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Project Abstract
The Structural Design For Yatta Medical Building

WORKING TEAM:
RANIA ATAWNEH MOHEE ALSHAREEF
SHARAF TALAHMEH ASEEL HALAHL

Palestine Polytechnic University -2021

SUPERVISOR:
DR.MAHER AMRO

Structural design is the most important design of the building after the necessary of architectural
design, the distribution of columns, loads, offer durability, the best prices and the highest degree of
safety are the responsibility of the structural designer. In this project we will do the structural design
of the Ministries Complex. The building consists of six floors with total area of 8400 square meters.

The architectural of the project is based on multiple steric blocks distributed consistently it terms
of aesthetic and functional purposes, as well as it is designed in the form of distributing blocks that
provide comfort, ease and speed of access for users.

It is important mentioning that we used the Jordanian code to determine the live loads, for the
analysis of the structural and design sections we used the US Code (ACI_318 11), it must be noted
that he relying on some computer programs such as: Autocad2014, Safe , Office2010, Atir, Etabs
18 and others.

After the completion of the project to be able to provide structural design of all structural
elements with permission of Allah Almighty.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.
As = area of non-prestressed tension 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.
s = 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.

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 or in direction parallel to longitudinal reinforcement.
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V¢ = 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. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
€ = strain of tension steel.

és = strain of compression steel.

p = ratio of steel area .
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Chapter Four

Structural Analysis and Design

4

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of minimum thicknesses of structural members.
4.4 Design of topping.

4.5 (Rib 11 in Basement Floor) Calculations.

4.6 Design of Beam (Beam 65) at the Ground Floor Slab.
4.7 Design of Column ( C2).

4.8 Design of Isolated Footing (F2).

4.9 Design of Shear Wall (SW15).

4.10 Design of stairs.

4.11 Design of Basement Wall.

4.12 Design of Strip Footing .
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4.1 Introduction:

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

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

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

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

Structural concrete can be classified into:
= Lightweight concrete with unit weight from about 1350 to 1850 kg/ms.

= Normal weight concrete with unit weight from about 1800 to 2400 kg/ms.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/ms.

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 (318 011).

v' Strength design method:

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

This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting.
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The computation of this strength takes into account the nonlinear stress-strain behavior of
concrete.

The strength design method is expressed by the following,
Strength provided > strength required to carry factored loads.

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

v' Code: ACI 2011
UBC
v' Material :
Concrete: B300.... (fc'=30*0.8 =24MPa) .
Reinforcement steel : The specified yield strength of the reinforcement
{fy = 420 N/mm? (MPa)}

v" Factored loads:

The factored loads for members in our project are determined by:
Wu=1.2 DL+ 1.6 SL ACIl-code-318-11(9.2.1).

4.3 Check of minimum thickness of structural member :

TABLE 9.5(a) — MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR ONE-WAY
SLABS UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Yo
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Minimum thickness , h
Simply One end Both end

. . Cantilever
supported continuous continuous

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

Solid one way
Slabs L/20 /24 /28 -
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

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

For rib :

hmin =L /18.5 = 6.19/18.5=33.5 cm " One end continuous "
hmin =L /21 = 6.3/21 = 30 cm " Both ends continuous "
select : 35 cm thickness with 27 cm block and 8 topping .

For beam :

hmin =L./18.5=5.12/18.5=27.7 cm " One end continuous "
hmin =L/21=4.84/21=23 cm " Both ends continuous "

select h=35cm.

4.4 Design of topping:
v’ Statically system for topping :

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

\UAO‘. J

- 40 cm -

WL? W2
12 12

WL

24
Fig 4.1: topping load and moment diagram.

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

Table (4 — 2) Dead load calculation for topping

No. Parts of Rib Calculation
1 Tiles 0.03*23=0.69 KN/m

2 Mortar 0.02*22= 0.44 KN/m

3 Coarse Sand 0.07*16=1.12 KN

4 Topping 0.08*25=2 KN/m

5 Partitons 1*2.38=2.38 KN/m/
Sum = 6.63KN/m

A%
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Nominal total dead load = 6.63 KN/m?.
Nominal total live load = 5 KN/m?.

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

Toping

Hollow Block ( 27cm)

Fig. (4-2) : Topping of one way rib slab

Qu=1.2xD+1.6XL
14.3 KN/m. (total factored load)
W, * 12
12
@M, = 0.6 * 0.42 * /24 + 1000 * 802/6 = 1.317 KN.m
PM, = 1.317KN.m > M, = 0.191 KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement :-
p =0.0018
A = p*bxh=0.0018 * 1000 = 80 = 144 mm?.

M, = = 0.191 KN.m

~ Use 8 @ 20 cm in both directions.

Check shear strength :

YA
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1
Vv, = = 2.86 KN

2

@+Vc=0.6*0.11%1%v24 1000 80 = 25.867 KN
25.867 > 2.86

~ No shear reinforcement is requirement .

4.5 Design of rib :

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

One way rib slab Shrinkage & Temperatuer Bar's

Hollow Block (28cm )

Fig. (4-3) : One way rib slab

i | — ‘ IL|'|||||||||||||||||
i I [/ = - T —
—

—

(_‘;)
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Fig 4.4: Rib 11 in basement floor.

load group no. 1
Dead load - Sarvice Units:kN,meter
6.10 6.10 6.10 6.10
3.23 63 4.88 4.06
6.10 6.10 6.10
5.54 4.34 6.19
Fig 4.5: Dead load in the rib .
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2580 2.60 Z.bO 2.60
323 6.3 4.88 4.06
2.60 2,60 2.60
5.54 4.34 8.19

Fig 4.6 : Live load in the rib .
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27
27
27

40

ra

mna
ma

40 L2, e

Fig 4.7: Geometry of rib and it’s dimension.

_Reactions
Factored
H——t HH HH HH HH HH H

DeadR 5.69 40.63 442 27.92 37.9 32.74 45.38 18.63
LiveR 6.6 24.47 26.65 21.86 24.89 23.79 27.94 11.14
MaxR 123 65.11 70.85 49.77 62.79 56.53 73.32 20.77
MinR 232 46.82 53.42 31.15 44.57 38.07 52.48 18.07
Service

DeadR 475  33.86 36.83 2326 31.58 2728 37.82 15.53
LveR 413 153 16.65 1266 1555 1487  17.46 6.96
MaoR 887  49.16 53.49 3692 4714 4215 5528 22.49
MinR 264  37.73 42.59 2528 3575 3061 4225 15.18

Fig 4.8 : Reactions of rib (live and dead).

Rib 11
_Moments: spans 1io0 7
367
-22:342'3 "29.2
8 A 18.9 226 182 186/ 164
ié \ 98
= {19 WAL R
H\__,,/ ii'f\ /M?I' -+ M 1 t
09
23 i—li"* 043 AQ—M ;
4.7
26.2
h I | | I I I 385
1.13 | 315 315 | 268 22 |1.83 223 | 277 277 [195 239 | 371 " 248
2.1

Fig 4.9 : Moment diagram of Rib .
£)
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_Shear
-28.6 -20.3 ya 265 -28.6 321 -31.2 -20.8
o A o W W
H 53:: HH :‘: HH :E’/ HH H
123 15.1 16.2
283 g 253 233 A 26. 24.4 -
33 421
Fig 4.10 : Shear diagram of Rib .
Calculation of the total dead load for one way rib slab is shown in the following table:
Table (4 — 3) Calculation of the total dead load for one way rib slab.
Quality
2! Material DI Calculation
KN/m®

1 | Topping 25 0.52x0.08x25 = 1.04

2 |Rib 25 0.27x0.12x25 = 0.81

3 | Sand 16 0.52x0.07x16 = 0.5824

4 | Mortar 22 0.52x0.02x22 =0.2288

5 | Tile 23 0.52x0.03%23 =0.3588

6 | Plaster 22 0.52x0.02x22 =0.2288

7 | Block 15 0.4x0.27x15 = 1.62

8 | Partitions 2.38 2.38%x0.52 = 1.2376

6.1064 KN/m/rib
Y =

£y
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L =5%0.52 = 2.6KN/m
Qu=1.2*D =7.327 KN/m
1.6*L =4.16 KN/m

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

For T- section is the smallest of the following:- b
=L (smallest span) / 4 = 323/ 4 =80.75 cm b,
=12+16t=12+16 (8) =140 cmb,

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

For T-section = 52cm . b,

Design of Rib (11) :-

v" Moment Design for (R 11):-

Design of Positive Moment:-

Control b,

4.5.1 Design of Positive Moment for (Spanl ):-(Mu=6.2 KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— 2 = 350 — 20 — 8 — = = 316 mm

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

Mur =0.85. f;. b hy. (d — L)

0.08

= 0.85 x 24 X 0.52 x 0.08 X (0.316 - T) % 103 = 234.22 KN.m

Mnf>>% = %: 6.9 KN.m, the section will be designed as rectangular section

_ My _ 62x10°
" @bd2  0.9x520x3162

Kn = 0.13 Mpa

¢y

with be =520 mm.



Structural Design And Analysis

Chapter Four

420
m= 2 = =206
0.85f,  0.85x24

p:l<1 -1 _%> :L(l _\/1 _M> = 0.0003
m 420 20.6 420

Asreq = p.b.d = 0.0003 x520x316 = 49.3 mm?

Check for As min:-

As min = ;/(F) (ow)(d) ACI-318 (10.5.1)

fy
AS min =0.25 (g‘) 120 * 316 = 110.58 mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =(1.4/420) * 120 *316 = 126.4 mm? controls

ASreq= 49.3 mm? <Aspip= 126.4 mm?

