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Abstract

Structural Design For "Elia’a Hotel"'

The idea of this project can be summarized by preparing
Elia’a Hotel.which consist of all facilities that should be
available in any hotel.

The project consist of spatial cluster nine floors, and the
total area of the building is 16063.12 square meter. The
design of the project is based on the multiplicity that
distributed consistently to achieve aesthetically and
functional elements.

We used (ACI_318_08) code and structural designing
programs such as ATIR and AutoCAD (2014), and we also
studied some old graduation. The project will include
detailed structural study and analysis of identified
construction elements subjected to various loads followed
by the structural design of these elements and the
preparation of all design drawings according on the
prepared design.

God grants success
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Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A2 = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width« or diameter of circular section.

C.= compression resultant of concrete section.

Cs= compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

fc: = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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.

LL = live loads.

Xl



Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load.

S = Spacing of shear in direction parallel to longitudinal reinforcement.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€c = compression strain of concrete = 0.003.

€5 = strain of tension steel.

€s = strain of compression steel.

P = ratio of steel area.
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Chapter Four Structural Analysis and Design

4-1 Introduction:
Many structures are built of reinforced concrete: bridges, buildings, retaining walls,

tunnelsand others.

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

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

frequently admixtures.

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

knowledge.
Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4-2 Design Method and Requirements:

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318 _08).

> Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the
load at which failure is considered to be occurring.

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.
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Chapter Four Structural Analysis and Design

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

e Code:
ACI 2008
UBC

e Material:
Concrete -B350
fc'=35N/mm?(MPa) For circular section
but for rectangular section ( fc'=35*0.8 = 28MPa ).

Reinforcement steel:

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

v" Factored loads:

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

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

4.3 Check of Minimum Thickness of Structural Member :

Table (4-1): Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless
Deflectionsare Calculated. (ACI- 318M-11).

Minimum thickness ( h)
Simply One end Both end
Member . . Cantilever
supported continuous continuous
solid one way
L/20 L/24 L/28 L/10
slabs

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 Four Structural Analysis and Design

e ForRib:
hminfor(one end continuous)=L/18.5= 215/18.5=11.62cm
hminfor(both end continuous)=L/21= 570/21=27.14cm

hminfor(one endcontinuous)=L/18.5= 570/18.5=30.81cm

Take h=35cm
27 cm block + 8 cm topping = 35cm

e ForBeam:
hminfor(one end continuous)=L/18.5= 215/18.5=11.62cm
hminfor(both end continuous)=L/21= 555/21=26.42cm
hminfor(both end continuous)=L/21= 570/21=27.14cm
hminfor(one end continuous)=L/18.5= 395/18.5=21.35cm

Take h =35 cm with no drobs.

4.4 Design of Topping:

v Statically System For Topping :

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

VVU

- 40 cm -

Fig 4.1: Topping Load.
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v" Load Calculations:

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 Partitions 1.5*%1=15KN/m
Sum = 5.82KN/m

Table (4.2): Dead Load Calculation of Topping.

Nominal total dead load = 5.82 KN/m?Z.

Nominal total live load = 5KN/m?Z.

Live Load :
L. =5 KN/m?

Li =5 KN/m2x1m=5KN/m

Factored Load :

Wy =1.2x5.82 +1.6x5=11.984 KN/m

Check the strength condition for plain concrete, gM, > My, where g = 0.55
Mn = 0.42 L \/f/ Sm(ACI 22.5.1, equation 22-2)

_ b.h* _1000.80?
6 6

Sm = 1066666.67 mm?

@M, =0.55%0.42x1x+/24 x1066666.67 x107° =1.21KN.m

35



Chapter Four Structural Analysis and Design

Wy, L?

My = T 0.1597 KN.m (negative moment)
Wy, L? ..
Mu=—"-=0.0798 KN.m (positive moment)

gMn>> My = 0.1597 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAsminfor slabs as
shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACl 7.12.2.1
As = pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h=3x80=240mm  control by ACI 10.5.4

2. 450mm.

280 280

3. 5=380(%%) - 2.5¢, = 380 <2420> —2.5.20 = 330mm ACI 10.6.4 OR
s 3

280

S ssoo(?):soo mm

Take g 8 @ 200 mm in both direction , S = 200 mm <Smax = 240 mm ... OK

4.5 Design of One Way Rib Slab:

S T L I i ‘,'-j ==
I ===

UL . HJ. ===" T 1
e H\HHlIHIIHIUlIH!_IHI_\[M]\IHII[KWU\IHII[\IHH\H_HHIHHHHH ==, ==n==k
== | ===

t | i N 1l EEIE Ep==p=c8—=
\t zot‘ o ‘ - .‘ﬁ.ﬁ. I
= == ;

Fig 4.2: One Way Rib Slab (R13).
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Requirements For Ribbed Slab Floor According to ACI- (318-08) .

bW > TOCM. e ACI(8.13.2)

D 3. 5 W o ACI(8.13.2)
Select h=35cm<3.5*12= 49 cm
> Ln/12250mMm o ACI(8.13.6.1)

Select tf=8cm

< Material:
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel fy = 420 N/mm?

% Section:

B =520 mm

Bw=120 mm

h=350 mm

t= 80 mm
d=350-20-10-14/2= 313 mm

R

v Statically System and Dimensions:

1 2 3 4 5
1 2 3 4
A . A . A " A
A A A A
2.15 0.6 5.7 0.6 22 0.6 5.6 0.6
2.45 | 6.3 2.8 6.2
52.
8.
35.
12.
AA
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Structural Analysis and Design

load group no. 1

Dead load - Service

Units:kN,meter

5.60 5.60 I 5.60 5.60
‘ 2.45 T 6.3 ‘Y 2.8 T 6.2 T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 ’ 2.60 ‘ 2.60
‘ 2.45 6.3 'll‘ 2.8 "l‘ 6.2

Fig 4.3: Statically System and Loads Distribution of Rib (R13).

v" 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
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 0.03*22*0.52= 0.3432KN/m/rib
8 partions 1.5*0.52=0.78 KN/m/rib

Sum = 5.4744 KN/m/rib

Table (4.3): Dead Load Calculation of Rib(R1).

Dead Load /rib =5.5 KN/m
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Live Load:

Live load = 5 KN/M?

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

% Effective Flange Width ( b.):ACI-318-11 (8.10.2)

b: For T- section is the smallest of the following:
b, =L/4 =155/ 4=142.5cm
by =12+16t=12+16 (8) =140 cm

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

b For T-section = 52cm .

Moments: spans 1to 4

32.7 379
“oE- -30.5 -30.7
-25. -25.6 R -26.4
25.1 202 25.4
1.76 1.17
1.01
i - = -+ H
0.69 0.98
0.6 8.
30.3
245 3.15 3.15 0.98 1.82 3.72 36.7 2.48
Shear
-35.9
-26.7 -29.3 255 -28.3
-20. -18.8 -21.6 }
L | | | |
I LI LN LI ™1
12.
18.7
258 29.2 332
' 39.8

Fig 4.4: Shear and Moment Envelope Diagram of Rib (R13).
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v" Moment Design for (R 13):

Design of Positive Moment for (Rib13 ):(Mu=30.3KN.m)

Assume bar diameter g 14 for main positive reinforcement
dp 14
d :h' cover - dstirrups—? =350—-20—-10— 7 =313 mm
Check if a>hs to determine whether the section will act as rectangular or T- section.
— 1 hf
Mns =0.85. f. be. he. (d — 7)
= 0.85 x 28 X 520 x 80 x (313 —2) x 1076 = 270.29 KN.m

Mnf>>% = 300 293 33.66KN.m, the section will be designed as rectangular section withbe =520

mm.
_ My __ 303x10%
Rn= Obd? ~ 0.9x520x313%2 0.66 Mpa
420
y__ = 20.6

T 0.85f!  0.85x28

. l<1 _ - 2.m.Rn> _ <1 B \/1 _ 2x20.6><0.66) — 0.001599
m 420 20.6 420

Asreq = p.b.d = 0.001599 x520x313 = 260.38 mm?

Check for As min:

As min = \/_)(b w)(d) AC1-318 (10.5.1)

J28

As min = (120)(313) =109.52mm?
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min = i—;(') (120)(313) =125.2mm? controls

ASreg= 260.38mm? >Asmin= 125.2 mm?  OK

Use 2 g 14 ,As.provided= 307.87mm2>As,required= 260.38 mm?.... Ok

120-40—20—(2x14)
1

S=

=32mm>d, =14 > 25 mm OK
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Check for strain:

AS.
Z sty 307.87X420 _ 13 g
0.85b fc 0.85X520%28
x=2 =12 _ 1929 mm
B, 085
= 0.003 (d _ x) = 0.003 (313 _ 12'29) = 0734 > 0.005 0k
& = x ) 1229 ) - '

Design of Positive Moment for(Rib13): (Mu=36.7 KN.m)

d =h- cover - dsnrrups =350—-20—-10—=—=313mm
My _ 367x10%

Rn= Obd? ~ 0.9x520x313%2 0.80 Mpa
b= 20 _ 206

T 0.85f!  0.85x28

p:1<1_ 1_m>_ <1_J1_M):o.oo194
m 420 20.6 420

Asreq = p.b.d = 0.00194 x520x313 = 316.53 mm?

