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Project Definition

Structural design is an essential component of civil engineering that plays a pivotal role
in the construction and maintenance of built environments. It involves the application of
scientific principles to ensure that structures are capable of bearing anticipated loadings
without failure during their intended lifespan. This discipline is crucial for the safety and

functionality of various structures, including buildings, bridges, tunnels, and dams.

The importance of structural design lies in its ability to create frameworks that are not
only strong and stable but also cost-effective and sustainable. By carefully selecting
materials and designing efficient load paths, structural engineers minimize the risk of
structural failure, which can lead to catastrophic consequences such as loss of life,
economic disruption, and environmental damage.

Moreover, structural design is integral to achieving architectural vision and aesthetic
goals. It enables architects to realize complex shapes and forms while ensuring that
these structures are practical and safe. This collaboration between form and function is
what allows for innovation in the field of construction.

In addition to these considerations, structural design also addresses environmental
concerns. It seeks to reduce the carbon footprint of construction projects by optimizing
material usage and promoting the use of renewable resources and energy-efficient
designs. This approach not only conserves natural resources but also ensures that
structures contribute positively to their surroundings.

Furthermore, in regions prone to natural disasters such as earthquakes, hurricanes, or
floods, structural design becomes even more critical. Engineers must account for these
additional stresses and design structures that can withstand such extreme conditions.
This resilience is key to protecting communities and ensuring that infrastructure remains
functional in the aftermath of a disaster.

In summary, structural design is a multifaceted discipline that underpins the safety,
sustainability, and success of construction

projects. Its importance cannot be overstated, as it directly impacts the well-being of

individuals and the collective progress of society.
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The field of structural design is a cornerstone of civil engineering, where the primary motivation
lies in creating structures that are safe, efficient, and sustainable. The aim of this project is to
explore advanced methodologies in structural design that can be applied to modern construction
challenges. The contributions of this project include innovative design solutions that enhance

structural integrity and cost-effectiveness

Economic Feasibility Study and Engineering Standards

Structural design is deeply intertwined with environmental considerations and economic
benefits. An economic feasibility study is crucial to evaluate the viability of design choices,
ensuring that projects are not only technically sound but also financially sustainable. Adherence
to engineering standards guarantees that structures meet the required safety and performance

criteria while being mindful of their environmental impact.

Study Objectives
The study objectives for concrete structural design are centered around understanding
and optimizing the use of concrete, a versatile and widely used construction material.

These objectives include:

. Material Properties: To investigate the physical and mechanical properties of
concrete, including its strength, durability, and behavior under various environmental

conditions.

. Design Techniques: To develop efficient design methodologies that maximize the
load-bearing capacity of concrete structures while minimizing material usage and cost.

. Sustainability: To explore sustainable practices in concrete production and usage,
aiming to reduce the environmental impact of construction activities

Innovation: To integrate new technologies such as high-performance concrete, fiber
reinforcement, and smart sensors to enhance the functionality and resilience of concrete
structures.

. Safety Standards: To ensure that concrete structural designs comply with international
safety standards and can withstand natural disasters like earthquakes and floods.

. Economic Analysis: To perform cost-benefit analyses to determine the most

economically feasible solutions for concrete structural design projects. These objectives
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guide the continuous improvement and innovation within the field of concrete structural
design.
The study objectives for concrete structural design are centered around understanding
and optimizing the use of concrete, a versatile and widely used construction material.
These objectives include:

. Material Properties: To investigate the physical and mechanical properties of concrete, including
its strength, durability, and behavior under various environmental conditions.

. Design Techniques: To develop efficient design methodologies that maximize the load-bearing
capacity of concrete structures while minimizing material usage and cost.

. Sustainability: To explore sustainable practices in concrete production and usage, aiming to

reduce the environmental impact of construction activities.

. Innovation: To integrate new technologies such as high-performance concrete, fiber
reinforcement, and smart sensors to enhance the functionality and resilience of concrete
structures.

. Safety Standards: To ensure that concrete structural designs comply with international safety

standards and can withstand natural disasters like earthquakes and floods.

. Economic Analysis: To perform cost-benefit analyses to determine the most economically
feasible solutions for concrete structural design projects.
These objectives guide the continuous improvement and innovation within the field of concrete

structural design.

Concrete Challenges: Appeal and Solutions

Reinforced concrete is a composite material that combines the high compressive strength of

concrete with the high tensile strength of steel reinforcement. While it is one of the most popular
materials used in construction due to its versatility, durability, and cost-effectiveness, it faces

several challenges:

. Corrosion: Steel reinforcement is susceptible to corrosion, especially in aggressive

environments, leading to structural weakness.
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2. Cracking: Concrete can develop cracks over time due to thermal expansion, shrinkage,

or excessive loads.

. Sustainability: The production of cement, a key ingredient in concrete, contributes

significantly to carbon emissions.
The appeal of reinforced concrete lies in its adaptability to various shapes and forms, its
inherent fire resistance, and its ability to be made with locally available materials.

Solutions to these challenges include:

. Corrosion-resistant Alloys: Using stainless steel or other corrosion-resistant alloys for

reinforcement.
2. Advanced Admixtures: Incorporating admixtures that improve the durability and reduce
the permeability of concrete.
3. Green Cement: Developing alternative cementitious materials that reduce the carbon
footprint of concrete production.
By addressing these challenges with innovative solutions, the long-term performance and
sustainability of reinforced concrete can be significantly enhanced

The environmental challenges of concrete, its appeal, and how the designer can

overcome them

1. Efficient Design: By optimizing the structural layout, engineers can reduce the amount of
concrete required, leading to lower material costs.
Durability: Designing for longevity reduces the need for repairs and replacements,
saving money over the structure’s lifespan.
Recycled Materials: Using recycled aggregates in concrete mixtures can lower costs and
reduce waste.
Thermal Mass: Concrete’s thermal mass can improve energy efficiency in buildings,
cutting heating and cooling expenses.
Green Concrete: Incorporating sustainable materials like fly ash or slag in concrete
reduces the environmental impact and can be more economical than traditional cement.

By focusing on these aspects, concrete structural design not only becomes cost-effective but

also environmentally friendly.
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1.1 INTRODUCTION

1.1.1 Villa Consists of:
Basement of (2.90) m height
Ground Floor of (3.80) m height
First Floor (3.40) m height
Second Floor (3.30) m height
Third Floor of (3.00) m height

1.1.2 Material Properties Used:
e F=350 kg/cm?
o Fy(main steel):3600 kg/Cm2

4 Fy(stirrups)=2400 kg/cm2
e Weight of used brick =1400 kg/m?
e Bearing Capacity of Soil = 1.0 kg/m?

1.1.3 Cover Thickness
e Slabs Cover=2cm
e Beams Cover=2cm

e Columns Cover =2.5cm
Foundations Cover =7 cm
Stairs Cover =2 cm
Ramp Cover =2 cm

Semell Cover =3 cm

1.1.4 Loads Used:
e L.L=According to every Floor
e Cover=0.15ton

> 0.05* 15 ow5 clow igud Ja)

0.01% 2.1 s 1 cla deiiou] Liga
0.02% 2.1 o 2 oy ool L
0.02% 2.1 o 2 oy bW Jiul §)lome

e Wall = According to every Floor
e D.L =Own weight + Covering Material + Wall Load
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1.1.5 Design Method:
e Ultimate limit state design

1.1.6 Computer Programs Used in Analysis :
o (Etabs + Safe + SAP2000 + Excel)

1.1.7 Design Code:
Egyptian code of practice 2020

|
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VILLA

1.2 DESIGN OF SLABS:
1.2.1 Basement Slab: (Flat Slab System)
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Figure 1.1 Statical System of Basement Roof

X3

o

Slab Thickness =22 cm

Own weight = 0. 22* 2.5 =0.55 t/m?
Covering = 150 kg/m?  =0.15t/m?
Live load = 250 kg/m? = 0.25 t/m?
Wall load = 250 kg/m? = 0.25 t/m?.

R/
0.0

X3

o

R/
0.0

R/
0.0
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Solving This flat slab By Using CSI Safe program:

e D.L=0.W +Wyai + Covering material
=0.55+0.25 + 0.15 = 0.95 t/m?

e L.L=250kg/cm?=0.25t/m?
e W,=14DL+16LL=14(0.95)+16(0.25)=173 t/m?

For ultimate design:-
_ _ Mu
As =As = [Fy*]*d]

" 2
My= As * Fy, *] *d = 6* (@) + 3600 * 0.826 * 18 * (10)~5

M(r)=3.63t.m = Use 6 ¢f 12 / m in each Direction

Additional RFT (3 ¢f 12 /m) & 6 ¢ 12 / m) upper and lower
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In X-Direction: (Upper and Lower)

Figure 1.2 Additional Reinforcement in X-Direction (Upper and Lower)

In Y-Direction (Upper and Lower):

Figure 1.3 Additional Reinforcement in Y-Direction (Upper and Lower)




1.2.1.1 Check for Long Term Deflection:

Figure 1.4 Long Term Deflection

From Code Check = L/250

Span for Check =6.00 m

Allowable Deflection = 6/250 = 0.024 m
Maximum Deflection = 0.007072 m
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1.2.2 Ground Slab (Flat Slab System)
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Figure 1.5 Statical System of Ground Roof

R/
0.0

Slab Thickness =22 cm

Own weight = 0.22* 2.5 =0.55 t/m?
Covering = 150 kg/m?  =0.150 t/m?
Live load = 250 kg/m? = 0.250 t/m?
Wall load =250 kg/m? = 0.250 t/m?,

7
0.0

R/
0.0

7
0.0

X3

o
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Solving This flat slab By Using CSI Safe program:

e D.L=0.W +Wyai + Covering material
=0.55+0.25 + 0.15 = 0.95 t/m?

e L.L=250kg/cm?=0.25t/m?
e W,=14DL+16LL=14(0.95)+16(0.25)=173 t/m?

For ultimate design:-

=[]

FysJ+d

" 2
My = As * Fy *] *d = 6*(%) 3600 * 0.826 * 18 * (10)~5

M(r)=3.63 tm = Use 6 f 12 / m in each Direction

Additional RFT (3 ¢f 12/ m) & (6 6 12/ m) upper and lower
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VILLA

In X-Direction: (Upper and Lower)

Figure 1.6 Additional Reinforcement in X-Direction (Upper and Lower)

In Y-Direction: (Upper and Lower)

Figure 1.7 Additional Reinforcement in Y-Direction (Upper and Lower)
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1.2.2.1 Check for Long Term Deflection:

Figure 1.8 Long Term Deflection

From Code Check = L/250

Span for Check =6.00 m

Allowable Deflection = 6/250 = 0.024 m
Maximum Deflection = 0.007157 m
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VILLA

1.2.3 First Slab (Flat Slab System)

Tyld
[ ]

v

—5

Figure 1.9 Statical System of First Roof

*,

% Slab Thickness =22 cm
% Own weight = 0.22* 2.5 = 0.55 t/m?
% Covering = 150 kg/m?  =0.15t/m?,

Live load = 250 kg/m? = 0.25 t/m?
Wall load = 250 kg/m? =0.25 t/m?,

*,
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Solving This flat slab By Using CSI Safe program:

D.L = O.W +W,ya + Covering material
=0.55 + 0.25 + 0.15 = 0.95 t/m?

L.L = 250 kg/cm?=0.25 t/m?
W,=14D.L+16LL=14(095)+16(0.25)=173 t/m?

For ultimate design:-
[ Mu
As = [Fy*]*d]

*(1.2)?

My = As * Fy *3 *d = 6%(

) 3600 * 0.826 * 18 * (10)~5

M(r)=3.63 tm = Use 6 f 12 / m in each Direction

Additional RFT (3 p 12/m) & (6 b 12/ m) upper and lower
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VILLA

In X-Direction: (upper and Lower)

Figure 1.10 Additional Reinforcement in X-Direction (upper and Lower)

In Y-Direction: (upper and Lower)

Figure 1.11 Additional Reinforcement in Y-Direction (upper and Lower)
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1.2.3.1 Check for Long Term Deflection:

Figure 1.12 Long Term Deflection

From Code Check = L/250

Span for Check = 6.00 m

Allowable Deflection =6 /250 = 0.024 m
Maximum Deflection = 0.007439 m
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VILLA

1.2.4 Check of Punching Shear: (Basement Roof)
1.2.4.1 Corner Column (C1=30%65) on (1 —f) Axis
Slab Thickness = 22 cm
Own weight = 0.22* 2.5 =0.55 t/m?
F.Covering = 150 kg/m?> = 0.15 t/m?
Live load = 250 kg/m? = 0.25 t/m?
Wall load = 250 kg/m? = 0.25 t/m?.