S0, Select Asrequired = Asmin = 126.4 mm?

Use 2 4] 10 ,Asvprovided: 2*785:1571 mm2>AS’required: 1264 mm2 seee Ok

_ 120-40-20—(2X10)
- 1

S

=40mm > d, =10 > 25 mm OK

Check for strain:-

_ Asfy  126.4x420
0.85b f,  0.85X520x24

=5mm

a

5
=—=15.88mm
#, 085

X=

¢¢
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= 0.003 (d_x> = 0.003 (316 _5'88) — 0.158 > 0.005
85— . x = U. 588 = U. .

4.5.2 Design of Positive Moment for(Span2 ):- (Mu=22.8KN.m)
d =h- cover - dyimps— -2 = 350 — 20 — 8 — = = 316 mm

_ My _ 22.8x10°
" @bd?  0.9x520x3162

Kn

= 0.488 Mpa

L 120 _ 906

m= - = =
0.85f; 0.85%x24

p=1<1 [ _ﬂ> =L<1 ‘Jl _M> — 0.00118
m 420 20.6 420

Asreq = p.b.d =0.00118x520x316 = 193.9 mm?

Check for As min:-

NS

4(fy)
V7a

As min=0.25 (—) 120 % 316 = 110.58 mm?

420

AS min=

(bw)(d) ACI-318 (10.5.1)

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =(1.4/420) * 120 *316 = 126.4 mm? controls

ASreq = 193.9 mm? > As min = 126.4 mm?

Use 2 8 12 A provided=226.2 MM*>As required= 193.9 mm” ... Ok

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

Check for strain:-

¢o

Ok
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_ Asfy  _ 226.2x420

= - = = 8.96 mm
0.85b fc 0.85%X520%24

a 8.96
X=—=—"—-=10.54mm
B, 0.85

d—x 316 — 10.54
& = 0.003 (T) = 0.003 (W) = 0.087 > 0.005

4.5.3 Design of Positive Moment for (Span3 ):- (Mu=13.3KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— -2 = 350 — 20 — 8 — = = 316 mm

M, __ 13.3x10°
ko= Pbd? ~ 0.9x520x3162 0.285 Mpa
L 120 _ 906

m= - = =
0.85f; 0.85x24

p=l<1 -1 _%> =L<1 _\/1 —M> = 0.00068
m 420 20.6 420

Asreq = p.b.d = 0.00068x520x316 = 111.74 mm?

Check for As min:-

[

As min = W) (bw)(d) ACI-318 (10.5.1)

AS min =0.25 (Ej) 120 * 316 = 110.58 mm?

42

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASreq = 111.74 mm? < As min = 126.4 mm?

Select Asieq= Asmin = 126,4 mm?®

Use 2 @ 10 A provided= 2*78.5=157.1 mmM*>As required= 126.4 mm”.... Ok

_120-40-20—(2x10)
1

S

=40mm > d, =10 > 25 mm OK

2

Ok
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Check for strain:-

_ Asfy 126.4%420
= ; = =5mm
0.85b f,  0.85X520x24

5
=—=5.88mm
B, 0.85

= 0.003 (d_x> = 0.003 (316 _5'88) — 0.158 > 0.005
B0 x /7 5.88 - :

4.5.4 Design of Positive Moment for(Span4 ):- (Mu=8.7KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— -2 = 350 — 20 — 8 — = = 316 mm

M, __  87x10°

R,.= -
"™ @bd2 ~ 0.9x520%3162

= 0.186 Mpa

420
m=_2_ = = 20.6
0.85f,  0.85x24

p=i<1 - 1 _%> =L<1 _\/1 —M> = 0.00044
m 420 20.6 420

Asreq = p.b.d = 0.00044x520x316 = 72.3 mm?

Check for As min:-

. J fc’

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

AS min =0.25 (%) 120 * 316 = 110.58 mm?

As min =2 (bw)(d)

(fy)
A's min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASieq = 72.3 mm?® < As min = 126.4 mm?

Select Asreq = Asmin = 126,4 mm?

1A%

Ok



Structural Design And Analysis

Chapter Four

Use 2 8 10 A provided=_2*78.5=157.1 mmM*>As required= 126.4 mm?.... Ok

_ 120-40-20—(2x10)
- 1

S

=40mm > d, =10 > 25 mm OK

Check for strain:-

Asfy 126.4%x420
= ;= =5mm
0.85b f;  0.85X520x24

a 5
X=—=—=>588mm
B,  0.85

d—x 316 —5.88
& = 0.003 (T) = 0.003 (W) = 0.158 > 0.005

4.5.5 Design of Positive Moment for(Span5 ):- (Mu=20.3KN.m)

Assume bar diameter g 12 for main positive reinforcement
d :h' cover - dstirrups_% = 350 - 20 - 8 - % = 316 mm

My __ 203x10°
K= obaz ~ ooxszoxater . 0434 Mpa
Iy - 220 _ 906

m= - = =
0.85f; 0.85%x24

b= l<1 _ - 2.m.Rn> _ L<1 _ \/1 _ 2><20.6><0.434> — 0.001
m 420 20.6 420

Asreq = p.b.d = 0.001x520x316 = 164.32 mm®

Check for As min:-

As min = ;/(F) (ow)(d) ACI-318 (10.5.1)

fy
AS min =0.25 (%) £120 + 316 = 110.58 mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

EA

Ok
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A's min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASreq = 164.32 mm?® > As min = 126.4 mm?

Use 2 1] 12 ,Agyprovided: 2262 mm2>Aq‘required: 16432 mm2 coe Ok

_ 120-40-20—(2x12)
- 1

S =36mm>d, =12 > 25 mm OK

Check for strain:-
_ Asfy  226.2x420

= . = =896 mm
0.85b fc 0.85X520%24
x=-2 =32 _ 1054 mm
#, 085
= 0.003 (d _x) =0 (316 _ 10'54) = 0.087 > 0.005
&=V x ) 1054 ) '

4.5.6 Design of Positive Moment for(Span6 ):- (Mu=5.5KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— 2 = 350 — 20 — 8 — = = 316 mm

_ My, __ 55x10°
T @bd2 ~ 0.9x520x3162

= 0.118 Mpa

Rn

f 420
=2 = = 20.6
0.85f,  0.85x24

p=1<1 _ 11 _%> =L<1 _\/1 _w> = 0.00028
m 420 20.6 420

Asreq = p-b.d = 0.00028x520x316 = 46.01 mm?

Check for As min:-

€9

Ok
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[

A i
As min = A0 (ow)(d) ACI-318 (10.5.1)

AS min =0.25 * (Eg) £120 % 316 = 110.58 mm?

42

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASreq = 46.01 mm? < As min = 126.4 mm?

Select Asreq = Asmin = 126,4 mm?

USG 2 ] 10 ,Asyprovided: 2*78.5:157.1 mm2>A5,required: 126.4 mm2 seee Ok

_120-40-20—(2x10) _
= - =

S

40mm > d;, =10 > 25 mm OK

Check for strain:-

_ Asfy 126.4%420
= ; = =5mm
0.85b f,  0.85x520x24

a 5
X=—=—=>588mm
B,  0.85

d—x 316 —5.88
& = 0.003 (T) = 0.003 (W) = 0.158 > 0.005

4.5.7 Design of Positive Moment for(Span7 ):- (Mu=33.2KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyjmps— -2 = 350 — 20 — 8 — — = 316 mm

M, __ 332x10%
Rn= @bd2 ~ 0.9x520%x3162 0.71 Mpa
420
= I _ = 20.6

m= ;=
0.85f,  0.85x24

Ok
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p:l<1 -1 _M> :L(l _\/1 _M> = 0.0017
m 420 20.6 420

Asreq = p.b.d = 0.0017x520x316 = 279.34 mm?

Check for As min:-

[

As min=""_(bw)(d) ACI-318 (10.5.1)
4( fy)
V24
0

As min =0.25 * (E) «120 * 316 = 110.58 mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASreq = 279.34 mm? > As min = 126.4 mm?

Use 2 8 14 A provided= 2*153.9=307.9 mmM*>As required= 279.34 mm”.... Ok

_ 120-40-20—(2x14) _
= - =

S

32mm >d, =14 > 25 mm OK

Check for strain:-

_ Asfy _ 307.9x420

= . = =12.2mm
0.85b f,  0.85x520Xx24

@ _ 122 _1435mm

X= =
B1 0.85

d— x) _ 0 (316 —14.35

& = 0.003 (T 1435 ) = 0.063 > 0.005

o)

Ok
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Design of Negative Moment:-

4.5.8 Design of Negative Moment for(Supportl ):- (Mu=-19.8KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— -2 = 350 — 20 — 8 — = 316 mm

_ M, _ 19.8x10%
Kn= @bd? ~ 0.9x120x3162 1.84 Mpa
420
= I _ = 20.6

m= ;= =
0.85f,  0.85x24

p:l<1 -1 _M> :L(l _\/1 _w> = 0.0046
m 420 20.6 420

Asreq = p.b.d = 0.0046 x120x316 = 174.4 mm?

Check for As min:-

As min =£(bw)(d)ACl-318 (10.5.1)
4(fy)

AS min =0.25 * (%*) 120 * 316 = 110.58 mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

As min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASreq = 174.4 mm? > As min = 126.4 mm?

