foot reinforcement details.
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Chapter IV Structural analysis and design

4-10 Design of Stair.

268 i " L
-
ST o g
P
A7 g
L1 a3
ol
(s2) | §
%
1] “
—
P g
P “
L1
L1

Figure 4-14: Stair plan.

Material:-

Concrete  B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?
Determination the Thickness of Slab (flight and landing):
L=4.4m
Nreq = 4.4/ 20 =0.22m
Take h=25cm.
= Use h =25cm.

Rise = 15cm, run = 30cm
= -1 ﬂ o -1 1_5 =
0= tan (Tun) = tan (30) 26.57

Cos 6=0.894

Load Calculations at section:

Load on Flight:

Dead Load:

For 1m strip:
Flight = (25*0.20)/(C0s26.57) = 5.59KN/m.
Horizontal Mortar = 0.03*22*1 = 0.66 KN/ m.
vertical Mortar = 0.03*22*1*(15/30) = 0.33 KN/ m.
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Chapter IV Structural analysis and design

Plaster = (0.02*22)/ (Cos 26.57) = 0.49 KN/ m.
Horizontal tiles =23*0.04*(33/30) = 1.012KN / m.
Vertical tiles =23*0.03*(15/30) =0.345 KN/m
Triangle = 25*%0.15*1*0.5 = 1.875KN/m
Total dead load =10.564 KN/ m.

Live load:
Live load for stairs =5 KN/ m?.
Factor Loads:
Q,=1.2*10.502+1.6*5 = 20.67 KN/m.

20.67TKN/m

S N S " S N S S S A Y N N

T o

Q.4 3.6m 9.4y

Figure 4-15: structural system of flight.
Au =20.67*3.6%0.5=37.21 KN
Max Vu =37.21
Max Mu =(37.21x(0.4+1.5))-(20.67x%(1.5*1.5 /2))
=47.4 KN.m

Design of Shear:

Assume @ 12 for main reinforcement:-
So, d = 250-20 -12\2 = 224 mm

Max Vu = 37.21 KN.

Wczwfgbw*d

_0.75*+/24 *1000 * 224
6

Ve =137 .2KN

Vu =37.21 KN<?C= 1372 KN,
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Chapter IV Structural analysis and design

No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment:
Max Mu =61.4 kN.m

Mn iy _474

== === =527 KN.m.
09 09
K - Mn
b-d?
6
(= 270 e
1000 x 224
__
0.85x fc'
m :4—20:20.6
0.85x 24
=ai —
m
y )1 1_\/1_2 206%1.05 | _ ) 1006
20.6 420
A

Srea = 0,0026*1000%224 = 682.4mm?2.

ASmin=0,0018*b *h = 0.0018*1000* 250 = 450mm

Smin= 450mm< 5 = 682.4mm?2

Use @ 12@15cm
As provided =753.9 mm2>As req.

A

Step(s) is the smallest of :
3h = 3*250 = 750mm.
450mm

280 280

S=380(2)- 2.5c = 380(1,)- 2.5+20 = 330mm .

S=150mm < Smax

Check Strain:
T=C

f

As*fy = 0.85* ¢ *h*a

85



Chapter IV Structural analysis and design

420%753.9 = 0.85x24x1000xa

a=15.5 mm
X = Bi == =18.3mm x Note: f. = 24 MPa< 28 MPa— B = 0.85
1 .

g = (5% 0.003

_ (224—18.3
183

~0=09.. OK

5 -Lateral reinforcement:

)% 0.003 = 0.0337> 0.005

Asmin=4.5cm2
Use @10 @ 20 cm
As = 4.74cm2/m

Design of landing:

Load on landing:

Dead Load:

Slab = 0.25 *25*1 = 6.25 KN/ m.

Tiles = 0.03*23*1 = 0.69 KN/m.

Mortar = 0.02*22*1= 0.44 KN/ m.

Plaster = 0.03*22*1 = 0.66 KN/ m.

Sand = 17*0.08*1=1.36 KN/m
Total dead load =8.15 KN/ m.

Live load:

Live load for stairs =5 KN/ m.

Qu=1.2*8.15+1.6*5=17.78KN/m.