X3

o

X3

o

R/
0.0

R/
0.0

R/
0.0

D.L = O.W +W,ya + Covering material
=0.55 +0.25 + 0.15 = 0.95 t/m?
L.L = 250 kg/cm?= 0.25 t/m?
Wy=14D.L + 1.6 L.L =1.4(0.95) + 1.6(0.25) =
1.73 t/m2 = 17.3Kn/m2

d = tg- 20mm=220-20=200 mm =0.200m
b, =400+750=1150 mm

Qup=Wu (L1 * L2 — Ap)= 17.3 (2.06 *2.02 — 0.40 * 0.75)= 66.79 KN/m?

_ Qup * B_66.79 *1000

Qup =57 00 " 1.5 = 0.33 N/mm?

qcup =the least of -

o 1.7 N/mm?

0.316 /f—u =0.316 \[5 = 1.53 N/mm?
Ye 1.5

0.316(; +0.5) fy—“ =0.316 (222 +0.5) \[f:i = 1.46 N/mm?

ax*d
bo

= 0.33 N/mm? < q¢yp = 1.46 N/mm?

0.8 (

feu _ 2%200 35 _ 2
+0.5) [7=08(30 +02) \[; = 2.11 N/mm

OK, safe punching
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VILLA

1.2.4.2 Edge Column (C2 = 30*85) on (7-3) AXxis:

R/
0.0

Slap Thickness =22 cm

Own weight = 0.22* 2.5 = 0.55 t/m?,
F.Covering = 150 kg/m? = 0.15 t/m?,
Live load = 250 kg/m? = 0.25 t/m?
Wall load = 250 kg/m? = 0.25 t/m?

R/
0.0

X3

o

R/
0.0

X3

o

D.L = O.W +Wyai + Covering material
=0.55+0.25 + 0.15 = 0.95 t/m?
L.L = 250 kg/cm?= 0.25 t/m?
W,=14D.L + 1.6 L.L = 1.4(0.95) + 1.6(0.25) =
1.73t/m2 = 17.3Kn/m2

d = tg-20mm=220-20=200 mm = 0.200m
b, = 1005 + 400 + 400 =1805 mm

Qup=Wu (L1 * L2 — Ap) = 17.3 (3.9 * 3— 1.05 * 0.400 ) = 195.144 KN/m?

_ Qup 4 B_195.144*1000 .

_ 2
Qup = posa 1805%200 1.3 =0.70 N/mm

dcup =the least of -

1.70 N/mm?

0.316 /f—u =0.316 \/3—75 = 1.53 N/mm?
Ye 15

0.316(; +0.5) fy—“ = 0316 (322 +0.5) \/f:ss = 1.30 N/mm?

0.8(5 +0.5) fy—u =0.8(322 +0.2) \/f:i = 2.06 N/mm?

qup = 0.70 N/mm? < qyp = 1.30 N/mm?

OK, safe punching
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1.2.4.3 Interior Column (C3 = 75*75) on (5 — 2 )Axis:

>

Slab Thickness = 22 cm

Own weight = 0.22* 2.5 = 0.55 t/m?,
Covering = 150 kg/m? = 0.15 t/m?
Live load = 250 kg/m? = 0.25 t/m?
Wall load = 250 kg/m? = 0.25 t/m?

7

o

R/
0.0

R/
0.0

R/
0.0

R/
0.0

D.L = O.W +Wyai + F.Covering material

=055+ 0.25 + 0.15 = 0.95 t/m?
L.L =250 kg/cm?=0.25 t/m?

W.=14D.L + 1.6L.L = 1.4(0.95) + 1.6(0.25) =
1.73t/m2 = 17.3Kn/m2

dp = ty- 20mm=220-20=200mm =0.2m
b,=2(a+b)=2* (750 + 750) = 3000 mm

Qup=Wu (L1 * L2 - Ap) =17.3 (6.3 * 5.91 - 0.75*0.75 ) = 634.4 Kn/m?

_634.4%1000

Gup = % B
UP  poxd 3000200

*1.15 = 1.21 N/mm?

dcup =the least of -

o 1.70 N/mm?

o 0.316 /fy—u ==0.316 \/f:ss = 1.53 N/mm?

o 0.316(; +0.5) fy—“ =0.316 (2 + 0.5) \/f:ss = 2.29 N/mm?

o 08(= +05) fy—u =08(5—1+0.2) \/f:i = 1.80 N/mm?

qup = 1.21 N/mm? < qyp = 1.53 N/mm?

OK safe punching
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1.3 Design of Stairs ( TWO Flight Stair Axis ‘s-2)
1.3.1 Manual solution

®_

T T T T T 11

Figure 1.13 Stair Cross Section

1) Dimensions:

Span 6.39m
T 24:30° 24:30

Hstory: 290m
Rise = 0.15m

ts =0.22m

Going = 0.30m

0-tan~1(22) =26.56 °
0.30

«_ts _ 22
CosO (Co0s(26.56)
=, Rise

ta=1 +T =2459+75=32cm

= 2459 cm

GROUP | REINFORCED CONCRETE PROJECT




2 ) Loads:

o Wsu=14D.L+16L.L
=1.4(25%0.32+1.0)+ 1.6 (2.5)
= 16.6 KN/m?

® WU janding=14D.L+16L.L
=1.4(25%0.22+15)+1.6(25)

=13.8 KN/m?

3) For Strips
show in figure

TN

L INAM AN AR NN SN NN NN NN N
1

Figure 1.14 Strips Of Stair
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For Strip :-

R1(6.39)=(13.8*2.37) (S50 +3+1.02) +(16.6*3) G+ 1.02) + (138 * 1.02) (=3—)

=302 .909

. R1=302999 _ o
6.39

» R2=(13.8%2.37)+ (16.6 *3) + (13.8*1.02) 48 = 47 KN

13.80 KMN/m2

13.80 KN/m2

(LT T T
Landing

— R1 =48 KN

2.37m

Moment :-

. M1
R1(2.37) - 13.8* 2.37 * 237 =48(237)- 13.8* 2.37* 232 = 75 KN.m

<~ M1=75KN.m

. M2
R2(4.02)-13.8*1.02 (== +3) - 166*3*%

=47(4.02) 138*102(£+3) 16.6*3*> = 64.8 KN.m

~ M2 =64.8 KN.m
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. M3

R1(5.37)-138%2.37( 222 +3)-16.6*3*>

= 48(537)-138*2.37( 222 +3) - 16.6 * 3*> = 46.18 KN.m
~ M3=46.18 KN.m

. M4
R2(1.02)-138*1.02* =% =47 (1.02) - 13.8 * 1.02 * == = 40.76 KN.m

~ M4 =40.76 KN.m

~ Moment of flight = 55.5 KN.m
Design of section

1- M=555KN.m

M 55.5 %10°
Rl - u —_

T Foubd? 35%1000%2002 =0.04 <Ry nax=0.129

w=0.05
P pd = 0.05 % =2 % 1000 * 200 = 972 mm?2 = 9.72 cm?
Fy 360

UseAs = 6¢16/m = Awue=1205.76 mm?

As=w

2- M1=75KN.m

R, = M, _  75%10°
! Foybd?  35x1000%2002

= 0.05 < Ry ynqy=0.129

w = 0.06

Fcu
Fy

bd = 0.06 % £1000 * 200 = 1167 mm? = 11.67 cm?

As=w

UseAs = 6¢16/m = Awe=1205.76 mm?
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Draw of moment and section and details of RFT

Moment

M =555 KN.m
M2 =64.8 KN.m
M1=75KN.m

Figure 1.15 BMD

Section and details of RFT

Figure 1.16 Section and details of RFT
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1.3.2 Using Sap Program and Excel

Figure 1.17 Stair 3D
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Figure 1.18 Moment axis xy

input
Output

1- System Of Stair Strip 3.4

Strip (1-1) & strip (2-2) supported on strip (3-3) & strip (4-4)

2- Concrete Dimension:

Stair Thikness (h) =

3- Calculate loads

Live Load = 25
Floor Cover = 1

For horizontal (wh) 124
For inclined (wi) 16

4- Straning action @

Strip 1 Strip 3

Figure 1.19 Sheet Excel of moment and BMD
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Figure 1.20 Stair Reinforcement in plan
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1.3 Design of Stairs ( Three Flight Stair Axis/ «—1)
1.3.3 Manual solution

J |
o)

Cd

(Y.x 0 )

Figure 1.21 Stair Cross Section

1) Dimensions:

Span 4.12m
T24:30° 24:30

HStory: 380 m

ts =0.16m

Rise = 0.15m

Going = 0.30m

_1,0.15

f-tan™ " (—
0.30

) =26.56 °
t'= ts _ 16
“CosB _Cos( 26.56)
=, Rise

o= U450 = 17,88 + 175 = 25.38 cm

=17.88cm
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2 ) Loads:
e Wsu=14D.L+16L.L

=1.4(25%0.2538 + 1.0 ) + 1.6 (2.5)
= 14.283 KN/m?

o WU ding=1.4D.L+ 1.6 L.L
= 1.4 (25*0.16 + 1.5) + 1.6(2.5)

=11.7 KN/m?

3) For Strips :-

Shown In The figure

=TT

MOV NN NN AN NN
AOSOSONN NN NN RNNRNNNNNNN

Figure 1.22 Strips Of Stair
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For Strip :-

¢ Ri*412=(117%132) (24 1.55+1.25) +(14.283 + 1.55) (= + 132 ) +

(11.7 * 1.25)(1'725)

~ R1=13.73 KN

e Ry=(11.7*1.32)+(14.283*1.55)+(11.7*1.25)-26

~R2=22 KN

11.7KNm?2

Landing -

1.7KNIm2@

) 0
Landin

/
/

Moment :-

. M1
1.32

1.32
R2(132)-11.7*132* — - 22(132)-11.7*132* > - 18.8 KN.m

< M1=18.8 KN.m

. M2
1.25 1.55
R1(125+156)-11.7*1.25 (- +155) - 14.283 * 1.55 * —=

1.25 1.55
=26(28)-11.7*1.25 (T +155)-14.283 *1.55* el 23.8 KN.m

< M2 =238 KN.m
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. M3

1.32 1.55
R2(1.32 +155)—11.7*132 ( —=+155)—14.283 % 1.55 *~

1.32 1.55
=22(287) —11.7*1.32( — 1.55)-14.283 * 1.55 *T =11.85 KN.m
<~ M3=11.85 KN.m

. M4

1.25 1.25
R1(1.25)-11.7*1.25* — - 26 (125) —11.7*1.25* 5 - 23.35 KN.m

< M4 =23.35 KN.m

~ Moment of flight = 23.57 KN.m

4) . Design of Section

1- M =23.57 KN.m

R, = M, _ 23.57%10°
! Fey b d? 35%1000%200 2

= 0.02 < Ry gy = 0.129

w=0.03
As= m%bd = 0.03 * % £ 1000 * 200 = 583.33 mm? = 5.833 cm?
UseAs = 6¢16/m = Awue=1205.76 mm?

2- M1=18.8 KN.m

M 18.8 *10°
Rl - u —_

" Fubd?  35x1000%2002 =0.02 < Ry nax=0.129

w = 0.03
As= Wi bd = 0.03 * % +1000 * 200 = 583.33 mm? =5.833 cm?

Fy

UseAs = 6¢16/m = Awe=1205.76 mm?
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Draw of moment and section and details of RFT

Moment

23.35 KN.m

M1=188KN.M 15— 538KNm

Figure 1.23 BMD

Section and details of RFT

Figure 1.24 Section and details of RFT
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1.3.4 Using Sap Program

Figure 1.25 3D Stair
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Figure 1.26 Stair Reinforcement in plan

GROUP | REINFORCED CONCRETE PROJECT




1.4 Design of Beams
Concrete dimensions
«» Assumeb=12cm

X d=i=800m,d=i=700m
12 12
** Loads on beams

% Own weight

% Load from slab

* Load from wall

v _ Mu
S_Fy*j*d
1.4.1 DESGION OF Beam

Moment and shear

*

Figure 1.28 Shear Basement Slab
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Figure 1.30 Shear Beam Ground Slab
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Figure 1.31 Moment Beam First Slab
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1.49764 1.68501

-3.37851

-2.77473

-5.18966

Figure 1.32 Shear Beam First Slab
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Figure 1.33 Table RFT beam

1.4.2 Check of Shear on Beam Section:
Max shear on Basement Slab Qmax=7.76t

qeu(uncracked ) = 0.16 /Fyﬂ =0.16 \/13:55 = 0.77 N/mm?

Fcu _ 35 _ 2
Qmax=0.7 /yc —0.7\/;—3.38 N/mm

_ Qmax _ 7.76%10*
W= "d = Zs0e780

= 0.4 N/mm?

qcu > qu , Use Stirrups 6 @ 8/ m as minimum

Max shear on Ground Slab Qmax=6.4t

qeu(uncracked ) = 0.16 /FYC“ =0.16 \[f:i = 0.77 N/mm?