Use 2 812 As provided= 226.2 MM>>As required= 174.94mm>... Ok

_ 120-40-20—(2x12) _
= - =

S

36 mm>d, =12 > 25 mm OK

Check for strain:-

oy
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Asfy _ 226.2x420

~0.85b 7o T 085x120x24 38.8mm
X= = = 388 45.66 mm
B, 0.85
= 0.003 (d_x) =0 (316_45'66)—0018>0005 0k
g =0 x ) 1566 ) :

4.5.9 Design of Negative Moment for(Support2 ):- (Mu=-20.5KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— 2 = 350 — 20 — 8 — = 316 mm

M 20,5x10°
ki= —= = : = 1.9 Mpa
"™ @bd2 ~ 0.9x120x3162 p
f; 420
4 = 20.6

m= - = =
0.85f,  0.85x24

p= i 1— [1— 2.m.Rp — L 1— [1- 2X20.6X1.9 = 0.0048
m

420 20.6 420

Asreq = p.b.d =0.0048 x120x316 = 182.02 mm>

Check for As min:-

As min :E(bw)(d)ACI-?;lS (10.5.1)
4(fy)

AS min=0.25 * (Es) £120 % 316 = 110.58 mm?

42

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASreq = 182.02 mm® > As min = 126.4 mm®

oy
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Use 2 812 As provided= 226.2 MM*>As required= 174.94mm?... Ok

_ 120-40-20—(2x12)
- 1

S

=36mm>d, =12 > 25 mm OK

Check for strain:-

_ Asfy  226.2x420
0.85b f,  0.85x120x24

= 38.8 mm

a 38.8
— =—— = 45.66 mm
B, 0.85

X=

d —x) 0 (316 — 45.66

& = 0.003 (T 1566 ) = 0.018 > 0.005 Ok

4.5.10 Design of Negative Moment for(Support3 ):- (Mu=-8.9KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— -2 = 350 — 20 — 8 — = 316 mm

_ M, _ 89x10°
Kn= @bd? ~ 0.9x120x3162 0.83 Mpa
420
m= 2 = 20.6

T 0.85f, 0.85x24

b= l<1 _ 1o 2.m.Rn> _ L<1 _ \/1 _ 2><20.6><0.83> — 0,002
m 420 20.6 420

Asreq = p-b.d = 0.002 x120x316 = 75.84 mm?

Check for As min:-

As min=YC_ (ow)(d) AC1-318 (10.5.1)
4(fy)
V24
0

As min =0.25 # (E) «120 * 316 = 110.58 mm?

o¢
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As min :ﬂ(bw)(d)
(fy)
A's min =(1.4/420) * 120 *316 = 126.4 mm? controls

ASreq = 75,84 mm? < As min = 126.4 mm?
Asieq= Asmin = 126.4 mm?

Use 2 810 A provided= 157.1 MM?*>A required=_126.4mm?>... Ok

_ 120-40-20—(2x10)
- 1

S

=40mm >d, =10 > 25 mm  OK

Check for strain:-

AS.
=y o DTDA _ 5695 mm
0.85b f, 0.85X120%x24
X= — = 2695 _ 31.71 mm
B,  0.85
= 0.003 (d_x) =0 (316_31'71>—0027>0005 ok
&= x ) 31.71 - '

4.5.11 Design of Negative Moment for(Support4 ):- (Mu=-16.2KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— -2 = 350 — 20 — 8 — - = 316 mm

_ My _ 162x10°
Kn= @bd? ~ 0.9x120x3162 1.5 Mpa
420
m= 2 —20.6

T 0.85f, 0.85x24

p= l(l - 1= Z.m.Rn> — L(l 1= 2X20.6><1.5) = 0.0037
m 420 20.6 420

Asreq = p-b.d = 0.0037 x120x316 = 140.3 mm?

Check for As min:-

oo
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A min :E(bw)(d)ACIBlB (10.5.1)
4(fy)

AS min =0.25 * (E) £120 % 316 = 110.58 mm?

420

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASreq = 140.3mm? > As min = 126.4 mm?

Use 2 ﬂlo ,Ag‘provided: 1571 mm2>Aq'required: 1403mm2... Ok

_ 120-40-20—(2X10)
- 1

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

Check for strain:-

Asfy _ 157.1x420

= .= = 26.95mm
0.85b f,  0.85x120x24
a 26.95
X=—=—"2-=31.71mm
#,  0.85

x 316 — 31.71
& = 0.003 (T) = 0.003 (—

3171 ) = 0.027 > 0.005

4.5.12 Design of Negative Moment for(Support5 ):- (Mu=-13.7KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— 2 = 350 — 20 — 8 — - = 316 mm

My _ 13.7x10°
Kn= @bd2 ~ 0.9x120x3162 1.27 Mpa
420
y__ =206

m= - = =
0.85f; 0.85%x24

p=l<1 -1 _M> =L<1 _\/1 _w> = 0.0031
m 420 20.6 420

o1

Ok
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Asreq = p.b.d=0.0031 x120x316 = 117.55 mm?

Check for As min:-

As min= E (bw)(d) ACI-318 (10.5.1)
4(fy)

AS min =0.25 * (%) 120 * 316 = 110.58 mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

As min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASieq = 117.55mm? < As min = 126.4 mm?

Select Asreq = Asmin= 126.4mm?

Use 2 810 A provided= 157.1 mMM*>A required=_140.3mm?... Ok

_ 120-40-20—(2x10)
- 1

S

=40mm > d, =10 > 25 mm OK

Check for strain:-

Asfy _ 157.1x420

= .= = 26.95mm
0.85b f,  0.85x120x24
a 26.95
X=—=——=31.71mm
B,  0.85

d—x 316 —31.71
& = 0.003 (T) = 0.003 (T) = 0.027 > 0.005

4.5.13 Design of Negative Moment for(Support6 ):- (Mu=-25.1N.m)
Assume bar diameter g 12 for main positive reinforcement

ov

Ok
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d =h- cover - dyimps— 2 = 350 — 20 — 8 — = 316 mm

My __ 251x10°
T @bd? ~ 0.9x120x3162

Kn

= 2.33 Mpa

f; 420
m= —*— =
0.85f,  0.85X24

pzl(l -1 _%> =L<1 _\/1 —w) = 0.0059
m 420 20.6 420

Asreq = p.b.d = 0.0059 x120x316 = 223.73 mm?

= 20.6

Check for As min:-
. 4 fc
As min=——(bw)(d)ACI-318 (10.5.1)
4( fy)

AS min =0.25 * (Eg) £120 % 316 = 110.58 mm?

42

.14
A =——(bw)(d
S min (fy)( w)(d)

As min =(1.4/420) * 120 *316 = 126.4 mm? controls
ASieq = 223.73 mm?® > As min = 126.4 mm?

Use 2 ﬂ12 ,As’provided: 2262 mm2>AS'required: 22373mm2... Ok

_ 120-40-20—(2x12)
- 1

S

=36mm>d, =12 > 25 mm OK

Check for strain:-

_ Asfy  226.2x420
0.85b f,  0.85x120x24

= 38.8 mm

a 388
X= =——=45.66mm
B,  0.85

d —x) 0 (316 — 45.66

£ = 0.003( T

= ) = 0.018 > 0.005

oA

Ok
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v" Shear Design for (R 11):-

V, at distance d from support=29.2 KN (for Span7)
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).

1.1* @ve == 0.75/f/b,,d = =-VZ& x 120 X 316 X 1073 = 2555 KN < Vu = 29.2 KN

for shear design, shear reinforcement is required (4,,),
BVsmin =—/fZbw d = 5 Bbw d
Vs min:1—16 *0.75v24 x 120 * 316 * 1073 = 8.71kn

@Vsmin =5 @ bw d=- * 0.75 + 120 * 316 + 10° = 9.5kn

B(Vc+VSmin)= 25.55+9.5 =35.05kn

oV <VU <@ (Vc+VSmin)

25.55 < 29.2 <35.05

for shear design, minimum shear reinforcement is required (4, i), Reinforcement.
Use stirrups (2 leg stirrups ) g 8 @ 150 mm , A, = 2* 50.24 = 100.5 mm?

S = Av*Fy*d/Vs = 100.5*420*316/12.67
S=105.28 cm

S max—»% = 158 mm

S max —»<600mm

Take (2 leg stirrups) g8 @ 150 mm

_ 2%50.3
V'™ 0.150

= 670.67 mmzlmstrip

o9
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4.6 Design Beam ( 65 ) at the Ground Floor Slab :

Material :-

concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

By using ATIR program we get the envelope moment and shear force diagram
as the follows:-

1 2 3 4
A A e A s A
0.25 2.48 0.25 4.26 0.5 4.35 0.5 4.24 0.25
H 2,73 H 4.64 — 4.85 — 4.61 H
| | | | |
[ I I I 1
35
80.
A-A
Fig. (4-11) : Beam geometry.