Au or Bu from Analysis:
Au =37.21 KN

AU 37.21
w=22 =322
B 2.15

W= 17.3KN/m
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Chapter IV Structural analysis and design

17.3KN/m 173K N/m

A O AN ' 7+ I I I B
RN DNNNN

2.15m 0.3 2.15m

Figure 4-16: Structural system of landing.
Vu = (17.78%4.6/2) + (17.3x2.15)
Vu =78.1KN.
Mu max =(78.1%2.3)-(17.78x2.3*2.3/2)-(17.3x2.15%1.225)
Mu max= 87.04 KN/m
Design of Shear for landing:
Assume @12 for main reinforcement:-
So, d = 250-20 -12\2 = 224 mm
Max Vu As the support reaction = 78.1KN.

Wczwfgbw*d

~0.75* /24 *1000 * 224
6

Ve =137 .2KN

Vu = 78.1KN<#VC= 1372 KN.

No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment for landing :
Max Mu = 87.04 kN.m

Mn =M% _87.04 _ g6 21 KN.M.
0.9 0.9
B Mn
n bdZ
* 6
k, = 01107 1 s3mpa .
1000 * 224

87



Chapter IV Structural analysis and design

__ b
0.85x fc!

0.85x 24

1( 2mknJ
m
y )1 1_\/1_2><20.6><1.93 —0.0048
20.6 420

ASreq - 0.0048*1000*224= 1075.2mm2.

ASmin=0,0018*b *h = 0.0018*1000* 250 = 450mm

ASwin= 450mm2< > = 1075.2mm2
Use ® 12@15cm

As provided =1130 mm2>As req.
Step(s) is thr smallest of :

3h = 3*250 = 750mm .

450mm
280 280

S=380(2)- 2.5cc =380 )- 2.5*20 = 330mm .

S=150mm < Smax

Check Strain:

T=C

Asxfy = 0.85x f°'><b><a

420x1130= 0.85x24%x1000xa

a=23.26 mm

X = Bi = % =27.37 mm x Note: f. = 24 MPa< 28 MPa— [, = 0.85

g = () x 0.003
224-27.37

= (W) % 0.003 = .0215> 0.005
~ 9 =009... OK.

Lateral reinforcement:

Asmin=4.5cm2
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Chapter IV Structural analysis and design

Use @10 @ 20 cm
As =5.53cm2/m

(10000

Figurel4-17: Reinforcement for stairs.

4-11 Design of Basement Wall .

L= 5KN/m
s %j LITLILL L]
A S SR AN S
N
<
>
>
345 //
> @=30
> £=19 KN/m3
>
<
>

Figure 4-18: Geometry of basement.
Material:-
Concrete B350 Fc' = 28 N/mm?
Reinforcement Steel fy =420 Mpa
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Chapter IV Structural analysis and design

@ =30° y=19.00KN/m3

e Soil at rest

Ko=1-sin®
=1-sin30
= 0.50

Load on basement wall:

362.5

| I e.=3444KN/m2  L=2.5KN/m2

Figure 4-19: system and loads of basement.
For 1m length of wall:
e Weight of backfill:
e=Koxy=xh
=0.50 X 19.0 x 3.625 =34.44KN/m

01 (Factored) = 1.6xe

e Load from live load:
LL=5 KN/m2
g2 = Ko X LL

=0.50 * 5=2.50 KN/m
02 (Factored) = 1.6 *2.50 =4.0 KN/m
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Chapter IV Structural analysis and design

Design of the shear force:

e Assume @14 for main reinforcement.
e Assume h =300 mm,
d=300—-20—-14 = 266 mm

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

-ra.5

439 427

Figure 4-20 shear of basement.
Max Vu = 79.5 KN.

Wcjﬁ;bw*d

~0.75x+/24 x1000 x 266
6

Vu =79.5 KN < ¢Vc=162.9 KN.

=162 .9KN

Nc

No shear Reinforcement is required.

Design of bending moment:
By using ATIR program, we get the envelope moment and moment force diagram

= -

1.88 538

1.54 |

Figure 4-21 moment of basement.