/Fﬂ = 35 _ 2
Omax=0.7 ” —O.YJ;-3.38 N/mm

__ Qmax _ 6.4 +10*

— 2
Qu= ord - 2507680 — 0.46 N/mm

gcu > qu , Use Stirrups 5@ 8/ m as minimum

Max shear on First Slab Qmax =5.3t

qeu(uncracked ) = 0.16 ’% =0.16 \/f:i =0.77 N/mm?

’Fcu _ 35 _ )
Qmax=0.7 - —0.7&—3.38 N/mm

__ Qmax _ 5.3x10*

_ 2
Q= "0d = Zsowes0 0.31 N/mm

gcu > qu , Use Stirrups 5@ 8/ m as minimum
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1.5 Design of Columns

® ®

.

=
Jw ]

1418

¥yt

® 0060 O ®

Figure 1.34 Columns Axis

1.5.1 Design of Column Section (subjected to axial compression force)
< For 1g onaxis(8-2)
» Concrete Dimension

Use the largest Of

= L-%-03m=30cm
20 20

-3 -020m=20cm
15 15

= 30cm

Use b=30cm
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Pu =150 ton (From Etabs Program)

Pu actuar = 150 ton

Puactia = 0.35 (Ac - As )Feu + 0.67 AsFy — assume As = 0.01 A
150 * 10* = 0.35* (0.99 A:)* 35 + 0.67 * 360 *0.01 Ac

A = 103167.23 mm?

_ Ac _103167.23
b 300

Acact= 30 * 65 = 1950 mm?

t = 343.89 mm ~ 650 mm

< Check of Buckling (braced column)

e in short direction

_ kxHo _ .8%3
b 0.3

A =8<15 = Short Column

e in Long direction

_ kxHo _ 0.8x3
t .650

e A;=0.01*30*65 = 19.5 cm? Use 10 §p 16

A =3.69 <15 = Short Column

Figure 1.35 Column Cross Section
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1.5.2 Table of Columns

.

1a0.01
130.30a
130.30a
134.09

144.21

133
133
134
144

1.00%
1.00%
1.00%
1.00%

129.03
112.a83

123
113

1.00%
1.00%

108.79
d98.67
d8.67

2
3
4
a
B
1
g
d

=]

103
g9
g3

1.00%
1.00%
1.00%

92.343
ab.925

228.8

214.5
187.22

16a.71a

120.175

440.22
400

431.36a

N

ta

o =

o oo 9 o

N
a

27264
211.233a

92
al

223

21a
187

166
120
440
440

431

223
21

Table 1.36 Columns Load And Section (Ultimate)

1.00%
1.00%

1.00%

1.00%
1.00%

1.00%
1.00%
1.00%
1.00%

1.00%

1.00%
1.00%
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1.6 Design of Foundation

Figure 1.37 Foundations

1) Bearing Capacity for Soil = 1 t/m?= 10 kg/cm?
2) Tensile Steel Stress Fy =360
3) Compressive Concrete Stress Fcu = 35
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1.6.1For (18)
1.1 Input Data:

= Column Working Load = 106.71 ton
= Column Dimensiona=30cm
b=65cm
= Plain Concrete Depth = 0.4 m
= Plain Concrete Extension =0.40 m

1.2 Concrete Dimension : @

Figure 1.64 Section of footing (elevation)

- B.C = 106.71

Apc
106.7

[ ] 10 =
Apc

*  Ap.=10.671 m?=Lpc *Bpc
=(0.65+2c)*(0.30+2c)
Figure 1.38. Sections of footing
C=1441m

= Lpc=0.65+2*1.441=354m
Bpc=0.30+2*1.441=3.18 m

Lrc = Lpc—2tpc =3.54—-2*040=2.75m
Brc = Bpc— 2tpc= 3.18-2*040=2.4m

1.3 Check of Stress:

106.71

® dact = Apc

106.71

- 2 — 2
* dact = Jtaais =9.47 t/m? < B.C=10t/m?, Ok

106.71

=161.68 KN
2.75 *2.4

_ 2.75-10.65
2

=1

_ act *Z% _161.68 x12
T2 T 2

= 85 KN.m

d=c1\[FM" Cl\/85*106 =246.40 » d=600 » t=700

CUxb 35 %1000
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Qp = Pco- qq¢¢ *(atd) * (b+d)

e Qp=1067-161.68*(0.3+0.6)*(0.64+0.6)=2887KN
- Qp
Qo= 2((a+d)+(a+d))«d
_ 887 x 103
Qo= 2( (300 + 600 )+( 650 + 600))+600

= 0.35 N/mm?

qp (allow): 1-17

2-0.316%(5+7) * / = 0.316%( 0.5 +2—)* |2 =1.46 NImm?

15
« |[Fcu _ « |35 _ 2
3- 0.316* |— =0.316* [— = 1.53 NImm
Yc 1.5
gr(— = 4 oy /FC_U -
4- 08 (2(a+d+b+d) +2) Yc

( 4+600 +0.2)* 22 =293 N/mm?
2(300 + 600 + 650 + 600 ) 1.5

Op < dp (allow) » OK, safe
1.4 Check of Shear
Qshy = e * € = 161.68 * 1.441 =232.98 ton

S = Qsh _232.98+ 103
45h = 5rd ~ 2200+ 600

Gsh(attow) = 0.16 * /FYC—C" =016 * ff—iz 0.773 KN / mm2

qsh < Ash(allow) OK .Safe

=0.161 KN/ mm?
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_ My _ 85 %10°
Fy*Jxd 360%0.826 * 600

= 476.41 mm?

As

Ag=9¢12/m

saac W LT

saeaill puluill
Jeslall paldl L og L
(A=) / TN

Y ﬂ/# -u_s.L.d..Jl s..u..LiJI ;,.b&xw #a

dsalel] saclill o,e —

-
dace Ldl) E—!—E‘r\:‘.}ﬂ:’ M

Figure 1.39. Sections of footing and details' of RFT
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16.2For(36)
2.1 Input Data:

= Column 1 Working Load P1 = 118 ton
Column 3 Working Load P2 = 316 ton

=  Column Dimension al =30 cm
B1=65cm
Column Dimension a2 = 75 cm
B2=75cm

= Plain Concrete Depth = 0.4 m
= Plain Concrete Extension = 0.40 m

SOLUTION :- Figure 1.40. Sections of footing
2.2 - Get R Location

R =P1+ P2 =118 + 316 = 434 ton
em@ cl1 = 0.0

R*x=P2*s R=434 ton
434 * x =316 * 3.55

118 ton
~X=258m T
¢l

Concrete Dimension X=258m

r
7

B.C = Pw/Apc
10= %70 s=355m

Apc

Apc = 47 M?

LRC=2(x+“71):2(2.58+%+o.5)=6.2m

& Brc=5.45m

Bpc=5.45+2tpc =5.45+2*0.40=6.25 m
Lpc=6+2tpc=6.2+2*0.40=7m

2.4 - Check of Stress

434

® Gact = Arc

434

° -
6.25%7

qact - =9.98 t/m2 < B.C= 10 tjm2
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2.5 Design of Longitudinal direction
Calculate of actual uniform load on Rc Footing (U.L ) as a beam :-

P2 yL=316 * 1.5 =474 ton
Ply.=118*1.5 =177 ton

474
PtuL=434*1.5=651ton r 4 ton 177 ton_mw#
Y,

T =%-105 ton/m PENLES Y
(o}

6.2
EEEEEEEEEEEEEERRRERNERENEEEEN
105 ton/m
,Y-

£,0\

Figure 1.41 BMD
point of zero shear and drawing ( BMD ) :-

zeroshear: 105*y-474=0.0
y=451m

M1 = wxL*L — 105*1.28*1.88 =185.55 t.m

2

_ wxLx*L _ 105=%2.255*2.2.255
M2 = > =

=266.96 t.m

M3 =105 * “L_po* 075 — 105 * % 474 *(0.375 = 185.4 t.m

2 2

Mzero shear = (105 * -0 ) — (P2 (0.375 + 1.83)) = ( 105 * # )— (474 *2.255) = -1.014 t.m

M4 = W*E*L _P1*0.15= w —177*0.15=15.975 tm

M5 = wxL+L _ 105 * 0.15* 0.75 =2953tm

105 %0.60%0.60
= —2oe —189tm

Use M max = 266.96 t.m = 2669.6 KN.m

£ 105
d=K1 ’%=0.33* ’%zﬁ.%cm » d=80cm ®»t=90cm
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2.6 - Check of Shear :-

Q1 =105 * 1.88 = 197.4 ton
Q2=105(1.88+0.75) - 474 = -197.85 ton

Q3 =105 ( 1.88 + 0.75 + 2.67 ) — 474 = 82.5 ton
Q4=105(1.88+0.75+0.30 + 2.67 ) — 474 — 177 =-63 ton

o
@"

2810 shear

«95.95‘0“

Figure 1.42. SFD
USE Q Max =197.85 ton
OR

Q=197.85 - Wur~ $=197.85-105* 2% = 155 85 ton = 1558.5 KN

> =

S = Qsh _1558.4 * 103
QSn B+d 5450 * 800

Ash(allow) = 0.16 * ’F;/C—: =0.16* 13—55: 0.773 KN / mm?

qsh < qsh(allow) OK -Safe

=0.35 KN / mm?

OR

Q#1000 _ 155.85+1000
Qsh Bed 545580

=3.58 Kg/cm? < 4.5 Kg/cm? , ok safe

GROUP | REINFORCED CONCRETE PROJECT




2.7 - Check of punching :-

PUL _ 6551
BL 6.2%5.45

=19.26t/m2=192.6 KN/m?

Qact =

Column1

Pu = 474 ton = 4740 KN
Qp = Pco- qacr *(a+d) * (b+d)

o Qp=4740-192.9* (0.75+0.8)* (0.75+ 0.8 ) = 4276.5 KN
Qp

* O (Gra+@ra)d

_ 4276.5 * 103
G 2( (750 + 800)+( 750 + 800))*800

=0.86 N/mm?

1.7 N/mm?
0.316* (5+2) * /FC—" = 0.316%( 0.5+ -2 ) * \/33 = 1.46 N/mm?
b ve 0.65 1.5

0.316* /FC—U =0.316*\/?—5 = 1.53 N/mm?
Yc 1.5

qp (allow) =1

* ockd * FC_U _
08 (2(a+d+b+d) +2) \] ve

4x800 35

0.2)* |— = 3.2N/mm?
2(300 +800 + 650 + 800) 15

gp < qp (allow) » OK, safe

= 0.8 (

Column 2

Pu = 177 ton = 1770 KN
Qp = Pco- qqce *(atd) * (b+d)

e Qp=1770-1929*(0.30+0.8)*(0.65+0.8)=1462.32 KN
* Op= <
2( (a+d)+(a+d))*d
_ 1462.32 =103
G = 2(' (300 + 800 )+(650 + 800))*800

=0.358 N/mm?
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- 2
A, (atiow™ 1- 1.7 N/mm

2- 0.316* (0.5 +7) * / = 0.316* (05+522) * |2 =2.289 N/mm?

3- 0.316* /FC—” =0.316 * /3—5 = 1.53 N/mm?
Yc 1.5
ockd F
- 08**(— —— * [Feu _
4- 08 (2(a+d+b+d) +2) \] Yc

_ 4+800 N ’E B
=08 (2(750+800+750+800)+ 0.2)* Ji5 = 276 N/mm? , G < ap cauow) OK, safe

28-RFT

My _  266.96+10°
Fy*J*d  360%0.826 * 800

Ag = =1122.20 mm?, 8¢p16/m

Lolall odelWl

* /ﬂuJ_"I’ c;LL‘-“C—‘J-“-‘-‘

Mulﬂl ﬁ. .

dmdnall ouelill Job

oladl saclill oyl

e85l Iaduo

Figure 1.43. Sections of footing and details' of RFT
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VILLA

1.6.3 Table foundation

er/[«%g\’.. s Ji’y JL@%‘ g_gJ& %L=;|€9£J| Jj\;;?.

TSI slen¥l || alend)

r°/wrgﬁ 4 r,/wgz 9 -, Vx ¥,8 x Y,Y0
o /P 0|n /VIH 0¥ 20,710 x¥yY0
f./ g 4 r,/ g 4] -, Vx¥Yoxy, Yo
o /YU o /VUE Y| yxyyr xyyy
VAR VALCE PR R
p /g A r.../ VUG Al 4% 0,60 ",Y

il palt
Jue

Mgy

Vg e

Figure 1.44 . Table foundation

GROUP | REINFORCED CONCRETE PROJECT




Unit (2) High Rise Building
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HIGH RISE BUILDIN

2.1 INTRODUCTION

2.1.1 High Rise Building Consists of:
e Basement of (2.90) m height
e Ground Floor of (2.90) m height

e 11 Typical Floors each (2.90) m height

2.1.2 Material Properties Used:
e Fu=250 kg/cm?
o Fy(main steel):3600 kg/Cm2

L] Fy(stirrups)=2400 kg/Cm2
e Weight of used brick =1500 kg/m?
e Bearing Capacity of Soil = 10 kg/cm?