Load of beam :-

Load of this beam come from reaction of Rib10 , Rib11 & Rib 12 as following :



Structural Design And Analysis

Chapter Four

T6ad group no. 1
Dead load - Service

Units:KN,meter

48.7 48.7 47.6 47.6 471 471
— T P D — D -
PR £ ] h 55 1% 2.14 I"h 2.71 R
1 1
Live load - Service Load factors: 1.20,1.20/1.60,0.00
28.4 D8.4 28.7 287 29.9 29.9
273 h.ssr 4.09 214 I 271 461
Fig. (4-12) : Load of the beam.
»Self weight of beam = (0.35*0.8) *25 =7 KN/m
Moments: spans T1to 4
vo1s -274.3
P -203.7 » -197.9
-181.3 . .
-154.7 -148.9 137\:5'5 A
| -Bltl. 1 | | I1' | | Ill'3 |
' I ! ! 1.48 ! ' 1.94 !
[ [ T 1 |
'"‘\\__/E.Bil'ﬁ.r "lol79 "lol7e
14. 0.69 0.91 2601
63.1
142, 136.9
205.6
.09 164 | 232 | 232 | 242 | 243 | 2.77 . 184 |
I 1 I I I 1 I I 1
Shear
-278.7 -296.4
-220. -218.5 -235.5 -215.5
-173.3 -168.7
[m [N | | | I |‘
I T I I I T W
72.5
119.2
219.8 219,
2686.5 2799 258.6
319.5

Figure (4-13) :Moment & Shear Diagram in beam
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v" Load Calculations:-

Dead Load Calculations for Beam(B 65 ):-

From Rib10

The maximum support reaction from Dead Loads for R10 upon B47 is24.52KN.
self weight = 0.8*0.35*25=7 KN
DL =24.52/ 0.52=47.15+7 = 54.15KN/m

From Rib11

The maximum support reaction from Dead Loads for R11 upon B47 is24.77KN.
self weight = 0.8*0.35*25= 7 KN
DL =24.77/ 0.52= 47.6+ 7 = 54.6KN/m

From Rib12

The maximum support reaction from Dead Loads for R12 upon B47 is 25.37 KN.
self weight = 0.8*0.35*25= 7 KN

DL =25.37/ 0.52= 48.8+ 7 = 55.8KN/m

Live Load calculations for Beam (B 65):-

From Rib10
The maximum support reaction from Live Loads for R10 upon B 47 is 15.55KN The distributed Live

Load from the Rib 10 on B47.
LL =15.55/0.52= 29.9 KN/m.

from Rib11
The maximum support reaction from Live Loads for R11 upon B 47 is 14.94KN The distributed Live

Load from the Rib 11 on B47.
LL =14.94/ 0.52= 28.7 KN/m.

From Rib12
The maximum support reaction from Live Loads for R12 upon B47 is 14.8KN The distributed Live Load

from the Rib12 on B 47.
LL =14.8/ 0.52= 28.5 KN/m.

1y
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v" Moment Design for (B 65):-

Design of Positive Moment
4.6.1 Flexural Design of Positive Moment for(Spanl ):-(Mu=63.1KN.m)

Determine of My max
d=350-40-10-18\2 =291 mm

3 3
x=2d=72.291=12471mm

a= %.x =111.86 * 0.85 = 106mm

M= 0.85+ f; xa*b(d - 2 ) = 0.85*24*106*800*(291-106/2 ) *10°= 411.72KN.m

@ Mnpax = 0.9* 411.72 = 370.55KN.m >63.1KN.m .
Design as singly reinforcement

o = M, 63.1 x 10° _ 103M
m = BbdZ 00 x800x2012 T oMpa
m=-—2_=_*20__ 906

T 0.85f, 0.85x24

p=1<1_ 1_m> =L<1_\/1_M> — 0.0025
m 420 20.6 420

As = p.b.d = 0.0025x800x291 = 582 mm?

Check for As min:-

As min :E(bw)(d)Au-sls (10.5.1)
4(fy)

AS min=0.25 * (g) «800 %291 =678.9 mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

As min =(1.4/420) * 800 *291 = 776 mm? controls
A= 582 mm?< ASpin = 776 mm?
As = ASmin = 776 mm?

Use 4g 18 Bottom, As provided= 1017.9 MM*>As required=_776 mm>... Ok
1y
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Check spacing :-

_ 800—40+2-20—(4x18)
= — =

S

52.33mm > d, = 18 > 25 mmOK

Check for strain:-
_ Asfy _ 1017.9x420

T0.85b f,  0.85X800%x24
a 262

~ B, 085

= 26.2mm

X = 30.8mm

d—x 291 —-30.8
& = 0.003 (T) = 0.003 (W) =0.025>0.005 ©¢=0.9

4.6.2 Flexural Design of Positive Moment for(Span2 ):-(Mu=142 KN.m)
M, 142 x 10

Gbd? _ 0.9 x 800 x 2912

420
m= 2 = =206
0.85f,  0.85x24

p=1<1 _ 1 _m> =L<1 _\/1 _M> = 0.00591
m 420 20.6 420

As = p.b.d = 0.00591x800x291 = 1375.85mm?

= 2.33Mpa

Check for As min:-

As min= E (bw)(d) ACI-318 (10.5.1)
4(fy)

AS min =0.25 * (@) £800 *291 = 678.9 mm?

420

.14
A =——(bw)(d
S min (fy)( w)(d)

As min =(1.4/420) * 800 *291 = 776 mm? controls
A= 1375.88 mm? > Asyi, = 776 mm?

Use 6g 18 Bottom, As provided= 1526.8 MM>>A required= 1375.88 mm®°... Ok

Check spacing :-

§ = 22208 — 49.33 mm > dyy = 18 > 25 mmOK

¢
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Check for strain:-
_ Asfy _ 1526.8x420

T0.85b f,  0.85X800%x24

a 393
=—= = 46.2 mm
B; 085

= 39.3mm

291 — 46.2
0.003 (—

162 >=0.016>0.005 $=0.9

d—x
& = 0.003 <T) =

4.6.3 Flexural Design of Positive Moment for(Span3 ):-(Mu=136.9 KN.m)

o Mo 1369x10°
"= 0bd? T 0.9x 800 x 2012 ooMPY
b= 220 _ 906

m= ; =
0.85f,  0.85x24

p:l<1 -1 _M> :L(l _Jl _M> = 0.0057
m 420 20.6 420

As = p.b.d = 0.0057x800x291 = 1327 mm?

Check for As min:-

. A/ fc'
As min="_(bw)(d) ACI-318 (10.5.1)
4(fy)
AS min =0.25 * (g) £800 +291 = 678.9 mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =(1.4/420) * 800 *291 = 776 mm? controls
As= 1327 mm?> Aspin = 776 mm?

Use 62 18 Bottom, As provided=_1526.8MM*>As required= 1327 mm°... Ok

Check spacing :-

s = 22 200D = 49.33 mm > d, = 18 > 25 mmOK

Check for strain:-

10
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_ Asfy _ 1526.8x420 _ 39.3 mm
0.85b fc 0.85x800x24
=& _393_ 46.2 mm
B; 085
d—x 291 — 46.2
& =0.003 <—) = 0.003 (—) = 0.016 > 0.005 ©=0.9
X 46.2

4.6.4 Flexural Design of Positive Moment for(Span4 ):-(Mu=205.6 KN.m)

o M 2056x10°
"= 0bd? T 0.9x 800 x 2012 /MPY
L 120 _ 906

m= ; =
0.85f,  0.85x24

p= l(l -1 _M> — L(l _\/1 _M> = 0.00883
m 420 20.6 420

As = p.b.d = 0.00883x800x291 = 2055.6 mm*

Check for As min:-

As min=Y 1 (ow)(d) ACI-318 (10.5.1)
4(fy)
V24
0

As min =0.25 # (—) «800 %291 =678.9 mm?

42
As min zﬂ(bw)(d)
(fy)
A's min =(1.4/420) * 800 *291 = 776 mm? controls
As= 2055.6 mm? > Aspin = 776 mm?

USG 9 4] 18 Bottom, As provided= 229022mm2>A3 requiredz 20556 mmz... Ok

Check spacing :-

S = 800—40*2:220—(9><18) = 44.83 mm > d, = 18 > 25 mmOK

Check for strain:-
_ Asfy  2290.22x420

= .= =59 mm
0.85b f,  0.85X800x24
a 59
X=—= = 69.4mm
B,  0.85

R
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d—x 291 — 694
& = 0.003 (T) = 0.003 (69—4> = 0.0096 > 0.005 ©=0.9

4.6.5 Flexural Design of Negative Moment for(Support 1 ):-(Mu=-154.7KN.m)

o — M,  1547X 106 _psaM
"= obd?z T 0.9x 800 x 2012 P4
m= -2 20 _ 20.6

T 0.85f, 0.85x24

p=l<1 -1 _%> =L<1 _\/1 —w> = 0.0065
m 420 20.6 420

As = p.b.d = 0.0065x800x291 = 1513.2 mm?

Check for As min:-

As min =£(bw)(d)ACl-318 (10.5.1)
4(fy)

AS min =0.25 * (@) +800 %291 =678.9 mm?

420
As min =£(bw)(d)
(fy)
As min =(1.4/420) * 800 *291 = 776 mm? controls
As= 1513.2 mm? > Aspin = 776 mm?

Use 6 g 18 Bottom, As provided= 1526.8MmM*>As required= 1513.2 mm>... Ok

Check spacing :-

S = 800—40*2;220—(6><18) = 49.33mm > d, = 18 > 25 mmOK

Check for strain:-
_ Asfy _ 1526.8x420

= . = = 39.3mm
0.85b f,  0.85X800Xx24
=@ _393_ 46.24 mm
B,  0.85
- ooo3<d_x) ~0 (291_46'24) =0.016>0.005 @=0.9
B =0 x ) 4624 ) ' -

1y
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4.6.6 Flexural Design of Negative Moment for(Support 2 ):-(Mu=-165.6KN.m)

M, 1656x10° .
T PbdZ 0.9 x 800 x 2912 </eMPe
m=-_2_=_*° _ 906

T 0.85f, 0.85x24

p:l<1_ 1_M> :L(l_\/l_w> = 0.007
m 420 20.6 420

As = p.b.d = 0.007x800x291 = 1629.6 mm?