Mu max =53.8 KN.m
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Chapter IV Structural analysis and design

o Mu_538_ o
N=09 09 enhm
o Mnx10°  598x10°
" Ty xd 1000 x 2662 pa
F 420
y =206

M =085 xfc  085x 24

1 1 1 2 X kn Xm
= — X — _
p Fy

m

1 2 %X 0.845 x 20.6
= X|1— |1-—
20.60 420

=2.06x 1073
Asreq=p Xbxd=2.06x%x10"3x 1000 X 266 = 5.4674 cm?/m
Asmin = 0.0012 X b x h =0.0012 x 1000 x 300 = 3.60 cm?/m

As = 3.60 cm?/m < As ., = 5.4674 cm? /m
Use @ 14@20cm
As provided =6.16 cm?/m >As req =5.4674 cm?/m.
Step(s) is the smallest of :
e 3h=3*300=900mm.

e 450mm

o S= 380(%)- 2.5¢; = 380(=0)- 2.5%20 = 330mm .

S=200mm < Smax
Select 14@20cm/m in one direction.
With as =6.16 cm?m

Select 10@20cm/m in the other direction.
With as =3.92 cm?/m

Design of the horizontal reinforcement:
Asmin = 0.0012 *b xh = 0.0012 * 1000 * 300 = 360cm?/m
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Chapter IV Structural analysis and design

Selectp10@20cm/m, in two layer.

= —
m |—\\-
DI i
B14@20em : [ mg%mcall}m
Tetion vertical bate [,
G10@20cm b o
Horizostal bars . o
#10@15em -

10

e T T e B
e e Gl M T

Figure 4-22: Reinforcement for basement wall.

4-12 Design of Shear Wall (SW1, F2).

Moment

Figure 4-23: Moment and shear diagram for shear wall.
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Material:-
Concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
h=30cm .shear wall thickness

Lw = 6.12m .shear wall width

Hw for one wall = 3.8 m story height
*Design of shear

> Fx=Vu=840KN

Design of the Horizontal reinforcement:

The critical Section is the smaller of:

%W — E =3.06m...... control
2 2

storyheigh(Hw) = 3.8m
d=0.8xIlw=0.8x6.12=4.9m

Design as rectangular section:
d=4.9m, b=h=30cm

5
(Dvnmax =0 g\/ahd

Structural analysis and design

= 0.75 X 0.83 X V24 x 300 x 4900 x 10~3 = 4482.93KN >V,

V. is the smallest of :

1 1
1-V. = gw/fc’hd = 2V/24 x 300 x 4900 x 102 = 1200.2KN

N,d
4l,

2— V. =0.25/f hd +

%94

= 0.25v24 x 300 x 4900 x 1073 + 0 = 1800.4KN



Chapter IV Structural analysis and design

L, (0.1\/F +0.2 %) hd

My _ lw 10
Vy 2

6.12(0.1v24 + o)l 4900
3

3— V. =[05/F +

= [o.sx/ﬂ + 300 X —7= = 830.4KN ......cont

6172.5 — 4789.5 M, —4789.5
3.8 ~ 3.8—3.06

M, 1, 50588 6.12

_- — —_ =3

|4

= M, = 5058.8KN.m

il
2 840 2

Vu = 840KN>0.75*830.4 = 622.8KN. ‘Horizontal reinforcement is required’
Ve + Vs =V,

u,<
I
|
I
(9}

= 289.6
Avh Vs

s fyxd
Avh _ 289.6 « 10°3

s 420 x 4900

(’*Sﬂ)min = 0.0025 X h = 0.0025 x 300 = 0.75 > 0.14 ... cont

o~
I

=0.14

Maximum spacing is the least of:

w :—6120 =1224mm
5 5

3xh =3x300 = 900mm

450 mm ....... Control
Try ¢ 12 (As = 113.09 mm2) for two layers
Avh
p - h*S2 - 27113.09 _ 0.75
S2

S2 =301.57mm , select $12@250 mm

—usedp12@250 mm in two layer

Design of uniform Vertical reinforcement:-
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Chapter IV Structural analysis and design

N _28_y3
L 6.12

w

hy
pomin > 0.0025 + 0.5 (2.5 - T) (p; — 0.0025) > 0.0025

hw
For this wall with W =43>25

22200025 + 0.5 (2.5 — =) (222 - 0.0025) x h

A - 0.82

Sv

Select @ 12@200mm. In two layer
-Maximum spacing is the least of :

lﬂ = @ =1224mm
5 5

3xh =3x300 = 900mm
450 mm ....... Control

Select @ 12@200mm In tow layer

Design of bending moment (vertical steel in boundary) :

(6120> 226.2 = 6921.72 2
= X L= .
sv 200 mm
A 6921.72 \ 420
=( “)f—y,z( ) = 0.066
L,/ £~ \6120 * 300/ 24
P,
a=——=0
lwhfe
C w+a 0.066 +0
l, 2w+0.858, 2x0.066+ 0.85x 0.85
B, c
OM, = @ [0.545,f,1,,(1 +—)(1 —7)
Astfy lw

= 0.9[0.5 x 6921.72 X 420 X 6120(1 + 0)(1 — 0.077)] = 7389.7KN.m > Mu.

