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Name of Project
Design Sport Entertainment Center

Students:
Waseem Zhour Yara Bader
Abedallah Masalmah Adam Manasra

Palestine Polytechnic University -2019
SUPERVISOR: ENG. Muna Al Shaer

Project Abstract

Summary of project
The basics of this project in based on the design of Design Sport Entertainment
Center .The goal of this project is to create a building equipped with all facilities

and accessories needed for such field.

The project consists of three separated blocks , each block contains of three floors
those floors includes swimming pools , various sport halls , restaurants, elevators

and administration offices . The total area of the center is about 16000 m2 .

For the other construction parts of the buildings are based into the American code

(ACI -318) we will be using of some of the design programs and others.




List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

As = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

Cc = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.

Ec = modulus of elasticity of concrete.
= 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.

L= length of clear span in long direction of two- way construction, measured center-
to-center of supports in slabs without beams and center to center of beam or other
supports in other cases.

LL = live loads.

Lw = length of wall.




M = bending moment.

M, - factored moment at section.

M, - nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
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.

Woc = weight of concrete. (Kg/ms3).

W = width of beam or rib.

Wou = factored load per unit area.

¢ = strength reduction factor.

£C = compression strain of concrete

£s = strain of tension steel.

£s = strain of compression steel.
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Chapter 4(Structural Analysis and Design)

Introduction.

Factored Load

Slab Thickness Calculation

Load Calculation For Topping
Design Of Topping

Design Of One Way Ribbed Slab.
Design Of Beam

Design Of Column

Design Of Stair

4-10 Design Of Footing
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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.

Reinforced concrete behavior is still under studying, building codes and specifications that give design

procedures change from time to time to reflect latest knowledge.

Structural concrete can be classified into:

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

= Heavyweight concrete with unit weight about 3200 to 5600 kg/m3.

Design method and requirements:

= The design strength provided by a member is calculated in accordance with the requirements and

assumptions of ACI_code (318_14).
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Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the load at which

failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of this

strength takes into account the nonlinear stress-strain behavior of concrete.

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

factored loads.

NOTE: For rectangular ( fc'=30*0.8 = 24MPa)

Factored loads:

Factored loads are the loads specified in the general building code multiplied by appropriate load factors.

Load factors also account for variability in the structural analysis used to calculate moments and shear.

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

W.=1.2D+1.6 L. (ACI-code-318-14(Table 5.3.1Eq (5.3.1b))
NOTE:

Use concrete B300

f¢ =24 Mpa.

fy = 420 Mpa

51




Slabs Thickness calculation:

According to ACI-Code-318-14(Table 9.3.1.1)

Minimum thickness, h
Simply One end Both end

) . Cantilever
supported continuous continuous

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

Solid one way

Slabs L/20 L/24 L/28 L/10

Beams or ribbed
one way slabs L/16 1/18.5 /21 L/8

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

The minimum thickness of non-prestressed beams or one way slabs unless deflections are computed as
follow:

For rib:

hmin for one-end continuous = L/18.5 longest one-end cont. is 5.81m.
hmin =5.81/18.5 = 31.5cm.

hmin two-end continuous = L/21 longest two-end cont. is 6.86m.
hmin = 6.86 /21 = 33 cm.

Select Slab thickness h=35cm with block 27 cm & Topping 8cm.

For beam:
H min =L/18.5=5.566/18.5=31 cm......... “One end continuous”
H min =L/21=5/21=24cm ......... “Both ends continuous”

Select H=35 cm with drops beams .
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Load Calculations For topping:

v’ Statically system for topping;:

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

VV J

- 50 cm -

W2 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*22= 0.66 KN /m/rib
2 Mortar 0.02*22=0.44 KN/m/rib

3 Coarse Sand 0.07*18=1.26 KN/m/rib

4 Topping 0.08*25=2 KN/m/rib

5 Partitions 1*2=2 KN/m/rib
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Nominal total dead load =6.36 KN /ma2.

Nominal total live load = 5 KN/ mz2.

4-5 design of topping:

Toping

Hollow Block 20

Fig. (4.2): Topping of one-way rib slab.

Qu =1.2xD+1.6xL
Qu =15.632KN/m. (Total factored load)

W, * 12
M, = ———= 0.325KN.m

2
* 107% = 1.2071 KN.m

80
@M, = 0.55 % 0.42 * V24 * 1000 * 3

®M,, = 1.2071 KN.m > M, = 0..325 KN.m

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

provided.
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For the shrinkage and temperature reinforcement:-
p =0.0018

A= pxb*h=0.0018 x 1000 * 80 = 144 mm?.

=~ Use 08 @ 20 cm in both directions.