Check for As min:-

. 4 fc!

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

AS min =0.25 * (E;*) £800 %291 =678.9 mm?

42
As min zﬂ(bw)(d)
(fy)
A's min =(1.4/420) * 800 *291 = 776 mm? controls
A= 1629.6 mm?> ASmin = 776 mm?

Use 7 g 18 Bottom, As provided= 1781.3 MM*>As required= 1629.6 mm>... Ok

Check spacing :-

_ 800-40%2-20—(7x18)
12

S 47.83mm > d, = 18 > 25 mmOK

Check for strain:-

AS.
— fy = 1781.3%420 — 458 mm
0.85b fc 0.85X800x%x24
X= — = 258 _ 53.9mm
B, 0.85
= 0003<d_x) =0 (291_53'9> = 0.013 > 0.005
& = x ) 539 ) '

»=0.9

4.6.7 Flexural Design of Negative Moment for(Support 3 ):-(Mu=-203.7KN.m)

TA
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o Mo 2037x10°
"= Pbd2 T 09 x 800 x 2012 orMpa
m= -2 20 _ 20.6

T 0.85f, 0.85x24

p:l<1 -1 _M> :L(l _\/1 _w> = 0.0087
m 420 20.6 420

As = p.b.d = 0.0087x800x291 = 2025.4 mm?

Check for As min:-

A min =£(bw)(d)ACl-318 (10.5.1)
4(fy)

AS min =0.25 * (Eg) «800 %291 =678.9 mm?

42
As min =£(bw)(d)
(fy)
As min =(1.4/420) * 800 *291 = 776 mm? controls
As= 2025.4 mm? > Aspin = 776 mm?

Use 8 g 18 Bottom, As provided= 2035.8 MM*>As required= 2025.4mm?>... Ok

Check spacing :-

S 800—40*2;20—(8“8) = 46.33 mm > d,, = 18 > 25 mmOK

Check for strain:-

AS.
— fy = 2035.8x420 — 524 mm
0.85b f,  0.85x800%24
x=2 =22% _ £1.65mm
B,  0.85
= 0.003 <d _x) =0 (291 _ 61'65) = 0.011 > 0.005
& = x ) 6165 /) = '

4.6.8 Shear Design for (B 65):-

14

$»=0.9
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V, max = 258.6 KN

1 A 1
==Jfchy d == -\24 %800 * 291/1000 = 190.1 KN

® V= 0.75*190.1 =142.6 KN
® Vsmin> 0.75 (%) * bw * d =0 .75* (%)*800*291*10’3 =58.2 KN Controls

® Vsmin >075(\/f—) *bw * d = 075*(£) * 800 * 291*10° = 53.46 KN

D Ve<Vu <P Ve + @ Vsmin

142.6<258.6< 200.8...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :-
w/fcb d—— V24 « 800 * 291/1000 =380.16 KN

D(Ve + Vgmin) < vy < (v + vy)
0.75(190.1+ 77.6)< 292.1< 0.75(190.1 + 380.16)
200.8 < 258.6< 427.7

shear reinforcement are required

Use 4 leg @ 10 for b =80 cm

2586

Vs=Vp—-V,= —190.1= 154.7KN

Apfyed 314 %420 % 291

154.7 « 1000
_ 291

S = = 248.1 mm

1%

Smax S

N ”

= 145.5 mm control O Smax < 600 mm

Use4 leg @ 10 @ 145 mm



Structural Design And Analysis Chapter Four

4.7 Design of Column (C2)

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

Load Calculation: - (From Column Group 2)
Factored Load: -

Pu=1900KN

4.7.1 Design of cuolmn

Assumepg = 0.01
@* Pn=0.65x 0.8x Ag {0.85 fc (1— pg) + pg * Fy} 1900= 0.65x 0.8x Ag{0.85* 24 (1-0.01) + 0.01*

420} Ag=149772.3mm?2
Assume Rectangular Section
h = 300mm

b = 149772 /300 = 499.2 mm
select b =500 mm

Figure (4-14) : Column Group 2

4.7.2 Check Slenderness Parameter:-

U_34_12M_ 40

ki

r M2

Lu: Actual unsupported (Unbraced) length.

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

7

A
R: radius of gyrate on =~ 0.3 h......cceeevvvviiirinennnnn, For rectangular section

Lu =3.10 - 0.45=2.65m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.50 m)

@ < 34-12 M1 <40
r M2
° 1x3.1
——=20.64<22
0.3X0.5

Column Is Short About Y-axis

e about X-axis (h=0.300m)

T <3412 ACI — (10.12.2)

=34.44 > 22
0.3x 0.300
Column Is Long About X-axis

\Al
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Minimum Eccentricity:-

ey = Mux _0

Pu
miney =15+ 0.03xh =15+ 0.03x 300 = 24mm = 0.024m
ey =0.0285m

Magnification Factor: -

Cm

O =——_——>1.0and < 1.
1_ Pu
0.75P,

Cm=06+04*1=1>04

VY
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P, _ 7 El
(KLu)?
E.l,
El=041t58

E.= 4700 ,/ fc'=4700x ~ 24 =23025Mpa

B4=1.2DL/ Pu =1.2*(876.05)/ 1214.54 = 0.8651

= b*h3*/12 = 0.001125 m*

I = =0.
g1 04 23025x 0.001125 _ & o1y 12
1+ 0.8651

7?* 5.6
P, =———— =5.75MN

(1*3.1)

1

S s 1214.54

_ =1.39=1.0and < 1.4
0.75*5751

Interaction Diagram: -

€Y = €nin X O ns= 0.024x1.39 = 0.03336m
ey =0.03336/0.5 = 0.07

h

—_2%40—-2*10 —
¥ _300-2*40-2*10 25:0.0.66
h 300

From the interaction diagram chart

V¢
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fromchart A9 - a for r
Zh =0.6 > pg=0.01
fromchart A9 -bfor “h=0.75 - pg =0.01

then for? = 0.66 — pg = 0.01

Select reinforcement
Ast = pg x Ag = 0.01x300* 500 = 1500mm 2

Select10¢16 with As = 20mm 2 > Ast = 1500mm 2
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4.7.3 Design of the Stirrups: -
The spacing of ties shall not exceed the smallest of: -

spacing < 16x d, = 16x 2.0 =32 cm
spacing < 48xd, =48x1.0 =48cm
spacing < leastdim = 30 cm

Use@10@ 20 cm

Figure (4-15) : Column Reinforcement
Details.

A
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4.8 Design of Isolated Footing (F2):

( Foundation 2)

—

+—
o
{h

0.1

A
W

®
@ Ul
il |E¥:

=]

1l

—]

»

0.65
|

{11
{11
{11
=

11
It
IE
I
I
&
o

0.1

Figure (4-16) : Isolated Footing Details

« Material: -

— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

= Vsoitl= 18 kN/m2
= Yconcrete= 25 kN/m2
= Op.altowable= 400 kN/m2

Clear Cover = 5cm

Load Calculations: - (From Column Group 2)
Total Factored load = 1900 + weight of column = 1967.5KN

\A'%
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- Design of Bearing Pressure:

Assume h =50cm
— Weight of soil = 18 x 0.7 = 12.6 kN/m?
— Weight of footing =25 % 0.5 = 12.5 kN/m?

Net allowable bearing pressure (Ob(allow) ) = 400- 12.6 —12.5 =374.9 KN/m?

Obu=Pu/ A<1.4x0Ob(allow.) net
Pu=1967.5 kN

Assume Square footing
1967.5/(axb)=14x3749 — a=1.93m
~Selecta=2.1lm#

~Selectb=2.1m#

Bearing Pressure Obu = Pul A

=1967.5/2.1x 2.1 = 446.145 kN/m? < 1.4 xOb( allow.) net =524.86 kN/m2

- Design of Reinforced Concrete:

1. Design of one way shear:

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

Assume h = 50cm, bar diameter g 12 for main reinforcement and 5cm Cover.
d=h—-cover — @ =500-50-12 =438 mm

Vu=FRB =0bux0.362 xb = 446.145 x 0.362 x 2.1 = 339.16 kN

OxVc=075x1/6xV24 x2100 x 438 =563.26 kN
@ x Vc=563.26 kN > Vu=2339.16 kN
~h=50cmis OK #

2. Design of two way shear:

d =438 mm

bo = Perimeter of critical section taken at (d/2) from the loaded area
bo =2 x (438 + 500) + 2 x (438 + 300) = 3352 mm

pc=1

as = 40 for interior column

Vu=Pu—-FRB=1967.5 — 446.145 x 0.938 x 0.738 = 1658.66 KN

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

@xVec=075%x(1+2/1)x\V24 /6 x 3352 x 438 = 2697.2 kN
@ x V¢ =0.75 x(( 40x438/ 3352) + 2) x\V 24 /12x 3352 x 438 = 3248.67 kN

®xVc=075 x\VV24 /3 x 3352 x 438 = 1798.14 kN « Controlled
So,® xVc=1798.14 kN > Vu = 1658.66 kN
~h=50cmis OK #

3. Design of reinforcement (Bending Moment):
Critical Section at the Face of Column

In Y-Direction:(30cm face of column)
VA
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Mu = 446.145x 2.1 x 0.9 x 0.9/2 =379..4 kN. m
Design of rectangular section

b/ d =2100/ 438 = 4.8

m = fyl(0.85 x fc')=420/( 0.85 x 24) = 20.58
Mn = Mu/ @ =379.4/ 0.9 =421.55 kN.m
Kn=Mnl (b x d ?) =421.55x 10% (2100 x 438%) =

p——*(l- ,1_2*1{N*m)_2058*( \/1_2*1*2058) 0.0024

Asreq=preq xbxd=0.0024 x 210 x 43.8 =22.1 cm?
Check for minimum (As):

Asmin =0.0018 x b x h =0.0018 x 210 x 50 = 18.9 cm?