Check for As min:

As min = \/_(b w)(d) AC1-318 (10.5.1)

J28

As min=
4(420)

(120)(313) =109.52mm?
.14
A =——(bw)(d
S min (fy)( w)(d)

As min = i—;(') (120)(313) =125.2mm? controls

ASreg= 316.53mm? >Aspmin= 125.2 mm?  OK

_ 120-40-20—(2X16)
- 1

=28mm >d, =16 > 25 mm OK
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Check for strain:

AS.
Z sty 40212x420 _ 1a oq oo
0.85b fc 0.85X520%28
x=2 =13 _ 16054 mm
B, 085
= 0.003 (d _ x) = 0.003 (313 _ 16'054) = 0.0554 > 0.005 0k
&= x ) 16054 /) = '

Design of Negative Moment for (Rib13): (Mu=-25.6KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dyimps— 22 = 350 — 20 — 10 — - = 313 mm

_ My __ 256x10°%
Rn= ®bd?  0.9x520x313%2 0.558Mpa
=D - 20 _ )06

0.85f]  0.85x28

p=1(1 _ 1 _m> =L<1 _\/1 _w> = 0.001348
m 420 20.6 420

Asreq = p.b.d = 0.001348 x520%313 = 219.420 mm?

Check for As min:

As min = \/_)(b w)(d) ACI-318 (10.5.1)

28

AS min=
4(420)

(120)(313) =109.52mm?
. 14
A =——(bw)(d
S min (fy)( w)(d)

As min = % (120)(313) =125.2mm? controls

ASreq= 219.420mm? >Asmin= 125.2 mm? OK

Use 2 8 14 Asprovided= 307.87mm?>As required= 219.420 mm?..... Ok

120-40—20—(2x14)
1

S=

=32mm>d, =14 > 25 mm OK
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Check for strain:

AS.
Z sty 307.87X420 _ 13 g
0.85b fc 0.85X520%28
x=2 =12 _ 1929 mm
B, 085
= 0.003 (d _ x) = 0.003 (313 _ 12'29) = 0.07340 > 0.005 0k
&= x ) 1229 /)~ '

Design of Negative Moment for ( Rib13): (Mu=-25.4KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dsimps— 22 = 350 — 20 — 10 — = = 313 mm

_ My __ 254x10%
Rn= Obd?  0.9x520x3132 0.553Mpa
fy _ 420 _ 506

"~ 0.85f/  0.85x28

p:1<1_ 1_m>_ <1_\/1_M>=0.001337
m 420 20.6 420

Asreq = p.b.d = 0.001337 x520x313 = 217.68 mm?

Check for As min:

As min = \/_(b w)(d) ACI-318 (10.5.1)

J28

As min=
4(420)

(120)(313) =109.52mm?
. 14
A =——(bw)(d
S min (fy)( w)(d)

As min = i—;é (120)(313) =125.2mm? controls

ASreq= 217.68mm? >Asmin= 125.2 mm?  OK

_ 120-40-20—(2x14)
- 1

=32mm>d, =14 > 25 mm OK
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Check for strain:

AS.
Z sty 307.87X420 _ 13 g
0.85b fc 0.85X520%28
x=2 =12 _ 1929 mm
B, 085
= 0.003 (d _ x) = 0.003 (313 _ 12'29) = 0.07340 > 0.005 0k
&= x ) 1229 /)~ '

Design of Negative Moment for (Rib13): (Mu=-30.7 KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dsimps— 22 = 350 — 20 — 10 — = = 313 mm

_ My __ 307x10%
Rn= Pbd?  0.9x520x3132 0.66 Mpa
420
fy = 20.6

"~ 0.85f/  0.85x28

p:1<1_ 1_m>_ <1_\/1_m)=0.001599
m 420 20.6 420

Asreq = p.b.d = 0.001599 x520x313 = 260.38 mm?

Check for As min:

As min = \/_)(b w)(d) ACI-318 (10.5.1)

J28

AS min=
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

(120)(313) =109.52mm?

As min = i—;é (120)(313) =125.2mm? controls

ASreq= 260.38mm? >Asmin=125.2 mm?  OK

Use 2 g 14 ,Asprovided= 307.87mm2>As,required: 260.38 mm? .e.. OK

120-40—20—(2x14)
1

S=

=32mm>d, =14 > 25 mm OK
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Check for strain:

_ Asfy  307.87x420 _
T0.85b f/ ~ 0.85Xx520x28 1044 mm
x=2 =12 _ 19 29mm
B,  0.85
= 0.003 (d _ x) = 0.003 (313 _ 12'29) = 0.0743 > 0.005 0k
& = x ) 1229 )" '

v" Shear Design for (R13):

Vu at distance d from support= 33.2 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 === fibyd = "=VZ8 x 120 x 313 X 107° = 3643 KN
BV =0.75x36.43 =27.32 KN

0.5 8 Ve =0.5x27.32=13.65 KN

0508 V< V<o Ve

Vi> g Ve

for shear design, shear reinforcement is required (4,,),
1 - 1

VSmin =1—6\/Ebw d=; bwd

Vs min:1—16\/28 * 120 * 313 * 1073 = 12.42KN

Vsmin =7 bw d=- %120 % 313 = 12.52KN

B(Ve+Vsmin)= 0.75(36.43+12.52)=36.7 KN

2Ve<VU <@ (Vc+VSmin)

27.32<33.2<36.71

for shear design, minimum shear reinforcement is required (4, ), Reinforcement.

Use stirrups (2 leg stirrups ) 8 8@150 mm , Ay = 2 x 50.26 = 100.53 mm?
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bws 1 bws
AVinin = 16V fé 5 fyt = 3fyt

120s

AVmin=100.53 =f—6m —~ 5 =1.145m

1120s

100.53 == — s = 1.055m

S max—»% = 157mm

S max —<600mm

Take (2 legstirrups) g8 @ 150 mm

2%50.26
A, = = 670.133 mm?/Msrip
0.15
1 &) @ ® Q
‘ 2 235 | | 149 3
2 2110
A i g
LT @ldra-fs] T[] LT dpledm sl T LT btets [T L b LT T I
1 T T |
& )
eT10 BTI6
. 30 . 32
12/35 12/35 12/35 12/35
215 60 570 60| 220 60 560 60
@114 =745 T& @2114 1B, ®rT10 =520 1B
@PT14 =925 BB ©2T10 BB. €PeT16 BB
TBRIS
2110 QL5
- R‘r ™
o @ ome —7 12 20
A-A
TZ0 @
- 1:20

Fig4.5: Flexural Design of Rib (13).
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4.6 Design of One Way Solid Slab:

Solid 1 \I\

Fig 4.6: One Way Solid Slab (1).

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

v" Slab Thickness Calculation:

The overall depth must satisfy ACI Table (9.5.a):
Min H (deflection requirement):

L 25 417
24 24

For One way solid slab, will use thickness of slab 20 cm.

v" Load Calculation:

Dead Load For Solid slab:

No. | Parts of Landing | Calculation

1 R.C 25*%0.20*1=5 Kn/m
2 Plaster 22*0.02*1= 0.44Kn/m
Sum 5.44Kn/m

Table (4.4): Dead Load Calculation of Solid slab.

Live Load For Solid slab = 10*1 =10Kn/m
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v" System of Landing:

Service Live Load =10KN/M

3.2

Fig 4.7 : Statically System and Loads Distribution of Solid slab .

Moments: spans 1to 1

— |
52 T 52
R"“ﬂ-q_____ _—
| 16 2%-3 16 |
Shear
36,

—— 25_;_1__

Fig 4.8 : Shear and Moment Envelope Diagram of Solid slab.
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v" Design of Shear:

(Vu=29.1Kn)
Assume bar diameter g 10 for main reinforcement
d =h- cover —"2—” =200 — 20 —12—" = 175 mm

Ve==\/fch, d == V281000 * 175 = 142.9 Kn

6

®* V=0.75* 142.9 = 107.175Kn > Vu = 29.1Kn...... No shear reinforcement are required

v" Design of Bending Moment : (Mu=28.8Kn.m)

Assume bar diameter g 12 for main reinforcement
d=h-cover—%= 200—20—12—2= 174 mm

_ My, __ 288x10°
T @bdZ ~ 0.9x1000x1752

Rn = 1.045 Mpa

420
m= 2 = =206
0.85f,  0.85x28

p:l<1 -1 _ﬂ) :L(l _\/1 _M> = 0.00255
m 420 20.6 420

As,req = pbd =0.00255x1000x174 = 444.6 mm2

Asmin = 0.0018*1000*200 = 360mm?
As,req = 444.6mm2>As,min360 mm2

Asreq = 444.6mm?......... 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

Use g12@ 20 mm ,Asprovided= 565 mm2>As,required: 444 6mm?... Ok
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Check for strain:

AS.
=l S0 _ 19 63mm
0.85b fc 0.85x1000x%28
=2 = 1163 _ 13.68 mm
0,  0.85
= 0.003 (d _ C) =0 (174 _ 13'68) = 0.035 > 0.005 ......0k
g = 0. e 1368 = 0. 005 .....

v lateral or Secondary Reinforcement of Solid slab :

Asyreq: As'min :00018*1000*200 = 360 mm2

Use 10 @ 200 mm ,Asprovided= 395 mm? > As required= 360 mm?2... Ok

v Top Reinforcement :

Asmin =0.0018*1000*200 = 360 mm?