=~ No shear reinforcement is required.

design of rib
(one-way ribbed slab):

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

Shrinkage & Temperatuer Bar's

One way rib slab \

Hollow Block (28¢cm )

“Fig. (4.3): One way rib slab.
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Plan of Rib :

B9

ES

T
[ L

1

Fig. (4.4): Rib 11 and rib 12 in third floor.
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loads of Rib:

Table (4.3) Dead load calculation for rib

Quality
ON Material Density Calculation
) KN/m3
1 | Topping 25 0.65%0.08%25 =1.3
2 | Rib 25 0.27x0.15%25 = 1.01
3 | Sand 17 0.65%0.07x17 = 0.7735
4 | Mortar 22 0.65%0.03%22 =0.429
5 | Tile 23 0.65%0.03%23 =0.4485
6 | Plaster 22 0.65%0.03%22 =0.429
7 | Block 47 0.5%0.27x4.7 = 0.6345
8 | Partitions 2 0.65x2 =1.3
> 1632 KN/m/rib
L =5%*65=3.25KN/m
Qu=12*D=7.6 KN/m
+1.6*L =5.2KN/m
% Effective Flange Width ( bg):-ACI-318-11 (8.10.2)
b For T- section is the smallest of the following:-
be =L (smallestspan) / 4=3.11/ 4 =77 cm
be —12+16t=15+16(8) =143 cm
be be < center to center spacing between adjacent beams = 65 cm. Control

b

E For T-section = 65cm.
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Fig 4.7: Geometry of rib and its dimension

e g e -
Dead load - Service

Units:kN,meter

6.32 6.32 6.32
W W L' \ o A L' W ! A W
5.82 6.83 312
6.32 6.32 6.32
3.86 3.63 3.89

Fig 4.5: Dead load on the rib.
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Live load - Service

Load factors: 1.20,1.20/1.60,0.00

3.25 3.25 3.25
5.82 6.83 3.12
3.25 3.25 3.25
3.86 3.63 3.89
Fig 4.6 : Live load of rib
Reactions
Factored
1 [ ] [ [ ] [ P ]
I 1 1 11 11 I ™
DeadR 16.39 55.31 41.37 19.87 29.18 .81 11.86
LiveR 13.28 38.31 33.96 23.57 23.48 23.37 9.03
MaxR 29.68 93.62 75.33 43.44 52.66 55.18 209
MinR 14.35 738 43.74 19.82 36.65 39.95 10.97
Service
DeadR 13.66 46.09 34.47 16.56 24.31 26.51 9.89
LiveR 8.3 2394 21.23 14.73 14.68 14.6 5.65
MaxR 21.96 70,04 55.7 31.29 38.99 41.11 15.53
MinR 12.38 57.65 35.96 16.53 28.99 36 9.33

Fig4.7.support reaction of rib
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¢10 488020

kR [NMUMNU\NMUMMUWH

Hollow Eytong. Block
(50X25%X27)cm

TYPICAL SECTION IN RIEBED SLAB A—A
1:10

Fig 4.8 : moment envelop for rib 1.

Moment/Shear Envelope (Factored) Units:kN,meter
Momenis: spans 110 &

-55.9
-38.2

38.2 -40.6

03[1 9

-18.1 /-P%B
\e\ /”7'1 e Rl SN o
99 .

1
T ar io'?)\-ﬁ{ll
; .91 14.8 0.54 0.77 7
344

1
33.2
| 233 349 | 341 340 | 187 1.25( 174 2142 | 181 181 | 233  1.55]|
| I I I I 1 I I I 1 I 1
Shear
-46.8 431
-3T.T
e -28.1 25.3
-18.3 _% 162 113_20.9
= L
[ 1 1 } ‘ f 1 1 1
16.1 ‘ 15.4
20.6 231 352 245 208
29.7 17.8 32.2 29.9
46.8

Fig 4.9 : shear diagram of rib
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design of flexure for rib:

design of positive moments:

Design of Positive Moment for (Spanl) :- (Mu=34.4 kN.m)

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

6
My _ _ 344x10° _ o Mpa

R=
" @bd? ~ 0.9x650%3142

fy 420
m= = = .
0.85f,  0.85x24 20.6

420 | 206 420

p= l 1— [|1— 2m.Ry \ _ ; 1- |1 = 2X20.6%0.6 = 0.00145
m

As, req = p.b.d = 0.00145 x650x314= 296 mm?

Check for As min:-

As min:%(bw)(d)ACI-Bw (10.5.1)

V24

4(420) (250)(314) =138mm

As min=
.14

A =——(bw)(d

S min (fy)( w)(d)

As min= % (150)(314) =157mm?* controls

ASreq = 296mm? > Aspin= 157 mm?
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Use 2 914, As, provided= 308 mm?>As, required= 296mm?... Ok

_ 150-20-20-20—(2x14)
- 1

S =62mm>d,=10>25 mm  OK

Check for strain:-

_ Asfy _ 308x420
0.85b f!  0.85X650x24

=9.75mm

X=1=E= 11.5mm
B, 0.85

314 —-115
& = 0.003 (T) = 0.003 (T) = 0.083 > 0.005

Design of Positive Moment for (Span2) :- (Mu=33.2 KN.m)

d =h- cover - dsimps— 2 = 350 — 20 — 10 — = = 313 mm

M 33.7x10°
R.=—"% = = 0.6 Mpa
" 9pdZz T 0.9x650x3142 p

f; 420
m= 4 7 =
0.85f, 0.85%24

p= 1 1— [1— 2mRy \ _ 1 1— [1— 2X20.6%0.6 = 0.00145
m

= 20.6

420 | 206 420

As, reqg = p.b.d = 0.00145%650%x314 = 296 mm?

Check for As min:-

[

4(fy)

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

V24
4(420)

As min= (150)(313) =137mm?

