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€1 4.1 Introduction

£ 4.2 Design method and requirements.
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ov_o. 4.5 Design of One Way-ribbed Slab (R3)
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Y 4.6.2 Negative moment Mu® = 456.1 KN.m .

¢ 4.6.3 Negative moment Mu=291.3 KN.m .

w0 4.6.4 Positive momentMu™ =481.3 KN.m

LY 4.6.5 Positive momentMu® =442.3 KN.m

14 4.6.6 Positive momentMu® =295.7 KN.m
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V. 4.6.7 Positive momentMu =183.8 KN.m
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Ao 4.9.4 design of bending moment
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AA 4.9.8 lateral reinforcement

9. 4.10 design of basement wall in building (B)
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Figure (4-3) : One way of rib slab

o) Figure (4-4): Rib 3 in Ground floor.

o) Figure (4-5) : Dead load in the rib

oY Figure (4-6) : Live load in the rib

oY Figure (4-7). Geometry of rib and its dimension.

oY Figure (4-8) : Moment diagram of Rib

oY Figure (4-9) : Shear diagram of Rib

oy Figure (4-10) : Beam geometry

oA Figure (4-11) : Load of the beam

019 Figure (4-12) : Moment and Shear Diagram in beam

vy Figure (4-13) :solid slab in building(B)in roof floor
(S1,B)

YA Figure (4-14) :Moment and Shear Diagram of solid slab

AY Figure (4-15) : Stair Plan

At Figure (4-16) : structural system of flight

AY Figure (4-17) : structural system of landing

A Figure (4-18) : reinforcement for stairs

s Figure (4-19) : Geometry of basement

s Figure (4-20) : system and load of basement wall

1) Figure (4-21) : shear of basement wall

ay Figure (4-22) : moment of basement wall

ay Figure (4-23) : reinforcement of basement wall
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Figure (4-24) : moment and shear diagram for shear
wall
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
A = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

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

bw = web width, or diameter of circular section.

C.: compression resultant of concrete section.

Cs : compression resultant of compression steel.

DL : dead loads.

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

o d': distance from extreme compression fiber to centroid of compression steel

Ec : modulus of elasticity of concrete.

fc' : compression strength of concrete .
fy : specified yield strength of non-prestressed reinforcement.

h : overall thickness of member.

Ln : length of clear span in long direction of two- way construction, measured face-to-face
of supports in slabs without beams and face to face of beam or other supports in other cases.
LL : live loads.

Lw : length of wall.

M : bending moment.

Mu : factored moment at section.

Mn : nominal moment.

Pn : nominal axial load.

Pu : factored axial load

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

V¢ : nominal shear strength provided by concrete.

Xiii



e Vn:nominal shear stress.

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

e Wc : weight of concrete. (Kg/m3).

e W : width of beam or rib.

e Wu : factored load per unit area.

e @ : strength reduction factor.

e & :compression strain of concrete = 0.003mm/mm.
e & : strain of tension steel.

e & :strain of compression steel.

e p :ratio of steel area .

e As': area fo compression steel

e p' :compression steel reinforcement ratio .

e p limited : minimum tensile reinforcement ratio that will ensure yielding of compression steel
at failure.

e Ac: part of the tension steel that match Cc

Xiv
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Chapter four

Structural Analysis and Design

4. 1 Introduction.

4. 2 Factored Loads.

4. 3 Design method and requirements.

4. 4 Design of Topping.

4. 5 Design of One Way-ribbed Slab in building A (R3).
4. 6 Design of Beam in building A (beam G2, A)

4.7 Design of one way solid slab in building A (S1, B)
4.8 Design of column in building C (C14)

4.9 Design of stair in building A (stair 1)

4.10 Design of basement wall in building B (BW1)
4.11 Design of shear wall in building A (SW7)

4.12 Design of isolated footing in building C (F4)
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4.1 Introduction:

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

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

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

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

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850
kg/ma.

= Normal weight concrete with unit weight from about 1800 to 2400
kg/ma.

» Heavyweight concrete with unit weight from about 3200 to 5600
kg/ma.

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 11).

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.

€1
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The computation of this strength takes into account the nonlinear stress-
strain behavior of concrete.

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

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

v" Code : ACI 2011
UBC
v Material :
Concrete: B300.... (fc'=30*0.8 =24MPa).

Concrete: B350.... ( fc'=35*0.8 = 28MPa)

Reinforcement steel : The specified yield strength of the reinforcement
{fy =420 N/mm%(MPa)}

v" Factored loads:

The factored loads for members in our project are determined by:
Wu=12DL+1.6LL
Wu=1.4DL

4.3 Check of minimum thickness of structural member:

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

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 /20 24 /28 e
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

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

L1 6.07 .

— = —=0.328m .... for one end continuous (control)
16 185

L1 6.28 .
Prinierals 0.299 m .... for both end continuous

select :35 cm thickness with 27 cm block and 8 toping .

For beam:

L1 6.6 )

— = — = (0.35m .... for one end continuous
21 185

Beam thickness 32cm

L1 7.09 )
— = — = 0.33m .... for both end continuous
18.5 21

Beam thickness 35cm

Select h=(27+8)=35cm for rib slab with hidden beam h=55cm.

4.4 Design of topping:

v’ Statically system for topping:
C Consider the topping as strip of (1m) width, and span of mold length with both
end fixed in the rib

- 40 cm -
wL? Wiz
i -
T E—
wL?
24

Fig (4.1): topping load and moment diagram.
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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. | Partsof Rib Qual:(t;l:UDn?gnsity Calculation
1 Reinforced Concrete 25 0.08x25x1
Topping
2 Sand 17 0.07x17x1
3 Mortar 22 0.03x22x1
4 | Tile 23 0.03x23x1
6 Plaster 22 0.03x22x1
7 Partition 0.75*1
y = 5.88 KN/m

Nominal total dead load = 5.88 KN/m.
Nominal total live load = 5 KN/m.

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

Toping

Hollow Block ( 27cm)

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

Qu=1.2xD+1.6xL

=15.056 KN/m. (Total factored load)
W, * 12

12

M, = = 0.2KN.m
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@M, = 0.55 * 0.42 * V24 x 1000 * 80%/6 = 1.207 KN.m

M, = 1.207 KN.m > M, = 0.2 KN.m

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

For the shrinkage and temperature reinforcement:-

p =0.0018

Ag = p*bxh=0.0018 x 1000 * 80 = 144 mm?.

= Use @8 @ 20 cm in both directions.

Check shear strength:
* |
V, = quz = 3.0112 KN

0.75
(z)xVC=Tx\/ﬁ><1 X 80 = 49 KN

49 KN > 3.0112 KN

~No shear reinforcement is requirement.

4.5) Design of One Way-ribbed Slab (R3):

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

One way rib slab —\ Shrinkage & Temperatuer Bar's
\

ﬁ:j
& V - D
HoloMrBlock(ZScm)/

Fig. (4-3):0One-Way rib slab
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- e - . ~
i
LI L LI
o L=A=R : :
5 r! | |
p I
‘ ‘
L J' I B | L L L
o N - = - Gt
w‘amr I| M‘H%
i LU
= = = [ |
T Tl
_ g BuDAT T H | il I-__ BGAE
B1 B2 B3
1 2
L A L A L
Iﬂ.ﬁ . s03 | 0.8 . 335 | 0.8 ,
' . ' 513 ' . ' 4.15 ' . '
I 52. T 1
35.
12,
A-A
Fig (4.4): Rib 3 in Ground floor.
Dead load - Service Units:kN,meter
4.98 4.88
hT3 415
Fig (4.5): Dead load in the rib.
Live load - Service Load factors: 1.20,1.201.60,0.00
2.60 2.60
573 415

Fig (4.6): Live load in the rib.
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Y
Y
27cm <o

12cm 40cm 1Z2cm 40cm 1Z2cm

Fig (4.7): Geometry of rib and its dimension.

35cm

333
202 225
| 1.37,2.39 |
I 1
l—1 / I ! | \H-“‘--.._ | |
! o2 ,\w/'
6.7 : I 53
17
28.1
| 2.29 | 3.44 | 27 L 14s |
I 1 1 T 1
Fig (4.8): Moment diagram of Rib.
-34.8
-2T. 7
-15.4
-8.2
23.9 T 21.9
291

Fig (4.9): Shear diagram of Rib.