2.1.3 Cover Thickness
e Slabs Cover=2cm
e Beams Cover=2cm

e Columns Cover =2.5cm
Foundations Cover = 7 cm
Stairs Cover =2 cm

Ramp Cover =2 cm

2.1.4 Loads Used:
e L.L=According to every Floor
e Cover=0.15ton

> 0.05*15 ow5 clow igud Sy

0.01% 2.1 s 1 la deiiow] Liga
0.02% 2.1 o 2 oy cuoli L
0.02% 2.1 o 2 oy bW Jiul §)lome

e Wall = According to every Floor
e D.L =0Own weight + Covering Material + Wall Load
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HIGH RISE BUILDING

2.1.5 Design Method:
e Ultimate limit state design

2.1.6 Computer Programs Used in Analysis :
o (Etabs + Safe + SAP2000 + CSI Column + Excel)

2.1.7 Design Code:
e Egyptian code of practice 2020
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HIGH RISE BUILDING

2.2 DESIGN OF SLABS:
2.2.1 Basement Slab: (Flat Slab System)
® ®O

®

®
@
@
@)
©)]
®
©
@®

® & ©® 0 06 ©

Figure 2.1 Statical System of Basement Roof

X3

o

Slab Thickness = 24 cm

Own weight = 0.24* 2.5 = 0.6 t/m?,
Covering = 150 kg/m?  =0.15t/m?
Live load = 300 kg/m? = 0.3 t/m?
Wall load = 300 kg/m? =0.3 t/m?

R/
0.0

R/
0.0

7
0.0

R/
0.0
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HIGH RISE BUILDIN

Solving This flat slab By Using CSI Safe program:

D.L = O.W +Wyai + Covering material
=0.6 + 0.3 +0.15=1.05t/m?

L.L =300 kg/cm?= 0.3 t/m?
W,=14D.L+16LL=14(105)+(16*0.3)=1.95 t/m?

For ultimate design:-
[ Mu
As = [Fy*]*d]

% 2
My = As * Fy *] *d = 6*(” <i-2> ) * 3600 * 0.85 * 23 * (10)~°

M(r) =4.775tm = Use 6 ¢ 12/ m in each Direction

Additional RFT (3 ¢ 12 /m) and (6 ¢p 12/ m ) upper and lower
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HIGH RISE BUILDING

In X-Direction: ( Upper and Lower ) :

Figure 2.2 Additional Reinforcement in X-Direction ( Upper and Lower )

In Y-Direction ( Upper and Lower )

Figure 2.3 Additional Reinforcement in Y-Direction ( Upper and Lower )
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2.2.1.1 Check for Long Term Deflection:

Figure2.4 Long Term Deflection

From Code Check = L/250

Span for Check =4.32 m
Allowable Deflection = 0.017 m
Maximum Deflection = - 0.00573
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HIGH RISE BUILDING

2.2.2 Ground Slab & Rebated (Flat Slab System)

®

e
)

B

s

@
@
O
"]
€
(]
o
&

]

®
@

Figure 2.5 Statical System of Ground Roof

R/
0.0

Slab Thickness = 24 cm

Own weight = 0.24* 2.5 = 0.6 t/m?,
Covering = 150 kg/m?  =0.15t/m?
Live load = 300 kg/m?  =0.3 t/m?
Wall load = 300 kg/m? =0.3 t/m?

X3

o

X3

o

R/
0.0

X3

o
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HIGH RISE BUILDING

Solving This flat slab By Using CSI Safe program:

D.L = O.W +W,ya + Covering material
=0.6 +0.3+0.15=1.05t/m?

L.L =300 kg/cm?= 0.3 t/m?
Wy=14D.L+16L.L=14(105)+(16*0.3)=1.95 t/m?

For ultimate design:-
_ Mu
As = [Fy*]*d]

. 2
My= As * Fy *] *d = 6*(#) 3600 * 0.85 * 23 * (10)~5

M(r)=4.775t.m = Use 6 ¢f 12 / m in each Direction

Additional RFT (3 ¢ 12 /m) & (6 ¢p 12 / m) upper and lower
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HIGH RISE BUILDING

In X-Direction ( Upper and Lower) :

Figure 2.6 Additional Reinforcement in X-Direction ( Upper and Lower )

In Y-Direction ( Upper and Lower)

Figure2.7 Additional Reinforcement in Y-Direction ( Upper and Lower)




2.2.2.1 Check for Long Term Deflection:

Figure 2.8 Long Term Deflection

From Code Check = L/400 for cantiliver
From Code Check = L/250

Span for Check =2.05m for cantiliver
Span for Check =2 m

Allowable Deflection =0.01812 m

Allowable Deflection =0.006 m  for cantiliver
Maximum Deflection = -0.01019 m

Ok use camper At cantilever 1 cm each1m

I ——
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HIGH RISE BUILDING

2.2.3 Check of Punching Shear: (Basement Roof)
2.2.3.1 Interior Column (C1 =45*160) on (2 - <) AXis:

R/
0.0

Slab Thickness = 24 cm

Own weight = 0.24* 2.5 = 0.6 t/m?
Covering = 150 kg/m? =0.15t/m?
Live load = 300 kg/m? = 0.3 t/m?
Wall load = 300 kg/m? =0.3t/m?

X3

o

R/
0.0

X3

o

R/
0.0

Solving This flat slab

D.L = O.W +Wyai + Covering material
=0.6 +0.3+0.15=1.05t/m?

L.L =300 kg/cm?= 0.3 t/m?
W,=14D.L+16LL=14(105+(16*0.3)=
1.95 tm?=19.5 KN/m2

d = ty-20mm=250-20=230mm= 0.23m
b,=2* (1830 + 680 ) = 5020 mm

Qup=Wu (L1 *L2—Ap) =195 (2.2* 1.8 — 1.83*0.68) = 5.295 t/m?

_52.95%1000
5020 * 230

— Qup %

* 1.15 = 0.052 N/mm?

dcup = the least of :-

1.70 N/mm?

0.316 /f—u =0.316 \[Ez 1.41N/mm?
Ye 1.5

0.316( +0.5) fy—“ = 0.316 (- + 0.5) \/13:‘; = 1.148 N/mm?

axd feu _ 4%230 30 _ 2
08 (G5 +02) =08 ( o0 +0.2) \/; = 1.371 N/mm

qup = 0.052 N/mm? < qgy, = 1.148 N/mm?

OK safe punching
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HIGH RISE BUILDING

2.4 Design of Stairs Three Flight Stair Axis (& = 5)

2.4.1 Manual solution
OV

@ | SAA S SIS,

PSP I IIIIIID)

—1.68 m—
3.34m—

O

Figure 2.9 Stair Cross Section

1) Dimensions:

Span
T 24:30

HStory: 290m

ts =0.14m

Rise = 0.15m

Going = 0.30m

o O-tan1(22)=26.56°
0.30
«_ ts _ 14
“CosB _Cos(2656)

[ ] tavz ttF% = 231 cm

=15.6cm
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2) Loads:
e Wuag=14D.L+16L.L

=1.4(25* 0.231+1.0)+1.6(3)
= 14.30 KN/m?
o WU aing= 1.4D.L + 1.6 LLL
=1.4(25*0.14 + 1.5) + 1.6 (3)
= 11.80 KN/m?

3) For Strips
Shown In The figure

L

L

777

|
| s2

I
I
I

|
|
|

o o A A A A,

v

I

AT T i

Vizzzzzzzzzzzzzzzzz:2

Figure 2.10 Strips Of Stair
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HIGH RISE BUILDING

For Strip (F1):

e R; =8.01KN
e My =8.01*1.15 -14.30*0.56%/2= 6.69 KN.m

~59+—112—+.59

Figure 2.11 Strip (F1) of Stair

For Strip (F2):
e R;*3.93 =11.8*1.5*%(.75+1.68+.75) +10.17*1.5*(.75+1.68+.75) + (14.3 * 1.68*1.59)
R>=36.38 Kn
R2*3.93=(10.17*1.5*.75) + (11.8*1.5*.75) + (14.3*1.68*1.59)
Rz =20.6Kn

My2=36.38*1.5-10.17*1.5*.75+11.8*1.5*.75 = 29.85k.m

Mu3=20.6*0.75= 15.45Kn.m

Mys = 29.85-;-15.4-5 = 2265

10.17 kn
I I Y N T Y P D

m2
118 kn
I S

M2

R2= 36.38

1.68

Figure 2.12 Strip (F2) of Stair

GROUP | REINFORCED CONCRETE PROJECT




HIGH RISE BUILDING

M2 = 29.85 KN.M

M4 = 22,65 KNM

M3 = 15,46 KNM

BENDING MOMENT DIGRAM

Figure 2.13 BMD

4) Design of Section of Flight :

o Mys=22.65KN.m

106
e d=c %zuo:cl /% = c1=436 = =.826

M 22.65%10°
Ag=—"—= = 652.88 mm?
Fy.j*d 350%.826%120

e UseAs = 6¢12/m

4) Design of Section of STRIP 1 :

_ M, _ 6.69%10°
Fy,jxd 350%.826%120

5¢12/m

=192.83 mm?

S
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HIGH RISE BUILDING

2.3.2 Using Sap Program

Figure 2.14 Stair 3D
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Figure 2.15 Bending Moment In X-Direction

Figure 2.16 Bending Moment In Y-Direction
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HIGH RISE BUILDING

0

7
an/l 4
,rf"“l g

-
i

25l k) Bl Lass

Figure 2.17 Stair Reinforcement in plan
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HIGH RISE BUILDING

I..-‘"-flu I'J""" fo

‘r—TE_Ua."i

Figure 2.18 Reinforcement in sec1-1 and sec 2-2
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HIGH RISE BUILDING

2.4 Design of Stairs ( Two Flight Stair Axis 3-¢ )
2.4.2 Manual solution

1.27 m—+2.92m—1.18 m

Figure 2.19 Stair Cross Section

1) Dimensions:

Span
T 24:30

Hstoryzz-gom
Rise = 0.15m

ts =0.22m

Going = 0.30m

f-tan~1(222) = 26.56 °
0.30

«_ts _ 16
CosB (Cos(26.56)
«  Rise

ta=t +T =25.38cm

=17.88cm
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HIGH RISE BUILDING

2 ) Loads:
o Wsu=14D.L+16L.L
= 1.4 (25*0.2538 + 1.0) + 1.6(3)

=15 KN/m?

WU tanging= 1.4 D.L + 1.6 L.L
=1.4(25*0.16 + 1.5) + 1.6 (3)

= 12.5KN/m?

3) For Strips
Shown In The figure

@

ANERRRRRRRRRNRRY

AAARRNAN
INRRRNAN
QNN

@ D)

Figure 2.20 Strips Of Stair
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HIGH RISE BUILDING

For Strip (F1):

e R :12.5*1'725*2+15*%:34.52 KN

e  Muy=3452*252-15%1.26%/2-12.5*1.25*1.885
=45.28 KN.m

125KNim2

RI=352KN T

15

Il 7
Figure 2.21 Strip (F1) of Stair

Moment :-

. M1=M3

R1*1.25 - 12,5 * 125125 1.25+1.25
2

=3452*125-125* > = 33.38 KN.m

. M2 = M4
1.25

R1(1.25+252)-125%125 (=2 +252) - 15*252* 222
1.25 2.52

=3452(3.77)-125*1.25 (T +252)-15*252* - = 33.37 KN.m

. Mul

Mu1 = 34.52 * 2,52 -15*1.26°/2-12.5*1.25*1.885= 45.28 KN.m

4) Design of Section of Flight :
e My1=45.28 KN.m

MU 45.28%106
[ d=c; =140=c,
FCUx*b 301000

e ¢1=3.60 =J=0.786

M, _ 45.28+10°

=—4 = =1156.14 mm?
Fy*]*d 360%0.786*140

As

e UseAs = 8¢p16/m

M1=33.38KN.M 15 - 33 37 KN.m

GROUP | REINFORCED CONCRETE PROJECT
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HIGH RISE BUILDING

2.4.3 Using Sap Program

Figure 2.22 Stair 3D
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Figure 2.23 Bending Moment In X-Direction

Figure 2.24 Bending Moment In Y-Direction
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HIGH RISE BUILDING

118 m

(Y-xv0)1¢

012

1.27 m—+2.52m

M13m

/

/1.18m

© D
oSaall ale) AL Ladius

Figure 2.25 Stair Reinforcement in plan

s

r)’"ﬁo

.../ Vg A

ﬁ/}.‘gao

L
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LT

Figure 2.26 Reinforcement details
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2.5 Design of Beams

Concrete dimensions

% Assume b =25cm
% t=2=80 cm
12
¢ Loads on beams
% Own weight

% Load from slab

» Load from wall

< As=Fy”:,‘*d USE 24P 16/m (14 Jand4adf16/m (24)

2.5.1 Basement Slab Beams :

Figure 2.28 Shear Of Basement Slab Beam
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Figure 2.29 Columns Axis

2.6 Design of Columns
GROUP | REINFORCED CONCRETE PROJECT

HIGH RISE BUILDING




HIGH RISE BUILDING

2.6.1 Design of Column Section (subjected to axial compression force)
% For gl onaxis (5-5),(¢—-¢)
» Concrete Dimension
Pu =725 ton (From Etabs Program)

Puactwa = 725 *1.1 = 797.5 ton

Puactual = 0.35( Ac - As )Feu + 0.67 AsFy  —  assume As = 0.01 Ac
797.5* 103 =0.35* (0.99 A;) * 300 + 0.67 * 3600*0.01 A.