.14
A =——(bw)(d
s min (fy)( w)(d)

62

Ok




As min :% (150)(313) =157mm?controls

ASreqg =296 mm? > Aspin =157 mm? OK

Use 2 g14, As, provided= 308 mm?>As, required= 296mm?... Ok

S = 150-20-20-20—(2x14) _

T 62mm>d, =14>25mm  OK

Check for strain:-

AS.
- fy’ _ _308x420 _ gop

0.85b f! ~ 0.85x650x24
x= 2 =272 - 11.5mm

B, 0.85

d—x 313 —-11.5
& =0.003 (—> = 0.003 (—) = 0.08 > 0.005 0k
X 11.5

Design of Positive Moment for (Span4) :- (Mu=14.8KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsimps— 2 = 280 — 20 — 10 — - = 314 mm

My 14.8%x10%
Rn= Pbd?  0.9x650x3142 0.26 Mpa
420
= b = 20.6

T 085f]  0.85x24

p= 1(1 _ 1 _m> - L(l _J1 _w) = 0.000625
m 420 20.6 420

A req = p.b.d = 0.000625%650%x314 = 127mm?
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Check for As min:-

As min= ;/E’) (bw)(d) ACI-318 (10.5.1)

As min= V24 (150)(314) = 137mm?
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min= i—240 (150)(314) = 157mm?controls

ASreq = 127 mm? < Asmin = 157 mm? take As min

Use 2 10, As, provided= 158 mm?>As, required= 157mm?... Ok

g = 150—20—201—20—(2><10) =66mm>d, =10 > 25 mm OK

Check for strain:-

Asfy _ 158x420

= ;= =5mm
0.85b f!  0.85x650%24
x=2="_=6mm
B, 085
d—x 314 -6
& =0.003 (T) = 0.003 (T) = 0.154 > 0.005 0k

Design of Positive Moment for (Span5) :- (Mu=7.7KN.m)

Assume bar diameter g 12 for main positive reinforcement
_ dp 12
d —h' cover - dstirrups—7 =280—-20—-10—- 7 =314 mm
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My 7.7%x10°
T @bd?2 ~ 0.9x650x3142

= 0.13 Mpa

Rn

420
m= -2 = =206
0.85f/  0.85x24

p= l(1 - |1 —%> = L<1 —\[1 —M> = 0.0003125
m 420 20.6 420

As, req = pbd =(0.0003125x650%x314 = 64mm2

Check for As min:-

[

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

/24
4(420)

AS min=

(150)(314) =137mm?
.14
A =——(bw)(d
s min (fy)( w)(d)

As min= i—240 (150)(314) = 157mm® controls

ASreq = 64 MmM? < Asmin = 157 mm? take As min

Use 2 810, As, provided= 158 mm?>As required= 157mm>... Ok

_ 150-20-20-20—(2X10) _
1

S

70mm > d, = 10 > 25 mm OK

Check for strain:-

_ Asfy  158x420

= - = =5mm
0.85b f, 0.85X650%x24

a 5
X=—=——=6mm
B. 085
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d—x 314 -6
& = 0.003 (T) = 0.003( c ) = 0.154 > 0.005 0k

Design of Positive Moment for (Span6) :- (Mu=17 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dirups— 2 = 280 — 20 — 10 — — = 314 mm

_ My 17x105
Rn= @bd2 ~ 0.9%x650x3142 0.3 Mpa
420
fy =206

m= ;= =
0.85f¢ 0.85x24

420 | 206 420

p= l 1— [|1— 2mRy \ _ L 1- |1 = 2%X20.6%0.3 = 0.00072
m

As, req — pbd = 000072)(650)(314 = 147mm2

Check for As min:-

[

4(1y)

24
As min=
4(420)

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

(150)(314) = 137mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

As min= i—240 (150)(314) = 157mm?controls

ASreq = 64 mm? < Asmin = 157 mm? take As min

Use 2 910, As, provided= 158 mm?>As required= 157mm?... Ok
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_ 150-20-20-20—(2x10) _

S =70mm > d, =10 > 25 mm OK

1

Check for strain:-

As.f 158x420
a=—2> = =5mm
0.85b f!  0.85x650x24
a 5
X=—=—=6mm
B, 085

314—-6

x
& = 0.003 (—) = 0.003(
x

) = 0.154 > 0.005

design of negative moments:

Ok

Design of Negative Moment for (Supportl):- (Mu=-38.2KN.m)

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

M, __ 382x10°
@bd?  0.9x150Xx3142

Rn

= 2.87 Mpa

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

p= i(l -1 _M> = L(l _\/1 _M> = 0.0074
m 420 20.6 420

A req = p.b.d = 0.0074 x150%x314 = 349 mm?

Check for As min:-

4 fd
A =~ (bw)(d)ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )
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As min= V24 (150)(314) =137m?
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(150)(314) =157mm? controls

ASreq =349> ASmin= 157 mm2 OK

Use 2 ﬂ16, AS provided= 402 mm2>A5, required= 349mm2... Ok

S = 150-20-20-10-10—(2X16) _

T 29mm>25mm>d,=16 OK

Check for strain:-

Asfy  402x420

a= - = = 552mm
0.85b fc 0.85X150%24
=2 _>2_736mm
Bi  0.85
d—x 314 —73.6
g, = 0.003 (—) = 0.003 (—) — 0.0098 > 0.005 0k
x 73.6

Design of Negative Moment for (Support2) :- (Mu=-29.6KN.m)

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

My 29.6x10°
obd? 0.9x150x3142

Rn

= 2.3 Mpa

f; 420
m= Y ; =
0.85fc 0.85x24

= 20.6
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p=l(1— 1_2.m.Rn>_ (1_ 1—
m 420 20.6

2X20.6X2.3
420

> = 0.0059

As, req = pbd =(0.0059 x150%x314 = 278 mm2

Check for As min:-

As min= ‘/— (bW)(d)ACI 318 (10.5.1)

As min= V24 (150)(314) =137mm*

4(420)

. 1.4
A =—— (bw)(d
S min (fy)( w)(d)

As min= % (150)(314) = 157mm?controls

ASreq = 278mm? < Asmin= 157 mm?

