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Abstract

Structural Design For " University College" InDora City

The idea of this project can be summarized by preparing ™
University College. Which consists of all facilities that
should be available in any College.

The project is consists of five floors, and the total area of
the building is 13583 meter square, the design of the
project is based on the multiplicity of spatial cluster and
distributed consistently aesthetically and functional .

We used ACI-318 code and structural designing programs
such, ATIR, AutoCAD (2014), and we studied some old
graduation projects, and the project will include detailed

structural study of identified and analysis of the
construction elements and the expected various loads, and
then the structural design of elements and the preparation
of shop drawings based on the prepared design

God grants success
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As =area of non-prestressed tension reinforcement.

e A, = area of non-prestressed compression reinforcement.

e Ag=gross area of section.

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

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

e b =width of compression face of member.

e bw = web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C,=compression resultant of compression steel.

e DL =dead loads.

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

e Ec=modulus of elasticity of concrete.

o f.: = compression strength of concrete .

o fy=specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

e 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.

Xl




e LL = live loads.

o Lw = length of wall.

o M = bending moment.

o Mu = factored moment at section.

e Mn = nominal moment.

e Pn = nominal axial load.

e Pu=factored axial load.

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

e Vc =nominal shear strength provided by concrete.

e \/n = nominal shear stress.

e /s = nominal shear strength provided by shear reinforcement.

e VVu = factored shear force at section.

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

o ® = strength reduction factor.

e £, = compression strain of concrete = 0.003.

e g = strain of tension steel.

e £.=strain of compression steel.

® p =ratio of steel area

Xl
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Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Design Method and Requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4-6 Design of One Way Solid Slab.

4-7 Design of Beam.

4-8 Design of Stair.

4-9 Design of Column.

4-10 Design of Shear Wall.

4-11 Design of Footing.
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Chapter Four Structural Analysis and Design

4-1 Introduction

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

and others.

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

can provide the needed strength in tension.

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

frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and

specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:-

0 Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

0 Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

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

A




Chapter Four Structural Analysis and Design

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI-code (318- 08).

v" Strength design method:-

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

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

Strength provided > strength required to carry factored loads.

NOTE:-

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

e Code:-
ACIl 2008
UBC

e Material:-
Concrete:-B300
fc'= 30N /mm?*(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa).

Reinforcement steel:-

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

v" Factored loads:-

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

W,=12D +1.6L, ACI-code-318-08(9.2.1)
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4.3 Check of Minimum Thickness of Structural Member

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

Table (4.1): Check of Minimum Thickness of Structural Member.

4.4 Design of Topping

v" Statically System For Topping :-

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

40 cm

Vo

Fig 4.1: Topping Load.
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v" Load Calculations:-

Dead Load:-

0.03*23*1 = 0.69 KN/m

0.02*%22*1 = 0.44 KN/m

0.07*17*1 = 1.19 KN/m

0.08*25*1 = 2.0 KN/m

Table (4.2): Dead Load Calculation of Topping.

Live Load :-
L, =5 KN/m?

L, =5 KN/m2x1m=5KN/m
Factored Load :-
Wy = 1.2 x4.32 + 1.6x5 =13.2 KN/m

Check the strength condition for plain concrete, @ M, > M, where g = 0.55

My = 0.42 L \/f/ Sm(ACI 22.5.1, equation 22-2)

@M, =0.55%0.42x1x1/24 x1066666.67 x10~¢ =1.21 KN.m

2
M= W;‘ZL =0.176 KN.m (negative moment)

Yv
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_ Wy L?

M, = = 0.088 KN.m ( positive moment )
24

@ M,>> My= 0.18 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide A min for slabs as
shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACIl 7.12.21
As= pxbxhigpping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h =3x80 =240 mm control ACI 10.5.4
2. 450mm.

280 280

3. $=380(%%) - 2.5¢, = 380 <Zm> ~2.5.20 = 330mmACI 10.6.4
3

fs

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

4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

BW > TOCIIL. + oo ACI(8.13.2)

| T ol ) AR ACI(8.13.2)
Select h=35cm<3.5*12=49 cm
tT>Ln/12350Mm oo ACI(8.13.6.1)

Select tf=8cm

YA




Chapter Four Structural Analysis and Design
% Material :-

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

«» Section :-

B =520 mm

Bw=120 mm

h=350 mm

t= 80 mm
d=350-20-10-12/2= 314 mm

Uil

v" Statically System and Dimensions:-

[/ (m s

&
15

sl s R SRR R NRRARE

ooood

Fig 4.2: One Way Rib Slab (R3).
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Fig 4.3: Statically System and Loads Distribution of Rib(R3).

v" Load Calculation:-

Dead Load :-

0.03*23*0.52 = 0.359 KN/m/rib
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0.03*22*0.52 = 0.229 KN/m/rib

0.07*17*0.52 = 0.620 KN/m/rib

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

0.27*%25*0.12 = 0.81 KN/m/rib

0.27*%10*0.4 = 1.08 KN/m/rib

0.02*%22*.52= 0.229 KN/m/rib

1*0.52=0.52 KN/m/rib

Table (4.3): Dead Load Calculation of Rib(R3).
Dead Load /rib =5.1 KN/m

Live Load:-

Live load = 5 KN/m?