Use mesh g10 @ 200 mm .

Exal=]
b S L.

(ZHI2EH 0

Solid Slabi, IScrm,SIcm
Botiorm Kein forcement

. Beaoam » . Beaoam 3
[ T ¥V 7
o I i J—-_li_
4 g Tilse=0
L TleB=0
- _ {EMaTioe30. L=S0 =~
n===
1=0 37E 1=0

aITle@-0 B.B.

Fig4.9: Flexural Design of Solid Slab (1).
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4.7 Design of Two Way Rib Slab:

Essi,F.’L (B a.F1) w‘”

0 O
sHSnSSnSsin
IHOBOEOENH0H

CB57,FL
[=)

U

==

=
M
=
M
=
M
=]
M
=]

===
HHMNEHMNHNE EEEEEH

=)
[
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1]
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[
hy

HHMNHMNHDEIH DB IEL 824+
] e e T e [ =
HHMNHMNHDEIH DB IEL
] e e T e [
HHMHMHADEDH DB A ¥
NBHOIENEMHNBNENENH
HHMHMHDEEINBRMEE
=== == ===
HIBMEHNHDEHB0EMEIE
NHIOIEHDEOHOIBOHDEmNE (B205.71)
EnEmI=EmEn==n=n=ns I e | E=EEEE

Bccicr (BioiF) n Bcss=1
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IO T
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e e § e e e e s e e e e e e g

4o FL

Fig 4.10: Two Way Rib Slab (R46).

v Minimum thickness for ribbed slab :
h=35cm

Check for the minimum thickness of the slab:

- All Exterior and interior beams have a rectangular section of 60 cm width and 60
cm depth:

_bxh®  08x 0.353

— -4 4
= o =2858+10"m

- The moment of inertia for the ribbed slab:

5284 +27%12%12.5

_ = 11.66
Ye 52%8 + 27 * 12 cm
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3 3

8
Lyjp = 52 % 12 +12 % 17 + 8% 52 % 6.6°+12 % 27 * 10.84% = 78094cm*

= 7.809 * 10~* m*

Short directionl = 7.45m = 745 cm

Long directionl = 7.9 m = 790cm

l 12
Lip*(G+5)  7.809+107*+6.8

I = =102.11%10~*
s1 by 0.52 )
_Ip_ 2858
1= T 10211
l 12
; Lip*G+3)  7.809%107* 6.2 93,107  10-4
= = = . *
52 by 0.52
_Ip_ 2858 .
2= 1 T93107 "
l 12
; Lip*G+35)  7.809%107*x7.75 116.38  10-4
= = = . *
3 by 0.52
_p_ 2858 _ .
%= 1. T 11638
l 12
; Lip*(G+7)  7.809%107* % 8.35 12539 « 10-4
= = = . *
o by 0.52
I, 2858

= b= 227
% = 1. T 12539

_(0.279 4+ 0.306 + 0.245 + 0.227)

Oy 7 =0.264 < 2.0
The minimum slab thickness will be:
Ln(0.8 + 22 7.5 (0.8 + o)
h =0.246m

36 +58(am —02) 3645« 224 (0246 — 0.2)
h=35cm > 25.6cm — 0K
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Take slab thickness 35 cm

befr= 520 mm bw =120 mm h= 80 mm
h =350 mm h etolit block = 270 mm

v" Load calculation:

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

calculated as follows:

No. | Parts of Flight Calculation
1 Tiles 22*0.03*0.52*0.52 = 0.178 KN
2 Mortar 22*0.02*0.52*0.52 = 0.119KN
3 |Sand 16*0.07*0.52*0.52 = 0.303 KN
4 Topping 25*0.08*0.52*0.52 = 0.541 KN
5 |Rib 25*0.27*0.12*(0.52+0.4) = 0.745KN
6 Block 9*0.27*0.4*0.4 = 0.389KN
7 Plaster 22*0.02*0.52*0.52 = 0.119 KN
Sum 2.923 KN

Table (4-5):Calculation of the total dead load for two way rib slab (46).

2.923

PL= 452+ 052

= 10.81KN/m?>

wp = 1.2 % 10.81 = 12.97KN /m>

LL = 5KN/m?
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w, = 1.6 %5 =8 KN/m?

w = 12.97 + 8 = 20.97 KN /m?

v Moments calculations:

Ratio=7.5/6.6=0.90

Ma = Cawla®’bfandMb = Cbwlb?bf

-Negative moment

Cameg = 0.068
Cpmeg = 0.025

Mg pey = (0.068 x 20.97 + 6.6%)  0.52 = 32.3 KN.m
My ey = (0.025 + 20.97 + 7.52) x 0.52 = 15.33 KN.m

-Positive moment

Cappos = 0.026

Chppos = 0.015

Carpos = 0.036

Chrpos = 0.022

M o pos (ai+iry = (0.026 * 12.97 + 6.6% + 0.036 * 8 x 6.6%) * 0.52 = 14.16 KN.m
Mp pos ai+iry = (0.015 x 12.97 + 7.5% + 0.022 + 8 ¥ 7.5%) x 0.52 = 10.83 KN.m

Design of positive moment :
- Short direction (Mu = 14.16 KN.m)
bf = 520mm

Assume bar diameter ¢14 for main positive reinforcement.

, d, 12
d = h — cover — dstirrups — 5 = 350 —20-10 — - = 313 mm.
M, 14.16 x 10°

Obd? ~ 09 x 120 x 3132 _ 33 MPa

Rn
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_ fy 420
"~ 0.85fc 0.85%28

p:l<1 -1 _M> :L(l_\/l _w> = 0.00325
m 420 20.6 420

As = p.b.d =0.00325 x 120 x 313 = 122.4 mm?

m = 20.65

CheckforAs, min:

, f'. 1.4
As,min = 0.25 b,*d =—»b,, *d
£

y y

V28
As,min = 0.25 * 230 120 x 313 = 118.30 mm?

1.4
As,min = 220" 120 x 313 = 125.2 mm? ..... Control.

e As,required = 254.16 mm?>As, min = 146.07 mm? (OK)
Use 20914, with As = 308 mm?>As, required = 146.07mm?

Check for strain: (g, = 0.005)
Tension = Compression

As + fy = 085 * f/ b * a
308 « 420 = 0.85 * 28 120 * a

a =52.48mm
x=i== 52'£=62.17mm
B, 0.85
e, = 0003+ (125
X
= 0.003 * (M) =0.0121 > 0.005 ~d =09 ... OK.

- Long direction (Mu = 10.83 KN.m)
bf = 520mm

Assume bar diameter ¢14 for main positive reinforcement.
, d, 14
d = h — cover — dstirrups — 5> = 350 -20—-10— - = 313 mm.
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M, _ 10.83x10°
T @bd? ~ 0.9 x 120 x 3132

_ fy 420
"~ 0.85fc  0.85%28

o= 1(1 [ _ﬂ> _ L(l ‘\/1 _M) — 0.00248
m 420 20.6 420

As = p.b.d =0.00248 x 120 x 313 = 93.26 mm?

R, = 1.02 MPa

= 17.65

m

o CheckforAs, min:

JF 1.4
fcbw*dz—bw*d
y y

As,min = 0.25

8
120 x 313 = 118.30 mm?

A in = 0.2
s,min =0 5*420

— 2
120 * 120 X 310 = 125.2 mm~ ..... Control.

As, min =

e As,min = 125.2 mm?>A4s,required = 93.26 mm? (OK)
Use 20914, with As = 308 mm?>Asmin = 125.2mm?

Check for strain: (g, = 0.005)
Tension = Compression

As  fy = 085 % f/ + b % a
308 * 420 = 0.85 * 28 * 120 a

a =52.48mm

x=i== 52'ﬁ=62.17mm
B1 0.85

£ = 0.003*(d;x)

=0.003 + (22227) = 0.0121 > 0.005 ~ ¢ =09 ... OK.
62.17

Design of negative moment :
Mu =32.3KN.m
bf = 520mm
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Assume bar diameter ¢14 for main positive reinforcement.

) dp 14
d = h — cover — d.stirrups — 5 = 350 —20—-10 — - = 313 mm.

M, _ 323x10°
T @bd? ~ 0.9 x 120 x 3132

_ fy 420
~0.85fc’ 0.85 %28

o= i(l _ 11 _M> = ;<1 _J1 _M> = 0.00779
m 420 20.65 420

As = p.b.d =0.00779 x 120 x 313 = 292.91 mm?

R, = 3.05MPa

= 17.65

m

e heckforAs,min:

, NI 1.4
As,min = 0.25 b, *d =>—»b,, *d
Iy y

120 x 313 = 118.30 mm?