A; =6227.06 cm?

Assume b= 45 cm

. t=%=1600m

o An=45*160=72 cm?
% Check of Buckling (braced column)
e inshort direction

e k=0.80(1-2)

_ kxHo _ 0.8%2.90 _
b 0.45

A 5.15<15 = Short Column

e in Long direction
e k=0.80(1-2)
kxHo — 0.80%2.90 _

A= = 1.45 <15 = Short Column
t 1.60

Neglected buckling in short and long direction
e A;=0.01* 450 * 1600 = 72 cm?
Use 36 ¢p 18

Figure 2.30 Column Cross Section




HIGH RISE BUILDING

2.6.2 Table of Columns

P, etabs
()

7250078 775 1.00%

716.2165 716 ‘ 1.00%
BI0B47S B 1.00%
403195  B4D  1.00%
6259372 B26  1.00%

6253069 625 ‘ 1.00%
6223681 622  100%
5650437 5B 100%
5503094 550  1.00%
5370696 537  1.00%
5335809 534 100%
5329364 533 100%
SO0M22 500 100%

0O~ B N &S~ N | —

14 495BEBE 488 LO0% @ 4D

4871238 487  1.00%

1B 4BBAAS? 4RI 100% | 4D

1.00%

|
460033 46D
459304 459
LG0T460 A4
4358601 436
3939528 394
3935869 394
3935869 394

393.0869
393.0869
393.0869
393.0869

Figure 2.31 Table Columns Load And Section (Ultimat)
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HIGH RISE BUILDING

2.7 Design of ShearWall (W1=0.45m*4.20m) on asix (7-7)
Case (1):
o P,=3827.3 KN

o Muy=12.362 kN.m
e My =1560 kN.m

Pu  _ 3827.3x%10°

Rp= =
Fcuxbxt 30 *450 x4200

=0.067~ 0.30

Mux  _ 12.362%10°
Fcuxb* t2  30%450%42002

=0.0001

Muy 1560 * 10°
= > =0.06
Fcuxt* b2 30%4200% 450

INTERACTION DIAGRAMS FOR BIAXIALLY
LOADED SECTIONS

p=38
U=3.8*30*10"*=0.0114
As = 0.0114*450%4200 = 21546 mm?

[

/

'/
VY
/

¢

/Y

V

case (2):

i

.._|=__'|
ol
P
-

A AN/

P, = 150.263 Kn
Muc = 38.504 kn.m
My = 1522.1 kn.m

/Y

AN A
oS4

VAVAVV

L/

¥

T T T

YAVAVA
A

Pu  _ 150.263 * 10° _ 0.08

Rp= = =0.3
b Fcuxbxt  30%450%4200

7

T/

004

SANNNN
\ \\ N
NN . \
CEEAAMMV AN A LAY NN
Muy 1522.1 % 10° . o 002 004 006 008 04 0AZ 014 096 038 0.2 032 024 0,
-= ~=0.06

Fcuxt* b 30%4200% 4500
10. p=3.8
11. p=3.8*30*107*= 0.0114
12. As =0.0114 *450*4200 = 21546 mm?

USE 88 418

Mux _ 38.504 %10°
Fcuxb* t2  30%450%42002

=0.00016 ooz

Figure 2.32 Interaction Diagram for Biaxial Loaded Wall

Minimum RFT

As =0.01 A= 215.46 mm?
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Figure 2.33 W1 Reinforcement

|
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HIGH RISE BUILDING

2.7.1 Table of Walls:

Case Of Loading

Wall Of Section Additional
steel at each

corner

15.0263 3.8504 152.21
382.73 12362 1586 88 D18
1353.8 1.47 1625.88

Iz
W1l 0.45m*4.20m

2C 151.783 ‘ 1.8397 472.56

W2 0.40m*3.40m 682.09 0.2301 7.2415 76 D18
493.92 1.7306 468.94

3z W3 90.6534 0.7153 344.46

0.40m*2.40m 30932 1.0469 350194 poryig
395.79  0.4618 340.09

Figure 2.34 Table Wall Load And RFT (Ultimate)
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HIGH RISE BUILDING

2.8 Design of Core 1-2 (using ETABS program)
Case (1):

e Pu=1101.4891t
e Mux=362.9719 t.m
o Muy=2894.1329 t.m

Case (2):

e Py=339.2703 t
e Mux=1786.8875 t.m

o Mu = 1883.3574 t.m 1 S

Case (3):

o Py=782.5734 t

o Mux=332.4167 t.m CORE 1
e Muy=2853.7354 t.m

V=l dl e

Use Astoa =227 b 18

Figure 2.35 Core Cross Section
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HIGH RISE BUILDING

2.9 Design of Core 1-2 (using ETABS Column program)
Case (1):

e Pu=993.2064 t
e Mux = 92.4005 t.m
o Muy = 4464.5441 t.m

Case (2):

e Pu=1283.4098 t
e Mux = 69.0354 t.m
e Muy =4716.7734 t.m

Case (3):

e Pu=1869.7428t
e Mux = 22.2974t.m
e Muy =221.5333 t.m

Use Astotal =220 ¢ 18

Figure 2.36 Core Cross Section
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HIGH RISE BUILDING

2.10 Effect of Earthquake on tower
2.10.1 Manual solution
Zone (2) = ag =0.125g = 1.226 m/ sec?
Type Soil (c) = S=15,Ts=0.1,Tc=0.25,Tpb =120
Importance Factor (Y) =1.0
Damping Correction Factor (n) = 1.0
Response Modification factor(R ) =5

w
Fb=Sd(T1)* A E

Ti=CiH/+ =0.05*40.607/+ = 0.8042 sec

Tc<Ti<To= Sd(T,)=ag* Y, * 2',53"*[%]

= 1.2226%1%1 5*23x 22
5 0.8042

A=1=asTi>2Tc

Wi=D.L+¥ L.L
a.  D.L (gasement sian) = O.W + cover + Wwai = 2.50 * 0.25 + 0.15 + 0.27 = 1.045 t/m?
b. W gasementsiab ) = 1.045 + 0.25 * 0.4 = 1.145 t/m?
C. D.L (Ground or Repatd siab) = O.W + cover + Wwail = 2.50 * 0.25 + 0.15 + 0.27 = 1.045 t/m?
d W (Ground Or Repatd Slab) = 1.045+0.25*0.3=1.12 t/m?

Wiotal = 15520 ton = FROM ETABS BROGRAM

Note (1.1 For Col. And Shear wall And Beams )

Fy=0..286% 1+ = 452.46 ton

=.286 > 0.2ag* ¥, =.2*1.25%1 = 25

FLOOR W floor
base

H W*H FORCE ton(ULT)  Shearton Base moment TOTAL M
0 558.1531 0.0 11997.7
480 3 1440 F1 7903612 550.2495 239 104328
480 6 2880 F2 15.80722 534.4423 948 8891.6
480 9 4320 F3 23.71084 510.7314 2134 7397.8
480 12 5760 F4 3161445 479.1170 3794 59751
480 15 7200 F5 3951806 439.5989 592.8 46473
480 18 8640 F6 4742167 3921772 8536 3438.1
480 21 10080 F7 5532528 336.8519 1161.8 2371.1
480 24 11520 F8 63.2289  273.6231 15175 1470.1
480 27 12960 F9 71.13251  202.4905 1920.6 758.7
480 30 14400 79.03612 123.4544 2371.1 260.8
480 33 15840 86.93973 36.5147 2869.0 260.8

TOTAL 95040 521.6384
moment at base 11997.7

Figure 2.37 Table Over Turning And Torsional Moment
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HIGH RISE BUILDING

M overturning = 11997.7 t.m
M torsional = Vi * emin= 252 * 0.05 * 41.5 =521.63 t.m

11997.7 t.m

Figure 2.38 Over Turning Moment

Check of stresses between (Shear wall , and cores) and Foundation

Inertia of Walls
= W1 (0.45%4.20)

A=045*4.20=1.89m?

_ 0.45%4.203
12

Ix =2.78 m*

_ 4.20%0.453
12

Iy =0.032 m*

= W2 (0.40%3.40)
A=0.40 * 3.40 = 1.36 m’

_ 3.40%0.40°
12

Ix =0.0181 m*

_ 0.40+3.40%
12

= W3 (0.40%2.40)
A= 0.40 * 2.40 = 0.96 m’

Iy = 1.310m*

% 3
Ix = 2200407 _ 0128 m*
12

_ 0.3x2.33

Iy =0.0575 m*

= W4 (0.40%2.10)
A= 0.40* 2.10 = 0.84 m?

_2.10%0.40%
12

Ix = 0.0112 m*
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HIGH RISE BUILDING

_ 0.40%2.103
12

Iy =0.30 m*

= Corel
A=272m?

2.63 %0.303 0.30 %3.123 3.34 %0.303
Ix = + + =0.77m*
12 12 12

0.30 %2.633 3.12 %0.303 0.30 %3.343
ly= + + =139m*
12 12 12

= Core?2

A =254m?

2.61%0.303 0.30 *4.663
Ix=2%* ) + o =254 m*

0.30 ¥2.613> = 4.66 %0.30°3
ly=2* " + 5 0.049 m*

=

A

=
Z
Z
Z
Z
Z
z
Z
Z

AMMNUMRANNNNNY ]

Figure 2.39 Moment of inertia (Ix)

Ix group = (1.89 +2.78 *(10.40)2)*2 + (0.0181 +1.36 * ( 2.22 )2) +( 0.0128 + 0.96 *( 5.14)2) + ( 0.0128 +
0.96 * (0.50 )?) + (0.0112 +0.84 *(5.81)2) + ( 0.77 + 2.72 *(3.27)?) + ( 2.54 + 2.54 *( 2.45)?) =522.74 m*
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HIGH RISE BUILDING

Figure 2.40 Moment of inertia (ly)

Iy group = = (0.032 +2.78 *(0)?)*2 + ( 1.310 +1.36 * ( 3.24 )2) +( 0.0575 + 0.96 *( 11.09 )?)* 2 + ( 0.30
+0.84 *(5.59)2) + ( 1.39 + 2.72 *(3.41)?) + (0.049 + 2.54 *( 3.25)?) = 338.215 m*

Ix group > | group

X Is Critical Direction

Fip=— + 22 < 1.25 Fc

Iy —

Awalicore = 13.3 m? (From CAD Program )

N wan =5700.67 (From ETAP Program )
M, =11997.7 tm

Y =10.10m

Iy group = 338.215 m*

F, = Z5700.67 | 1199771010
1277933 + 7 338215

—5700.67 11997.7 ¥10.10
13.3 338.215

Fp= = -78.7 Kg/Cm?2< 1.25 * 105 = 131.25 Kg/Cm?

F,_T570067  11997.7+10.10
2 133 338215

=-7.03 Kg/Cm?< 1.25 * 105 = 131.25 Kg/Cm?