Live load /rib =5 KN/m?x 0.52m = 2.6 KN/m.
% Effective Flange Width ( bg):-ACI-318-11 (8.10.2)

be For T- section is the smallest of the following:-

b =L/4=550/4=137.5cm

b, =12+ 16t=12+ 16 (8) = 140 cm

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

be For T-section = 52cm .

£
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Momenis: spans 1io 6

-241 223
A 19.6 213 197 A
134/ -145 3 . 33
13"}.-" 107 ! ' -10.4 -8 -118 106 / ' -10.8 ‘3'3__.-' \-.__'1 25
\ A AR FAN JARY
\ AR P AR )
L I3zt L 143 R & /1185 1.
l yan AT B RS __,/TE! s s J
It T 11 —— 1 v 1 = —t = H
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e - 7. -84 ar7 -186 | 188
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,f'/ /'/ // // /'/ /"
- - o e | e e
197 15.4 — 189 7 118 |~ 18a 1A — a0s
262 249 257 244 27’.8

Fig 4.4: Moment and Shear Envelope Diagram of Rib (R3).

v Moment Design for (R 3):-

Design of Positive Moment for (Rib3 ):-(Mu=18.8 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_7 =350—-20-10— ? =314 mm
Check if a>hs to determine whether the section will act as rectangular or T- section.

h
Mas =0.85. f. be. hy. (d — )

80

=0.85><24><520><80><(314—2

) %1076 = 232.5 KN. m

Mn>>% = % =20.88 KN.m, the section will be designed as rectangular section

with be =520 mm.

_ M, __ 18.8x10°
T @bd?2  0.9x520x3142

= 0.39 Mpa

Rn

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

£y
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o= 1(1 _ 11 _m> - L(l _\/1 _M) = 0.000937
m 420 20.6 420

Asreq = p.b.d = 0.000937 x520%314 = 152.99 mm?

Check for As min:-

. 4 fc
A = bw)(d) ACI-318 (10.5.1
S min 4(fy)( w)(d) ( )

27
4(420)

As min = (120)(314) =110mm’

.14
A =—— (bw)(d
s min (fy)( w)(d)

As min = % (120)(314) =125.6mm?’ controls

ASreq= 152.99 mm? > Aspip= 125.6 mm?  OK

USE 2 4] 10 y Asiprovided = 15708 mm2>As required: 15299 mm2 coee Ok

S— 120—40—210—(2><10) =40mm>d, =10>25 mm OK

Check for strain:-

Asfy _ 157.08x420

= - = = 6.22mm
0.85b f, 0.85x520x24
x=2=22_732mm
B; 0.85
d—x 314 —7.32
& =0.003 (—) = 0.003 (—) = 0.125 > 0.005 0k
x 7.32

¢y
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Design of Positive Moment for(Rib3 ):- (Mu=11.3KN.m)

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

My _ 11.3x10%
Rn= @bd? ~ 0.9x520x3142 0.25 Mpa
420
Jy = 20.6

m= ; = =
0.85f¢ 0.85x24

p=l<1 -1 _%> =L<1 _\/1 —M> = 0.00059
m 420 206 420

A req = p.b.d = 0.00059%x520%314 = 96.33 mm?

Check for As min:-

. A fc!
A = bw)(d)ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

V24
4(420)

As min = (120)(314) =110mm?

.14
A =——(bw)(d
s min (fy)( w)(d)

As min = % (120)(314) =125.6mm*controls

Aslrequired: 125.6 mmz.

Use 2 8 10 ,As provided=_157.08 MM*>A; required=96.33 mm? ... Ok

_120-40-20—(2x10) _
= - =

S

40mm > d, = 10 > 25 mm OK

Check for strain:-

_ Asfy  157x420

= - = = 6.22mm
0.85b f, 0.85x520x24

6.22
X= — =222 = 731mm
B, 085

d—x 314 —-7.31
& = 0.003 (T) = 0.003 (T) = 0.125 > 0.005 Ok

£¢
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Design of Positive Moment for(Rib3 ):- (Mu=13KN.m)
Assume bar diameter g 12 for main positive reinforcement

dp 12
d :h' cover - dstirrups_7 = 350 - 20 - 10 - ? = 314‘ mm

M, __ 13x10°

R.— —
"™ @bd2z ~ 0.9x520x3142

= 0.282 Mpa

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

p= 1(1 _ 1 _M> = L(l _\/1 _M> = 0.000676
m 420 20.6 420

Asreq = p.b.d = 0.000676x520%314 = 110.39 mm?