Calculation of the total dead load for one-way rib slab is shown in the following
table:

oy
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Table (4 — 3) Calculation of the total dead load for one-way rib slab.

No. | Material ggri:g Calculation

KN/m®
1 Topping 25 0.52x0.08x25=1.04
2 Rib 25 0.27x0.12x25 = 0.81
3 Sand 17 0.52x0.07x17 = 0.6188
4 Mortar 22 0.52x0.03%x22 =0.3432
5 Tile 23 0.52x0.03%x23 =0.3588
6 Plaster 22 0.52x0.03%22 =0..3432
7 Block 10 0.4x0.27x10 = 1.08
8 Partitions 0.75 0.52x0.75=0.39

Y= 4.984 KN/m

L =5x0.52 = 2.6 KN/m

Qu=12x D +1.6xL = 10.14 KN/m

Effective flange width ( b.) ACI-318-14 (6.3.2)

b. For T- section is the smallest of the following:

be < % X clearspan + by,= 520 mm ............ Controlled.

be < Span/4 = 5.73/4 = 143.25 mm.
be < (16x t) + by, = (16x 80) + 120 = 1400 mm.

—bg=520 mm.

for main positive reinforcement ®12 assume bar diameter
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 - 20— 8 -12/2= 316 mm.
» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m
Mpr = 0.85 f * bg * t; * (d—g)
M, = 0.85 * 24 * 0.52 * 0.08 * (0.316 - %) 103 = 234.22 KN.m
@Mps = 0.9 x 234.22 = 210.798 KN.m
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4.5.1) Positive moment Mu®=28.1 KN.m

=~ Design as rectangular section.
_Mu 281

Mn = =———= 31.22 KN.m
) 0.9
m= f_Y, =120 _-06
0.85f. 0.85%24
M, _ 31.22x10° _
K, = Tl - sz0m20e” 0.601 MPa
1 2xKp*
p=—1- |1- Tm)

" 206 420

- L(l _ \/1 _ M): 0.00145 .

—Asreq = p % be xd = 0.00145 x 520 x 316= 238.7 mm®.

ASmin = 3y *bw xd = T xby, xd ACI-318-14 (9.6.1.2)
=20 L 120+316 > 224120316
4%420 420
=110.5 mm%<126.4 mm? ............. Larger value is control.

_)ASm|n<ASreq
2014 = 307.8 MM?>Asye,... OK.

~ Use 2 914
— Check for strain :-(g; = 0.005) ACI-318-14 (9.3.3)

Tension = Compression
A xfy =085 xf.xbxa
307.8 x 420 =0.85%x 24 x 520 x a

a=12.18 mm.
x == =2=14.34mm x Note: f. = 24 MPa< 28 MPa— B, = 0.85
)
g = (C)* 0.003
= 32221+ 0,003 = 0.063> 0.005
14.34

~0=09.. OK
4.5.2) Positive moment Mu =11.7 KN.m

@M, =210.798 KN.m > My max = 28.1 KN.m.
=~ Design as rectangular section.
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Mn=Mu/@=117/0.9 =13 KN.m.

m=—3_=_*% _96

T 0.85f, 0.85%24

K. = Mn _ 13%10°
N pxd2  520%(316)2

1 2xKp*
p=—(1- /1—Tm)

-1 (1 — 1= M): 0.00059

=0.25 MPa

20.6 420

—As = p % bg xd =0.00059x 520 x316 = 98.4 mm?°.
As = 98.4 mm2 <ASpin = 126.4mm?

« 2 @10 with As = 157.07mm?*> As = 126.4 mm?
=~ Use 2010.
— Check for strain :-(gg = 0.005)

Tension = Compression

A xfy =085 xf.xbxa
157.07x 420 = 0.85 x 24 x 520 x a

a=6.21 mm.
X = Bi = % =731 mm  x Note: f, = 24 MPa< 28 MPa— B, = 0.85
1 .

£ = (%)* 0.003

_ (316—7.31
- 7.31

~9=09.. OK.

)* 0.003 = 0.126> 0.005

Design of negative moment of the rib:-

According to ACI-318-14 (9.4.2.1) , For beams built integrally with supports,
Mu at the support shall be permitted to be calculated at the face of support.

4.5.3) Negative moment Mu® =22.5 KN.m

Design as rectangular section with b = bw = 120 mm
Mn =Mu /@ =25 KN.m

f, 420
m=—Y-= =20.6
0.85f, 0.85%24
K. = M, _ 25x10°
" bxd2  120+3162

= 2.08MPa
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_1 _ __ 2*Kp*m
P - 1-—=—)
=— (1 - J1- —2*'2"’8*20'6): 0.00523.
20.6 420

—As = p X by, xd = 0.00525x% 120 x316 = 198.4 mm?.
—As = 198.4 mm2 >Asmin = 126.4mm?
2 012 = 226.2 MM*>ASreq =198.4 mm? ... OK.

~ Use 2 @12
— Check for strain :-(g; = 0.005)
Tension = Compression

Agxfy =085 xf.xbxa
226.2 x420=0.85x24 x 120 x a

a=238.8 mm.
X = Bi = % = 45.65 mm x Note: f, = 24 MPa< 28 MPa— B, = 0.85
A

d_
g = (—-)*0.003

_ (316—45.65
- 45.65

~0=09.. OK

)*0.003 =0.0177> 0.005

4.5.4) Design of shear of the rib

V¢, provided by concrete for the ribs shall be permitted to be taken as 1.1 times than
that for beams . ACI-318-14 (9.8.1.5)

d =350 - 20- 8 -(12/2) = 316 mm .
Use @8 with two legs

1.Region Il
Vu =27.7 KN.
1.1* ¢V.> Vu

1.1* V. = 1.1 x0.75x g x 0.12x 0.316 = 25.5 KN.

25.5 KN < 27.7 KN

Take region U:

Vlimit=(Z)*Vc+Q)*Vs

o1
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1
VSmin = I V24 %120 *316 = 11.61 KN
or
1
VSmin = 3 * 120 * 316 = 12.64 KN ....control
Use @ 8,2 leg
Av =100.53 mm®.

1.1+ @*Vc =255 <Vu=277.< 0 *(Vc+ Vsmin) = 36.876
AViin _\/f_c'*bw_\/ﬁ*120

= = = 0.089
S 16 * fy 16 * 420 0.08
AViin bw 120
s _3*fy_3*420_0'095
Av; 100.53
= = = 0.095
S S
s =1058.2
d 316
Sreq S§=T= 158 < 600 mm

selectP8 @ 15 cm . 2 leg — stirrups
4.6 Design Beam (2) at the Ground Floor Slab:

Material:-
Concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
By using ATIRprogram, we get the envelope moment and shear force diagram

As the follows:-

c9 cl0 c11 c12

1 2 3 4
10 | By | By
A A A A
0.25 6.22 0.5 4,99 0.5 5.8 05 6.05 0,
" 6.6 I.I 5.49 T 6.3 T 6.42 '
T

Fig. (4-10): Beam geometry.
Load of beam:-

Load of this beam come from reaction of RibAl & RibA2 & RibA3 & RibAll &

RibA2 & RibA1l as following:
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543 g5y 563 | 604 603 563|563 511 543
b v FE‘J-' ] gl [ E"l:.a ¥ v
3 s 26 ws | e "7 s fouw 188 " 37

I I I I I

Fig. (4-11-a): dead Load.

A 31.1 32.0 .5 35 320 32.0| 324 31
6.6 8, 26 | 208 342, 348 98, 168 3.76

T T 1 T T

Fig. (4-11-b): live Load.

Fig. (4-11): Load of the beam.