Asreq = 22.1 cm?> Asmin = 18.9 cm? — OK#

~ Select19012 with As =19 x 1.3 =24.7 cm? in Y- Direction

In X-Direction: (50cm face of column)

Mu = 446.145 x 2.1 x 0.8 x 0.8/2 = 299.8 kN. m

m = 20.58

Mn = Mul @ = 299.8/ 0.9 = 333.11kN.m

Kn=Mnl/ (b d ? =333.11x 10% (2100 x 438%) = 0.83

1 2+%KNx* 2+0.83%20.58
p=;*(1-/ m)_zosg*( \/1——) 0.002

Asreq = preq x b x d 0.002% 210 x 43.8 = 18.4 cm?
Asreq = 18.4cm?< Asmin = 18.9cm?
~ Select 19012 with As =19 x 1.3 = 24.7 ¢m? in X- Direction

- Design of Connection between column and footing:

1. Design of bearing pressure at section of column

@ x Pnb=0.65x%x0.85x fc'x Al >Pu

@ x Pnb = 0.65 x 0.85 x 24 x( 500 x 300) = 1989 kN > Pu = 1967.5 kN
—No need Dowels .

2. Design of Dowels:

Load transfer in column :-

Asmin =0.005 x A1 =0.005 x 50 x 30 = 7.5 cm?

~ Use @16 with As = 1.3cm?

3. Design of Compression lap splice between steel of column and dowels (Lsc):
Lscreq =0.071 x fy x db =0.071 x 420 x 12 = 375.84mm >300mm

~ Select Lsc = 0.5m =500mm > Lscreq = 375.84mm

4. Design of compression development length (Ldc):

Ldc =024 x fy/ Vfc' x db =024 x 420/ V24 x 12 =247mm
Ldc = 247mm > 0.043 x fy x db = 0.043 x 420 x 12 = 216.72mm
Available Ldc=500—-50—-12—-12=426 mm > Lcd = 216.72mm

5. Design of tension development length (Ldt):
va
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Category (A):
Clear lateral spacing =(2100 —50 x 2 —19 x 12)/ 18 =98.4 mm > 2 x db = 24mm
Clear Cover =50mm >1 x db = 12mm

Ldt = (12/ 25) x( fyl VEC' ) x (ot x pe)/ L x db
Ldt = (12/ 25) x( 420/ V24 ) x *(1 x 1)/ 1) x 12 = 493.8 mm

Ldt—available =900 — 50 = 850 mm > Ldt-req = 493.8mm — —OK# (In Y-Direction)
Ldt—available =800 — 50 = 750 mm > Ldt-req = 493.8mm — —OK# (In X-Direction)

Figure (4-17) Top View & Section for footing are shown below

—
+—

ole ’_
| 19912/9.5cm , L=2.35m |
£ -3.35
A8 N
cﬁl ° ﬁlh T T Th=TT ) ‘;u—u—u-
Ol |]===9| ® | BrE s
T o == ===
5 g| : I n : ﬁmﬁmﬁmﬁ TMmMmME.
| === o === ===04.10
S “ ===1E ===
5 g
“ 2 > 916
g 6] N - >/_L9@12/9,50m,L=2.35
2.85 -r':ll..."l 'l'll..l. )
alel L ' 19912/9.5¢m_, L=2.35m '
ohet 4o | . 005 025 04 ) 05 . 0.8 023
1% 7 {is 0,25" T "oz
X 2 # ! 28
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4.9 Design of Shear Wall (SW 15):

. Design of Shear Wall ( SW15)

Material and Section: -
concrete B300
Reinforcement Steel
Wall thickness = 20cm
Lw=3.5m , hw=19.96 m

Fc' =24 N/mm?2
fy =420 N/ mm?2

Analysis

Pu=0 —>Nu=0;ZFx=0 - Vu = 2047.64 KN

z Moment (Mu) = 25525.9 KN.m

238.78 KN—> =
X
«x ©
Story 6 | %
436.76 KN—> e 783.2 KN.m
2 3
Story 5 |3 ﬁ
389.8 KN—> g T 2999 KN.m
3 3
Story 4 | ) 2
492.5 KN—]> 2. e 6567.9 KN.m
& <
(o] <
@
Story 3 2 E
488.95 KN— > - E— 11786.6 KN.m
(o] o
Story 2 @ %
0.85 KN — > e e 18643.4 KN.m
X
[
Story 1 | §
« 25525.9 KN.m

3,5

Figure (4-18) Shear Wall

- Determination of (Mul):

Where, Lw < hw

Shear Force Diagram

Bending Moment Diagram

L
Controlled section for <Mu = 7W> from the base of shear wall.

Lw/2 = 35/2 = 1.75m

& Mul = 255259 — 1.75 X 2047.64 = 21942.53 KN.m

Design
Design as rectangular section with;

Since Lw< hw -» d= 08=«Lw = 0835 =28m

AN
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. Design of Horizontal Reinforcement for Story (1):

Vu =Vupye, = 2047.64 KN
Vc = The smollest of:

1 1
Vc=gx1/fc’xbxd=€><\/ﬁx2.8x200=457.24KN

1 Nuxd 1
Ve=2x\fc' xbxd+ == x /24 x 200 x 2.8 + 0 = 685.85 KN

4xLw 4
Ve=|05x%x,/fc +

LWX( fc+(i$2)) hxd
X
) -() 10
= <()_5 X \24 + 3.5x(V24+0) 200x2.80

(221094472.;5543) _(32_5)> * 10

S @PxVe=0.75 % 244.26 = 183.195 KN < Vu = 2047.64 KN

= 244.26 KN ....Control

Horizontal reinforcement is required

DX Ve + dxVs = Vu

Vu 2047.64
Vs =—— Vc = W — 24426 = 2485.92 KN
Avh _ Vs .
s fyx*d
Avh B 2485.92 * 1000 B
s 4202800

Avh
(T) min = 0.0025 * h = 0.0025 * 200 = 0.5

Avh Avh Avh ]
(_> > (—> - —— = 2.1...is control
S req S /min S

- According to (ACI) - step (s) must not be greater than:

Lw 3500
Smax =?=T= 700 mm

Smax = 3*h = 3200 =600mm
Smax = 450 mm ... Control

Assume 9010 steel

Avh = 2legs X (m X 1072)/4 = 158 mm?
Sreq = Avh/2.1 =158/2.1 =75 mm
select S = 250 mm < Smax = 450 mm ok

Select @10@250mm at each side

AY
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Design of uniform distributed vertical reinforcement for Story (1):

Vertical reinforcement to resist Nu and apart of Mu.

Avv = [0.0025 + 0.5 (2.5 - hw/Lw) X (———

horizontal*h

19.96) ( 2X79
X
3.5 250 x 200

—0.0025 )] X R X Syertical

Avv
— = [0.0025 +05 x (2.5 -

_ 0.0025)] x 200 = 288

Select @12- 1 layers

Awv = 113 mm?

=2=.288, Sreq =39236mm

2> SelectS = 150 mm

- According to (ACI) - step (s) must not be greater than:

Lw 3500
Smax = = —5— = 1166.67 mm

Smax = 3*h = 3x200 = 600 mm
Smax = 450 mm ... Control

S =150 mm < 450 mm ...0k
Select @12@150 mm at each side

Check for Boundary reinforcement
- Part of moment that resisted through (Avv):

3500
Asv = 113 X —— = 2636.67 mm?

150
Z 1 1
Lw 0.85*Bxfc’*LwxhY — 0.85%0.8+24¥3500+200 0.081
2+ (—) 2+ ( )
Asvxfy 2636.67+420

Z
Muv = 0.9*(0.5*Asv*fy*LW*(1_ Z*LW)>

0.081
= 09 = [0.5 * 2636.67 * 420 * 3500 * (1 — —)] = 1673.52KN.m

2
Muv = 1673.52 KN.m < Mu = 25525.9KN.m
Boundary steel is required

Mug = Mu- Muv = 255259 —1673.52 = 23852.38 kN.m
Lw 3500

X = = = 648.148
~ 600 « (&X) ~ 600+ 0.009 i
hw .
X: Length of compression zone
X  648.148
LB = 5= T3 = 324.074 mm ....control

> x—0.1%Lw = 648.148 — 0.1 * 3500 = 298.148 mm

AY
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But; Select LB =35 cm

10°
MUB/(D 23852.38 XE

_ - 2 __ = 20032.23 mm?
Fy«(Lw—LB) _ 420 x (3500 — 350) mm

Asg

Boundary reinforcement is too much — So increase vertical steel spacing
Select P14@150mm at each side — Vertical reinforcement
Asv = 15400 mm?
Muv = 20792.6 kN.-m - Mug = 17061 kN.m

17061x10°

Mug /@ 0.9

- = = 6944 mm?
fy*(Lw —LB) _ 420 x (7500 — 1000) mm

Asp

Select 23020 with As =7222mm?