Use 2 ﬂ14, AS provided= 308 mm2>As, required= 278mm2... Ok

150-20-20-10—-10—(2x14)
1

S =

Check for strain:-

Asfy _ 308x420
0.85b f!  0.85X150x24

x=2< =23 _ 498 mm
B1 085

d—x
& = 0.003 (—) = 0.003(
X

=423 mm

314 —49.8

49.8

=31mm>25 mm>d, = 14

) = 0.016 > 0.005
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Design of Negative Moment for (Support2) :- (Mu=-6.7KN.m)

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

M, _  67x10°

R.— _
" 9bd? T 0.9x150x3142

=.5 Mpa

420
m= 2 = =20.6
0.85f/  0.85x24

o= i<1 _ [ _%) _ L<1 _ - 2><20.6><.5> — 00012
m 420 20.6 420

As, req = pbd = 00012 X150X314 = 56 mm2

Check for As min:-

As min:%(bw)(d)ACI-Bw (10.5.1)

J24
4(420)

As min= (150)(314) =137mm*

.14
A =——(bw)(d
S min (fy)( w)(d)

As min= % (150)(314) = 157mm?controls

ASreq = 56mm? < Asmin= 157 mm? take As min

Use 2 ﬂlO, AS provided— 158 mm2>As, required= 54mm2... Ok

§ =D — 35 mm > 25 mm > dy =10 OK
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Check for strain:-

_ Asfy _ 158x420

= = =21.7mm
0.85b f!  0.85x150x24

x= 2L =217 _ 25.53mm
B, 085

d—x 314 — 25.53
& = 0.003 (T) = 0.003 (W) = 0.0564 > 0.005 Ok

Design of Negative Moment for (Support2) :- (Mu=-9.3KN.m)

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

_ My 9.3x10°
T @bd% ~ 0.9x150x3142

=.7 Mpa

Rn

f; 420
m= 4 7 =
0.85f¢ 0.85%24

p= i<1 — |1- %) - L<1 - 1- m‘“”) =0.00173
m 420 20.6 420

As, req = p.b.d = 0.00173 x150x314 = 82 mm?

= 20.6

Check for As min:-

As min:%(bw)(d)Am-m (10.5.1)

V24

120 (150)(314) = 137mm

AS min=

.14
A =——(bw)(d
S min (fy)( w)(d)
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As min= % (150)(314) = 157mm?controls

ASreq = 82mm? < Aspmin= 157 mm? take As min

Use 2 ﬂlO, As provided= 158 mm2>As, required= 157mm2... Ok

S = 150-20-20-10-10—(2X10) _

T 35mm > 25 mm>d, =10

Check for strain:-

_ Asfy _ 158x420

= - = =21.7mm
0.85b f¢ 0.85x150x24

x= 2 =27 24.53 mm
B, 0.85

d—x 314 — 25.53
& = 0.003 (T) = 0.003 (W) = 0.056 > 0.005

OK

Ok

Design of Negative Moment for (Support2) :- (Mu=-10.6KN.m)

Assume bar diameter g 12 for main positive reinforcement

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

M 10.6x10°
Ry=—"% = = .8 Mpa
" 9pdZz T 0.9x150x3142 p
1. 420
=2 = 20.6

m= - =
0.85f/  0.85x24

o= i(l _ 1 _w) _ L(l - 1= 2><20.6><.8> = 0.002
m 420 20.6 420

As, req = p.b.d = 0.002 x150x314 = 94.5 mm?
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Check for As min:-

As min= ‘/— (bW)(d)ACI 318 (10.5.1)

V24

A's min=———(150)(314) =137mm?
4(420)( )314)

. 1.4
A =—— (bw)(d
S min (fy)( w)(d)

A's min :% (150)(314) = 157mm?controls

ASreq = 94.5mm? < Asmin= 157 mm? take As min

USG 2 ﬂlo, AS provided: 158 mm2>As, required: 157mm2... Ok

150-20-20-10—-10—(2x10)
1

S=

=35mm > 25 mm > d, =10

Check for strain:-

Asfy _ 158x420

= - = =21.7mm
0.85b f, 0.85X150%24
21.7
X=— =22 =2453mm
b1 0.85

d—x 314 — 25.53
& = 0.003 (T) = 0.003 (W) = 0.056 > 0.005
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design of shear for rib:

V at distance d from support ( Vi, max =37.8 KN (for Span2))

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).

11 [+ 1.1 -
Ve == f{byd = =24 x 150 X 314 x 10 = 42.3 KN

gV =0.75x42.3 =31.725 KN

0.5 8V =0.5%31.725 =15.86 KN

@ Vsmin> 0.75 (%) *pw *d=0.75* (%)*150*314*10'3 =11.75 KN Controls

® Vsmin >0.75 (1£f6c) *bw*d= 0.75*(%) * 150* 314*10° = 10.8KN
® Ve<Vu <@ (Vc+ Vsmin)

127.86<141 <197.46...... satisfied

Case 1... is not suitable
Case 2 ... is not suitable
Case 3... satisfied

Vs = o — Vc =8.1KN

Use 2 leg @ 8 for b=15cm
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Ay min =100.53 mm?