Reaction from rib to beam :

1. fromrib 1:
Atx=7.4m
Dead = 28.76 /.52 = 55.3 KN/m
Live =16.22/0.52 = 31.1 KN/m

2. fromrib 2:
At x =2.6m
Dead = 29.3/0.52 =56.3 KN/m
Live = 16.65/0.52 = 32.0 KN/m

3. fromrib3:
Atx =5.2m
Dead = 31.4/0.52 = 60.3 KN/m
Live =16.39/0.52 = 31.5 KN/m

4. fromrib 2:
Atx =416 M
Dead = 29.3/0.52 =56.3 KN/m
Live = 16.65/0.52 = 32.0 KN/m
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5. fromrib 11 :
Atx=1.68M
Dead =29.72 /0.52 = 57.1 KN/m
Live =16.89/0.52 = 32.4 KN/m

6. fromrib 1:
Atx=3.76 M
Dead = 28.76 /0.52 = 55.3 KN/m
Live = 16.22/0.52 = 31.1 KN/m

PRI BT a1 T

570 -601.4
456.1 -487.7 , 4785
-436.1 784
-201.3  -2804

5029 1.

-47
-364. -401.2 235
% / - |
li i 1 i /j
L/ I / I L/ |
29741
9.7 354.4 336.6

4228 4085 438.1
507.9

Figure (4-12): Moment and Shear Diagram in beam.
4.6.1) Negative moment Mu® =487.7 KN .m

Assume bar diameter ®20 for main positive reinforcement.

Check rectangular section:

From the geometry of rectangular Section :
b= 1000 mm h= 350

d = h — cover-dsimp -5 = 350 — 40 — 10 — 2> = 290mm
select &, =0.004

X = %*d = 3* 290 - 124.28mm
a=xx B =12428*0.85=10564  x Note: f. = 24 MPa< 28 MPa— B, = 0.85
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Mn max = O.85*fc’*a*b*(d—%)
Mn max = 0.85 * 24 * 105.64 * 1000 = (290 —

105.64

) = 511.136km.m
250
0 = 0.65 + (s — 0.002)

®=0.82

@ X Mn > Mu

0.82 x 511.136KN.m < 487.7KN.m
419.3KN.m < 487.7KN.m

So Design the section as doubly reinforced concrete section

u

Mns = 7 — Mnc
487.7

Mns = o082 511.136

Mns = 83.62 KN.m
Mns = c¢s (d —d")
Mns = As'(fs' —0.85 x fc¢') (d —d")

d'= c+dg— 2= 40+10 -2

d =60 mm
&' = 600 x =%
5 = 600 X ()
fs' = 600 <124'28 _ 60) 310.3
= X|l——— | = .
S 124.28
fs'<fy .... Not yielded
, Mns
As' =
(fs' —0.85 x fc') (d — d)
, 83.62 X 106
As

~ (3103 — 0.85 x 24) (290 — 60)

As'= 1254.1 mm?

T=cc +cs

As x fy = As'(fs' —0.85 X fc') + (0.85 X fc' X a X b)

_ 1254.1(310.3 — 0.85 x 24) + (0.85 x 24 X 105.64 x 1000)
420

As

As = 5996.71 mm?

Take 20 320 with As=6280mm?> Asreq = 5996.71mm?
Take 4 @20 with As'=1256mm?> Asreq = 1254.1mm?
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Check spacing between bars :

b—2c—-2ds—ndb
S= n—1 >2.5cm >db
1000-80—-20—400
S= 19 =2.6cm>2.5cm>20cm....... Ok

Check for vielded or not vielded:

p=2 =99 _ 0216

bxd 1000%x290
pr= = 12— 000433

bxd 1000%x290

. _, 0.85xfcrxdr 0 ’
p limited =( ~ond X B X 600_fy) +p
p limited =( === x 0.85 x ———) +.00433
420X290 600—-420

p limited =0.03271
p limited >p ..... not yielded .

Check for strain:

T=cc+cs
As x fy = As'(fs' —0.85 X fc') + (0.85 X fc¢' X a X b)
_ Asxfy—As'(fs'—0.85 % fc')

4 0.85 X fc'x b
6280 x 420 — 1256(310.3 — 0.85 x 24)
4= 0.85 x 24 x 1000
a=111.44
_ a
T
111.44
X = — o= = 131.105

d—
£ = (TX)* 0.003

g, = (213119, 4,003 =0.004 <0.005
131.105

(in transition zone between compression-controlled section and tension-controlled section)

250
® = 0.65 + —— (es — 0.002)

¢ = 0.82

Y
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Mn= 0.85 X fc' xax b x (d—5) +As'(fs' = 0.85 x fc') x (d — d')
1“'44) +1256(310.3 — 0.85 x 24) X (290 — 60)

2

Mn = 0.85 x 24 x 111.44 x 1000 (290 -
Mn =616.26 KN.m

O X Mn > Mu

0.82 X 616.26 = Mu
505.34 KN.m > 487.7 KN.m........ ok

4.6.2) Negative moment Mu ) =456.1 KN.m

@ X Mn > Mu

0.82 x 511.136 < 456.1

419.3 < 456.1

So Design the section as doubly reinforced concrete section

Mu
Mns = — — Mnc

?

M _ 4561 511.136
NS =082 '

Mns = 45.08 Kn.m
Mns = c¢s (d —d")
Mns = As'(fs' — 0.85 x fc') (d — d")

d'= ctd, — = 40410 — 2

d =60 mm
fs' = 600 X (—— @
= X
5 —>
fs' = 600 <124'28 _ 60) 310.3
= X|l——— | = .
S 124.28
fs'<fy .... Not yielded
, Mns
As' =
(fs' —0.85x fc') (d—d)
, 45.08 x 106
As

~ (3103 — 0.85 x 24) (290 — 60)

As'= 676.09 mm?

T=cc +cs

As x fy = As'(fs' —0.85 X fc') + (0.85 X fc' X a X b)

_676.09(310.3 — 0.85 x 24) + (0.85 x 24 X 105.64 x 1000)
420

As

1y
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As = 5597.74 mm®
Take 18 @20 with As=5652mm?> Asreq = 5597.74mm?

Take 3020 with As'=942mm?> As'req = 646.09 mm?

Check spacing between bars :

b—2c—-2ds—ndb
S= n-1 >2.5cm >db
1000—80—20—360
S= 17 =3 1lcm>2.5cm>2.0cm....... Ok

Check for vielded or not yielded:

As 5652

o= A5 = 0.0194

bxd 1000x290
p=2L =22 _ (001023

bxd 1000%x290

- _,0.85xferxdr 600 ’
p limited —(—fyxd X B X 600_fy) +p
p limited =( 2222220 o 585 x —2° ) 1+ 001023
420%290 600—420

p limited = 0.02949
p limited >p ..... not yielded

Check for strain:
T=cc+cs

As x fy = As'(fs' —0.85 X fc') + (0.85 X fc' x a X b)
_ Asxfy—As'(fs"—0.85 X% fc')

4 0.85 x fc' x b
5652 x 420 — 942(310.3 — 0.85 x 24)
4= 0.85 x 24 x 1000
a=102.97
_ a
7B
102.97
= ez = 12115

£ = (%)* 0.003

290-121.15

g = ( )* 0.003 =0.00418 <0.005
121.15

(in transition zone between compression-controlled section and tension-controlled section)

1y
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250
0 = 0.65 + —— (es — 0.002)

@ =0.83

Mn= 085 fc' xax b x (d—2)+As'(fs' = 0.85 x fc') x (d — d")

102.97

Mn = 0.85 x 24 x 102.97 x 1000 (290 -
Mn = 563.83 KN.m

@ X Mn > Mu
0.83 X 563.83 > Mu
467.98 KN.m >456.1 KN.m ....... ok

4.6.3) negative moment Mu ©) =291.3KN.m.

@ X Mn > Mu
0.82 X 511.136KN.m > 291.3 KN.m

Design as single reinforced concrete

d=290mm
+106
kn =———""0__ -3 g4Mpa
0.9%¥1000%290
420
- L - =206
0.85* fc _ 0.85*24
1 2mkn
- =1- h-
P ( )
2%20.6%3.84
-~ (- £ cYvD 9.0%
P= 206( \/ 20 )

p=0.0102

A req = P b X d=0.0102%<1000%290 = 2958 mm?2
(r)m Wf)> 2 o))

S V24
min 4(420)

As,,, =845.6mm’ <966.6mm*............. the larger is control
2958 mm?> As . = 966.6mm’

——(1000)290) > 420(1000)(290)

Use 10d 20 with As = 3141.5 mm2 > As req

¢

) +942(310.3 — 0.85 X 24) X (290 — 60)



Structural Analysis And Design 2l ) Juadl)

Check for strain:

Tension = compression
Asxfy=0.85 x f,x b x a
3141.5%420 =0.85 x24x 1000 < a

a=64.6 mm

= Bi = %g =76.09 mm x Note: f. = 24 MPa< 28 MPa— @, = 0.85
1 .

d_
g = (—)*0.003

_ (290—76.09
a 76.09

~0=09... OK

)*0.003 = 0.00843> 0.005

4.6.4) Positive moment Mu ) =481.3KN.m.