There is no tension OK Safe

GROUP | REINFORCED CONCRETE PROJECT




HIGH RISE BUILDING

2.10.2 Check of Displacement

Maximum Story Displacement

Story13 -

Figure 2.41 Maximum Story Displacement in X direction

Displacement, m

Base

Maximum Story Displacement

T T
80 160

T
240

T
20

T
400

T T T
480 560 640

Displacement, m

Figure 2.42 Maximum Story Displacement in Y direction

Storyl2

Storyll
Storyl10
Story9
Story8
Story7
Story6
Story5
Story4
Story3

Story2
Storyl
GEROUND
BASMENT
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ds x (ITI)

dsy (m)

0.058263

0.036124

0.055066

0.033662

0.051606

0.031054

0.047794

0.028302

0.043594

0.025409

0.039017

0.022394

0.034107

0.019288

0.028939

0.016139

0.023621

0.013007

0.018293

0.009967

0.013135

0.007107

0.008377

0.004531

0.004313

0.002364

0.001319

0.000759

Figure 2.43 Table Story Response Data




HIGH RISE BUILDING

Max Displacement at 12 t Floor
o X-Direction = 0.058263
¢ Y-Direction = 0.036124
Height of Building = 40.6 m
40.6

Allowable Displacement according to ECP = % =25 —0-0812m Working Method

Ultimate Method = 0.0812*1.5 =0.1218 m

OK , Safe

GROUP | REINFORCED CONCRETE PROJECT




HIGH RISE BUILDING

2.10.3 Check of Drift

Maxh;mm Story Drifts Maximum Story Drifts

Story13 -

Story12 <

T T T T T T T T
T T T T T T T T 080 120 160 200 240 280 320 360 4
080 120 160 200 240
Drift, Unitless
Drift, Unitless

Figure 2.44 Maximum Story Drifts In X diriction Figure 2.45 Maximum Story Drifts In y diriction

dry (m) drx (m) drvx (m) drvy (m)

Story12
Storyl1l
Storyl10
Story9
Story8
Story7
Story6
Story5
Story4
Story3
Story2
Storyl
GEROUND
BASMENT

w

0.058263 0.03612 0.0032 0.0025
0.055066 0.03366 0.0035 0.0026
0.051606 0.03105 0.0038 0.0028
0.047794 0.0283 0.0042 0.0029
0.043594 0.02541 0.0046 0.003
0.039017 0.02239 0.0049 0.0031
0.034107 0.01929 0.0052 0.0031
0.028939 0.01614 0.0053 0.0031
0.023621 0.01301 0.0053 0.003
0.018293 0.00997 0.0052 0.0029
0.013135 0.00711 0.0048 0.0026
0.008377 0.00453 0.0041 0.0022
0.004313 0.00236 0.003 0.0016
0.001319 0.00076 0.0013 0.0008

O W WWwWwwwwwwww w

N

Figure 2.46 Table Story Response Values
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Max drift at X-direction = 0.0053m

Max drift at Y-direction = 0.0031m

Allowable Drift according to ECP =% =% =0.0058 m Working Method

Ultimate Method = 0.006 *1.5 = 0.009 m

OK, Safe
2.10.4 Check of Maximum Distance Between C.M, C.R

Story Diaphragm ~ Mass X Mass Y XCM YCM  CumMassX CumMassY  XCCM YCCM
tonf-$/m tonf-s’im m m tonf-¢/m  tonf-s’im m m

Sol GRS, MAIDE| W A WA M R e
S2 | B8 V26N N6 NN V28N NZES RME 16
o3| mZE| WIS RHB| 0B WZE WDE ME N6
S| B8 GZEN R4 M| V28N W2ES  RME 16N
S| 05 MZEN  WZEW  RHB  NEH| 926N UZEW  ME N6
Sé | 06 28 G2ES  RME HES G288 G288 nuE 1w
Sof | 0 289 U2EN RMB NN V268 WZES 46 16
S| 08 B G2 046 M| G2 NZEH RHE 1
g | 09 M26N  NZ6W QMR NEH| 926N B8 MR 16
Sy | OO0 | WZKS| G288 B NS G289 926N R 1w
sopft | Of N2ES  GZEN  UMB NEN W29 GZ6N 0B N
Swyl2 | R G269 VBN RME NN V268 WZES e e
Syl | DB | WEBT WEBT | new|  weem  ween e new

Figure 2.47 Table Story Response Values

Max Eccentricity
ex = 0.22
ey =05

Allowable Difference < 0.15 b = 0.15*26.57 = 3.985 m = OK Safe
<+ 0.15t=0.15*28.2269 = 4.234 m = OK Safe

|
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HIGH RISE BUILDING

2.11 Effect of Wind on tower

2.11.1 Manual solution
Ct=1 o)V bl e b Jalaa
Cs=1= Luall Jalae
p = 1.25 Kg/m3 = &l 5¢ll 48l
V =30 m/sec® = alu¥l 7Ll 4c ju
K= o)l g oo gl ¥ o ity 5 (el Jalas
Ce=08+05=130> Sl mhu e o a0l b Jdalas
Ce=-0.8

[TTfft

I EEEEENENE

F=qg*Ce* K™ Astory= Pe * Astory

e q=05*103*p*V2*Ct*Cs =56.25 Kg/m?
e Pe=q*Ce*K=56.25¥102*1.3*k =0.073K
o Pel1=0.073*1=0.073 ton/m?
o Pe2=0.073*1.15=0.084 ton/m?
o Pe3=0.073*1.4=0.102 ton/m>
o Pe4=0073*16=

0.117 ton/m?

F1=0.073 * 10 * 27.85 = 20.33 ton

F2 =0.084 * 10 * 27.85 = 23.39 ton

F3=0.102 * 10 * 27.85 = 28.41 ton

F1=0.117 * 10 * 27.85 = 34.54 ton

n:|—AE‘.

Figure 2.48 Wind Load
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HIGH RISE BUILDING

Check Of Over Turning Moment
Wt =13130.9 ton

26.5744

Resisting Moment = 13130.9 * — =174444 ton.m

Over Turning Moment = 11997.7 ton.m

Resisting Moment  _ 174444
Over Turning Moment  11997.7

Ok, Safe

Factor Of Safety = =1454 >150
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HIGH RISE BUILDING

2.12 Design of Deep Foundation (Raft on Piles)

Use Thickness of Raft = 120 cm
Pile diameter = 60 cm
Pile capacity = 120 ton

Total building weight (working method) = reactions of column , shear wall and core + O.w R.w
+ O.w raft

= Reactions of columns ( Etabs program ) =15054 ton

=  O.W raft = ( 0.w slab+ cover + car weight ) * area

=(2.5*1.20+ 0.15 + 0.5) * 691 = 2522.15 ton
Total building weight = 15054 + 2522.15 = 17576.15 ton
No. of piles = total building / pile capacity

=17576.15/120 = 146.46 = 147 piles

Increase no. of piles by 20% tlo carry lateral loads generated by earthquakes.

No.of piles = 147 *1.25=183.75 ~ 186 piles
Piles spacing (s) = (2—3) D

S=1.80 m , 2 m on the side and the middle

GROUP | REINFORCED CONCRETE PROJECT




5 5B B8

K

?

?
@—é 77 (/ff.a_%!/'.e-:f_f//_c‘.n‘ y

B
s R

7
?
¥
1
¥
7
b

1

by B B 8 5 b5 b 3

S om ook

WL
2 A I———

®
@

GROUP | REINFORCED CONCRETE PROJECT




HIGH RISE BUILDING

2.12.1 Design of Raft on Piles (Safe program)

t raft=120 cm
d pile =60 cm
P=KA—->P=100ton, A=Icm
K stiffness = p/A= 100/0.01=10000 t/m
Use 85% K stiffness = 0.85 *10000 = 8500 t/m
= For raft
As=(Mu)/ fyJd
Mu=As * Fy*J *d = 12 * (n/4*1.82 ) * 3600 * 133 * 0.826*10° = 120.76 t.m

e Use 8 ¢ 18 Upper and Lower Reinforcement

GBosy Bl &L!a_'é

Figure 2.50 Section of Pile
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HIGH RISE BUILDING

In X-Direction (Upper and Lower )

Figure 2.51 Reinforcement in X-Direction (Upper and Lower )

In Y-Direction (Lower and lower )

Figure 2.54 Reinforcement in Y-Direction ( Upper and Lower )
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2.12.1.1Table of piles forces :-

Table 2.55 Piles Forces
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HIGH RISE BUILDING

2.12.1.2 Check of punching shear on raft

= forlg (45*160)

Col load = 725 ton 040+ d =153

trat=120 cm m
@\

N

1|
up = Pcor/ 2((a+d)+(b+d))*d
Qup = Pea/ 2((a+d)+(b+)) .

d =trft—cover =120-7 =113 cm

725 x 104 +
= 0.85
2 % (2230 + 1530) * 1130

I

20

P
Qeup = the least of - <

o 1.70 N/mm?

o 0.316 /fy—“ ==0.316 \/f:‘; = 1.41N/mm?

o 0.316 (; +0.5) fy—“ =0.316 (== +0.5) \/13:(; = 1.198 N/mm?

o 08(2+0.2) fy—“ =08 (522+0.2) \/f:‘; = 2.97 Nimm?

® Gy = 0.85N/mm? < qcyp = 1.198 N/mm?

OK . Safe

* For pileno. (16)

Pile load = 120 ton

d pile = 60 cmM

(up= Quy/m D d= (120 *10%) / (= * 173 *113)

=1.95 kg/cm? < 10 kg/cm? OK . Safe
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HIGH RISE BUILDING

2.13 Design of Retaining wall:
1 Loads

e Thickness of wall = 25 cm

e Use Fill sand @3

o Veoir =15tm3

_1-sin® _
Ka = 1+sin@ 0.33

y_soil = 1.5 t/m3

30

—285m—

Q( sur charge) =1 t/mz

el = (Zy*h+q)K, -2*C*\/K,
=(1.5%2.9+1)*.33 = 1.78

F; =05*153*29 =258t/m?

140m—305m—

Figure 2.56 Section of Retaining Wall (Critical Section)

Design of critical section (as uncracked section)

Moyer = 2.58%2*2.9= 2.494 tm/m)
t=250mm, d =220 mm

d=c, / M_ = 20=c /M —C,=6275 , J=.826
b*Fcy 1000%30

M*1.5 _ 2.494%107%1.5
As= = =571.85 mm?
Fyxdx]  .826%350%220

Use Ag min 6P 12/m\ (Vertical) in both side

Use Ag min 6P 12/m\ (horizontal) in both side

-

Figure 2.56 RFt of Retaining wall
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ELEVATED TANK

3.1 INTRODUCTION

3.1.1 Elevated tank consists of:

¢ Covering Cone

¢ Horizontal R-Ring Beam
e Vertical Ring Beam

e posts

¢ Covering Cone of Tank
e Circular Wall

e Conical Wall

¢ Shaft

e Tank Supporting Tower
e Foundation

3.1.2 Material Properties Used:

e Fcu=30 N/mm?

¢ Fy(main steel) = 360 N/mm?

o Fy(stirrups ) = 240 N/mm?

e Bearing Capacity of Soil = 10 t/m?

3.1.3 Cover Thickness <« 5 cm
3.1.4 Loads Used:

oL L=0.1t/m:
e Cover = 0.05 t/m2

3.1.5 Design Method:

e Ultimate Limit State Design $ Working Method Design
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ELEVATED TANK

3.2 Dimensions

1

Figure 3.1 Elevated Tank Dimensions




ELEVATED TANK

3.3 Design

3.3.1 Covering cone
(1) Geometric Design

e D=20.00m

D 20
e r=—=—=10m
2 2

_r _10_4m
° - ==
y 2:4 24

S=\r2+y2=1852+42=939 m
a="t=2 223475 m Ng

Tangd =—
8.5

@=2520° a=23473m
Asume That:

o Ts=012m

o Covering = 0.05 t/m?

o L.L=0.1tm?

(2) Loads
e« W=D.L+L.L=ownweight +Covering + L.L

= (25%0.12) +0.05+ 0.1 = 0.45 t/m?

Height=1.5 m

assume bp, =25 cm
tp=25cm

No, of posts = 15

QI ey

— 4 p— ';"-' .
=g = 0.34tm 4949,

A 0.45+= ®)?