Check for As min:-

Ji
()

As min = (bw)(d) AC1-318 (10.5.1)

4

J24
4(420)

As min= (120)(314) =110mm?
.14
A =—— (bw)(d
s min (fy)( w)(d)

As min = % (120)(314) =125.6mm*controls

Aslrequired: 1256 mm2

USE 2 4] 10 ,Asvprovidedz 15708 mm2>As required= 9633 mm2 coo Ok

_ 120-40-20—(2X10)
- 1

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

$o
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Check for strain:-

AS.
_ Asfy = 157420 _ e oo

0.85b fC 0.85X520%24
x=2 =222 _ 731mm

B,  0.85

d—x 314 — 7.31
g, = 0.003 (—) = 0.003 (—) = 0.125 > 0.005 0k
X 7.31

Design of Negative Moment for(Rib3 ):- (Mu=-24.1 KN.m)

Assume bar diameter g 12 for main positive reinforcement

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

_ My __ 241x10°
Rn= @bd? ~ 0.9x120x3142 2.26 Mpa
420
Jy = 20.6

m= ; = =
0.85f¢ 0.85x24

p=l<1 -1 _M> =L<1 _\/1 —M> = 0.00572
m 420 20.6 420

Asreq = p.b.d = 0.00572x120x314 = 215.52 mm?

Check for As min:-

. 4 fc
A = bw)(d) ACI-318 (10.5.1
S min 4(fy)( w)(d) ( )

V24
4(420)

As min= (120)(314) =110mm?
.14
A =——(bw)(d
s min (fy)( w)(d)

As min = % (120)(314) =125.6mm?controls

ASeq = 215.52 mm? >Aspin= 125.6 mm°OK

A
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Use 2 8 12 As provided= 226 MM*>As required= 215.52_mm?Z... Ok

140-40-20—(2x12)
1

S=

=56mm>d, =12 > 25 mm OK

Check for strain:-

Asfy _ 226Xx420

= - = = 38.77 mm
0.85b fc 0.85X120%24
x=2 =387 _ 4562 mm
B,  0.85
= 0.003 (d_x) = 0.003 (314_45'62) = 0.0176 > 0.005 0k
&= x ) 4562 ) O '

Design of Negative Moment for(Rib3 ):- (Mu=-21.3 KN.m)

Assume bar diameter g 12 for main positive reinforcement

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

M, 21.3x10°

" @bd2 T 0.9x120x3142 pa
)i 420
X_ = = 20.6

T 0.85f!  0.85x24

p= l(1 — 1= M) = <1 — |1- m"'m) = 0.00502
m 420 20.6 420

Asreq = p-b.d = 0.00502 x120x314 = 189.2 mm>

Check for As min:-

As min = ‘/_(b w)(d) ACI-318 (10.5.1)

J24

As min = (120)(314) =110m®
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

1
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As min = i—;) (120)(314) =125.6mm*controls

ASreq = 189.2mm?* >Aspin= 125.6 mm’OK

Use 2 ﬂlz ,Aq‘provided: 226 mm2>Aq‘required: 1892mm2... Ok

_ 120-40-20—(2x12)
- 1

S

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

Check for strain:-

_ Asry 226420 ggun
0.85b f, 0.85x120x24
X= =+ = 3877 _ 45.62mm
By 0.85
= 0.003 (d - x) =0 (284 — 45'62) = 0.0176 > 0.005 0k
&= U x ) 4562 ) '

Design of Negative Moment for(Rib3 ):- (Mu=-19.6 KN.m)

Assume bar diameter g 12 for main positive reinforcement

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

_ My 19.6x10°

"™ @bd2 ~ 0.9x120x3142 1.84 Mpa
420

= b =206

m= ; = =
0.85f¢ 0.85%x24

p= i(l -1 _m> = L(l _\/1 _w> = 0.00459
m 420 20.6 420

Asreq = p.b.d = 0.00459x120x314 = 173.28 mm?