@ =0.82

@ X Mn > Mu

0.82 x 511.136KN.m < 487.7KN.m
419.3KN.m < 481.3KN.m

So Design the section as doubly reinforced concrete section

u
Mns = — — Mnc

0)

M _ 1813 511.136KN
ns = 0.82 . .m

Mns = 75.815 Kn.m

Mns =c¢s (d —d")

Mns = As'(fs' —0.85 x fc¢') (d —d")
d'= ctd, — = 40410 — 2

d'=60 mm

x—d'

fs' = 600 x (——)

124.28 — 60
124.28
fs'<fy .... Not yielded

_ Mns
~ (fs'—0.85x fc') (d—d")

fs' = 600 x ( ) = 310.3

As'

0
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~ 75.815 x 10°
~ (310.3 — 0.85 x 24) (290 — 60)

As'= 1137.048 mm?
T=cc +cs
As X fy = As'(fs' —0.85 X fc') + (0.85 X fc¢' X a X b)

_ 1137.048(310.3 — 0.85 x 24) + (0.85 X 24 x 105.64 x 1000)
N 420

As'

As

As = 5915.919mm?

Take 19 @20 with As=5966mm?*> Asreq = 5915.919mm?
Take 4 @20 with As'=1256mm?> As'req = 1137.048mm?

Check spacing between bars :

b—2c—-2ds—ndb
S= n-1 >2.5cm >db

1000—80—20—380
S= 18 =29cm>2.5cm>20cm....... Ok

Check for vielded or not vielded :

As 5966

p== = = 0.0205
bxd 1000x290

._ Asr 1256
P = bxa ~ Toooxz90 0.00432

.. _,0.85xferxdr 600 1}
p limited =( ~xd X B X 6Oo_fy) +p
p limited =( 2222220 o 585 x —22 ) 1 00432

420%X290 600—420

p limited =0.0327
p limited >p ..... not yielded

Check for strain:

T=cc +cs
As x fy = As'(fs' —0.85 X fc') + (0.85 X fc' X a X b)
_ Asxfy—As'(fs"—0.85 % fc')

4 0.85 x fc' X b

5966 x 420 — 1256(310.3 — 0.85 x 24)
4= 0.85 x 24 x 1000
a=104.98 mm

"
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X = % x Note: f. = 24 MPa< 28 MPa— f, = 0.85
__ 10498
~ 085

= 123.5mm

d—
£ = (TX)* 0.003

290-123.5

g = ( )* 0.003 =0.00404<0.005
123.5

(in transition zone between compression-controlled section and tension-controlled section)
250

@ = 0.65+ T(ES —0.002)

® = 0.82

Mn= 085 x fc' x axbx (d—5)+As'(fs' = 0.85 x fc') x (d — d)

“228) + 1256(310.3 — 0.85 x 24) X (290 — 60)

Mn = 0.85 x 24 x 104.98 x 1000 (290 -
Mn =592.39 KN.m

@ X Mn > Mu
0.82 X 592.39 > Mu
485.76 KN.m >481.3 KN.m ....... ok

4.6.5) positive moment Mu *)=442.3KN.m.

®=0.82

@ X Mn > Mu

0.82 x 511.136 < 442.3
419.3 < 442.3

So Design the section as doubly reinforced concrete section

u
Mns = — — Mnc

0)

M _ 123 511.136
" =082 '

Mns = 28.2 Kn.m

Mns =c¢s (d —d")

Mns = As'(fs' — 0.85 % fc') (d —d')
d'= c+d, — = 40410 — 2

d'=60 mm

x—d
fs' = 600 X (

)

X

v
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fs’ = 600 x (M) = 310.3
124.28
fs'<fy .... Not yielded
As' = Mns
(fs'—0.85x%x fc") (d—d")
ol 28.2 x 106
(310.3 — 0.85 x 24) (290 — 60)
As'= 422.9 mm?
T=cc +cs

As x fy = As'(fs' —0.85 X fc') + (0.85 X fc¢' X a X b)
_ 422.9(310.3 — 0.85 x 24) + (0.85 x 24 x 105.64 x 1000)
B 420

As

As = 5422.9mm?
Take 18 @20 with As=5652mm?> Asreq = 5422.9mm?

Take 2 @20 with As'=628mm?*> As'req = 422.9mm?

Check spacing between bars :

b—2c—-2ds—ndb
S= n-1 >2.5cm >db
1000-80—20—380
S= 17 =32cm>2.5cm>20cm....... Ok

Check for vielded or not vielded :

As 5652

p=2 = = 0.0194
bxd 1000%x290
p=2L =28 _ 000216
bxd 1000%x290
i _, 0.85xfcrxdr 0 ’
p limited =( ~ond X B X 6Oo_fy) +p
p limited =( 222X22X%0 5 .85 x —22_) 4+ 0.00216
420%X290 600—420

p limited =0.0306
p limited > p ..... not yielded

Check for strain:

T=cc +cs
As x fy = As'(fs' —0.85 X fc') + (0.85 X fc' X a X b)

TA
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_Asxfy—As'(fs"'—0.85 X% fc')

4 0.85 % fc' X b
_ 5652 x 420 — 628(310.3 — 0.85 X 24)
4= 0.85 x 24 x 1000
a=107.44mm
X = % x Note: f. = 24 MPa< 28 MPa— f, = 0.85
= 2074 _ 126.4 mm
0.85

d—
£ = (TX)* 0.003

£, = (%)* 0.003 =0.004 <0.005

(in transition zone between compression-controlled section and tension-controlled section)
250

@ =0.65+ T(SS —0.002)

@ =0.82

Mn= 085 x fc' xaxbx (d—5)+As'(fs' - 0.85 x fc') x (d — d")

~74%) + 628(310.3 — 0.85 X 24) x (290 — 60)

Mn = 0.85 x 24 x 107.44 x 1000 (290 -
Mn =559.75 KN.m

@ X Mn > Mu
0.82 X 559.75KN.m > Mu
45899 KN.m >4223KN.m ........ ok

4.6.6) positive moment Mu *) =295.7KN.m.

O X Mn > Mu
0.82 x511.136 > 295.7 KN.M

Design as single reinforced concrete

d=290 mm
_ 295.7%10° _ ~3.9 Mpa
0.9¥1000%290
_ fy _ 420 _ 1 2mRn
m=_J = =206p=—(1- [1-
0.85%fc _ 0.85%24 P= iy fy )

. 1 (1_\/1_2(20.6)(3.9))=0.0104
20.6 420

A req=p*b % d=0.0104*1000% 290 = 3015.91 mm?

14
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3015.91mm? > As . =966.6mm’
Use 10d 20 with As = 3140mm? >A4s,,, = 3015.91 mm?

Check spacing between bars :

b—2c—-2ds—ndb
S= n—1 >2.5cm >db
1000-80-20—200
S= 9 =78 cm>2.5cm>2.0cm....... Ok

Check strain :

T=C

3140 X 420 = 0.85 X 24 x a x 1000
a = 64.65mm

64.65
(290 — 76.055)
76.055

€s= 0.0084 < 0.005
~$=09.. OK

€,= 0.003 x

4.6.7) positive moment Mu *) =183.8KN.m.

O X Mn > Mu
0.82 x511.136 > 183.8 KN.M

Design as single reinforced concrete

d=290 mm
6
kn = 183.8%10 > =2.43 Mpa
0.9X1000X290
_ fy 420
m=—->__ = =20.6
0.85* fc 0.85*24
1 2mRn
p=—(1- [1- )
m fy
o 1 L- \/1_ 2(20.6)(2.43) ) =0.00617
20.6 420

A req=p*b % d=0.00617*1000%290 = 1791.89 mm?
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1791.87mm?> As . =966.6mm’
Use 6@ 20 with As = 1884mm? >A4s,.., = 1791.89 mm?