V (vertical reaction)) = —

Load for Every post = % +(25*0.25*0.25*15) =0.44ton Figure3.2 Post reinforcement

1.4%0.44%1000 5
AS=——=g——= 02 cm USE 4412

1.15
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ELEVATED TANK

(3) Internal Forces (Merdian Force & Ring Force )

At Crown
N6 = N@ = 0.0 Safe

At Footing

e WO =W * Asurface

« W@ =0.45*25

2m*10%9.39
= 0.45 ¥ ————

= 132.747 ton

V1(vertical reaction) = ‘ZN—Tf =1:§;71407 =2.112t/m'

\'4! 2.112
NG=_"=

—_ \ H
= Sing “sin(25.20) 4,95 t/m' (Compression)

Ng=Pr*a=W@ *Cos@ *a=0.45*Cos (25.20)* 23.475=9.55 t/m' (Compression)

(4) Check Of Stress

N6 _ 9.55x103

_N6 _ ) _ )
= Tooos - 0-37 Kglem® < Feall = 60 Kg/eM® w0k safe

(5) Moment At Edge

X=06+vax*xt = 0.6v23.474%x0.15 =1.120m

Wx? _ 0.45%1.12°2
2 2

Use 6 ¢6 10 / m For ring and Merdian direction

M= =0.28 tm Very small (neglected)
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ELEVATED TANK

3.3.2 Horizontal R-Ring Beam

T=(HL+H2) *r=(— + —

tan @ tan @
2.11 2.11

=(——+=—)*10=156.97 ton
10 4

Assume b=0.5t
A=b*T=60T
0.5t? =60 * 56.97

)

t= [824169 _ g5 6=85cm
0.5

b=60cm , t=120cm

_ T _56.97x1000

=—= =28.48 cm?
fs 2000

N@1
As _ 2848
As (modified ) = BTSr =——=438cm? \

065 H H1

Use 10 625 A, o= 49.08 cm o

Use 5¢p 25 /one side

Figure 3.3 Ring Beam
(6) Check Of Ft

Fr=_ T _ 56.97%1000
Ac+nAds  (60%120)+10( 49.08)

= 7.41 Kg/cm? < Fall = 18 Kg/cm? , ok safe
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ELEVATED TANK

3.3.3 Desing of conical wall of the tank:-

ASSume t=60cm
W=0.60*25=15t/m

rls  10%6.8
al=—— =

= =10.2m
y 6.667

r2.s 8.67x6.8
a2=—=—=8.84m
y 6.667

r3.s  7.34%6.8
a3=—=———=748 m
y 6.667

_T4s _ 6x6.8

a4 =
6.667

=6.11 m

@1=78.69°

Figure 3.4 Conical wall

Atsec(1) :- V1=2.11t/m = Vertical reaction of the covering cone
NO1 =(W*Cos@d1 +ywhl)*al

= (1.50*Cos (78.69))*10.2=3t/ m (tension)

V1 2.11
N &1 = sin@1 ~ sin(78.69) 2.15 t/m (Comp)

Atsec(2) :-
NG2 =(W*Cos D1 +ywh2)*a2
= (1.50*Cos (78.69)+1*6.667 )*8.84 =61.53 t/ m (tension)

W @2 = weight of cone above sec + weight of covering cone + weight of water above sec

Wcone =W*Agr=Wn(rl+r2)*s=15*n(10+8.67)* 6.8 =598.26 ton
Wcover=V1*nD=211*n*20=132.57 ton
113

Wwater =yw *Vw=yw * A1 * 2mr g =1%0.5%1.13*6.667 (2 1) (8.67 +T) =214.12ton

W @2 =598.26 + 132.57 + 214.12 = 944.94 ton

_W@2 _ 944.94
T mr2  mx8.67

N @2 = V2 34.7

sin@1 ~ sin(78.69)

=34.7 ton/m
=35.38t/m (comp)
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ELEVATED TANK

Atsec(3) :-
NO3 =(W*Cos D1 +ywh3)*a3
= (1.50*Cos (78.69)+1*13.334)*7.48 =101.93 t/ m (tension)

W @3 = weight of cone above sec + weight of covering cone + weight of water above sec

Wcone =W*Agr=Wn (r2+r3)*s=15*n( 8.67+7.34)*6.8=513.02 ton

Wcover=V1*nD=211*n*20=132.57 ton
2.66

Wwater=yw*Vw=yw * A1 * 2mr =1%0.5%2.66%13.334 (2m)(7.34+ T) =916.67 ton

W @3 =513.02 +132.57 + 916.67 = 1562.26 ton

v3 =W _ 156226 _ 07 74 ton/m
Tr3 T*7.34

_ V3 6774
N @3 = Snp1- sin(7869) = 69.08t/m (comp)

Atsec(4) :-
N64 =(W*Cos @1 +ywh4)*a4
= (1.50*Cos(78.69)+1*20)*6.11 =123.99 t/ m (tension)

W @3 = weight of cone above sec + weight of covering cone + weight of water above sec

Wcone =W*Agr=Wn (r3+r4)*s=15*n( 7.34+6)*6.8=427.47 ton
Wcover=V1*nD=211*n*20=132.57 ton

water =yw* *Vw=yw * Al * 211 = . T +3)= .06 ton
W *V Al * 2 1*0.5*4*20 (2 6+2)=1843.06

W @4 =427.47 + 132.57 + 1843.06 = 2400.1 ton

V4 = WOt 24001 _ 15732 ton/m
nr4 T*6

va 127.32
N @4 = g1 sin(78.69) - 129.841t/m (comp)

Calculate As
Atsec(2)

_ N6 _61.53%1000

=— =34.18 cm?
fs 0.9 %2000

As

Use 164 18 A act=40.7 cm?

Use 8 p 18 / one side
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ELEVATED TANK

Atsec(3)

N6 101.93x1000

=—= =63.70 cm?
fs 0.8 *2000

As

Use 18 ¢ 22 A aqr=69.11 cm?

Use 9 ¢ 22 / one side
Atsec(4)
As min > 0.15%*b*d or 0.6*b*d/fy
As min > 0.15%*1000*750) or 0.6%1000%750/360 =1125 mm"2 or 1250 mm"2
As min=1250 mm"2
As modify = 1250/0.85 = 1470.58 mm”2
Use 8 ¢f 18/ m A sact = 20.35 cm?2

3.3.4 Desing of Floor of the tank:-

(1) Loads

Assume tr = 60 cm

W=D.L+Yw*h=Yc*t; + Yw*h

W= (25*0.6) +1*%20 =21.5 t/m?

Nf =N@4 * Cos@1 =129.841/ Cos( 78.69 ) = 662 t
(2) Rdial moment of floor slab M; at point 5&6

M;s= - 0.125 WR,*= -0.125 * 21.5 * 62= - 96.75 t.m (tension at inner face)

M = 0.075 WR,%=0.075* 21.5 * 62 = 58.05 t.m (tension at outer face)

(3) Tangention moment of floor slab Mr at point 5&6

Mis = - 0.025 WR, %= 0.025* 21.5%6%= -19.35t.m (tension at inner face)
M= 0.075 WR,%= 0.075 * 21.5 * 6= 58.05 t.m (tension at outer face)
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ELEVATED TANK

Figure 3.5 Moment in circular floor of Tank

(4) Design

Sec.5: Radial
M=96.75 t.m ¢ N=-662t

t= \/E _3em= 207519 a0 = 17958 cm Use t = 180 ¢m = use hunch
3b

3x100
Tf =80cm

check of tensile strength (ft)

F() = Fa(N) + F(M) < —2e
ni*M1

M *96.75% 5 * 3 F
Fr=SM N _ 89675+ 107 662+ 10" _ 7 95 Kg/em? < Feto = < = 17.6 Kglcm?
btz bt 100+802  100%80 €

Calculate As

e=M_9%75_0145 < L cover=22_005=0.35
N 662 2 2
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ELEVATED TANK

es=e+ 32 —cover =0.146 +0.4 —0.03=0.516 m m=mm) Small eccentricity

P _ 662x10°%
T foxbst | 73%100%80

=1.133m8) this point under curve use minimum reinforcement for steel

360/520
As min > 0.15%*b*d or 0.6*b*d/fy

As min > 0.15%*1000*750) or 0.6*1000*750/360 =1125 mm? or 1250 mm?

As min=1250 mm?

1250

———=1470.58 mm?
0.85

As modify =

Use 8§ 18/ M mmmmy  Agqer = 20.35 cm?

Sec.6: Radial
M= 58.08 t.m =-662t

Calculate As

e=M=38%_g087 < 32— cover =0'—20 —0.05=0.35 === Small eccentricity

N 662

_ P _ 662x10°
T fexbxt 73 %100%80
reinforcement for steel 360/520

= 1.13 == this point under curve use minimum

As min = 0.15%*b*d or 0.6*b*d/fy
As min > 0.15%*1000*750) or 0.6*1000*750/360 =1125 mm? or 1250 mm?

As min=1250 mm?

1250

/\SrnOdiﬁy::?;;—

- 1470.58 mm?

Use 8 ¢f 16 /m =) A, = 20.35 cm?
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ELEVATED TANK

Sec.5: Tangention

Calculate As

_ M _ ’19.35* 1.5 % 107 _ .
d=C1 Feurb |:> 550 =C1 T 251000 C1=5.10 - ] = .826

M _ 19.35% 1.5 % 107

AS = — =
Fysjxd _ 360%0.826 *550

=1774.70 mm

1774.70

= 2087.88 mm?
0.85

e As modify =

o Use9dp18/m m===) Ay =2290.2 mm?
Sec.6: Tangention

M=58.08 t.m

25%1000

d=C1 | M === s50=C1 | o) 2p04 m =075
M

_ _ 58%1.5%107
Fyxjxd  550%0.740* 360

As = 5858 mm?

Use 10 § 20 /m  mmmmd) Agqp = 3141.5 mm?

8 ¢p 16 /m
8 ¢ 18 /m

8 ¢ 18 /m

; 8 ¢p 18 /m

5( radial ) : 8 ¢ 18 /m
6( radial ) : 8 ¢ 16 /m
5( tang ) : 94p 18 /m
6( tang ) ; 10 ¢p 20 /m

Figure 3.6 Table RFT Floor
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ELEVATED TANK

Figure 3.7 RFT details

Figure 3.8 Floor RFT details
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ELEVATED TANK

3.3.5 Design of water tower :-

= Assume thickness of shaft = 30 cm
Check of stability :-
% Vertical load :-
W cone = W * A surface = 0.45 *132.74 =59.73 ton
Wei=Xc*th, *B*I1d=2.5*0.60 *1.20 * &t * 10 = 56.54 ton

2
W conicat wan = W * A = 2.5*0.45* TE*% = 26.46 ton

W water = Xw *1wer = 1*500= 500 ton

s W shaft= 2.5 * 30 * L0 * =940 %
4

=685.65t
Case of empty tank = ) vertical long with Wt of water
=828.38 ton = 828.4 ton

Case of Full tank =), vertical long with Wt of water = 828.38 + 500 = 1328.38 ton

< Horizontal loads: -

— earthquake load

Fb=Sd (T1) * 2 *g — ultimate base shear force

T1=Ct*H3/*=0.075* (50 )¥ = 1.41 sec
«» Seismic zone: -
Second zone (ag=0.125¢g=0.125*9.81 = 1.23 m/sec?)

+» Soil type (¢): -
S=150, Tb =010 , Tc=025 ,Td =1.20

Tc<T1<Td

Sd(TL) =ag* Yi*s* 2 (25)>020ag * Y,

« Y (importance factor) = 1.2
. R (reduction factor) =9.40

Sd(T1)=1.23*12*15*2> (22201043 > 020*1.23*1.2=0.3
9.40 ‘1.41

e Sd(T1)=0.3
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ELEVATED TANK

e A=1—asTl1>2Tc
e Witank = 1328 ton

Fb=0.3*1*228-4061 ton
9.81

MOverturning =40.61 * 50 = 2030.5 m.t
M stabiliy= Wt. (without water) * R = 828 * 9.40 = 7783.2 m.t
M stabiliy= Wt. (with water) * R = 1328 * 9.40 = 12483.2 m.t

Check of overturning :

Mstability

Factor of safety = Movertuning

% F.0.S (with out water) = 275;33; =3.83>15 OK safe

% F.OS (withwater) =—2"2=6.147 >15 OK safe

Check the sliding :

+» Resisting force = M* Wil
- With out water =0.3 * 828 = 248.4 ton
- With water = 0.3 * 1328 = 398.4 ton
Resisting

Factor of safety = W

% F.0.S (with out water) = Zzii =6.11>15 OK safe

& F.O.S (withwater) =222 =981 >15 OK safe

40.61

Wind load ( height =54 m)
P.=qg* Cc. *K
g = 0.5 *10°*P*V**C.*C;
P=1.25Kkg/m3 - ¢l sl ails

V =30m/sec - Al #L )l de

* b1 ov ¥ oyoyoyow ot

Co=1— L i 6 s Jalas

Ci=1- el Jalee

#Q=05*1073*1.25 *(30)2*1*1 = 0.5625 KN/M? - (ssbsl) £l i baaua
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ELEVATED TANK

Ce=0.8+05=13-> gLl ki Julzas Assume Zone (A) as more critical

Pe1 = q *Ce*Ko-10 = 0.5625 * 1.3 * 1 = 0.73125 KN /m?

Pe; = q *Ce* K 10-20 = 0.5625*1.3*1.15 = 0.84 KN /m?

Pes = q *Ce* K030 = 0.5625*1.3*1.4 = 1.024 KN
/m?

Pes = q *Ce* K 0.50 = 0.5625*1.3*1.6 = 1.17 KN /m?

Pes = g *Ce* K 50-80 = 0.5625*1.3*1.85 = 1.353 KN
Im?