Av min _ Us min

s dfy

A .
s = v min dfyt

Vs min
S$=1636.8mm
d 314
Smax = 7= = 157 mm

Use 2 leg ® 8 @15 cm

O Smax < 600mm

design of beam 2 at ground floor slab:

Material:-

Concrete B300

Reinforcement Steel

Fc¢' = 24 N/mm?

Fy = 420 N/mm?

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

Geometry

Units:meter,cm

A . A
J_1’_L
: A A :
035 5.15 0.35 3.68 035
b 55 o 4.03 o
f i I
55
80.
A-A
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Fig. (4.11): Beam geometry

Load of this beam come from reaction of Rib11 and Rib 12 as following:

Loading
load group no. 1
Dead load - Service Units:kN,meter
49.1 4.1 4d.1 55.0
9 9 y
i 268 2.68 % 3 37

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

b lesh | | ads | bobosds L N T A

269 265

Fig. (4.12): Loads on the beam.

»Self-weight of beam = (0.28%0.6) *25 = 6.4 KN/m
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 4

-£9.7
-29.(?
K :
B.AS 5
W
56.8
I 1.08 | 1.61 | 1.33 i 1.32 | 1.53 : 1.87 | 1.92 . 1.28 l
I 1 I 1 1 I I I 1
Shear
-171.
-147.7 e

1275 -133.9 -127.9
~ / % / $64
H t 1 4 H
68.
825
101.5 L~ 109.3

129.6 147.4 152.6
194.1

Figure (4.13): Moment& Shear Diagram of beam

Load calculation:-
Dead Load Calculations for Beam (B3):-
The distributed Dead and Live loads acting upon B3can be defined from the support reactions of the R1.
From Rib12
The maximum support reaction from Dead Loads for R1 upon B3 is34.46 Kn.
Self-weight = 0.8*0.45*25= 9 KN

DL =34.46/ 0.65=53.03 KN/m

Live Load calculations for Beam (B 3):-

From Rib13

The maximum support reaction from Live Loads for R1 upon B 3 is 21.2KN the distributed Live Load
from the Rib 1 on B3.
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LL =21.2/0.65=32.6 KN/m.

Geometry of beam

Geometry Units:meter,cm
1 2 3
1 2
A ) A
A A
I[].35I 5.15 ID.35| 3.68 |0'35|
b 5.5 o 4.03 ro
I I I
55
80.
A-A

Load of beam (live+dead)

Loading
Toad group no. 1
Dead load - Service Units:kN,meter
70.9 70.9
55 A
Live load - Service Load factors: 1.20,1.20/1.60,0.00
36.8_ _ _ 1 3E_.8
55 4.03

Moment diagram of beam
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Moment/Shear Envelope (Factored)

Units:kN, meter

Momenis: spans Tio Z
-476.3
-388.1 -402.8
| 13,217 S~ ,
I | 1
L1 el Ll — |
< — obai ~_ —_H
594 P f T 1 — ]I
h ,..r""--. 167.6
| 3.3 2.62 | 1.41
I 1 1 1
Shear diagram of beam
Shear
5173
A13.2
o 2293
___r_,_,--—-" -125.2
I — I I — — I
T T T P—— T
94922 __—
353.3 — 32.6
4338
SUPPORT REACTION OF BEAM
Factored
— I |
I 1 ]
DeadR  214.77 593.59 123.21
LiveR 138.56 357.54 106.1
MaxR 353.33 951.13 229.31
MinR 205.58 733.96 91.33
Service
DeadR  178.98 494.66 102.68
LiveR 86.6 223.46 66.31
MaxR 265.58 718.12 168.99
MinR 173.23 582.39 82.75
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design of FLEXURE FOR BEAM:

design of positive moments.

Flexural Design of Positive Moment for (Spanl) :-( Mu=223.8KN.m)

Determine of Mn, max

d =550 — 40 -10 — 18\2 = 491 mm

3 3
==d=-=.491 = 2104
7d 7 9 0.43 mm

a=f.x = 210.43 % 0.85 = 178.86 mm
Mnna= 0.85+ £ xa*b (d - 2 ) = 0.85*24*178.86*800%(491-178.86/2) *10°= 1172.2KN.m
@ Mnmax = 0.9% 1172.2 = 1055KN.m>398.3KN.m.

Design as singly reinforcement

o M 3983x10°
"= BbdZ T 09 x 800 x 4912 <P

fy _ 420
0.85f,  0.85x24

p:l<1 _ 1 _w) _ (1 -1 _M> = 0.00583
m 420 20.6 420

As = p.b.d =0.00583x800x491 = 2290 mm?

m= = 20.6

Check for As, min:-

ASmin = — 24 ———*800*491= 1145.4 mm?
4( fy) *420
1.4 14 2

ASmin = —— (bw)(d) = ——*800*491= 1309.3 mm-Controls
(fy) 420
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As= 2290 mm?