A in = 0.2
s,min =0 5*420

1.4
As, min = 220" 120 X 310 = 125.2 mm? .....Control.

e As,required = 292.91 mm?>As, min = 125.2mm? (0K)
Use 20314, with As = 308 mm?>As, required = 292.91 mm?

Check for strain: (g, = 0.005)
Tension = Compression

As x fy =085 f/ * b *xa
308 * 420 = 0.85 * 28 * 120 a

a =5248mm
_a__>5248_
x_,31__ ogs = 6217 mm
— X
& = 0.003 * ( )
= 0.003 * (M) =0.0121 > 0.005 -~ =09 ... OK.
62.17
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v Check shear strength:

W, =0.75
w, = 0.25
Short direction
.52
Au, = 2097 x 6.6 * 7.5 x 0.75 * 0.5 * -5 = 27 KN

Vu= Au, — W x0.52 x Wa = 27 —20.97 x0.52 * 0.85 = 17.73 KN

5 0.75
sy fc' xbwxd=1.1x

* V28 % 120 * 313 = 27.32 KN

DV, = 1.1+%

Case 1
1
Vu<5* bxl

1
Vu=17.73KN > - » ¢+ V. = 13.KN .. Not OK

Case 2

1
FHOV <K < GV,

1
7*&* Ve =13.66 KN <V, =17.73KN < ¢+ V. = 27.323 KN - 0K
OK
Provide minimum shear reinforcement
Vsmin > —*/To¥ bwrd ==« V28 *120%313*10° = 12.42 KN.

¢Vsmin = 9.59
<zxbyxd=2%012+0.313*10° = 1252 KN

¢dVs,min =9.59 .............. control

dVe=2732KN < Vu=17.73 KN < {p(Vc+Vsmin) =36.91 KN ...... satisfy

~Case (3) is satisfy shear reinforcement is required.

Use 2 Legd8 for stirrups with Av= 100.53mm?2
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Chapter Four Structural Analysis and Design

4.8 Design of Beam :
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Fig 4.12: Design of Beam (10).

% Material :
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel fy = 420 N/mm?
¢+ Section :
= B=100cm
= h=35cm

= d=350-40-10-20/2= 290 mm
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v' Statically System and Dimensions:

1 2 3 4 5
1 2 3 4 ‘
E A T+1 A I 1 A 1 A 1
0.5 5.8 0.5 4.45 0.5 45 0.5 25 0.5
6.3 | 4.95 | 3.
5 6 8
5 6 7
-1 A i g 4 A A j
0.5 5.55 0.5 5.45 3.95 0.5
[ I I |
6.05 | 5.95 4.45 ,
I 1
35.
100.
AA
load group no. 1
Dead load - Service Units:kN,meter
49.2 49.2 49.2 49.2
: ;3.401 s.:’s a.\“:‘-;c L840 :
1 6.3 4.95 5, 3.
49.2 49.2 1492
W ¥ N ¥ k! L V' A v ¥
f————8-40" — 840 L4l —1
i 6.05 5.95 4.45
Live load - Service Load factors: 1.20,1.20/1.60,0.00
_ J } ’ 223 L 2:4,.3 l \ 223 J L 23
i 6.3 4.95 5. 3.
_ 262 26.2| 262
i 6.05 5.95 4.45

Fig 4.13: Statically System and Loads Distribution of Beam (B 10).
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v" Load Calculations:

Dead Load Calculations for Beam(B 10):
The distributed Dead and Live loads acting upon B10 can be defined from the support reactions of

the R2, R3 and R4.

From Rib2
The maximum support reaction from Dead Loads for R2 upon B10 is 25.53 KN

,The distributed Dead Load from the R2 on B10.
DL =(25.53/0.52) = 49.2 KN/ m

Self weight of beam8.4 KN/ m
DL =49.2 +8.4=57.6 KN/ m

From Rib3
The maximum support reaction from Dead Loads for R3 upon B10 is 25.53 KN

,The distributed Dead Load from the R3 on B10.
DL =(25.53/0.52) = 49.2 KN/ m

Self weight of beam8.4 KN / m
DL =49.2 +8.4=57.6 KN/ m

From Rib4
The maximum support reaction from Dead Loads for R4 upon B10 is 25.6 KN
, The distributed Dead Load from the R4 on B10.
DL =(25.6/0.52) = 49.2 KN/m

Self weight of beam8.4KN / m
DL =49.2 +8.4=57.6 KN/ m

Live Load calculations for Beam (B10):

From Rib2
The maximum support reaction from Live Loads for R2 upon B10 is 11.63KN The

distributed Live Load from the Rib2 on B10.

LL =11.63/0.52= 22.3 KN/m.
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from Rib3
The maximum support reaction from Live Loads for R3 upon B10 is 11.63KN The

distributed Live Load from the Rib3 on B10.

LL =11.63/0.52= 22.3 KN/m.

From Rib4
The maximum support reaction from Live Loads for R4 upon B10 is 13.55KN The

distributed Live Load from the Rib4 on B10.

LL =13.55/0.52= 26.2 KN/m.

Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 7
-400.4 -384.8
-305.1,-328.5 2689 -297.3,-299.8 3146
- o -234.6,-238.6
/ \ -1642922-17555 -184. '2173'1892 ,j 234 6'
e \ CATTT 193 427 S / L‘"g
86 /A LN 7 099 L/ o182 /1.4
TONL M @ AT 49
i "’ 0%‘4 — il'(‘) / H1i34 :J'ti) 7& /’1{”1‘?\ /)/ 4?I(I) 65 f
\ A.0714 |~ / an .78, / A1 / A
65.4 / 1 917 0‘91‘ ﬁz‘\\____,_,../o.é?ﬂ' 1.44‘ AN / 4.02| 1 N4 &97| 486
’ 183.3 180.6
~ 9391 206.
358.8 |
2,52 3.78 272 228 \ 25 25 [1.36 \ 303 | 303 | 297 | 2.98 | 267 1.78
I 1 165\ I 1 I I 1
Shear
38 3338
-337.4 / -
2472 272. 273.8
y 1906 2183 o 2195 Va -2003
, /1628 /| 1403
/ | /
[ // [an [ /// |i| fan // L - I
L IV T Va T / |!| UL UL / T
! ,// / i 7 121 | e //
/ 178.2 |/ /
2746217.9 7 osa o 2254 - /o 7 04 7 2579
: 310.7 : 332.8 354.1 317.8

Fig 4.14: Shear and Moment Envelope Diagram of Beam (B10).
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v Moment Design for (B10):

Flexural Design of Positive Moment for (B10):(Mu=358.8 KN.m)
Determine of Mn max
d=350-40-10-20/2= 290 mm
3 3
x =2d=-.290 = 124.28 mm
a=B.x = 124.28 * 0.85 = 105.64 mm

Mnmax= 0.85* f{ *a *b( d - % ) = 0.85*28*105.64*1000*(290-105.64\2 ) *10°=
511.13KN.m

® Mnmax = 0.9* 511.13= 460.01 KN.m> 358.8 KN.m .

Design as singly reinforcement

M, 3588 x10°
~ @bd2~ 0.9 x 1000 x 2902

Rn = 4.74Mpa

420
m= 2 = = 20.6
0.85f/ ~ 0.85x28

p:1<1 _ 1 _m) :;<1 _Jl_w> = 0.013036
m 420 20.6 420

As=p.b.d = 0.013036x1000x290 = 3780.44 mm?

Check for Asmin:

f ’
Asmn= 1wy = Y2 1000200 = 845,65 mim?

4(fy) 4*420
1.4 1.4 )

Asmin = — (bw)(d) = —*1000*290= 966.66 mm“Controls
(fy) 420

As= 3780.44mm?

Use 8g 25 Bottom, As.provided= 3926.99mm2>As,required= 3780.44 mm?... Ok
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Check spacing :

§ = ) = 100 mm > dj, = 25 > 25mm 0K

Check for strain:

_ Asfy = 3926.99x420 — 80.85mm
0.85b fc 0.85X1000X%X28
x=2 =288 _ 95 12mm
B, 085
= 0.003 (d _ x) = 0.003 (287'5 _ 95'12) = 0.0061 > 0.005 0k
&= T x ) 95.12 = '

Flexural Design of Positive Moment for(B10):(Mu=91.7 KN.m)

M, 91.7 x 10°

Rn = =
"= PbdZ 0.9 x 1000 x 2902

= 1.21Mpa

420
m= 22 = = 20.6
0.85f, ~ 0.85x28

o= 1(1 _ 1 _m) - ;<1 _\/1 _M) = 0.002972
m 420 20.6 420

As=p.b.d = 0.002972x1000x290 = 861.88 mm?

Check for Asmin:

f ’
Asmn= 11wy = Y2 1000200 = 845,65 mim?

4(fy) 4*420
1.4 1.4 )

ASmin = —— (bw)(d) = —*1000* 290 = 966.66 mm-Controls
(fy) 420

As= 966.66mm?