¢A
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Check for As min:-

] . fc’
A = bw)(d)ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

J24
4(420)

As min = (120)(314) =110mm?
.14
A =~ (bw)(d
s min (fy)( w)(d)

As min :%(120)(314) =125.6mm’ controls

ASreq = 173.28 mm? >Aspin= 125.6 mm? OK

USE 2 1] 12 ,Agvprovided: 226 mm2>A§'required: 17328 mmz... Ok

_ 140-40-20—(2x12)
- 1

S =56mm >d, =12 > 25 mm OK

Check for strain:-

_ Asfy  226x420
4 =esp I 0.85%x120%24 38.77 mm
X= — = 3877 _ 45.62 mm
B,  0.85
= 0.003 (d_x) =0 (314_45'62) =0.0176 > 0.005 0k
& = x ) 4562 ) '

Design of Negative Moment for(Rib3 ):- (Mu=-22.8 KN.m)
Assume bar diameter g 12 for main positive reinforcement

dp 12
d :h' cover - dstirrups_7 =350—-20—-10 — 7 =314 mm

_ My, __ 22.8x10°
© gbd?  0.9x120x3142

Rn

= 2.14 Mpa

I 420

m= - = = 20.6
0.85f/  0.85x24

€9
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p=i<1_ 1_m>_ <1_\/1_w>=0,00539
m 420 20.6 420

Asreq = p.b.d = 0.00539 x120x314 = 203.28 mm?

Check for As min:-

As min = ‘/_(b w)(d) ACI-318 (10.5.1)

24

As min =
4(420

) (120)(314) =110m?
.14
A =——(bw)(d
s min (fy)( w)(d)

As min = i—;g (120)(314) =125.6mm? controls

ASreq = 203.28mm? >Aspin= 125.6 mm°OK

Use 2 812 A provided= 226 MM*>As required=.203.28mm?... Ok

120-40—20—(2x12)
1

S=

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

Check for strain:-

_ Asfy  226%x420

= - = = 38.77 mm
0.85b f! = 0.85x120x24
X= — = 3877 _ = 45.62mm
B, 085
= 0.003 (d _ x) = 0.003 (284 _ 45'62) = 0.0176 > 0.005 0k
E =0 x ) 4562 ) '
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v" Shear Design for (R 3):-

V, at distance d from support=21.6 KN

Shear strength V¢, provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).

1.1 1.1 —
Ve == flbyd = -=v24 x 120 x 314 x 107% = 33.84 KN
8V, =0.75x33.84 =25.38 KN

0.58V:=0.5x25.38 =12.69 KN

VSmm— f;.de>— de
Vs min=— \/ﬁ* 120 * 314 = 11.54kn

VSmin =— bW d—— * 120 * 314 = 12.56kn

F(Vc+Vsmin)= 0.75(33.84+12.56)=34.8kn
for shear design, minimum shear reinforcement is required (4, ), Reinforcement.

Use stirrups (2 leg stirrups ) g 8@150 mm , A, = 2 x 50.24 = 100.5 mm?

bys 1b s
AVmin \/fc — -

fyt 3 fyt

120s
420

- s =1.145m

AVpin=100.5 =1iG\/ﬂ

1120s

100.5 == — s =1.055m

S max—»% = 157mm

S max —»<600mm

Take (2 leg stirrups) g 8 @ 150 mm

_2%503
V" 015

= 670.67 mm*/Mgyip

o)
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4-7 Design of Beam

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

+ Section :-
= B=80cm

= h=50cm

d=500-40-10-18/2= 441 mm

v" Statically System and Dimensions:-

Structural Analysis and Design

1 2 3 4
1 2 3
]: A o A o A j
LI LI
A A A
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Dead load - Service Units:kN,meter
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Live load - Service Load factors: 1.20,1.20/1.60,0.00
27.8 25.0 21.8
6.75 4.25 6.75

Fig 4.7: Statically System and Loads Distribution of Beam (BG,6).

v" Load Calculations:-

Dead Load Calculations for Beam(BG,6):-

The distributed Dead and Live loads acting upon BG,6 can be defined from the support reactions of the
R1¢<R2 and R3.

From Rib1

The maximum support reaction from Dead Loads for R1 upon BG,6 is 26.62 KN,
The distributed Dead Load from the R1 on BG,6 .
DL =(26.62/0.52) = 51.2 KN/ m

Self weight of beam =10 KN/ m
DL =51.2+10=61.2 KN/ m

From Rib2

The maximum support reaction from Dead Loads for R2 upon BG,6 is 23.5 KN, The
distributed Dead Load from the R2 on BG,6
DL =(23.5/0.52) =45.2 KN/ m

Self weight of beam = 10 KN/ m
DL =45.2+10 =55.2 KN /m

From Rib3

The maximum support reaction from Dead Loads for R3 upon BG,6 is 26.62 KN,
The distributed Dead Load from the R3 on BG,6 .

oy
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DL =(26.62/0.52) = 51.2 KN/ m

Self weight of beam =10 KN/ m
DL=51.2+10=61.2 KN/m

Live Load calculations for Beam (BG,6):-

From Rib1
The maximum support reaction from Live Loads for R1 upon BG,6 is 14.45 KN The

distributed Live Load from the Rib 1 on BG,6 .