Use 10g 18 BOttom, As, provided= 2540 mm2>As, required= 2290 mmz... Ok

Check spacing:-

_ 800-40%2-20—(10x18)
9

S

58 mm > d, = 18 > 25 mmOK

Check for strain:-

_ Asfy _ 2540x420
0.85bf/  0.85x800x24

= 65.36 mm

a  65.36
X=—=——=769mm
B, 0.85

d—x 491 -76.9
& = 0.003 (T) = 0.003 (T) = 0.016 > 0.005¢ = 0.9

Flexural Design of Positive Moment for (Span2) :-( Mu=167.6KN.m)

My 167.6x10°
Obd? 0.9x800x4912

Rn

= .965Mpa.

f; 420
m= Y 7 =
0.85fc 0.85x24

p= i(l -1 _M> = L(l _\/1 _M> = 0.00235
m 420 20.6 420

As = p.b.d = 0.00235x800x491=923.08mm?.

= 20.6

Check for As, min:-
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Jfe! J24

ASmi bw ———*800*491 =1145.42 mm?
mn = (fy)( W@ = a2
1.4 )
Asmin = )(b w)(d) = 7 *800*491= 1309.33 mm*Controls

Take Asmin As=1309.33mm?

Use6218 Bottom, As. provided= 1524 mMmM>>As, required= 1309.33 mm? ... Ok

Check spacing:-

g — 800-40+2-20- (6+18) _
5

=1184mm > d, = 18 > 250K

Check for strain:-

_ Asfy _ 1524x420
0.85bf/  0.85X800x24

= 39.22mm

39 22
X= — = = 46.15mm
By 0.85

d—x 491 — 46.15
& = 0.003 (T) = 0.003 (W) = 0.029 > 0.0059 = 0.9

design of negative moments:
Flexural Design of Negative Moment for (Supportl) :-( Mu=-402.8KN.m)

o M __a028x10°
"= BbdZ 0.9 x 800 x 4912 pa

fy 420
0.85f,  0.85x24

o= i<1 _|1— Z.m.Rn> _ L<1 _ \/1 _ 2><20.6><2.35> — 0.00596
m 420 20.6 420

As = p.b.d = 0.00596 x800x491 = 2341.6 mm?

= 20.6
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ChECk fOI’ Asymin:‘

./ fc’ N
ASrin = bw)(d) = —Y2% *g00* 491 = 1145.42 mm?
A(fy) 4%420
_ 14 _ 14 _ 2
ASmin = = (bw)(d) = == *800* 491= 1309.33 mm? Controls
(fy) 420

As =2341.42 mm?

Use 109 18, As, provided=2540mm?>>As, required= 2341.42mm?>... Ok

Check spacing:-

S— 800—4—0*2—920—(10*18) =58mm>d,=18>25 OK

Check for strain:-

_ Asfy _ 2540%x420

= - = = 65.36 mm
0.85b f! ~ 0.85x800x24

a 6536
X=—=——-=769mm
B;  0.85

d—x 491 -76.9
& = 0.003 (T) = 0.003 (T) =0.016 >0.005 ©¢=0.9

design of beam for shear-

1. span(1) : Vy max = 413.2KN

Ve==/fc'b, d = =24 800 * 491/1000 = 320.72 KN

6
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® V= 0.75*320.72 =240.54 KN

® Vsminz 0.75 (%) * bw * d =0 75* (%)*800*491*10'3 - 98.2 KN Controls

® Vsmin >0.75 (1£f6c) *bw*d= 0.75*(1£64) * 800 * 491*107 = 90.2KN
® Ve<Vu <@ (Ve+ Vsmin)
240.54<413.2<338.74

v) = %\E X by, X d X 1073= 641.44 KN

@ (Vet Vsmin) < Vu @ (Ve +v} )

Case 1... is not suitable
Case 2 ... is not suitable
Case 3 ... is not suitable

Case 4 is satisfied

Vs = % — Ve =230.21 KN

Use 4 leg @ 10 for b= 80 cm

Ay min =314.159 mm?

Av min __ Us min

s dfy

S=281.42mm
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d 491
=5 = 2455 mm or Spmarx < 600mm

<

Smax —_

Use 4 leg @ 10 @200 mm

DESIGN OF COLUMN IN GROUND FLOOR (Group 2)

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

Load Calculation:-
(From Column Group A)

Service Load:-

Dead Load = 500KN
Live Load = 200 KN

Factored Load:-

Pu = 1.2 x500+ 1.6x200= 920KN

v" Dimensions of Column:-

Assumepg = 0.01

$*Pn=0.65x 0.8x Ag{0.85 fc (1- pg) + pg * Fy}
920=0.65x0.8x Ag{0.85*24(1-0.01) +0.01*420}
Ag=71.115 cm2
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Use dimention 500*600 with Ag = 3000 cm2 > Ag required

v" Check Slenderness Parameter: -

@ < 34—12ﬂ <40
r M2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor.

R: radius of gyration :\/IA: ~03h ..

Lu=5.65m
M1/M2 =1
K=1 for braced frame.

e about X-axis

m < 34—12ﬂ <40
r M2

1x5.65
0.3x0.6

=314>22

Column Is Long About X-axis

e about Y-axis

Klu 54 1oML 49
r M2

1x5.65 5767222
0.3x0.5

Column Is long About Y-axis

v Minimum Eccentricity:-

For rectangular section

86




mine=15+0.03xh=15+0.03*60=33mm = 0.033m
e =0.033m

v" Magnification Factor:-

5. =—CM __ ~10and<1.4
L Pu

~ 0.75P,

Cm=0.6+ 0.4(ﬁ) =04
M 2

Cm=06+04*1=1=04

B 7El
T (KLu)®
E.l
El =04—%
1+ 5,

E, = 4700,/ fc' = 4700x /24 = 230252Mpa
_12DL _ 1.2*(500)