A&
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4.10 Design of stair:

Design of Stairs

Stair 1

S TAIRT

0,20
0,20
= 3,00 1,60

n.20

—)
N
N/
N
p
)
75
7
AR
Y
=t
3,10
)

0,20

Figure (4-19 stair 1)
fc*=24MPa , fy=420MPa , C=20mm , O =12 mm

Densities: yconcrete =25 kKN/m3 |, ysnad =16 KN/m® | ymortar = 22 KN/m3
ytiles = 23 kN/m3 | yplaster =22 KN/m3

- Limitation of deflection:

h > minimum h h (min) = L/20
=380/20 = 19 cm

|
Select h = 20cm. '
'[J' ’II, o Load

System A Angle (a): L L - P
,—Na Load tf(a()l:: ]ézglfo 1 :}IO om 3.00m 1 ;IO o
No Load —| ‘
No Load —‘ ‘
Ao |
\




Chapter Four Structural Design And Analysis

The following two systems “System(A) & System(B)” are static equivalent
— FR (A) = FR (B) Qu*L=q*X e=q*L/X =

Dead loads of flight:  q: / cos(a) -

Dead Loads KN/m

1
Plaster 0.03 221X Gom 0.8

Horizontal Mortar 0.03x22 x 1

0.175
0.3

Vertical Mortar 0.03 % 22 % 0.4

Horizontal Tiles 0.04

. . 0.175
Vertical Tiles 0.03 %23 * 3 0.4

Triangle 0.5x 0.175%x 25

Sum 11.3

Dead Load =11.3 kN/m & Live Load = 3.5 kKN/m

- Factored Load (qu):

qu =1.2 x Dead Load + 1.6 x Live Load
=12x113+1.6x%x35
=19.2 kN/m

A
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— Au=(qu/2) x3 = (19.2/2) x 3

q,= 19.2 kN/m

=28.8 kN
Internal Forces of Flight:

Shear force Diagram

Max. Vu of Flight = 24.9 kN

Au = 28.8 kNT

|

Where: | ‘
| |
Max. Vu = 28.8 x cos(a) 40 cm £ 3.00 m 40 cm
=24.9 kN '
q,= 19.2 kN/m
\
|
Bending Moment Diagram \
Au = 28.8 kN ‘ ‘
Max. Mu of Flight:
Mu = 28.8%1.9-19.2*1.5%.75 -
=33.12 KN.m b b b
40cm 17 3.00m T 71 40m

Internal Forces of Flight:

d =200 — (20+0.5%12) = 174 mm

*1* FC’
@xVc=075 6 * bw * d

1
=0.75*=*+24 *1000 * 174
6
=106.5kN > Max. Vu=24.9 kN
— No Shear Reinforcement is required, So (h=20cm) is correct .
Design of Bending Moment:

d=174mm , Mu=33.12 kN.m
AV
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Yo 220 206 m=
85«fc/  0.85%24 -

_ Mu/0.9  33.12%¥10°/0.9 _

kn  b#d2 1000%1742 1.2 Mpa

o1 *(1_\/ | 26122 206,

206 420

As (req) = p * b *d =0.003 * 1000 * 174 = 522 mm?
As(min) = 0.0018 * 1000 * 200 = 360
mm? As(req) = 522 mm? > As(min) =
360 mm?

= 0.003

— Select @12/20 with As = (m/4)*122*(100/20) = 565mm #

= 565mm? > As(req)= 522mm?

Check Strain:
Strain Diagram

C=T — 0.85*fc’*a*b = As*ty
0.85*24*a*1000 = 565*420
a=11.63mm
Since fc’ =24 MPa <28 MPa — =0.85

N
X =a/p=1163/0.85= 13.68 mm N

0.003xd
e =—— 0.003
- So, X
0.003%174
= 0.003 = 0.035 >

13.68
0.005 ... =0.9 (OK)

AA



Chapter Four Structural Design And Analysis

(B) Design of Landing

Landing slab should be divided into
two slab regions:

Loads

Dead Loads KN/m

Slab 0.2x25x1

Sand 0.07x16x1 1.1
Mortar 0.02x22x1

Tiles 0.03x23x1 0.7

Plaster 0.02x22x1

Sum 7.6

Dead Loads = 7.6 kKN/m &
Live Loads =3.5 kN/m
- Factored Load (qu):
qu = 1.2xDead Load + 1.6xLive Load = 1.2x7.6 + 1.6x3.5 = 14.7 KN/m

(B.1) Design of Slab (3) away from the flight:

Slab (3) should carry the dead load and live load to landing and should not be support the
flight

H = L/20 = 330/20 =16.5 cm



Chapter Four Structural Design And Analysis

qu = as calculated = 14.7 kN/m

q,= 14.7 kN/m

Analysis: -

Vu (at distance d from the face of support)
Vu =24.3-14.7x0.274 = 20.3 KN
Mu = 17.4 * 3.3%20 KN.m T'

24.3 24.3
'] 330 m i
- Design of Shear Force:
24.3 27.4 cm
@ xVc=106.5kN > Vu=20.3kN e 1.
So, No shear reinforcement is required :
|
- Design of Bending Moment: bt
|—27.4 cm 20.3 24.3

Since (Mu = 20 KN.m) which is
less than (33.12 kN.m) from the
flight

012/20c¢m > minimum As — as Main reinforcement

Secondary reinforcement @12/20cm

Design of Slab (2):

Slab (2) should carry the dead load and live load of landing, and the support reactions resulted

from the flight
qu = 14.7 + Support reaction of

q,= 43.5 kN/m

flight = 14.7 + 28.8 = 43.5 kN

Vu =71.8-43.5x%0.274 = 60 kN

43.5 X 3.32
59.2 kN.m Mu 8
71.8
Design of Shear Force: -
@ xVc=106.5kN > Vu=60kN
So, No shear reinforcement is required
71.8

3.30m o718

60 27.4 cm—|

AN |—27.4 cm 60 71.8
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Design of Bending Moment:
59.2%109/0.9

Kn 1000%1742 2.2 MPa

1
AsS _ x(1- | 1 —2x22x206 ) —
(req) - P 206 \/ 420 0.005

p *b*d=0.005*1000* 174 = 870 mm?

So, Select @12/12.5cm with As =900 mm#/m > As(req) = 870 mm? Check
Strain:

0.85*24*a*1000 =900*420 — a=18.5 mm

—  X=a/p=18.5/0.85=22 mm

0.003xd
g, =——— 0.003
- So, X

0.003%174
= 22 0.003 = 0.0207 >

0.005 ....&0 =0.9 (OK) Reinforcement of frame corners -

@12/20cm @10/20cm =
Secondary Rienforcement

f flight

T @12/200m

| for Flight extended as
secondary for landing

@10/20cm

Secondary Rienforeement
i

@12/20cm
for Flight extended as
secondary for landing

Figure (4-20) section of stairl

0
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Stair 2 :

STAIRZ =

155 4,00 1.4

@ ¥

M&%&&

Figure (4-21) stair 2

fc*=24MPa , fy=420MPa , C=20mm , O =12 mm

Densities: yconcrete =25 kKN/m3 | ysnad =16 KN/m3 |, ymortar = 22 KN/m3
ytiles = 23 kN/m3 | yplaster =22 kKN/m3

- Limitation of deflection:

h > minimum h h (min) = L/20
=380/20 =19 cm

Select h = 20cm.

System A Angle (a):
ke tan(a) = 17.5/30
— o=230.3°.

No Load —‘
L ay
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The following two systems “System(A) & System(B)” are static equivalent
—>FR(A)=FR(B) ql*L=q2*X q2=q1*L/X=
qi / cos(a)

Dead loads of flight:

Dead Loads KN/m
Flight ccs(30.3)

1
Plaster 0.03 221X Gom 0.8

Horizontal Mortar 0.03x22 x 1

0.175
Vertical Mortar 003%22% 3 0.4
Horizontal Tiles 0.04 1.0
. . 0.175
Vertical Tiles 0.03 %23 * 3 0.4

Triangle 0.5x 0.175%x 25

Sum 11.3

Dead Load =11.3 kN/m & Live Load = 3.5 kN/m

- Factored Load (qu):
qu =1.2 x Dead Load + 1.6 x Live Load
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=12x11.3+16x35
=19.2 kN/m

5 Au=(qu/2) x3=(19.2/2) x 3 )

Internal Forces of Flight:

Shear force Diagram

Max. Vu of Flight = 24.9 kN

Where:
|
Au = 28.8 IcNT
Max. Vu = 28.8 x cos(a) ‘ |
=249 kN o
\
y b  »
40cm 7 1 3.00m T 7 40em
Bending Moment Diagram %= 192 kN/m
Max. Mu of Flight: e
Mu = 28.8%1.9-19.2%1.5%.75 O - 2ne
=33.12 KN.m
\
Mazimum Mu
Internal Forces of Flight: Aty =gt ’“”T .
d = 200 — (20+0.5%12) = 174 mm |
1 L)
/ b
*—*+Fc 40cm 11 3.00m T 40m

@xVc =0.75 16 * hw * d
=0.75* g *v24 * 1000 * 174
=106.5kN > Max. Vu=249 kN

— No Shear Reinforcement is required, So (h=20cm) is correct .

¢
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Design of Bending Moment:
d=174mm , Mu=33.12 kN.m

_ Mu/0.9  33.12%¢10°/0.9

KN bxd2 ~  1000%1742 122 MPa
f 420 m
Y - 20.6 -
85xfcr  0.85%24
H
p =L *(1_\/ 1 —2xl 2% 206) = 0003
206 420

As (req) = p * b *d =0.003 * 1000 * 174 = 522 mm?
As(min) = 0.0018 * 1000 * 200 = 360
mm? As(req) = 522 mm? > As(min) =
360 mm?

— Select @12/20 with As = (r/4)*122*(100/20) = 565mm? #
= 565mm? > As(req)= 522mm?