Use 6@ 16Bottom, Asprovided= 1206.37 mMm?>As.required= 966.66 mm?2... Ok
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Check spacing :

_ 1000-40%2-20—(6X16) _
= - =

S

160.8mm >d, =16 > 25mm OK

Check for strain:

AS.
Z sty 120637x420 _ 54 000
0.85b fc 0.85x1000x28
x=2 =28 _9922mm
B,  0.85
= 0.003 (d _ x) =0 (292 _ 2922) = 0.027 > 0.005 0k
& = x ) 2022 ) '

Flexural Design of Positive Moment for (B10):(Mu=183.3 KN.m)

M, 183.3 x 10°

R = =
"= %bdZ 0.9 x 1000 X 2902

= 2.42 Mpa

420
m= 2 — = 20.6
0.85f/ ~ 0.85x28

p= 1(1 -1 _w> = L(l _Jl —M> = 0.006152
m 420 20.6 420

As=p.b.d=0.006152x1000x290 = 1784.08 mm?

Check for Asmin:
f !
Asmin = V- (bw)(d) = ﬂ*1000*290 = 845.65 mm?
4(fy) 4*420
1.4 14 ,
Asmin = —— (bw)(d) = ——*1000* 290 = 966.66 mm-Controls
(fy) 420

A= 1784.08mm?

Use 6g 20 Bottom, Asprovided= 1884.96 mmM?>As required= 1784.08 mmZ... Ok
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Check spacing :

1000-40+2—-20—(6X20)
5

S=

=156 mm >d, =20 =225mm OK

Check for strain:

AS.
Z sty 1884.96x420 _ ag g oo
0.85b fc 0.85x1000x28
X= =+ = 3881 _ 45.66 mm
B,  0.85
= 0.003 (d _ x) = 0.003 (290 _ 45'66> = 0.01605 > 0.005 0k
&= x ) 4566 ) '

Flexural Design of Positive Moment for (B10):(Mu= 0 KN.m)

No Reinforcement Is Needed

S0 UseAs,min:

ASmin = —— ( w)(d )— /28 ———*1000*290 = 845.65 mm?
(fy) *420

ASmin = (fy) (b w)(d) = *1000*290 966.66 mm?Controls

As= 966.66 mm?

Use 5g 16 Bottom, Asprovided= 1005.31 mm2>As,required= 966.66mm?2... Ok

Check spacing :

1000—40%2—20—(5X16)
4

S =

=205mm>d, =16 >25mm OK

Check for strain:

Asfy _ 966.66x420
0.85b !~ 0.85x1000x28

=19.9mm
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X= — = & = 23.41mm

(292 — 2341

d—x
& = 0.003 (T) = 0.003 5341

> = 0.03442 > 0.005 Ok

Flexural Design of Positive Moment for (B10):(Mu=239.1 KN.m)

o My 2391x10°
"= 0bd? T 0.9 x 1000 x 2902 o Pd

fy 420
0.85f,  0.85x28

p=1(1 _ 1 _m> =L<1 _\/1 _M> = 0.00823
m 420 20.6 420

As = p.b.d = 0.00823%x1000x290 = 2386.7 mm?

m= = 20.6

Check for Asmin:
Asmin= 1S (b w)(d) = V28 V2% x1000*290 = 845.65 mm?
A(ty) 4*420
ASmin = (fy) (b w)(d) = *1000*290 966.66 mm?Controls

As= 2386.7 mm?

Use 6@ 25 Bottom, Asprovided= 2945.24 mm?2>As.required= 2386.7mm?... Ok

Check spacing :

1000—40%2—-20—(6X25)
5

S=

=150mm >d, =25 >25mm OK

Check for strain:

Asfy  2945.24x420

= - = = 60.64 mm
0.85b fc 0.85X1000%x24
x=2 =22 _ 7134 mm
B, 085
= 0.003 (d _ x) = 0.003 (287'5 _ 71'34> = 0.00909 > 0.005 0k
&= x ) 71.34 - '
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Flexural Design of Positive Moment for (B10):(Mu=206 KN.m)

o M 206x10°
"= 0bdz T 0.9 x 1000 x 2902 ~/MPd

fy 420
0.85f!  0.85x28

pzl(l _ [ _m) _ (1 ‘\/1 _M) — 0.006978
m 420 20.6 420

As=p.b.d = 0.006978x1000x290 = 2023.62 mm?

m= = 20.6

Check for Asmin:

ASmin = —— \/_ (bw)(d) = \/2_8 ——*1000*290 = 845.65 mm?
4(fy) *420

ASin = (b w)(d) = i;(') *1000* 290 = 966.66 mm2Controls

(fy)
As= 2023.62mm?

Use 6@ 25 Bottom, Asprovided= 2945.24 mm?>As required= 2023.62mm?... Ok

Check spacing :

1000—40%2—20—(6X25)
5

S=

=150mm >d, =25 >25mm OK

Check for strain:

AS.
LT 2945.24x420 _ (o o4 oo
0.85b fc 0.85X1000x%x28
x=2 =% _ 7134 mm
B, 085
= 0.003 (d _ x) = 0.003 (287'5 _ 7134) = 0.00909 > 0.005 0k
&= x ) 71.34 - '
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Flexural Design of Positive Moment for (B10):(Mu=180.6 KN.m)

o Mo _ 1806 x10°
"= 0bdz T 0.9 x 1000 x 2902 -7 P4

fy 420
0.85f!  0.85x28

pzi(l _ 1 _m) _ (1 _\/1 _M) = 0.00607
m 420 20.6 420

As=p.b.d=0.00607x1000x290 = 1760.3 mm?

m= = 20.6

Check for Asmin:
: @ — " *1000*290 = 845.65 mm?
(fy) *420
ASmin = (fy) (b w)(d) = *1000*290 966.66 mm?Controls

As=1760.3 mm?

Use 6g 25 Bottom, Asprovided= 2945.24 mm2>As,required= 1760.3 mm?... Ok

Check spacing :

1000—-40%2—20—(6X25)
5

S= =150mm >d, =25 =225mm OK

Check for strain:

_ Asfy  2945.24x420

= - = = 60.63 mm
0.85b fC 0.85xX1000x28
x=2 =89 _ 7933 mm
B,  0.85
d—x 287.5 — 71.33
g, = 0.003 (—) = 0.003( ) = 0.00909 > 0.005 0k
X 71.33
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Flexural Design of Negative Moment for (B10): (Mu=-326.5KN.m)

o My _ 3265 x10°
"= 0bd? T 0.9 x 1000 x 2902 o Pd

fy 420
0.85f!  0.85x28

pzl(l— 1_%)— (1—\/1—w>=0.011663
m 420 20.6 420

As=p.b.d=0.011663x1000x290 = 3382.27 mm?

m= = 20.6

Check for Asmin:

ASmin = —— \/_ (bw)(d) = \/2_8 ——*1000*290 = 845.65 mm?
4(fy) *420

ASin = (b w)(d) = i;(') *1000* 290 = 966.66 mm2Controls

(fy)
As= 3382.27mm?

Use 7@ 25 Bottom, Asprovided= 3436.12mMmM?>As required= 3382.27 mm?... Ok

Check spacing :

1000—-40%2—20—(7%25)
6

S=

=120.83mm >d, =25 >25mm OK

Check for strain:

AS.
LT 3436.12x420 _ ooy oo
0.85b fc 0.85X1000x%x28
x=2 =727 _ 8322 mm
B, 085
= 0.003 (d _ x) = 0.003 (287'5 _ 83'22> = 0.0074 > 0.005 0k
&= T x ) 83.22 - '
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Flexural Design of Negative Moment for (B10):(Mu=-164.9 KN.m)

R = M, 1649 x 106 _ 2181
"= 0bdz T 0.9 x 1000 x 2902 ~oPd

fy 420
0.85f!  0.85x28

pzi(l -1 _%) =L<1 _\/1 —w> = 0.0055
m 420 20.6 420

As = p.b.d = 0.0055x1000x290 = 1595 mm?

m= = 20.6

Check for Asmin:

ASmin = —— (b w)(d )— V28 ———*1000*290 = 845.65 mm?

(fy) *420

ASmin = (b w)(d) = *1000*290 966.66 mm?Controls
(fy)

A= 1595mm?

Use 8¢ 16 Top, Asprovided= 1608.49MmM?>As required= 1595 mm?... Ok

Check spacing :

1000—-40+2-20—(8X16)
7

S=

=110.28mm >d, =16 > 25mm OK

Check for strain:

Asfy _ 1608.49x420

= - = = 33.12mm
0.85b fc 0.85xX1000x28
x=2 =312 _ 38 96mm
B, 085
= 0.003 (d _ x) = 0.003 (292 _ 3896) =0.019 > 0.005 0k
& = x ) 3896 /) '
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Flexural Design of Negative Moment for (B10):(Mu=-142.7 KN.m)

R = M, 1427 x10° _ 188 M
"= 0bdz T 0.9 x 1000 x 2902 oo Pd

fy 420
0.85f!  0.85x28

o= 1(1 _ 11 _m) _ (1 _\/1 _w> = 0.004704
m 420 20.6 420

As=p.b.d = 0.004704x1000x290 = 1364.16 mm?

m= = 20.6

Check for Asmin:

ASmin = —— \/_ (bw)(d) = \/2_8 ———*1000*290 = 845.65 mm?
4(fy) *420

ASmin = (fy)(b w)(d) = *1000*290 966.66 mm?Controls

As= 1364.16mm?