Check spacing between bars :

b—2c—-2ds—ndb
S= n—1 >2.5cm >db
1000-80-20—-120
S= 5 =15.6cm>2.5cm>20cm....... Ok

Check strain :

T=C

1884 x 420 = 0.85 X 24 X a X 1000
a =38.79 mm

X = 308;3759 = 45.633 mm x Note: f, = 24 MPa< 28 MPa— [; = 0.85

(290 — 45.633)
45.633

€s= 0.016 < 0.005
~$=09.. OK

€,= 0.003 x

4.6.8 ) Design of shear:-
4.6.8.1)»Span1: Vu=4344KN.

fe
¢)Vc=q)xg><bw><d

=0.75 x g x 1000%x290 = 177.58 KN.

0.75
0% VSmin = o X V24 x 1000 x 290 = 66.59 KN

5*pVe =5*177.58

=887.9KN >434.4 KN
Region 3 :

Quc<Vu < PVC + min @Vs

Vu>@Vc + min Vs

434.4 KN> 244.17KN
Region 4 :

@(vc + minvs) < vu < @(vec + vs')
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Where minvs <vs<vs'

Vs = % -VC

= 23%% _936.77 =342.43 KN
0.75

Vs':gx fc' xbxd

Vs'= § X 24 % 1000 X 290

Vs'=473.56 KN

88.78 KN < 342.43KN< 473.56KN

@(vc + vs') = 0.78(236.77 + 473.56) = 544.05 KN

434.4 KN < 544.05 KN
Select 10, 4 legs

AV = 4*7*10%/4

=314.16 mm?
Av _ Vs
Sreq B fyxd

314.16 _ 342.43
Sreq 420%290

Sreq =111.74 mm

S<

N D

Ors < 600mm

Sreq=111.74mm <22

=111.74 < 600 mm
Select S=12 cm

Select 10, 4 legs /12

4.6.8.2) » Span 2 : Vu =354.4 KN .

ft
chc=(pxg><bW><d
\/_

=0.75 x % x 1000%x290 = 177.58 KN.

\Al
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0.75
B+ VSmin = —o X V24 x 1000 x 290 = 66.59 KN

5*¢pVc =5%177.58
=887.9KN >272.7
Region 3 :
Vu < @Vc + min §Vs
Vu < 177.58 + 66.59 = 244.17

354.4 > 24417

Region 4 :
@(vc + minvs) < vu < @(vec + vs')

Where minvs <vs<vs'

Vs = % -VC

=222 -236.77 =235.76 KN

0
Vs':gx,/fc’ Xbxd
Vs'= % X V24 x 1000 x 290

Vs'=473.56 KN
88.78 KN < 235.76KN< 473.56KN
@(vc + vs') = 0.75(236.77 + 235.7) = 354.4 KN
354.4 KN =344.4KN
Select 10, 4 legs
AV = 4**10%/4
= 314.16 mm’

Av _ Vs
Sreq fyxd

314.16 _ 235.76
Sreq 420%290

Sreq =162.2 mm

Yy
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S<

N |

Ors< 600 mm

Sreq = 111.74mm > 22

=111.74 < 600 mm
Select S=12.5cm
Select 10, 4 legs /12.5
4.6.8.3)» Span 3: Vu=401.2 KN.

fe
q)Vc=q)><£><bW><d

= 0.75 x g x 1000x290 = 177.58 KN.

0.75
B+ VSmin = — X V24 x 1000 x 290 = 66.59 KN

5*pVc =5%177.58
=887.9KN >401.2
Region 3 :
Vu < ¢V + min @Vs
Vu < 177.58 + 66.59 = 244.17 KN
401.2 KN >244.17 KN
Region 4 :
@(vc + minvs) < vu < @(vc + vs')

Where minvs <vs<vs'

Vs = % -vC

=222 -236.77 =298.23 KN

0

Vs':gx fc' xbxd
Vs'= § x 24 x 1000 X 290

Vs'=473.56 KN
66.59 KN < 298.23 KN< 473.56KN

@(vc + vs') = 0.75(236.77 + 473.56) = 532.75KN

A&
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401.2 KN < 532.75KN
Select 910, 4 legs

AV = 4**10%/4

=314.16 mm’
Av _ Vs
Sreq B fyxd

314.16 _ 298.23
Sreq 420%290

Sreq =128.3 mm

S<

N |

Ors< 600mm

Sreq =128.3 mm < 2210

=111.74 < 600 mm
Select S=125cm

Select 10, 4 legs /12.5

4.6.8.4) » Span 4 : Vu =438.1 KN .

s
¢)Vc=q)xg><bw><d

=0.75 x g x 1000%x290 = 177.58 KN.

0.75
0% VSmin = ¢ X V24 x 1000 x 290 = 66.59 KN
5% Ve = 5%177.58

=887.9KN >438.1
Region 3 :

Vu < @Vc + min @Vs
Vu < 177.58 + 66.59 = 244.17KN

438.1 KN > 244.17 KN
Region 4 :

@(vc + minvs) < vu < @(vec + vs')

Yo
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Where minvs <vs<vs'

Vs = % -VC

= 2381 936,77 =347.36 KN
0.75

Vs':gx fc' xbxd

Vs'= § X 24 % 1000 X 290

Vs'=473.56 KN

66.59 KN < 347.36 KN< 473.56KN

@(vc + vs') = 0.75(236.77 + 473.56) = 532.75KN

438.1 KN < 532.75KN
Select 10, 4 legs

AV = 4*7*10%/4

=314.16 mm?
Av _ Vs
Sreq B fyxd

314.16 _ 347.36
Sreq 420%290

Sreq =110.15 mm

S<

N |

Ors < 600mm

Sreq = 110.15mm <=2

=110.15 < 600 mm

Select S=11cm

Select 10, 4 legs /11

A
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4.7) Design of one way solid slab in building B ( S1,B)

=5 E N
=Ll
Lo
2=
m
e
L
2,8 E__.
¢+1?.9I:I 3
[ | ~L
L Fiian |-
<1 |

Figure (4.13) slab in building B in roof floor( S1.B)

Material:-
concrete B350 Fc' =28 N/mm2

Reinforcement Steel fy =420 N/mm2

4.7.1) Minimum thickness (deflection requirements):

For slab (one end continuous)
L=4.7m

1 4.7
hmin:Z = Z = 0.19m

Select h=20cm
db 10
d=h—cover—7= 200—20—7= 175 mm

4.7.2) Load calculation:

for Im

20cm concrete =25*0.20 *1=5 KN/m?

2cm plaster = 22*0.02= 0.44 KN/m

D= 5.44 KN/m?

Live Load (LL) =10KN/ m 2, (tanks of water )
Factored loads:

Qu =1.2 D+1.6l1=1.2x5.44+1.6x10= 22.528 KN/m2

Yy
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4.7.3) Analysis
Now insert the load on Atir

Envelope moment/shear diagram for solid slab S1-B:
— IVENTIENTES: SpEnS W £

=29.6 959

! 058 175 | 249 i 188 |
_Shear
355388

23 3
“ |
| —— ] 1 f
53 4

a7 514

Figure (4.14) Moment/shear Envelope of one way solid slab

Critical section at distance d =175 mm from the face of support.

Vimax = 51.4 KN
1
¢><VC=gw/fc’><bw><d

1
= 0.75 X = X V28 x 1000 x 175 = 115.75KN
b X Vo = 115.75 KN > V, o = 51.4 KN

The thickness of the slab is adequate enough
No shear reinforcement is required.

4.7.4) Design of max positive moment

M, = 33.5KN.m

M, 335
Mn —T = W_ 37.22 KN.m
fy _ 420

=17.64

0.85f.  0.85x28

YA
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Mn 37.22%10°

kn = bxd?2 = 1000%(175)2 =1.215MPa.
1 _ . 2XKknxm
p=n- [1-=7F7)

_ ;(1 B \/1 . 2><1.215><17.64): 0.0029
17.64 420

—ASpeq = p x b xd =0.0029x1000x175 = 520 mmz2.
—Aspin = p X b xh =0.0018%1000x200 = 360 mm2.
— Asmin = 360mm?2 < Asreq = 525mm?2

~ As =520 mmz2.

d10with As = 78.5 mm?