Fi = Pei * ( hs*bs)

F5=1353*4*15=8.118 KN

F4=1.17*20*10=234 KN

F3=1.024* 10 *6 = 61.44 KN

F2=0.84*10*6 =50.4 KN

F1=0.73125* 10 * 6 = 43.875 KN

Figure3.9 Wind load
Movertuming =, f * h
=(43.875*10) +(50.4*20) + (61.4*30) + (234 *50) + (8.118 *54)

=15427 KN.m =1542.7 ton.m

Mover turning (wind load) < M over tuming ( earthquakes ) — wind load is safe
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ELEVATED TANK

3.3.6 Check of stresses between shaft and foundation :-

F12==% + 2%+ y < 1.25* Fall =1.25%105=131.25 kg/cm2

Iy

N =1328 ton

Mx=2030.5 m.t

_m#(102-9.402) _

A 9.14 m?

_ mx(10%-9.40%) _
64

IX 107.62 m*

Y=5m

—-1328 2030.5
F1,2 = *
9.14 107.62

F1=-50.95 t/m?=-5.095 kg/cm? < 131.25kg/cm? Figure 3.10 Dimensions Shaft
F2=- 239.63 t/m? = - 23.963 kg/cm? < 131.25kg/cm?

Ok,Safe,no tension

3.3.7 Design of Shaft

pP=1328t
M =2030.5m.t
r=5m

rs’=4.70 m
r=r—cover=5-0.05=495m

Ac= m* (r2 —rs?)=m* (52 — 4.70%)=9.14 m?

Py _ 1328%103 ~0.058

feu*Ac 250%9.14%1002

My, _ 2030.5 *10°
feu*Ac*r 250%9.14%1002x500

=0.0177

Q:£:4'_%—0_99

T 5 -
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ELEVATED TANK

w=F*£,*¥10"*=2* 25 * 10~* = 0.005

umin = 0.008

As total = pmin * Ac= 0.008* 9.14 * (100)? = 731.2 cm?

Use 250 §6 20  As = 785.39 Cm?

As/side =392.69 Cm?> — 125 ¢$20 — use 7 §620 / m* ( for vertical bars )

Use 7 b 12 / m" ( for horizontal bars ) stirrups

3.3.8 Design of foundation

Assume t;=1.4m

Wt = Wtank + O.Wraft = 1328+ 2.5* 1.40 * %10)2 =1602.88 t

e —12%109288_ 195 =19 piles

NO.of plles = (1214) * W = 100

N=13281
M =2030.5 m.t
n=use 25 pile

Tri= (12*5.622) + (9 + 4.202) + (4% 1.762) =
532,52 m?

For point (1)

F1,2 _Z 1328 + 2030.5 +5.62

25 7 532.52

F1=-31.69 t <100t
Figure 3.11 PileS

F2=-74t <100t
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ELEVATED TANK

For point (2)

F1,2 —Z 1328 + 2030.5 % 4.20
25 532.52

F1=-37.105t <100t
F2=-69.13t <100 t

For point (3)

F1,2 —Z 1328 + 2030.5 «1.76
25 532.52

F1=-46.40t< 100t
F2=-50.83t <100t G5! glUas

For Raft: Figure 3.12 sec Pile

Mu
fy*j*d
Mu = As fy +j * d=8 * “= x 3600 * 0.826 » 133 * 10 = 99.39 t.m

Mu 99.39 ¥10000
ASat = —— = —————— = 25.132 cm?
fy*j*d 360%0.826%133

0.15

95 o hsd = 22241000« 1330 = 1995 = 19.95 cm?
100 100

Use
8 b 20 / m* upper reinforcement

8 ¢ 20 / m" lower reinforcement
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(atall gl Loass g Uas )

dpede S mf VBN

il A pf VA

Figure 3.13 Raft RFT details
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Figure 3.14 Raft RFT details
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Uinit ( 4 ) Reinforced Concret Hall
parabolic shell
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HALL

4.1 INTRODUCTION

4.1.1 Material Properties Used:

* Fou=250 kg/cm?2 , Fc = 60 kg/cm?2

*Fy(main steel)=3600 kg/cm2, Fs = 2000 kg/cm2
*Fy(stirrups)=2400 kg/cm?2

*Weight of used brick =1400 kg/m3

eBearing Capacity of Soil = 1.0 kg/m?2

e passion ratio=0.2

*Ec=22000 mpa

4.1.2 Cover Thickness
* Columns Cover = 2.5 cm

* Foundations Cover =5cm
® Posts Cover =2.5cm

e Hanger Cover =2.5cm

4.1.3 Loads Used:
e LL=0.1t/m2
¢ Cover =0.05 t/m2

e D.L = Own weight + Covering Material
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4.2 Concrete dimensions: -

~-2a =40.0 m-

Figure 4.1 Concrete dimensions

a=20m
L=2a=40m

b=20m
L=2b=40m

ts=10cm

hx =hy = %};z %=5.7z6m

Total Load Surface (P)=D.L +L.L
= Own weight + Covering Material + L.L

=(25%0.1+0.05)+0.1=04t/m =400 Kg/m'

_a2+y2 _ 202+ 32
2y 243

r=a =68.2m
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The constant factor for detrmining the force is

4Pr _ 4%0.40%68.2

T3 T3

=352t/ m

the maximum compressive Force at the middle of the shell
=Ny =-3.84*352=-13516t/m’
the maximum compressive Force at the zone adjacent of the edge
Ny=-7.30*352=-25.696t/m’
the maximum principal compressive and principal tensile force and the share Force at the

corner of the shell
-N2=N1=Nyy=12.68*352= 4463t/ m’

Ny for sec. y«o

%\m
ay a; a,

N for diag sec.

do 1] h

N, for diag. sec
‘ -

M for sTc. YaO m
b I do :
| .

; . e e
X N £
} 1 _lr_ 3x - - caal‘;.x Apr/m

Internal Forces in Shallow Convex Shelle with Square Plan

Figure 4.2 Internal forces in shallow convex shalls with square plan
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4.3 Check of Stresses

=  Maximum compressive stress at corner

=DNx - 1351641000 _ 13 51 kg/cm? < Fean = 60 kg/cm?,, Ok

bt 10%100
=  Maximum compressive stress at center

_ Nyxo _ 25.696 %1000

Fc
bt 10%100

= 25.696 kg/cm? < Feai = 60 kg/cm? ,, Ok

» Principle compressive stress at corner

Ny 44.63x1000
FC: Xy Feerarur
bt 10%100

= 44.63 kg/cm? < Fean = 60 kg/cm?,, Ok

4.4 Moment :-
ts=10cm
X =0.60 Vrt =0.60 (68.2*0.10 )% =157 m

~M=0.094*r*t*p=0.094 *68.2*0.10 * 0.40 = 0.256 = 0.3 t.m/m

The reinforcement is generally one mesh 6 ¢ 10 in each direction

the compressive Force Nx in this section can be determined by linear interpolation thus

Nx = Coeff * 221 * X * 12 /40 = -1.35 * 3.52 * 1.57 * 12 /40 = -2.238 t/m

T3

Due to the high principal compressive and tensile stresses at the corners, it is recommended to
increase the thickness of the ahell gradually from 10 to 16 cms along a length of about 0.15
measured along the diagonal

The maximum compressive stresses :-

0. =-16700/100*10 = -16.7 Kg /cm?
0.=-31800 /100*10 = - 31.8 Kg /cm?
0. =-55200 /100 * 16 = - 34.8 Kg /cm?

The diagonal tension reinforcement on both Sides at the corner can be calculated as follows
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55+44 55+44
= = =35cm? /m
2x1.4
44434
= =28 cm? /m
2x1.4
34426 34426
= = =22cm? /m
2x1.4

_ 26+20

2x1.4
20+11.6 _ 20+11.6 _

Ass = =11.2cm? /m

20 2+1.4

=16 cm? /m

Figure 4.3 The diagonal tension reinforcement

4.5 Concrete Dimensions of System :

Parabolic Shell Thickness (ts) = 10 cm
1) Tie

e assume b =40 cm
et=70cm

2) Hanger

e assume b =25cm
et=25cm

3) Main Girder

e assume b =40 cm

span 400
ot = p —

= = =140 cm
30-35 30-35

4.5.1 Design of Girder

Weq = 1.4 o.w Girder +) v+ W tie + W Hanger

- Own Weight Of Girder=14*25*0.4*1.40=1.96 t/m

- Load From Hanger = W Hanger = 1.4 (2.5*0.25*%0.40*%6) = 2.1t
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Witie =1.4(25*0.4*0.7*3.33)=3.26 ton
W tie + W Hanger = 3.26 + 2.1 = 5.36 ton

Load From Slab

= S—ny*L—4463*2062—37314ton
= H=ScosO =373. 14* —36192ton

= \V=Ssing = 37314* -905t0n

Wu = 536*9+196+E_769tlm

7.69x402

Mu = 005*ﬂ =0.05* ——= 7691 tm

Nu—095*WL —243516t(comp)

M 76. 91 ..

=== =0.315<< small eccentricity
Nu 238.45 2

N 243.516%103

L= =017

Fcux bxt 250%40%140
M 76.91% 10°
L= =0.039

Fcuxb* t2  250%40% 1402

From chart

p=1

n= p*Fcu*10*=1*25*10"*=25*10"*
As=As\=p *b *t=25* 10* * 400 * 1400 = 1400 mm?
Astotal = 2800 mm?

Asmln-l('m*b*t

= 25 % 400 * 1400 = 4480 mm?
100

As = As\ :““Zﬂ = 2240 mm?

use As min = 2240 mm?

use 24 ¢p 12
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Inbteraction Disasgram for !l.-n-:-l-:-an-.ﬂ-r Sections
{(Top amnd Bottornm Staeasl)
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Figure 4.4 Interaction Diagram

4.5.2 Design of Tie
0.95 WL?

P=Rx = = 243.51 ton
8h

% 4
As = gy = o5t = 777.9 mm? = 7.77 cm?

Vs 1.15

use 44¢p 18
4.5.3 Design of Hanger : -
Load From Hanger = 1.4 (O.W Of Hanger + O.W Of Tie)

=14(25*04*025 *5+25*0.4*0.8*4)=2.198ton
_ 2.198x10% 2
AS= —5;—="7.021mm

1.15

use 44p 16
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4.5.4 Design of column (40*110): -

Weq*L _ 7.69%40
2 2

Pu actual = 0.35 (Ac )Fcu + 0.67 As Fy
assume As =0.01 Ac

P= =1538 t

154 * 10* = 0.35% 0.72 * 25 + 0.67 * 360 *As
As;=63.82 cm2

USE 244 20

S

Y,

0-0 CLL:_?S

Figure 4.5 RFT details
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Figure 4.6 RFT details
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4.5.5 Design of Foundation : -

Column Working Load = 153.7 ton
Column Dimension a = 40 cm

b=110cm @

Plain Concrete Depth = 0.4 m

Plain Concrete Extension = 0.40 m ‘Lg

1 Concrete Dimension :

153.7
B.C=
Apc
_ 1067 %
10= Apc ° k— 110 —

Ap.=15.31 m? = Lpc *Bpc
= (1.10 +2¢) * (0.40 + 2¢ )

C=158m
Use take LpcC =4.15m
Bpc=4.15m

Lrce =3.75m
Figure 4.7  Section of footing (elevation)

Brc =3.75m

2 Check of Stress:

153.7

® dact —

Apc
153.7

4.15%4.15

Qact = =8.92 t/m? < B.C=10t/m? Ok

Py 1537

Quet =L 2237 _-109.3 KN

" Apc 3.75%3.75

7= 3.75;1.10 — 0.63

_ Gact *Z* _109.3 x1?
T2 2

%106
d=cl / My__ 1 /M» d~ 500 ®» t =600
FCUx*b 35 %1000

Qp = Pco- qace *(a+d) * (b+d)

My

= 54.65 KN.m

o Qp=1537-109.3* (0.4+0.6)*(1.10 + 0.6 ) = 1351.19 KN
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- Qp
U= P (rD+@rd)-a
_ 1351.19 * 103
o= 2( (400 + 600 )+(1100 + 600))*600

= 0.417 N/mm?

dp (allow) =1-

17
2-0.316 *(0.5+5) * |2 = 0.316%( 0.5+ = )\/7-111Nlmm

3- 0.316* /Fy‘f—” = 0.316* Jf:f; = 1.29 NImm?
C .

)* Feu _

*— —
4- 08 (2(a+d+b+d) ) yc

4%600 25
( +0.2)* |[— = 2.1 N/mm?
2(400 + 600 + 1100 + 600 ) 15

Op < dp (atow) = OK, safe
3 Check of Shear
Qshy = g * ¢ =109.3 *1.58 =172.69 ton

Qsh _172.69 103
Osh = — =————
Bxd 3750 % 600

Qsh(atiow) = 0.16 * /FVC—CU =0.16* \/%: 0.65 KN / mm?

qsn < Ash(allow) OK .Safe

= 0.1 KN/ mm?

%106
Ag=—u_ o 328510 _ 30630 mm?

Fyx*]xd 360%0.826 * 600

Ag=9¢p12/m
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Figure 4.8 RFT details




Figure 4.9 RFT details foundation
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