=0.652<1
Pa="pg 920
3 3
I, = bxh _ 500x 600 _ 9*10°mm*
12 12
£y L 04x280262x9 oo
1+0.65
2 %
p, =7 7902368 _;051616KN
(1*5.65)
Sy = = —1.4>1.08and <1.4
" 920 = =

© 0.75*15516.16
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v" Interaction Diagram:-

€ X O, =0.033x1.4=0.0462m
e _ 0.0462: 0.154
h 0.3

_ 600—2*40-2*10-16 _
7= 600 -
$*Pn _ Pu 920*10°

Ag Ag 600*500

0.8

*0.145=0.444KSlI

¢*Pn
Ag

Fory=0.8and%=0..055and —0.444

p=0.01
As = 0.01*500* 600 = 3000mm2

USE 1616 With As > As required ¢

v" Design of the Stirrups:-

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

spacing<16xd, =16x1.6=25.6cm
spacing<48xd, =48x1.0=48cm
spacing<leastdim =50cm

Usegl0@ 20 cm
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DESIGN OF STAIR
Fig 4.7: Stair Plan.

C54
, |
el : || = (@ P
; | /
+1 .95i
[
} L :
| | |
NERREN SBp
|
< Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-

v Determination of Thickness:-
hmin = L/20
hmin = 4.2/20 = 21 cm
Take h=25cm

The Stair Slope by 6 = tan*(17/ 30) = 29.56°
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Load Calculation:-

25¢

- 15 e 42

i’,&'&'ﬂ'ﬂ!
g
Y

d3cm Tles=s

!

gy

Fig 4.8: Stair Section.

Dead Load For Flight For 1m Strip:-

No. | Parts of Flight Calculation

1 Tiles 23*0.03*1*(0.33+0.17/0.3) = 1.15 KN/m
2 Mortar 22*0.03*1*(0.3+0.17/0.3 ) = 1.04 KN/m
3 Stair 25*0.5*%0.17*1 = 2.13 KN/m

4 R.C 25*0.25*1.5/ cos 29.56 = 10.78 KN/m

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

Sum 15.61 KN/m

Live Load For Landing For 1.5m Strip =5*1 =5 KN/m
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Factored Load For Flight :-

Wy = 1.2 x15.6+ 1.6x7.5 =30.72 KN/m

v System of Flight:-

Load the flight to the middle of the landing , then load the landing to the shear wall

Fig 4.9: Statically System and Loads Distribution of Flight.

7.5 kn/m

Femrodee Ll Loeood o
15.6 kn/m

LIJJIl]]

Fardles OIeood Load =10.a Exmam
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 3

113.2 5.7
15 2.01 1673 245 12
[ [ [ [ |
Shear
-95.8
! |
I |
§8.2
85.9
95.5
Axial
-18.6
0.

21.4

Fig 4.10: Shear and Moment Envelope Diagram of Flight
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Assume bar diameter g 20 for main reinforcement
1- Design of Shear for Flight :- (Vu=21.4 KN)
d =h- cover —dz—b =250 — 20 —? =219 mm

Ve==\/fc'b, d = =V24% x 1500 x 219 = 268.2 KN

® V=0.75* 268.2 = 201.15 KN >Vu =21.4 KN...... Thickness Is Enough

2- Design of Bending Moment for Flight :- (Mu=167.3KN.m)

_ My __ 167.3x10°
T @bdZ ~ 0.9x1500x2192

= 2.58 Mpa

Rn

420
m=—2_ = =20.6
0.85f,  0.85x24

o= i<1 _ 1o 2.m.Rn> _ L<1 _\[1 B 2><20.6><2.58> — 0.0066
m 420 206 420

Asreq = p.b.d = 0.0066 x1500x219 = 2168 mm?

Asmin= 0.0018*1500*250 = 675 mm?

ASreq >As,min:2168 mm2 ......... is control

Check for Spacing :-

S =3h = 3*250=750 mm

280

S = 380*(3 ) —2.5*20 = 330
3 * 420

S =450 mm

S$=330 mm ......... is control

N=2168/380 = 6.9
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Use 5 bars/1m strip ... or
Use 220 @ 200 mm As,provided: 2198 mm2>As,required: 2168 mmz... Ok

Check for strain:-

As,
a= fy’ — 2198x%420 = 30.5 mm
0.85b f 0.85X1500%24
c=2 =32 _359mm
B, 0.85
d—c 219 -359
E = 0.003 (T) = 0.003 (W) = 0.0153 > 0.005 ...... 0k

3- Lateral or Secondary Reinforcement For Flight :-

Asyreq: As,min :00018*1500*250 = 675mm2

Use ﬂlZ@ 150 mm , IA\s,provided= 678.6 mm2>As,required= 675mm2... Ok
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v Design and System of Landing:-

Parts of
No. Landing Calculation
1 Tiles 22*0.03*1=0.66 KN/m
2 Mortar 22*0.03*1=0.66 KN/m
4 R.C 25*0.25*1=6.25 KN/m
5 Plaster 22*0.02*1=0.44 KN/m

Calculation of thickness :

hmin = L/20

Sum 8.01 KN/m

hmin = 4.2/20 =21 cm

Take h=25cm

Table (4.6 ): Dead Load Calculation of Landing.
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() ret2@15
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(1) Be12@15 |

Fig 4.15: Stair Reinforcement.