Number of @10 = 23¢a = 520 _ ¢ 6o, 110. bars =7 bars
Abar 78.5

Take 7910 /m  or ¢10@200mm

The step (s) is the smallest of
1-S=3xh =3%200=600mm

2- S=450 mm
3-5=380(22) — 2.5  Cc = 380 * (>0) — 2.5 + 20 = 330 mm
fs 280

But S<300%(>>) =300 — control

S=200<S,,,0x = 300 mm ok

4.7.5) Design of max Negative moment
M, =33.2KN.m

_ M, _ 33.2 _
Mn —T—W— 36.9 KN.m
= by - 420 _4764
0.85f,  0.85x28
_ M, _ 369x10° _
kn = bxd2 ~ 1000x(175)2 1.2MPa.
1 2xknx
p=n(1- [1-==)

y

_ ;<1 _ Jl - w>= 0.0028
17.64 420

—ASpeq = p x b xd =0.0028x1000x175 = 515.6 mm2.
—Aspmin = p X b xh =0.0018%x1000x200 = 360 mm2.
— Asmin = 360mm?2 < Asreq = 515.6mm?2

~ As =515.6 mm2,

®10with As = 78.5 mm?

Number of ®10 = Asreq — 515.6

—— =6.568 — no. bars = 7 bars
Take 710 /m or ¢10@200mm

Apar 785

The step (s) is the smallest of

A\
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1-S=3xh =3x200=600mm
2- S=450 mm

3-5=380(2%) — 2.5  Cc = 380x(@) —2.5x 20 =330 mm

280
But S< 300x(%) =300 - control

S=200<S,,,4x = 300 mm ok
Temperature and shrinkage :

Ag(tempy = 0.0018 X b X h = 360 mm2
Take 5¢10/m  or ¢$10@200 mm

1-S=5*h =5*200=1000mm
2- S=450 mm  -control
S=200<S,,0x = 450 mm ok
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4.8) Design of Column in Building C (C14)

Material:-
Concrete B300 Fc' =24 N/mm2

Reinforcement Steel fy =420 N/mm2

DL = 2680kN

LL=670kN

Pu =4288Kn

4.8.1) check for slenderness

m<34—12ﬂ ............... ACI —(10.12.2)
r M?2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

|
R: radius of gyration = \/; ~03h
Lu=4.35m
M1/M2 =1
K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—12ﬂ ............... ACI - (10.12.2)
r M?2

1x4.35
0.3x0.6

=25.80>22

Long column in both direction’s
4.8.2) Compute EI

E I

El =04 S [ACI318—-05 (Eg. 10-15)]
1+ B,

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

_12DL  1.2x(2680)

75<1
Pa Pu 4288
3 3
I, = bxh _ 600x 600 _10.8*10°mm*
12 12
9
£y _ 04x23025x108x10° o onoo o
1+.75
B 2
PC :”—E'z ................ ACI318-05(Eq. 10-13)
(KLu)

_ 3.14? x56838 8

A (L0x4.35)? = 29684 2kN.

AN
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Cm = O.6+O.4(%j ............ ACI318—05(Eq.10—16)
Cm=1....... According to ACI318—-05(10.10.6.4)
S, =C—r|2uzl.o ............... ACI318—05(Eq. 10—12)
~ 0.75P,
1<6.. = 1 =1.23<1.4
"o 4288 T '

© 0.75x296842

€,n =15+0.03xh =15+ 0.03x 600 = 33mm = 0.033m
e x5, =33x1.23=40.6mm

e 406
h

= emin
=——=0.067

600
~ 600-2x40-2x10-20

600
@Pn/Ag = (4288*103)/ (600*600)*0.145=1.72Ksi
From the interaction diagram in chart p =0.01
Check from Bresler formula:
1 1 1 1

# PP P

ux uy uo

=0.8

Since h=b=600mm— Pux = Puy

- 1.72x600x 600X10_3 _ 4270.3kN
0.145
P, = ¢#A,|0.85% f.(1-p,)+p, x T, |
= 0.65x 600x 600[0.85x 24(1—0.01) +0.01x 420]x10° =5708,6kN
1 1 1 1

= =+ —
P, 4270 4270 57086

P, =524714kN > P, =4288N — ok
Select the longitudinal bars:

As =p xAg=0.01x600 * 600=3600mm?2
Use 120020—As=3768mm?2

4.8.3) Design of the Stirrups:
The spacing of ties shall not exceed the smallest of:
spacing<16xd, =16x2=32cm

spacing<48xd, =48x1.0=48cm
spacing < leastdim.=32cm — use¢l0/20cm

AY



Structural Analysis And Design

2l Juail)

4.9) Design of stair in building A. (S1A)

B.A14
P X

Q.4m 3.0m 2.0m  0,3m

Figure (4.15): Stair plan

Material:-
Concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

4. 9.1) Determination the Thickness of Slab (flight and landing):
L =3.8m.
hreq = 3.8/ 20 =0.19
Take h=20 cm.
= Use h =20cm.
Rise = 16cm, run = 30cm
0= tan" ()= tan™() = 28.07

Cos 0=10.882

4.9.2) Load Calculations at section:
Load on Flight:-
Dead Load:

For 1m strip:

AY

5
[ |
5
(']
5
[ ]
c’l
=]
5
=



Structural Analysis And Design 2l ) Juadl)

Flight = (25*0.20)/(C0s28.07) = 5.67KN/m.
Horizontal Mortar = 0.03*22*1 = 0.66 KN/ m.
vertical Mortar = 0.03*22*1*(16/30) = 0.352 KN/ m.
Plaster =(0.02*22)/ (Cos 28.07) = 0.5 KN/ m.
Horizontal tiles =23*0.04*(33/30) = 1.012KN / m.
Vertical tiles =23*0.03*(16/30) =0.37 KN/m
Triangle = 25*0.16*1*0.5 = 2 KN/m
Total dead load =10.564 KN/ m.

Live load:
Live load for stairs =5 KN/ m?.
Factor Loads:
Qu=1.2*10.502+1.6*5 = 20.67 KN/m.

20.67KN/m

I A A A A

TBu

0.4 3.0m 9.4m

Figure (4.16): structural system of flight

Au =20.67*3*0.5 =31 KN

Max Vu =31

Max Mu =(31x(0.4+1.5))-(20.67%(1.52 /2))
=35.64 KN.m

4.9.3) Design of Shear:
Assume @ 12 for main reinforcement:-

So, d =200-20 -12\2 = 174 mm
Max Vu = 31 KN.

A&



Structural Analysis And Design 2l ) Juadl)

Wczwfgbw*d

_ 0.75*/24*1000%174
6

=106.5KN

Yo
Vu = 31 KN<?VC = 106.5 KN.

No shear Reinforcement is required. So the depth of the stair is OK.

4.9.4) Design of Bending Moment:
Max Mu = 35.64 kN.m

Mn =M« :?’Sﬂ =39.6 KN.m.

09 09
b-d
6
.5 L
1000x174
m=-—
0.85x fc'
m :£:20.6
0.85x 24
1 2mk * *
p=tl1- oMo | _ 1 1_\/1_M —0.0032
m fy 20.6 420
As

% =0.0032*1000*174 = 560.4mm2.
ASpin=0.0018*b*h = 0.0018*1000* 200 = 360mm

ASmin = 360mm< ASreq =560.4mm?2

Use @ 12@ 15cm

As provided =753.9 mm2>As req.
Step(s) is the smallest of :

3h = 3*200 = 600mm.

450mm

S= 380(%0)- 2.5cc =380(>)- 2.5%20 = 330mm .