LL = 14.45/ 0.52= 27.8 KN/m.

from Rib2
The maximum support reaction from Live Loads for R2 upon BG,6 is 13 KN The distributed
Live Load from the Rib 2 on BG,6 .

LL =13/0.52= 25 KN/m.

From Rib3
The maximum support reaction from Live Loads for R3 upon BG,6 is 14.45 KN The

distributed Live Load from the Rib 3 on BG,6 .

LL =14.45/0.52= 27.8 KN/m.

Moments: spans 1to 3

-454.7 -454.7
-397.4 -421.6 -421.6 -397.4
| 1'2\ 11.2 |
[ | | |
[ 1 I I I I 1 H
0.9 98
AN — == 416
304 4881 3.71 | 212 212 | 3.71 4881 304
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Shear

-465.7
-399.

-271.4
-211.3

-340.
-273.3

211.3
273.3 271.4
340. 399

465.7

Fig 4.8: Shear and Moment Envelope Diagram of Beam (B11).

v" Moment Design for (BG,6):-

Flexural Design of Positive Moment for(BG,6):-(Mu=488.1 KN.m)

Determine of My max
d =500 — 40 -10 — 18\2 = 441 mm

—3d—3 291 = 189
x=zd=x5. = mm

a=B.x=0.85%189 = 160.65 mm

Mnine,= 0.85+ f{ xa*b(d - 2 ) = 0.85*24*160.65*800*(441-160.65/2 ) *10°= 945.62 KN.m

® Mnpax = 0.82* 945.62 = 775.4 KN.m > 488.1 KN.m .
Design as singly reinforcement

M, 488.1 x 10°

Rn = =
"= 9bdZ " 0.9 x 800 x 4412

= 3.48 Mpa

420
m= 22 = = 20.6
0.85f,  0.85x24

p=i<1 -1 _M> =L<1 _Jl_w) = 0.00915
m 420 20.6 420

As = p.b.d = 0.00915x800x441 = 3227.27 mm?

CheCk f0r Aslmin:'

00
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ASmin = V1 V24 *800* 441 = 1028.8 mm?
4( fy) 4*420
ASpin = (fy) (b w)(d) = 0*800*441 1176 mm? Controls

Use 13g 18 Bottom, As provided= 3302 MM>>As required= 3227.27 mm®... Ok

Check spacing :-

800—40%2—20—(13x18)
12

S =

=3883mm>d,=18>25mm OK

Check for strain:-

AS.
_ Asgy = 3302x420 _ g4 9o
0.85b fc 0.85X800%x24
x=2 =% _ 9998 mm
B, 085
= 0.003 (d _ x) = 0.003 (441 _ 99'98) =0.0102 > 0.005 0k
& = x ) 9998 ) = '

Flexural Design of Negative Moment for(BG,6):-(Mu= -421.6 KN.m)

= M,  421.6x10° 301 M
m = 3bdZ 00 x800x4412 - MPa

_fy 420
T 0.85f]  0.85x24

p=1<1_ 1_M>_ <1_\/1_w>=0.0078
m 420 20.6 420

As = p.b.d = 0.0078 x800x441 = 2751.84 mm’

= 20.6

Check for Agmin:-

ASnmin = \/_( bw)(d) = £*800*441:1028.8 mm?
4(fy) * 420

o1
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ASpin = (fy) (b w)(d) = 0*800*441 1176 mm? Controls

USEllﬂ 18 ,Agyprovided: 2794 mm2 > Aq'required: 275184 mmz... Ok

Check spacing :-

800—40%2—20—(11%18)
10

S =

=502mm>d,=18>25 OK

Check for strain:-

Asfy  2794x420

a= - = =719 mm
0.85b fc 0.85x800%x24
x=2 =712 _ 846 mm
B, 085
d—x 441 — 84.6
& =0.003 (—) = 0.003 (—) =0.0126 > 0.005 0k
X 84.6

v" Shear Design for (BG,6):-

1. Case 3:-

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

Use stirrups (4 leg stirrups ) @ 10/ 200 mm , A, = 4 x 78.54 = 314.16 mm?
1. Vy= 399 KN

\/fcb d == -v24 %800 %441 = 288.06 KN

® V= 0.75*288.06 = 216 KN

® Vsmin> 0.75 (%) * pw * d =0 .75* (%)*800*441*10'3 = 88.2 KN Controls

ov
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® Vsmin >0.75 (1£;C) *hw*d= 0.75*(1£64) * 800 * 441*10° = 81 KN
D Ve<Vu <P Ve + ® Vsmin