DESIGN OF ISOLATED FOOTING ( Group F1)

%+ Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?
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Load Calculations :-

Dead Load = 500 KN , Live Load = 200 KN

Total services load = 500 + 200 =700 KN

Total Factored load = 1.2*500 + 1.6*200 = 920 KN
Column Dimensions (a*b) = 60 * 50 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 KN/m2

45

S0

1050

Fig 4.20 : Foundation Section.

Assume h =45 cm

Onet-atiow = 400 — 25*0.45 — 18*0.5— 25*0.45 — 5= 363.5KN/m2

v Area of Footing :-

Pt 700
A= = = 2.0 m?

qnet—allow
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Assume Square Footing
SelectB=15m

v Bearing Pressure :-

qu=920/1.5*1.5=409 KN/m?

Design of One Way Shear Strength :-

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

Assume h =45 cm , bar diameter g 12 for main reinforcement  and
7.5 cm Cover

d=450-75-12 =363 mm

B—
2

Vu:qu*( a—d)*L

VU =592.23+ (ﬂ

_ 0.351) +1.5 = 154.6 KN

AV =¢%*\/f_c'*bw*d

pNc = 0.75*%* 24*1500*351=322.4KN

¢pNc =3224KN >Vu =154.6KN
. Safe
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Inclined crack
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o Design of Two Way Shear Strength :-

Vu="Pu-FR,

FR, =q, *areaof critical section

Vu =154.6*[1.5*1.5— (0.45+0.351) * (0.50 + 0.351) | = 242.5KN

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

V. :¢.1(1+ i}/ t'b.d
61 A5
1| a '
V. =g~ % 421/t 'bd
¢ Cc ¢ 12(b0 /d + ] C (o)
V. =¢.%\/ f.'b.d

Where:-

_ Column Length (a) 600

- = - = 1.2
ColumnWidth (b) 500

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

b, = 2*(35.1+ 60) + 2* (35.1+ 40) = 340.4cm

s = 40 for interior column

AV :¢%(l+ ﬂi}/ fcrbod :%*[1+ %)* 24*3404*351=1951KN

’ *
We =g 2| % o]t na =000+ 407L 5 2243404+ 3511508 9KN
12( b, /d 12\ 3404

AR =¢%\/fTbod =%* 24*3404*351=1463.3KN
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®dVc =1463.3 KN>Vu=242.5 KN ... Thickness is enough

Design of Bending Moment :-

Moment at face of column in x- direction
Mu =154.6 * 1.5* 0.5 * (0.5/2) =29 KN
d =500 —-75-12/2 =369 mm

My 29x10°

R.— _
" 9bdZ ~ 0.9x1500x3692

= 0.16 Mpa

f 420
=2 = = 20.6
0.85f  0.85x24

p= l(l -1 _w> = L(l _\[1 —w> = 0.000383
m 420 20.6 420

As,req = pbd =(.000383%x1500%x369 =212 mm2

Asmin = 0.0018*1500*450 = 1215 mm?

As,req<As,min =1215 mm2 ......... is control

Check for Spacing :-

S =3h =3*450 = 1350 mm

S =450 mm

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

Use 1112 in Both Direction, Asprovided= 1244.1 mMM?>As requires=_1215 mm?Z... Ok

S=(1500-75*2-11*12)/10 = 121.8 cm < S max .... OK

Check for strain:-

_ Asfy _ 1244.1x420

= - = =17.1mm
0.85b f, 0.85X1500%24
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d—c> _0 (369—20.12

5012 ) = 0.052 > 0.005 .....0k

Design of Dowels :-

Load Transfer In Footing :-

®Pnb = ®(0.85fc'A, x \/%)

A1 =60*50=0.3m?
Az = 150* 150 = 2.25 m?

A 1225 aaao A,

A V03 A
dPNb ={0.65x (0.85x 24x 300000x 2)}/1000= 7956KN
®OPn =7956> Pu=920.......... .0k

No Need For Dowels

Load Transfer In Column :-

®PN.b = 0.65% (0.85x 24x 240000 /1000= 3182.4KN
®Pn =31824 > Pu = 2090.......... ok

No Need For Dowels
As,min for dowels =0.005* Ac = 0.005 * 500 * 600 = 1500 mm?2

Use 10@14, As,provided: 1540mm2>As,required: 1500 mmz... Ok

Development Length In Footing :-

Tension Development Length In Footing :-

O Py, Yesy
Ldryeq = 15 * 577 * “Ferves * db> 300mm
db

12 120
Ktr = 0 (Nostripes)cbh = 75 +7 =81mm Orcb = - = 60 mm
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ktr+cb_0+60_

b 12 =5>25
ktr+cb_25
db

Ld _ 9, 420 11+08
Treq ™ 10 " 1+/24 2.5

1500-600

x 12 = 296.3 m <300mm

-75= 375 mm

LdT available =

Ldr avaitapte = 375 mm >ld,.., = 300mm........ OK

Compression Development Length In Footing :-

_ 0.24xFy*dB

Ldereg= *2-222> 0.043*Fy*dB >200mm
Ldcreq= X2242%*12 — 946.9 > 0.043*420*12 = 216.72>200mm

V24
LdCreq= 246.9 mm

LdCavaiIabIe =500-75-12—-12 =401 mm >LdCreq= 246.9 mm ........

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb = 0.071x 420 x 12 = 358 mm > 300 mm

Select Lsc =500 mm
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