S=150mm < Smax

Check Strain:

Ao
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T=C

As*fy = 0.85* T *b*a

420x753.9 = 0.85x24x1000xa
a=15.5 mm
a _15

x == ===18.3mm x Note: f. = 24 MPa< 28 MPa— B = 0.85
1 .

g = ()% 0.003
_ ,174-183
= ( 18.3

~0=09.. OK

5 -Lateral reinforcement:

)% 0.003 = 0.0255> 0.005

As min=3.6 cm2
Use @10 @ 20 cm
As = 3.92cm2/m

4.9.5) Design of landing:
Load on landing:
Dead Load:
Slab =0.20 *25*1 = 5.0 KN/ m.
Tiles = 0.03*23*1 = 0.69 KN/m.
Mortar = 0.02*22*1= 0.44 KN/ m.
Plaster = 0.03*22*1 = 0.66 KN/ m.
Sand = 17*0.08*1=1.36 KN/m
Total dead load =8.15 KN/ m.

Live load:
Live load for stairs =5 KN/ m.
Qu=1.2*8.15+1.6*5=17.78KN/m.

Au or Bu from Analysis:
Au =31 KN

AU 3_1

W=—=
B 215

W= 14.4KN/m

AT
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14 .4KN/m 14 4KN/m

Ll oLl L 1bskimy Ll

I A | bl

2.15m 0.3 2.15m

Figure (4.17): structural system of landing

Vu = (17.78%4.6/2) + (14.4x2.15)

Vu = 71.854KN.

Mu max =(71.854x%2.3)-(17.78%2.32/2)-(14.4x2.15x1.225)
Mu max= 80.31 KN/m

4. 9.6) Design of Shear for landing:

Assume @ 14 for main reinforcement:-

So, d =200-20 -14\2 = 173 mm

Max Vu As the support reaction = 71.854KN.

Wc:wfgbw*d

~ 0.75*4/24*1000*173
6

=105.9KN

@Vc

Vu = 71.854 KN<#VC = 105.9 KN,

No shear Reinforcement is required. So the depth of the stair is OK.

4.9.7) Design of Bending Moment for landing :
Max Mu = 80.3kN.m

Mn =% _803 _ a9 53 KN.m.

0.9 0.9
Mn

" b.d?
K - 89.23*10°
" 1000%173?

_
0.85x fc'

=2.9MPa .

AY
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1 2mk
p=—l1- p- | _ 1 1—\/1_M —0.0074
m f, | 206 420

St = 0.0074*1000%173 = 1280.2mm2.

ASpin=0.0018*b*h = 0.0018*1000* 200 = 360mm

ASmin = 360mm< Asreq =1280.2mm?2

Use @ 14@ 10 cm

As provided =1539.3 mm2>As req.
Step(s) is thr smallest of :

3h =3*200 = 600mm .

450mm

S= 380(%)— 2.5¢cc =380(>-)- 2.5%20 = 330mm .

S=150mm < Smax
Check Strain:
T=C

fcI><b><a

Asxfy = 0.85%
420%1539.3= 0.85%x24x1000%a

a=31.69 mm

X = Bi =22 =37.28mm x Note: f. = 24 MPa< 28 MPa— B, = 0.85
1 .

g = (=) x 0.003

_ (173—37.28
37.28

~ ¢ =009.. OK.

4.9.8) Lateral reinforcement:

) X 0.003 =0.01>0.005

As min = 3.6 cm2
Use 10 @ 20 cm
As =3.92cm2/m

AN
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FIEIT FLOGE PLAN [

Figure (14.18): Reinforcement for stairs

AQ
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4.10) Design of basement wall in building B (BW1):

L= 5KN/m
Lidlillll)

/J/‘\ N N N N

35

s

SRS AN AN A,

©=30
=19 KN/m3

385

Figure (4-19): Geometry of basement.

Material:-
Concrete B350 Fc' = 28 N/mm?
Reinforcement Steel fy = 420 Mpa

@ =30° y=19.00KN/m3
e Soil at rest
Ko=1-sin®
=1—sin30
= 0.50

4.10.1) Load on basement wall:

S ¢ —

3425

H—

<] b

e.=32.54KN/m2  L=2.5KN/m2

Figure (4-20): system and loads of basement.
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For 1m length of wall:

e Weight of backfill:
e=Kox*xyxh

=0.50 X 19.0 x 3.425 =32.54KN/m
01 (Factored) = 1.6xe
01 (Factored) = 1.6 X 32.54 = 52.06 KN/m

e Load from live load:
LL=5 KN/m2
g2 = Ko X LL

=0.50 *5=2.50 KN/m
02 (Factored) = 1.6 *2.50 =4.0 KN/m

4.10.2) Design of the shear force:

e Assume @ 12 for main reinforcement

e Assume h =300 mm,
d=300—-20—-—12 =268 mm

By using ATIR program, we get the envelope moment and shear force diagram

-r9.5

439 427

Figure (4.21) shear of basement

Max Vu =79.5 KN.
f.'*b, *d
WC:NTG ’

0.75x /28 x1000x 268
e = 5

Vu=79.5 KN < ¢Vc =177.27 KN.

No shear Reinforcement is required.

=177.27KN
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4.10.3) Design of bending moment:
By using ATIR program, we get the envelope moment and moment force diagram

1.88 - 1.54 |

Figure (4.22) moment of basement
Mu max =53.8 KN.m

Mn = o2 =238 _ 59 5 kN
N=09 09 _OCeRNM
o Mnx10° 598X 10°
N Ty Xd 1000 x 2682 pa
Fy 420
= 17.60

M =085 xfc 085x 28

1 o1 ) 2%x0.832x17.6
- 420

=2.01x1073
Asreq =p X b xd=2.01x 1073 x 1000 X 268 = 5.4049 cm?/m
Asmin = 0.0012 x b x h = 0.0012 x 1000 x 300 = 3.60 cm?/m

As,,= 3.60 cm?/m <As, = 540.49 cm?/m
Use @ 12@ 20cm
As provided =5.65 cm?/m >As req =5.4049 cm? /m.
Step(s) is the smallest of :
e 3h=23*200=600mm .
e 450mm

280 280

« 5=380(2)- 2.5¢; =380(;)- 2.5*20 = 330mm .

S=200mm < Smax

Select p12@15cm/m in one direction.
With as =5.65 cm?/m

Select p10@20cm/m in the other direction.
With as =3.92 cm?/m

ay
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4.10.4) Design of the horizontal reinforcement:
Asmin = 0.0012 *b *h = 0.002 * 1000 * 300 = 360cm?/m
Selectp10@20cm/m, in two layer.

9 0 Y
0 4
Z
s-}mcj'//
082 [k
E ) £ Do \ém_ﬁ
S A
2 A aY
oI 1020 )
—A
F B'ml X /a
» Lulidm
e
'_'/ % -
/
J,
/
i | /
% — 8
8 =
N ANV | 2
I -
125 20 2510
8011
-,

Figure (4.23): Reinforcement for basement wall.

ay
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4.11) Design of shear wall in building A (SW7):-

Design of shear wall 7 in building (A)

IIIIDDS

417.75

Moment shear S.W7

a6

a6

a6

Fig. (4-24) Moment and shear diagram for shear wall

Material:-
Concrete B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

h=30cm .shear wall thickness

Lw = 5.4 m .shear wall width

Hw for one wall = 3.6 m story height
4 .11. 1) Design of shear

D Fx=Vu=5147KN

Design of the Horizontal reinforcement:

The critical Section is the smaller of:
Iw _5.48 _

=2.74m...... control
2 2
hw _10.8 _ 5.4m
2 2

storyheigh{Hw) = 3.6m
d =0.8xlw=0.8x5.48=4.32m

Design as rectangular section:
d=4.32 m, b=h=30cm

5
DVimax = Qg\/?hd
= 0.75 X 0.83 X V24 x 300 x 4320 x 1073 = 3952.3KN >V,

V. is the smallest of :

1 1
1-V. = gw/fc’hd = g‘/24 X 300 x 4320 x 1073 = 1058.18KN ...cont

q¢
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N,d
2— V. =0.25/f hd + 4” = 0.25v24 x 300 X 4.32 X 103 + 0 = 1587.26KN