Check Strain:
Strain Diagram

C=T — 0.85*fc’*a*b = As*ty
0.85*24*a*1000 = 565*420
a=11.63mm
Since fc’ =24 MPa <28 MPa — =0.85
— X =a/pf=11.63/0.85=13.68 mm

0.003xd
e =—— 0.003
- So, X
0.003%x174
= 0.003 = 0.035>

13.68
0.005 ... =0.9 (OK)

q0
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(B) Design of Landing

Landing slab should be divided into
two slab regions:

Loads
Dead Loads KN/m
Slab 0.2x25x1 5
Sand 0.07x16x1 1.1

0.02x22x1

Tiles 0.03x23x1 0.7
0.02x22x1

Sum 7.6

Dead Loads =7.6 kN/m &
Live Loads =3.5 kN/m
- Factored Load (qu):
qu = 1.2xDead Load + 1.6xLive Load = 1.2x7.6 + 1.6x3.5 = 14.7 KN/m

a1
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(B.1) Design of Slab (3) away from the flight:
Slab (3) should carry the dead load and live load to landing and should not be support the
flight
H = L/20 = 405/20 =20.25 cm

qu = as calculated = 14.7 kN/m
Analysis: -

Vu (at distance d from the face of support)
Vu max = 29.76 — 14.7x0.274 = 25.73 kN

Mu = (14.7 *4.05"2) /8 = 30.14 KN/m

- Design of Shear Force:

@ xVc=1065kN > Vu=25.73kN
So, No shear reinforcement is required

- Design of Bending Moment:

Since (Mu =30.14 kN.m) which is less than (33.12 kN.m) from the flight

?12/20cm > minimum As — as Main reinforcement
Secondary reinforcement @12/20cm

Design of Slab (2):
Slab (2) should carry the dead load and live load of landing, and the support reactions resulted
from the flight

qu = 14.7 + Support reaction of flight =14.7 + 28.8 =43.5 kN

Vu = 88.1- 43.5%0.274 = 76.18 kN
Mu =43.5 * 4.05"2 /8 = 89.2kN.m

Design of Shear Force:
@xVec=106.5kN > Vu= 7618kN
So, No shear reinforcement is required

v
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Structural Design And Analysis

Design of Bending Moment:

KN = (89.2* 1076 /0.9 / ( 1000*17472) = 3.3 MPa

_2x2.2x 206
420

1
= x(1- [ 1 ) =
p=— \/ 0.008
As

(req) = p * b *d = 0.008 * 1000 * 174 =
1392 mm?

So, Select @12/7.5cm with As = 1508 mm?/m > As(req) = 1392 mm? Check
Strain:

0.85*24*a*1000 = 1508*420 — a=31mm

— X =a/f=31/0.85=36.4mm

0.003xd
g, =——— 0.003

=0.0113>0.005 So, X

...9=0.9 (OK) Reinforcement of frame corners

©10/20cm
Secandary Rienforcement
of flight

@10/20cm
Secondary Rienforcement [~
of flight

©12/20cm
for Aight extended as
secondary for landing

Frame Comer
No Damage

Figure (4-22) section of stair 2

aA

@12/20cm
for Aight extended as
secondary for landing




Chapter Four

Structural Design And Analysis

4.11 Design of Basement Wall:

Fc¢’ =24 Mpa Fy =420 Mpa
@ = 30° y = 18.00KN/m?3
LL =5 KN/m?
Ko=1-sin®
=1 —sin30
= 0.50

4.11.1 Load on basement wall:

For 1m length of wall:
* Weight of backfill:

ql =Koxy=*h
=0.50*18.0*4.025 =36.225 KN/m
q]_ (Factored) = 16 *38725 = 6196 KN/m

* Load from live load:
LL=5 KN/m?
g2 = Ko * LL
=0.50 * 5 =2.50 KN/m
02 (Factored) = 1.6 *2.50 =4.0 KN/m

4.11.2 Design of the shear force:
Assume h =200 mm,
d=200—-20—-14 =166 mm

Vmax =73.74 KN

— V210001166 11 65 KN

oVc
Vu <gVc

No shear Reinforcement is required.

29
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Structural Design And Analysis

4.11.3 Design of bending moment:
Mu max = 67.2 KN.m

M —Mu—67'2—7467KN
N=09 7 09 ~ /HO/RR-M
K _Mn*106_74.67*106_271M
TN T 1000+1662 P
Fy 420
m — 2058

T 085+fc 085+ 24

1 1 1 2*Rn*m
= — % —_ —_——

1 2% 2.71 % 20.58
= *1— [1—
20.58 420

= 0.0069

Asreq =p *b*d = 0.0069 * 1000 * 166 = 11.45 cm?/m

Asmin = 0.0012 xb *h = 0.0012 * 1000 * 200 = 2.4 cm?/m

Amin < Areq

Select 8014cm/m

Vertical reinforcement at compression face:
Asreq =As min = 2.4 cm?/m

8010cm/m

4.10.4 Design of the horizontal reinforcement:

Asmin = 0.0012 xb *h = 0.002 * 100 * 20 = 4cm?/m

Selectp10@25cm/m, in two layer.
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1.1

N,

01 0.4 0,2 D4 01
0,1 1 0,1
1.2

Figure (4-Y3): Reinforcement for Basement Wall.

Ve
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4.12 Design of Strip Footing .

Design of Strip Footing:

- Fc’'=24 MPa , Fy =420 MPa

- Pu=535 kN ( From Shear Wall )

- Oalow = 400 kN/m? , use factor 1.4
- use ® 14mm

- Concrete cover =5cm

1- Design of bearing pressure :

O p(allow . net) =400 - (25*0.5) = 387.5 KN/m?

535 /ax1.0=1.4x387.5— areq =535/(1.4 x 387.5) = 0.98m
Selecta=1.0m

obu=Pu/A=535/(1.0x1.0) =535 kN/m?

Safe of Bearing Pressure #

2- Design against Sliding :
Hu=0 ..... Design against Sliding is neglected .

3- Design of one way shear : Select h =40cm

Distance d =400 — 50 — 14 = 336 mm
FR=0bux0.464 x1=535x0.064 x1=34.24 kN =Vu
@ xVc=0.75x 1/6 x \/24 x 1000 x 336 = 205.76 kN

@ xVc=205.76kN > Vu =34.24kN

~ h =40 cm (SAFE)

4- Design of Bending Moment:
Mu =535*0.5*%1%(0.5/2) = 66.875 kN.m

Design (b=1000mm , d=336mm) :

— m="fy/(0.85%fc’ ) =20.58

— Mn = 66.875 /0.9= 74.3 kN.m
V.Y
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—kn = Mn/(b*d*2)=0.658 MPa

— p=0.00159

— Asreq=p *b*d =0.00159 * 100 * 33.6 = 5.34 cm?/m

O Main Steel:
— As (min) = 0.0018*b*h = 0.0018 *100 * 40 = 7.2 cm”?
— Asreq =5.34 cm?< As (min) = 7.2 cm?

. Select 5@14/1m with As = 7.7 cm*/m > Asreq = 5.34 cm*/m ... (ok)

O Secondary Steel:

— As (min) = 0.0018*b*h = 0.0018 *100 * 40 = 7.2cm?

. Select 5@¢14/1m with As = 7.7 cm?

\RAE
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Chapter Four

Top View & Section for footing are shown below :

P
— --.-.--.-} --
ol Al ot =y
\\'-"-"
.1 0.4 a.2 0,4 O
7 ra 7 Fa
0.1 1 o
ff ff
1.2

Section A-A

Figure (4-Y4): Reinforcement for strip footing .
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

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

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

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

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

Member

Solid one-
way slabs

Beams or
ribbed one-
way slabs

€120 €124 £/28 Mo

£16 tN18.5 er1 £/8

Notes:
Values given shall be used directly for members with normalweight concrete

densrtz W, = 2320 kg/m ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:
0.603w

a) For structural ||ﬁhtwe|ght concrete having unit density, w,, in the range
0.4+ fy.'TOB}

1440 1920 kg/m?®, the values shall be multiplied by (1.65 - ) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (

MINIMUM THICKNESS OF NONPRESTRESSED BEA'S OR ONE

WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)

110
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or aitached fo non- | Immediate deflection due to live load L
structural elements fikely to be damaged by L180°
large deflections
Floars not supporting or atiached to nonstruc- | Immediate deflection due to live load L
tural elements likely to be damaged by large (/360
deflections
Roof or floor construction supporting or That part of the total deflection occurring after
atiached to nonstructural elements likely to be | attachment of nonstructural elemens (sum of { A80°
damaged by large deflections the long-term deflection due to all sustained
Roof or oo constuction supporting o 'a"amﬁ”'dm}!‘hgmm*md”e‘°a’“
attached to nonstructural elements not ikely to L240°
be damaged by large deflections

* Limit not infended to safequard against ponding. should be checked by suitable calculaions of deflection, including added deflections due to ponded

water, and considering long-ferm effects of all sustained .m.mlobnm.ammuuwmmw.

* Long+erm deflction shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflecion calcuated to occur before attach-

ment of nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members sim-

llar 1o those being considered.

tLi'n'lma-,'Iaeemwededifadecr.lalermastresarelalcenhopu:.\vemdamagnelosq:ponedmatl:«n:hedelernenl&

diesurlshalmlereﬂ(lt_ae_gealermanhberanoeprwidedkxnomlmduralelen‘entsLin'ln‘ayheexceededitrantnerispmvidedsorhano&s]deﬂeclionrri'l.lscamec
not exceed limit

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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