216 <399 <304.2...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :-

vy = 2fc’b, d = 2V24 + 800 * 441 = 576.12 KN

D(ve + Vgmin) < vy < (v, + vyr)

0.75(288.06+ 117.6)< 399 < 0.75( 288.06 + 576.12)
304.24 <399 <648.13

shear reinforcement are required

Use 4 leg @ 10

As =316 mm?
Vo=V, -V, = % — 288.06 = 243.94 KN

Apfyed 316+ 420 x 441

S = = = 239.93
Ve 243.94 % 1000 mm
d 441
Smax = 5= = 220.5mm control
or Smax < 600 mm

Use 4 leg @ 10 @ 200 mm

oA
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4-8 Design of Stair

o4

Structural Analysis and Design
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Fig 4.9: Stair Plan.

«» Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-
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v" Determination of Thickness:-

hmin = L/20

hmin = 4.5/20 = 22.5 cm

Take h =25 cm

The Stair Slope by 6 = tan™(16.7 / 30) = 29.1°

v" Load Calculation:-

Dead Load For Flight For 1m Strip:-

Structural Analysis and Design

23*0.03*1*((0.35+0.167)/0.3 ) = 1.19 Kn/m

22*0.03*1*((0.3+0.167)/0.3 ) = 1.03Kn/m

25*%0.5*0.167*1 = 2.09Kn/m

25*0.25*1 / cos 29.1 ° = 7.15 Kn/m

22*0.02*1 / cos 29.1° = 0.5 Kn/m

Table (4.6 ): Dead Load Calculation of Flight.

Dead Load For Landing :-

Ay
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25*%0.25*1=6.25 KN/m

22*0.02*1= 0.44 KN/m

Table (4.7): Dead Load Calculation of Landing .

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

Factored Load For Flight :-
Wy = 1.2 x11.96 + 1.6x5 =22.35 Kn/m

Factored Load For Landing :-
Wy = 1.2 X6.96 + 1.6%5 =16.35 Kn/m

1- Design of slab S1
v Check of shear for Flight :- (Vu=44.64 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover—%= 250 — 20 —12—4= 223 mm

Ve=z\/fc'b, d == V241000 « 223 = 182 Kn
® V.-0.75* 182 =136.5 KN > Vu =44.64 Kn...... No shear reinforcement are required

v Calculate the maximum bending moment and steel reinforcement :
My (max) = 65 KN/m

Mu_ﬁ_
My = == =22 = 72.2 Mpa

1w




Chapter Four Structural Analysis and Design

Assume bar diameter @ 14 for main reinforcement .

My, 65
= = = 1.45 Mpa
@bd?  0.9x1000x2232 p

Rn

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

p=l<1 -1 _%> =L<1 _\/1 _M) = 0.0036
m 420 20.6 420

Asreq = p.b.d = 0.0036 x1000x223 = 803 mm?/m

As min= 0.0018*1000*250 = 401mm?/m

ASreq = 803 mm? > A min = 401 mm?/m

Check for Spacing :-

S =3h =3*250 = 750 mm

S = 380%(,———) — 2.5%20 = 330
§*4ZO
_ - 280 _
S =300 *( 2*420 ) =300
S =450 mm
S =300mm ......... is control

Use 814@ 150 mm _As provided= 1027 MM*>As required= 803 mm?... Ok

Check for strain:-

_ Asfy  1027x420
0.85b f! ~ 0.85x1000x24

=21.14 mm

a 2114
C=—=——=249mm
Bi 0.85

ay
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d—c 223 — 249
& =0.003(——) =0.003(————] = 0.0238 > 0.005 ...... 0k
c 24.9

2- Lateral or Secondary Reinforcement For Flight :-

As reqg= Asmin =0.0018*1000*250 = 450 mm?

Use 210@ 150 mm A provided= 527_MM*>As required= 450 mm>... Ok

2- Design of slab S2 :-
v" Determination of Thickness:-

hmin = L/20

hmin = 4.6/20 = 23 cm

Take h =25 cm

The Stair Slope by 6 = tan™(16.7 / 30) = 29.1°

1- Design of Shear:- (Vu=43.9 Kn)
Assume bar diameter g 14 for main reinforcement
d =h- cover —dz—" — 250 — 20 —12—4 = 223 mm
Ve=2y/fc'by d == <V24 %1000 * 223 = 182 Kn

®* V,-0.75* 182 = 136.5 Kn > Vu = 43.9Kn...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=54.4 Kn.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —dz—” =250 — 20 —12—“ = 223 mm

_ My 54.4x10°
T @bdZ ~ 0.9x1000x2232

Rn = 1.2 Mpa

¢
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420
m= 2 = =206
0.85f,  0.85x24

p:i<1_ 1_m> :L<1_ /1_M> = 0.003
m 420 20.6 420

As req = p.b.d = 0.003x1000%223 = 670 mm*

As min =0.0018*1000*250 = 450mm?