Use 8¢ 16 Top, Asprovided= 1608.49MmM?>As required= 1364.16mm?2... Ok

Check spacing :

1000—-40+2-20—(8X16)
7

S=

=110.28mm >d, =16 = 25mm OK

Check for strain:

Asfy _ 1608.49x420

= - = = 33.12mm
0.85b fc 0.85xX1000x28
x=2 =312 _ 3896 mm
B, 085
= 0.003 (d _ x) = 0.003 (292 _ 3896) =0.019 > 0.005 0k
& = x ) 3896 /) '
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Flexural Design of Negative Moment for (B10):(Mu=-217.3 KN.m)

R — M, 2173 x 10° 287 M
"= 0bdz T 0.9 x 1000 x 2902 =0/ P4

fy 420
0.85f!  0.85x28

o= 1(1 _ 11 _M) _ (1 _\/1 _w> = 0.007397
m 420 20.6 420

As=p.b.d = 0.007397x1000x290 = 2145.13 mm?

= 20.6

m=

Check for Asmin:

ASmin = —— \/_ (bw)(d) = \/2_8 ———*1000*290 = 845.65 mm?
4(fy) *420

ASmin = (fy)(b w)(d) = *1000*290 966.66 mm?Controls

As= 2145.13mm?

Use 6@ 25 Top, Asprovided= 2945.24 mm?2>As required= 2145.13mm?... Ok

Check spacing :

1000—40%2—20—(6X25)

S=
5

=150mm >d, =25 =225mm OK

Check for strain:

AS.
_ fy, _ 294524x420 _ 0o
0.85b fc 0.85X1000x%x28
x=2 =98 _ 7133 mm
B,  0.85
d—x 287.5 — 71.33
g, = 0.003 (—) = 0.003( ) = 0.00909 > 0.005 0k
X 71.33
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Flexural Design of Negative Moment for (B10):(Mu=-299.8 KN.m)

o My _ 2998 x10°
"= 0bdz T 0.9 x 1000 x 2902 0 Pd

fy 420
0.85f!  0.85x28

o= i(l _ - 2.m.Rn) _ (1 _ \/1 _ 2><20.6><3.96> — 0.01058
m 420 20.6 420

As=p.b.d = 0.01058x1000x290 = 3068.2 mm?

= 20.6

m=

Check for Asmin:
Asmin= Y1C (b w)(d) = £*1000*290 = 845,65 mm?
4(fy) 4*420
ASmin = (fy) (b w)(d) = *1000*290 966.66 mm?Controls

As= 3068.2mm?

Use 7@ 25 Top, Asprovided= 3436.12 mmM?>As required= 3068.2mm?2... Ok

Check spacing :

1000—40%2—-20—(7X25)
6

S=

=12083mm >d, =25 =225mm OK

Check for strain:

AS.
_ Asyy, - 3436.12x420 _ 0 oy
0.85b f/ ~ 0.85x1000x28
x=2 =227 _ 8322 mm
B,  0.85
= 0.003 (d _ x) = 0.003 (287'5 _ 83'22) = 0.0074 > 0.005 0k
&= x ) 83.22 = '
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Flexural Design of Negative Moment for (B10):(Mu=-238.6 KN.m)

o Mo _ 2386 x10°
"= 0bdz T 0.9 x 1000 x 2902 >Pd

fy 420
0.85f!  0.85x28

pzl(l_ 1_m)_ (1_J1_M)=o.008191
m 420 20.6 420

As=p.b.d = 0.008191x1000x290 = 2375.39 mm?

m= = 20.6

Check for Asmin:

ASmin = —— \/_ (bw)(d) = \/2_8 ——*1000*290 = 845.65 mm?
4(fy) *420

ASin = (b w)(d) = i;(') *1000* 290 = 966.66 mm2Controls

(fy)
As= 2375.39mm?

Use 6@ 25 Top, Asprovided= 2945.24 mm?>As required= 2375.39mm?... Ok

Check spacing :

1000—40%2—20—(6X25)
5

S=

=150mm >d, =25 =225mm OK

Check for strain:

AS.
LT 2945.24x420 _ (o o4 oo
0.85b fc 0.85X1000x%x28
x=2 =% _ 7134 mm
B, 085
= 0.003 (d _ x) = 0.003 (287'5 _ 7134) = 0.00909 > 0.005 0k
&= x ) 71.34 - '
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v" Shear Design for (B 10):

Vu,max =337.4 KN.
dp 25
d=h — cover — dstirrup — - = 350 —40 — 10 — 5= 287.5 mm.

Ve==\/fib.d = =V28 X 1000 x 287.5 X 1073 = 234.74 KN

Check for section dimensions:

Vo=t -y, =22 23474 = 21513 KN

Vimax = 2+[fZb.d = 2128 X 1000 X 287.5 X 10~% = 938.97 KN

Vs<Vsmax SO the section is large enough.

Check for the case of shear:

Vs min = iﬁb. d OR = é b.d which is larger.
Vs min = 11—6\/28 X 1000 x 287.5x 1073 = 88.02 KN

Vemin == X 1000 x 287.5 x 1073 = 95.83  cont.
3

D(Vsmin +Ve ) = 0.75(95.83 +234.74) =247.93 KN.

V> @(Vsmin +Vec ) case( I1) for shear design.

d 287.5
Smax < 5 =

= = 143.75mm OR Spx< 600mm

Smax =143.75 mm cont.

By using ¢ 10 double legs stirrups, Ay = 157.1 mm?

Avfye  _ 157.1X 420 x 287.5
S = =

— 88.18
v, 215.13 x 1000 mn

Use 2 leg $10 @100mm

For all spans 2 leg $10 @100mm will be used for stirrups.
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Fig.4.15: Flexural Design of Beam(10).

4.9 Design of Column:

i .
&

Fig 4.16:Column Design section.
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«» Material :
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculation: (From Column Group- 46)

Service Load:

Dead Load =3188.66 KN
Live Load = 1215.36 KN

Factored Load:
Pu=1.2 x3188.66 + 1.6x 1215.36=5770.96 KN

v" Dimensions of Column:

Assumepg = 0.01
#*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
5770.96*1000 = 0.65 x 0.8x Ag{0.85* 28 (L—0.01) + 0.01* 420}

Ag=399755.06 mm?2
Try: a=600mm b=800mm

v" Check Slenderness Parameter:

m<34—12&s40
r M 2

Lu: Actual unsupported (Unbraced) length.

K: effective length factor.
R: radius of gyration = \/'IA\: ~03h ... For rectangular section

Lu=4.0m
M1/M2 =1

K=1 for braced frame.
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e about X-axis (b= 0.8m)

m<34—12m <40
r M2

1x4.0
0.3x0.8

=16.67 < 22

Column Is Short About X-axis

e about Y-axis (h=0.6m)

Klu 54 oML 4o

r M 2
1x40 51 02522
0.3x0.6

Column Is Short About Y-axis

v Minimum Eccentricity:

e:Mux:O
Pu

mine =15+0.03xh =15+ 0.03x 600 = 33mm = 0.033m

v Interaction Diagram:

From the interaction diagram chart
from chart A9 - a for % =0.6 — pog =0.01

from chart A9-b for % =0.75—> pog =0.01

then for % = 0.643 — pog = 0.01

Select reinforcement
Ast= pg x Ag = 0.01 <800 * 600 = 4800mm?~

As = 24013.5 mm2
Select 18 20 with As = 24013.5mm?® > Ast = 4800mm?..
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g = As/ Ag =0.01> p =0.010K

Usel8 @ 20 with As=5654.87 mm?

v" Design of the Stirrups:

The spacing of ties shall not exceed the smallest of :-

spacing <16xd, =16x2.0=32cm
spacing <48xd, =48x1.0=48cm
spacing < least dim =60cm

Usegl0@ 20 cm
)ﬂ@ﬁl /M@QO

4 80 4 1 ¥

= ] L ] » L ] & L 52 52 32 52

3 || . . ) %

2, i
> i /1_0@20

- (' (Y & ® % %

18220 /I

Fig 4.17:Column Reinforcement Details.