Ly
. N.
L, (0.1Jf7+ 0.2 ﬁ) hd

3— V. =|05/f. + w =

M, 1L, 10

v, 2

5.48(0.1v24 + 0 4320

= [o.5x/ﬁ+ ( T ) 300 x 0 - 483.2KN ... ... cont

3972.5 - 1989.5 M, —1989.5

— M, = 2463.2KN.
36— 274 u 63 m

3.6
L, 24632 548

My b _ _
V, 2 5147 2
Vu =514.7KN>0.75*483.2 = 362.4KN Horizontal reinforcement is required
Ve + OV =V,
Vu

Vs o Ve
V, = 203.06

vh _ Y,

s fyxd

Avh 203.06

s ~ 420 x 4320
(=)min = 0.0025 x h = 0.0025 x 300 = 0.75 ... cont

=0.11

- Maximum spacing is the least of:

w_ 5400 _ 4 hg0mm

5 5

3xh = 3x300 = 900mm

450 mm ....... Control

Try ¢10 (As = 78.5 mmz2) for two layers
Avh

P - h*S2 - 2*78.5 - 0.75

S2
S2=209.33mm , ¢$10@200 mm

—used10@200 mm in tow layer

4 .11.2) Design for Vertical reinforcement:-

W

L 54

W

h, _108 _,

h
Pomin > 0.0025 + 0.5 (2.5 — Tw) (p; — 0.0025) > 0.0025

q0
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hw
For this wall with W =2<25
ﬂ =0.0025 + 0.5 (2 5_ ) (fih —0. 0025) h

Avv

——076

Select @ 10 @200mm. In two layer
- Maximum spacing is the least of :

w @ =1080mm
5 5

3xh =3x300 = 900mm
450 mm ....... Control

Select @ 10 @200mm In tow layer
4 .11.3) Design of bending moment (uniformly distribution flexural

reinforcement)

5400
Ay = ( ) X 2 X 78.5 = 4239mm?

200
A 4239 420
wz(—“)f—y,z( ) = 0.046
L,h) .~ \5400 « 300/ 24
i =0
=S
C w+a 0.046 + 0

1, 2w+ 0.858, 2><0046+085><085

oM, =0 IO.SAstfy w(d + f (1 — —)l
Age y
= 0.9[0.5 X 4239 x 420 x 5400(1 + 0)(1 — 0.056)] = 4084KN.m > Mu

Select @ 10 @200mm for vertical reinforcement.

1
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4.12) Design of Isolated footing in building C (F4):

Material:-
Concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Load Calculation:-
From column (15): (DL &LL)
* Service dead load ( DL) = 1825KN
* Service live load (LL) = 832KN
* Column dimensions =60 cm*50 cm
* Allowable soil pressure = 400 KN/ m2

Calculating the weight of footing:

- Weight of footing ( assume Niooting = 65cm)
Wiooting = 0.65%25 = 16.25KN/m?

- Required sizes of footing:
Py 1825+832

q =7.015m?
A,required = qnet — 400—5—(065*25)

Try 2.7* 2.7Area = 7.3 m2

Depth of footing and shear design:
Pu =12DL +1.6LL =1.2*1825+ 1.6*832= 3521.2 KN

3521.2
Qu = 7.3  =482.35 KN/m2

4.12.1) Determine the Depth of Footing Based on Shear Strength:
Check for One Way Shear Strength

Tributary area for
/" one-way shear

VU:('E_%—d)*qu*b:(2_;_0'—;504)*482.35*2: ™| s kum?
s 2
075 * 3 Inclined crack
¢VC=T\/ﬁ 2.7*d*10 : iD:E
Let, gV =Vu ey a1~
d =0.485m V/
h =485+ 75+ 25=585mm
Column _.1 % %
Tryh=650 mm ..... d =650 — 75 — 25=550 mm \D 2
%
d

One-way shear,

v
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4.12.2) For Two Way shear Action (Punching).
The punching shear strength is the smallest value of the following equations:

1, 2\ [
V.= g1+ /£ bd
sl 2T

1( a '
oV, _¢'E(b0/d +2]w/ f.'b,d
oV, = ¢.%\/ f'b,d

Where:

_ Column Length (a) 600
¢ ColumnWidth (b) 500
b, = Perimeter of critical section taken at (d/2) from the loaded area

= 2 * (0.60+0.550) +2*(0.5+0.550) =4.40m.
Vu = ((2.7%2.7) = ((0.5+0.550) * (0.60+ 0.550)) * 482.35 = 29034kN

1.2

s =40....... for interior column
AR ¢-(13(1+ﬁ2j\/ fc’bod = 0'675*(1+ 122j* 24*4.4*0.55*10° = 3951.8kN

1{ a [.". 075,40
Ve =g —| ——+2 |y f, bd =——* —+2 [*y/24*4.4*0.55*10° =5186.7kN
#e ¢12(b0/d J 12 (8 j

PV, =¢é\/f7 b,d =%* 24*4.40%0.55*10° = 2963.8KkN

Vu=2934KN <® V¢ =2963.8KN..........ceetn. OK

Design for Bending Moment of both direction.
d =650-75-25= 550 mm

Mux =482.35 *2.7*(1.1)2/2 = 788KN.m

Muy =482.35 *2.7*(1.05)2/2 = 718 KN.m

In x-Direction:

fy 420
m = 0.85*fc _ 0.85*24 =206

Mu/g 788*10°/0.9

Rn= b*d® = 27*(0.55)° -1 g7mpa

1 1- 2mRn

p-ma-V Y

aA
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1 \/1_ 2(20.6)(1.07)
p=206(1- 420 y=0.0026

Asreq = 0.0026(2700) (550) = 3888.1MM° >Asmin = 2673Mm”

Asmin =0.0018*b*h == 0.0018 (2700) (550) = 2673 mm*  control
Take 9@ 25, As, provided = 44.17cm2 > As, required = 38.88cm?
S==290.6 mm

Step(S) is smallest of:

1. 3h =3*650 = 1950 mm

2. 450 mm - control

S =290.6 mm < S, max =450 mm — OK

Check strain

Tension = Compression

A, x fy=0.85x f 'xbxa

4417x420=0.85x24x2700x a

a=33.6mm

_336_ 39.53

0.85

5503953

& x0.003=0.038> 0.005...0k
39.53

In y-Direction:
fy 420
m = 0.85*fc _ 0.85%24 - 506

Mu/¢ 718*10°/0.9
Rn= b*d® = 27*(0.55)° - g77Mmpa

1 1_2mRn
o f
p=ma-' V)

\/1— 2(20.6)(0.977)
20.6 (1 - 420 y=0.00238

p =
Asreq = 0.00238 (2700) (550) = 3534.3MM’ >Asmin = 2673 Mm”
Asmin =0.0018*b*h == 0.0018 (2700) (550) = 2673MM" . control
Take 8D 25, As, provided = 39.3 cm? > As, required = 35.34cm?

19
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2700—-75*2-8*25
S= 7 =335.7 mm
Step(S) is smallest of:
1. 3h = 3*650= 1950 mm
2. 450 mm - control
S=335.7mm < §, max = 450 mm — OK

Check strain

Tension = Compression

A, x fy=0.85x f 'xbxa
3930x420=0.85%x24x2700x a
a=30mm

C= 30 _ 35..3
0.85

= 2907393, 4.003=0.0437> 0.005...0k

s

Development length of flexural reinforcement:
Ld for @ 25:

9 fy Xaxﬂxyxﬂxdbz%xjgxllexl

Equfc' (kt,+cj

Ly db

x25=771.6mm

Available length = ((2700-500)\2) - 75=1025mm (in X-direction)

1025mm >771.6mm............... ok

Available length = ((2700-650)\2) - 75= 950mm (in Y-direction)

950mm >771.6mm............... ok

Load transfer at the column-foundation interface (Dowels design):

®Pn.b = ®(0.85fc’A, x \/%)

Al1=0.50*0.65=0.325 m2
A2 =27*27=7.29 m2

JE: 1129 _ 47452 o a7
A V0.325 A

®Pn.b =0.65x(0.85x24%x0.325x2)x1000=8619KN

®dPn=8619> Pu=3521......... .0k
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The Dowels are not needed for footing

As,min =0.005* Ac = 0.005 * 500 * 600 = 1500mm?2

Use 14® 25, As, provided = 6860 mm? (as column 15)> As, required = 1500 mm?
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