Asreq = 670 mm-......... is control

Check for Spacing :-

S =3h =3*250 =750 mm

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

USE ﬂ14@ 20mm ,As!provided: 770 mm2>AS required: 670 mmz... Ok

Check for strain:-

Asfy  770x420

= - = = 15.85mm
0.85b fc 0.85X1000%x24
= = = 1585 _ 18.65 mm
B, 0.85
= 0.003 (d _ C) =0 (223 _ 18'65> = 0.033 > 0.005 ......0k
& = 0. e T8eE = 0. .005 ...

lateral or Secondary Reinforcement For Landing :-

As reqg= Asmin =0.0018*1000*250 = 450 mm?

Use 210 @ 150 mm _As provided=.523 MM*>A; required= 450 mm>... Ok
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4.9 Design of Column

«» Material :-
= concrete B350

= Reinforcement Steel

Fig 4.17:Stair Reinforcement Details.

Fc' = 24 N/mm?

Fy = 420 N/mm?

v Load Calculation:- (From Column Group B)

Service Load:
LL=992KN DL=2092 KN

Fc=24Mpa fy =420Mpa

"
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Factored Load:-
Py =1.2 x2092+ 1.6x992 =4098KN

v" Dimensions of Column:-

Assumepg = 0.01

$*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
4098 = 0.65x 0.8x Ag{0.85*24 (1-0.01) + 0.01* 420}
Ag= 323035 mm?2

Assume Rectangular Section

h =400mm

b =323035 /400 = 800 mm

select b =800 mm

v" Check Slenderness Parameter:-

m<34—12ﬂ£40
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,

shall be permitted to be taken as 1.0.
R: radius of gyration = \/L\: ~03h ... For rectangular section

Lu=35

M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.80 m)

v
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m<34—12ﬂ <40
r M2

1x3.5

——=14.6<22
0.3x0.8

Column Is Short About Y-axis

e about X-axis (h=0.4m)

KU _gq-1p ML

............... ACI —(10.12.2)
r M2

1x3.5
0.3x0.4

=29.2>22

Column Is Long About X-axis

v Minimum Eccentricity:-

Mux:0

ey =
yPu

Structural Analysis and Design

miney =15+ 0.03xh =15+ 0.03x400 = 27mm = 0.027m

ey =0.027m

v Magnification Factor:-

S5.=—CM -1 0and <1.4
1_ Pu
0.75P,

Cm=0.6+ O.4[£j =04
M 2

Cm=06+04*1=1>=0.4

TA
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B 7El
“ (KLu)?
E_I
El =04—2
1+ B,

E, = 4700,/ fc' = 4700x /24 = 23025Mpa
_12DL _1.2*(2092)

Structural Analysis and Design

~0.612<1
— 4098
3 3
|, =2 _ 080047 _ 4 o407
12
£y _ 0.4x23025x0.00427 0
1+ 0.612
72 *24.4
=7 20 _19.66MN
(L*3.5)
5 1 =1.38>1.0and <1.4
s T 4008 oo o
0.75*19660

v" Interaction Diagram:-

"4
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ey =e_ xJ, =0.027x1.38=0.03726m

ey _0.03726 _ ) ha66

h 0.8

Y _ 400-2*40-2*10-25 06875
h 400

From the interaction diagram chart

from chart A9-a for % =0.6 > pg =0.01
from chart A9-b for % =0.75— pg =0.01

then for % =0.8753 > pg =0.01

Select reinforcement
Ast= pg x Ag = 0.01x 4000*800 = 3200mm?
Select 12 $20 with As =3768mm? > Ast=3200mm? .

v" Design of the Stirrups:-

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

spacing <16xd, =16x2.0=32cm
spacing <48xd, =48x1.0=48cm
spacing < least dim =35cm

91020
=500 #10@20¢cm

] L L) W L=150cm

11 7z

40cm
]
]
.|
[ o)
[ov]
;:
[}
™
o
Fiv}
-
-
]
[i§)
<]
[av)

B0cm 3=

Fig 4.19:Column Reinforcement Details.

Yo
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4.10 Design of Shear Wall

Fig 4.20:Shear Wall.

107.5

Fig 4.21:Shear Diagram of Shear Wall.

\A
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387

1186.56

2266.92

6123.1

Fig 4.22:Moment Diagram of Shear Wall.