4.10 Design of Footing:

% Material :
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
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Fig 4.18 :Isolated Footing .

v" Load Calculations :(From Column Group F1)

Dead Load = 392.52 Kn, Live Load = 148.3 Kn

Total services load = 392.52 + 148.3 =540.82 Kn

Total Factored load = 1.2*392.52 + 1.6*148.3 = 708.304 Kn
Column Dimensions (a*b) = 30*40 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 500 Kn/m2

Assume h = 60cm

Onet-aliow = 500 — 25*0.6 — 18*0.4 — 25*0.7 = 460.3kn/m2
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v" Area of Footing :

Pt 450.82

Onet-atiow
Assume Square Footing
B required = 1.79 m
SelectB=19m

v" Bearing Pressure :

Qu = 708.304/1.9%1.9 = 196.206 Kn/m?

v" Design of Footing :

1- Design of One Way Shear Strength :

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

Assume h = 60cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d=600-75-14 =511 mm

B-a

Vu= g (E2—d)+L

1.9-0.30

VU = 196.206 ( - 0.511) «1.9 = 107.73 Kn

pNC = ¢%*,/ fc'*b,, *d

pNC = 0.75*%* 28*1900*511 =642.64Kn

¢NVc =642.64KN >Vu =107.73Kn
. Safe
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2- Design of Two Way Shear Strength :

Vu =Pu-FR,

FR, =q, *area of critical section

Vu =196.206*3.61—[(0.4 +0.511)* (0.3 +0.511)] = 675.77Kn

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

1 2 !
¢'\/c :¢E(1+ﬂ—cj\/fbod
Ve = (b /d jrb d
¢'Vc :¢'%\/T(:’bod

Where:

5 Column Length (a) 40
© " Column Width (b) 30

=134

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

b, = 2*(51.1+40) + 2* (51.1+ 30) = 344.4cm

%s =40 for interior column

AV (1+—j\/ b,d —075 (1+ 2 j*@*3444*511:2901.44Kn

1.34
0.75,(40*511
Ve = 2| f, b,d = +2 |*/28*3444*511 = 4618.35Kn
PVe [b /d J 12 [ 3444 j

AV, = ¢,%,/ . b,d :%*@*3444*511: 2328.107Kn

®Ve =2328.107 Kn>Vu=675.773Kn
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3- Design of Bending Moment :

Critical Section at the Face of Column

B—-a
2

1.9-0.30

FR = qu= (%) + L = 196.206 * ( ) *1.9 =298.23Kn

Mu = 298.23* 0.775/2 = 115.56Kn.m

My 11556x10%
Rn= @bd?2 ~ 0.9x1900x5112 0.258 Mpa
Iy 20 _ 17,65

m= =
0.85f  0.85x28

. l<1 _ - 2.m.Rn> _ L<1 B \/1 _ 2x17.65x0.258) — 0.00619
m 420 17.6 420

Asreq = p.b.d = 0.00619x1900x511 = 601.58 mm?

Asmin = 0.0018*1900*600 = 2052 mm?

Asyreq = Asymin = 2052 mm2 ......... is control

Check for Spacing :
S=45cm

S =3h =3*60 = 180cm
280

S =380*(——) — 2.5*75 =192.5cm
5*4—20

S=45¢cm ......... is control

Use 11916 in Both Direction, Asprovided= 2211mMm?2>As required= 2052 mmZ... Ok

Check for strain:

AS.
- fy = 2211%X420 — 2053 mm
0.85b fc 0.85X1900x%28
c=2 =298 _o416mm
B,  0.85
—0003<d_c)—0 (511_24'16) = 0.06 > 0.005 .....0k
& =0. e TR = 0. 005 .....
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4- Design of Dowels :

Load Transfer In Footing :

®Pnb = D(0.85fCc'A, x \/%)

A1=0.40 *0.30=0.12 m?
A =0.190* 0.190 = 3.61 m?

\/Ezfﬂ=5.48>2 ................ A o
A V012 A

®Pnb = 0.65x (0.85x 28 x175x 2) = 5414.5Kn
®Pn =5414.5> Pu = 2080.......... ok

No Need For Dowels

Load Transfer In Column :-

®Pn.b = 0.65x (0.85x 28 x175) = 2707.25Kn
®dPn = 2707.25 > Pu =708.304 kn........... ok

No Need For Dowels
As,min = 0.005* Ac = 0.005 * 400 * 300 = 600 mm2

Use 8916, Asprovided= 1608 mm2>As,required= 600 mmZ... Ok

5- Development Length In Footing :

Tension Development Length In Footing :

_9. b
LdTreq _1_0*/1\/%

5 De¥s¥e . db> 300mm
db

Ktr = 0 (Nostripes)

16 150
cb=75+7=83mm 0rcb=T=75mm

ktr+cb_0+75

db 16

ktr+cb
=25
db

=4.68> 25

Ld _ 9 % 420 " 1+x1x0.8
Treq = 10" 1+y28 2.5

_ 1900—-400

LdT available = > -75=675mm

* 16 = 365.75 mm> 300mm

LdT available = 675 mm >ldreq = 395.054 mm........ OK

86



Chapter Four Structural Analysis and Design

Compression Development Length In Footing :

_ 0.24xFy*dB

Ldcreq= T> 0.043*Fy*dB >200mm
Ldcreq= 222292 = 304.8> 0.043*420*16 = 288.96>200mm

V28
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 m

-2 '

Vo e e, 208801 _dzal
MY R | R
AE“‘? , . . . o | o QJ\
_—V Mq /“,“ s:‘.r:-g_',“ "-“ T —' \ T

Fig 4.19:Foot Reinforcement Details.
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4.11 Design of Stair:

{;+8.96

Fig 4.20 :Stair Plan.

« Material :

= concrete B350 Fc' = 28N/mm?

= Reinforcement Steel Fy = 420 N/mm?

» Design of Flight :

v" Determination of Thickness:

hmin = L/20
hmin = 600/20 = 30 cm
Take h=30cm

The Stair Slope by 6 = tan™(17/ 30) = 29.56°
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v" Load Calculation:
Dead Load For Flight For 1m Strip:

No. | Parts of Flight Calculation

1 Tiles 23*0.03*1*(0.33+0.17/0.3) = 1.15 KN/m

2 Mortar 22*0.03*1*(0.3+0.17/0.3 ) = 1.04 KN/m

3 Stair 25*0.5*0.17*1 = 2.13 KN/m

4 R.C 25*0.3*1 / cos 29.56 = 8.62 KN/m

5 Plaster 22*0.02*1 / cos 29.56° = 0.51 KN/m
Sum 13.47 KN/m

Table (4.6 ): Dead Load Calculation of Flight.

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

Factored Load For Flight :

Wy = 1.2 x13.47+ 1.6%5 = 24.164 KN/m

v" System of Flight:

Sl e Lol —

LI1JTJ1111]

Tareleoes Deood Load =13 A47kn m

Sknsm

D— 1347 K

L= r =4
D— 1347
=75 rd

Pa e e 3.6 T

Fig 4.21: Statically System and Loads Distribution of Flight.
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Moments: spanl1ltol

2.15. 515 2.15

Shear

-37

37

Fig 4.22: Shear and Moment Envelope Diagram of Flight.

Design of Shear for Flight :
(Vu=37.0 Kn)

Assume bar diameter g 14 for main reinforcement
d:h-cover—dz—bz 250—20—§= 223 mm
Ve :% fc'b, d == %\/28 + 1000 * 223 = 182.1 Kn

® V¢ = 0.75% 182.1 = 136.6 KN >Vu = 37Kn...... No shear reinforcement are required
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Design of Bending Moment for Flight :
(Mu=51.5 Kn.m)

_ My __ 515x10°
T @bdZ ~ 0.9x1000x2232

= 1.15 Mpa

Rn

420
m= 2 = =206
0.85f,  0.85x28

p:l<1 -1 _M> :L(l _\/1 _M) = 0.00282
m 420 20.6 420

Asreq = p.b.d = 0.00282 x1000x223 = 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

S = 380% () — 2.5%20 = 330
S =450 mm
S =330mm ......... is control

Use 12 @ 150 mm ,As.provided = 770 mm?> As required= 630mmZ... Ok

Check for strain:

AS.
=Sy 770420 4585 mm
0.85b fc 0.85X1000x%x28
c=2 =% _1865mm
B, 085
= 0.003 (d _ C) =0 (173 _ 18'65) = 0.025 > 0.005 0k
g = 0. ) T6EC = 0. 005 ...
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Lateral or Secondary Reinforcement For Flight :

As,req: Asimin =0.0018*1000*250 = 450mm2

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

» Design of Landing : (For First One Meter)

v" Determination of Thickness:

hmin = L/20
hmin = 3.1/20 = 15.5 cm

Take h=30cm

v" Load Calculation:

Parts of
No. | Landing Calculation
1 Tiles 22*0.03*1=0.66 KN/m
2 Mortar 22*0.03*1=0.66 KN/m
4 R.C 25*0.3*1="7.5KN/m
5 Plaster 22*0.02*1=0.44 KN/m

Sum 10.5KN/m

Table (4.7): Dead Load Calculation of Landing.

Dead Load For Landing For 1m Strip = 10.5 KN/m
Live Load For Landing For 1m Strip =5*1 =5 KN/m

Reaction From Flight:

DL =19.7 Kn/m
LL =8.25 Kn/m
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Total Dead Load = 10.54 + 19.7 = 30.24 Kn/m
Total Live Load =5 + 8.25 = 13.25 Kn/m
Factored Load For Landing :

Wy = 1.2 x30.24 + 1.6x13.25 = 67.12Kn/m

v" System of Landing:

1 [JT[DeHOLIMHI[HMTI | OO
TR L (OO
CITITIIIT l1in{:l:ilﬁ:ﬁ%LJQNJMI” TITIIIIII
AR AR AR RAARARARAAN

1.5 M 01 M 1.5 M

Fig 4.23 : Statically System and Loads Distribution of Main Landing.