Select @ 12@200mm for vertical reinforcement.
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4-13 Column Coordinates.

Structural analysis and design

Column NO. X-AXIS Y-AXIS
C1l 33.23 48.48
C2 26.54 48.48
C3 21.2 48.48
C4 51.73 43.95
C5 45.97 43.95
C6 40 43.95
C7 33.23 43.95
C8 25.94 43.95
C9 20.37 43.95
C10 16.7 43.95
C11 51.73 39.67
Ci12 45.97 39.67
C13 40 39.67
C14 33.38 39.67
C15 26.54 39.67
C16 20.37 40.13
C17 134 40.9
C18 51.73 30
C19 45.97 34.2
C20 40 34.2
C21 34.45 34.2
C22 27.15 34.2
C23 20.37 34.13
C24 17.38 36.38
C25 23.5 30.8
C26 51.73 25.72
C27 45.97 27.43
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Structural analysis and design

C28 40 27.43
C29 34.45 27.43
C30 27.15 27.43
C31 30.32 24
C32 51.86 20.39
C33 45.97 20.39
C34 40 20.39
C35 33.76 20.6
C36 33.38 20.2
C37 29.95 23.63
C38 26.54 27
C39 23.11 30.47
C40 19.84 33.6
C41 17.1 36.5
C42 12.97 40.46
C43 9.16 36.5
C44 6.63 33.95
C45 2.1 29.56
C46 12.97 32.5
C47 10.34 30
C48 6.03 254
C49 8.62 22.55
C50 4.5 18.52
C51 0.44 13.98
C52 13.4 17.97
C53 9.16 13.74
C54 4.5 9.22
C55 7.72 6.46
C56 10.34 3.82
C57 14.64 8.27
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Structural analysis and design

C58 18.88 125
C59 23.5 17.11
C60 25.94 19.6
C61 29.59 15.94
C62 33.23 121
C63 27.15 13.43
C64 22.57 8.81
C65 18.33 4.58
C66 13.95 0.46
Cc67 74.4 4.58
C68 69.1 4.58
C69 63.5 4.58
C70 57.5 4.58
C71 52.33 4.58
C72 52.28 10.87
C73 57.5 10.87
C74 63.5 10.87
C75 69.1 10.87
C76 73.96 10.87
Cr7 74.4 15.97
C78 69.27 15.97
C79 63.5 15.97
C80 57.5 15.97
C81 52.33 20.39
C82 57.5 20.39
C83 60.45 20.39
C84 63.5 20.39
C85 69.1 20.39
C86 73.96 20.39
C87 74.4 25.72
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Structural analysis and design

C88 70.51 25.72
C89 66.2 25.72
C90 61.8 25.72
Ca1 57.5 25.72
C92 52.33 25.72
C93 61.95 30

C94 58.23 33.8
C95 55.95 36

C96 52.28 39.67
C97 52.28 30

C98 70.51 30.23
C99 66.55 34.32
C100 62.6 38.16
C101 59.69 40.9
C102 56.7 43.95
C103 52.18 43.95
C104 52.18 48.48
C105 52.28 52.24
C106 56.5 52.24
C107 60.96 47.96
C108 63.64 45

C109 66.55 42.1
C110 70.27 38.38
Cil11 74.56 30.8
Cl12 73.96 34.32
C113 73.96 42.6
C114 70.76 46.3
C115 67.84 49.32
Cl16 64.9 52.24
Ci117 64.9 52.24
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C118 69.65 52.24
C119 74.56 47.34
C120 69.65 56.91
Cl21 73.96 60.89
C122 76.57 57.95
C123 97.52 55.1
Cl24 83.2 51.32
C125 87.41 47.18
C126 83.43 43.13
C127 78.67 38.38
C128 79.22 47.34
C129 75.85 o1

C130 51.73 34.32
C131 52.18 34.32

Table 4-5: Column coordinates.
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