« Material and Sections:- (From Shear Wall 2)

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h=20cm

= Shear Wall Width Lw=6.5m

=  Shear Wall Height Hw=35m

v" Design of Horizontal Reinforcement:-

\Al
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> Fx=Vu =690.5 KN

The critical Section is the smaller of:

w65

— =3.25m
2 2
hw _s 8.75m
2 2

storyheigh(Hw) = 3.5m........ Control

d =0.8xLw=0.86.55=5.2m

5 1A
OVmax = Q)g\/fc hd
= 0.75 % 0.83 * V24 x 200 * 5200 = 3171 KN >V,, = 895.9954KN

I.is the smallest of :

1— V, = <y/f'hd = =24 * 200 » 5200 = 849KN ....... Control

N,d
2=V, = 027\/fhd + 27— = 02724 » 200 + 5200 + 0 = 1375KN

w
li Nu
L (01T +0.27%)
3— V. =[0.05/f + TR hd = 1100.2KN
Vo 2

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

= M, = 4224.22KN.m

M, 1, 422422 6.5
— = = 3.25
Vu

w —
2 690.5 2

Vc =849KN

@ *vc + Qvs = vu

@ * vsS=VU-Q * vc

Vs=vu/@ — vc

Vs=690.5/0.75 - 849=-0.81kn No need reinforcement

\al
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Minimum shear reinforcementis required:
Min(Avh/Sh)=0.0025*h
=0.0025*200=0.5

Select @10 ,tow layers

AVh=2* 7 *10?/4=157 mm?

157/Sh=0.5

Sh=157/0.5=314

Select Sh=250mm<Smax=Lw/5=650/5=130 cm.

=3*h =3*2=90 cm.

v" Design of Vertical Reinforcement:-

- —[0.0025 + 0.5 (2.5 - ) (&2~ 0.0025) ]300

Lw Sp*h

f‘g— - [0.0025 +05 (2.5 - 1LS) ( 7 _ 0.0025)]*300

6.5 250%200

AUU

—=0.731

Sy

Select 10 in Two Layer

2+%102
Avh -

=157 mm2

7
=0.731

4

S,=214 mm

- Maximum spacing is the least of :

M = @ =2166 mm
3 3

3*h = 3*200 = 600mm

450 mm ....... Control

\&4
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Use ¢$10/200 mm for two layers

v" Design of Bending Moment:-

- (2
(2

lwhfc

cC_ wt+a 0.069 + 0 _ 008
I, 2w+0.858, 2%0.069+0.85%0.85

)*2*79=5135mm2

= 0.069

200
)f_( 5135 )420
h) £ \6500 * 200/ 24

oM, = @ 0-5Astfylw(1 +—0)(1 - _)

stfy
= 0.9[0.5 * 5135 * 420 * 6500(1 + 0)(1 — 0.069)] = 5873 KN.m = 4224.22KN.m

Mub=Mu-@Mn=4224.22-5873= -1649 KN.m

l 6500
LM =108.33 mm
600* 600*.1

Lb> == 54 165 mm

m|><

Since Smallest value of Lb & Mub not require Boundary .

4.11 Design of Footing

«» Material :-

4.8 Design of Mat Footing:
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After we tried the isolated footings under all columns the relative area of the footing to the
building area was more than 70% so we decided to use strip footing under the theater and mat
footing for the rest of the building as detailed in the attached drawings

Procedure to design Mat Footing:

Basically, the design is done based on the following equation:

P:ZPEZP1+P2+"'
i

P M, M,
q = AT +]_y + I_x < Qallow,net
x y
Where
A — areaoftheraft (B x L)
3
I, — moment of inertia of the raft about x —axis I, = %
LB?

I, — moment of inertia of the raft about y —axis I, = —
12

M, — moment of the applied loads about the x —axis, M, = Pe,, + Myqaceral 1oaa)

M,

Where ¢, and e,, are the eccentricities of the resultant from the center of gravity of the raft.

— moment of the applied loads about the y —axis, M, = Pe, + Myqqeral ioaa)

The coordinates of the eccentricities are given by:

X’_P1x1+P2x2+P3x3+"' Y’—P1y1+P2y2+P3y3+”.
B P ’ a P
Where x;, X,,...arethe x — coordinates of P;, P,, ...
€,y = X, — E
Where y;, V3, ... are the y — coordinates of P;, P,, ...
ey, =Y —=
Y 2

To draw the shear and moment diagrams we can divide the raft into several strips in the x-
direction and in y-direction. The soil pressure at the center-line of the strip is assumed constant
along the width of the strip.

A
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Design each strip for shear and flexure as in the continuous footing design.

For the reinforcement details see the attached architectural drawings.

\a%
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