Moments: spans 1to 1

| 155 86.9 1,55
I 1

Shear

121
-83.9

839

1121

Fig 4.24: Shear and Moment Envelope Diagram At First 1m of Landing.
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Design of Shear:
(Vu=83.9 KN)

Assume bar diameter g 12 for main reinforcement
d =h- cover —"2—” — 300 — 20 —12—2 = 274 mm
1 7 1
V¢ = gw/fc b, d== g\/28 * 1000 * 274 = 242 KN

®* Vc=0.75* 242 = 181.5 KN>Vu =83.9 KN...... No shear reinforcement are required

Design of Bending Moment :
(Mu=86.9 KN.m)

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—bz 300—20—12—2= 274 mm

M, __ 839x10®
Rn= @bd2 ~ 0.9x1000x274% 1.242 Mpa
Iy 20 _ 20,65

m= =
0.85f;  0.85x28

o= 1(1 _ iz 2.m.Rn> _ 1 (1 B \/1 B 2><20.65><1.242> — 0.003039
m 420 20.65 420

Asreq = p.b.d = 0.003039x1000%274 = 832.58 mm?

Asmin =0.0018*1000*300 = 540 mm?
As,req =832.58 mm2

Check for Spacing :

S =3h =3*300 =900 mm

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

Use Z14@ 180 mm ,Asprovided = 855.5 mm?> As,required = 832.58 mm?2... Ok
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Check for strain:

_ Asfy _ 855.5x420
0.85b f/ ~ 0.85x1000x28

= 15.1 mm

a 151

c=—=——=17.765mm
B,  0.85

= 0.003 (d _ C) = 0.003 (274 _ 17'76) = 0.0433 > 0.005 .....0k
& =0. —)=0 1776 = 0. .005 ...

Lateral or Secondary Reinforcement For Landing :
As,req: As,min =0.0018*1000*300 = 540mm2

Use ﬂlZ@ 200 mm ,Asprovided= 5.65mm2>As,required = 540mm?... Ok

132 1x30=1321 3z

{
—55—
b

11473185

190

el ol
150,25 | 15025 1S0rEs
=0 1°Hs 330 =0

o
DeTiz | =256 T.B. @M/

e
=
EMETLIE L=F25& E.
M i

=talk 1 (H=1.9m2>

Fig 4.25: Stair Reinforcement Details.
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4.12 Design of Shear Wall:

shear & moment diagramm es

86.7 KM 86._7 KM
107.5 KN — 1942 KN
2206 KN —1 414 8 KN
300.3 KN — 7151 KN
3807 KM — 1085 8 KN
520.7 KN — 1616.5 KN
G635.45 KN 2251.95KNM
T44.8 KM — 2996.75 KN
854 .2 KN — 3850.95 KN

Loads &system

shear diagramme

286.11 KM.m

T27 .56 KMN.m
2096 4 KN.m
465623 KMN.m
8072 37 KN.m

12406 82 KMN.m
15036 695 KN.m

26825 97 KN.m
32457 2 KN.m

moments diagramme

Fig 4.26: Shear force and moment diagrmmes on the wall from ETABS.

0,

% Material and Sections: (From Shear Wall 2)

= concrete B350 Fc' =28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness h=33cm

= Shear Wall Width Lw=6m

=  Shear Wall Height Hw =29.5m

v" Design of Horizontal Reinforcement:

D Fx=Vu=3850.8 KN

The critical Section is the smaller of:

w 295
W_299_3y

2 2

%W _295 _1475m

storyheigh(Hw) = 29.5m........ Control

d=08xLw=0.8x6=4.8m
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5
OVomax = (Z)E fc,hd
= 0.75 % 0.83 * \/ﬁ * 330 * 4800 = 3952.8 KN > V,, = 3850.8KN

is the smallest of : V.

1-V, =% £ hd = %\/28 %330 * 4800 = 1058.3 ........ Control
: N,d
2— V., =027Jf hd + = 0.27v/28 * 330 * 4800 + 30.4 = 1617.9KN
w
! Nu
Ly (014 +0.2 lw—h)
3— ¥, =|0.05/F + T hd = 3239.41KN

Vy 2

6123.1 —3637.3 M, —3637.3
3.6 ~ 3.6—2.75

= M, = 4224.22KN.m

M,

l,, 32457.2%10%3 6000
Vu

Y -
2 3850.8 2

= 5428.69 mm

Vc =1058.3KN

@ *xvc + Qvs = vu

@ * vs=Vu-Q * vc

Vs=vu/® — vc

Vs=3850.8/0.75-1164.2= -3723.33kn No need reinforcement

Minimum shear reinforcementis required:
Min(Avh/Sh)=0.0025*h
=0.0025*330=0.625

Select @10 ,tow layers

Avh=2* 7 *10?%/4=157 mm?

157/Sh=0.625

Sh=157/0.625=251.2

Select Sh=200mm<Smax=Lw/5=600/5=120 cm.

=3*h =3*33=75 cm.
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v" Design of Vertical Reinforcement:

o [0.0025+ 05 (25-2) (22— 0-0025)] *330

Lw/ \Sp*h

AS— - [0.0025 +05 (2.5 - E) ( 17 _ 0.0025)]*330

6 200%250

AUU
— =0.736
Sy

Select 10 in Two Layer

2%1T%102
Avh =

=157 mm2

7
= 0.62137
s, 0.621375

Sy=252 mm

Maximum spacing is the least of :

M = M =2000 mm
3 3

3*h =3*330 = 750mm

450 mm ....... Control

Use $10/200 mm for two layers

v" Design of Bending Moment:

(6000) 2 %79 = 4710 mm?
= £ £ =
st =\ 200 mm
A 4710 \ 420
W=( “)f—y,=< ) = 0.0471
L,h) .~ \6000 * 330/ 28
B,
a=—2-=0
Lwhfe

c_ wt+a 0.0471 40 00576
l, 2w+0.858, 2%0.0471+0.85%0.85

B, c
OM, = @ [0.54,.f, 1, (1 + Astfy)(l - le)

= 0.9[0.5 * 4710 * 420 * 6000(1 + 0)(1 — 0.0576/2)] = 5170.223 KN
> 32457.2KN.m
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Mub = Mu-@Mn = 32457.2 — 5170.223= - 69.83 KN.m

X> =990 _1478 57 mm
600*W 600%.007
Lb> 2 = 714 mm

Since Smallest value of Lb & Mub not require Boundary .

WHML=610n
o GIOEIER ercatbarsin botr ide
L=d1m
&) - i U Hokm G10@20m
Vertical bars in both side @14 ﬁ'}nm QLR@NW  yorrical bars inboh sids
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Fig 4.27: Shear Wall Reinforcement Details.

4.13 Design of Basement Wall:

«» Material :
= concrete B350 Fc' = 28N/mm?
= Reinforcement Steel Fy = 420 N/mm?
@ = 30° y = 19.00KN/m3
Ko=1-sin®
=1—sin30
= 0.50
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Chapter Four

Structural Analysis and Design

v" Load on basement wall:

For 1m length of wall:

* Weight of backfill:
gl =Ko*xyxh
=0.50*19.0*3.9 =37.05 KN/m
1 (Factored) = 1.6 *37.05 = 59.28 KN/m

* 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

v" Design of the shear force:

Assume h =300 mm,
d=300—-20—14 = 266 mm
Vmax =46.4 KN

Wc:wf_c';bw*d

_ ¢/28+1000* 266

AVe =175.94KN

Vu ¢Vc <

No shear Reinforcement is required.

v" Design of bending moment:

Mu max =66.66KN.m

Mn = U _ 6666 _ ) 066 KN
=09 09 T ™ -m
K _Mn*lO6 B 74.06 * 10° 10468 M
Mo edz 10002662 pa
Fy 420
m = 17.65

T 085+fc 085 +28
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Chapter Four Structural Analysis and Design

1 j 2*xkn*m
p=—*|1—- [l ———

1 2 1.0468 * 17.65
=——+[1- [1-
17.65 420

=2.55%1073

Asreq =p*b*d = 2551073 %1000 * 266 = 6.783 cm?/m
Asmin = 0.0012 *b xh = 0.0012 * 1000 * 300 = 3.60 cm?/m
Amin < Areq

Select p12@20cm/m

Vertical reinforcement at compression face:

As req =As min = 3.60 cm?/m

?12@10cm/m

v" Design of the horizontal reinforcement:

Asmin = 0.0012 xb xh = 0.002 * 1000 * 300 = 360cm?/m

Selectp12@30cm/m, in two layer.

= — L E

1 1 ~

e o

\/%’\%W

Sten 12nm eeiwen T 1 E o NN

Sheru_LAnr SEID - ?@M/\bf\i\%
oYty

« N SN N
s BN NSNS SNCINCIN
SERTI L2 ES00 “ ] %\W@@

- K o N
E RSN s ]
e RS g s s
- 1 - \\/ = ool 1omm @LFSn <

Fig 4.28: Basement Wall Reinforcement Details.
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