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Project abstract

The project is a structural design for a commercial mall previously designed by
the Architectural Student Mohammad Abd Al-Qadir as a graduation project at PPU,
under the supervision of Dr. Abd Al-Rahman Al-Halawani in December 25, 2018. The

mall has been proposed to be built on a land of 5 acres in Al-Bierah- Palestine with a

total estimated area of 19975 m2,
The mall description from the architectural view:

The mall has been designed to contain nine floors with different areas as the

following:

1. First, Second and third Basement floors with an estimated area of 3745 m? for
each. The second and the third floors are proposed to be a garage for cars and
they are connected with reinforcement concrete corridors.

2. A ground floor with an area of 1955 m2.

3. First floor - 2160 m? / Second floor -2125 m? / Third floor -1960 m?. These
floors with the ground are planned to include the commercial shops.

4. Two roof floors with areas of 1470 m? and 1025 m? respectively.

The nine floors are connected with two reinforcement concrete stairs and four

electrical elevators.

The work will be carried out as a graduation project from the department of civil

engineering, and it is expected to improve the student’s skills in:

1. The ability to choose the structural system of the project and the distribution of
its basic elements on the construction plans in accordance with its architectural
plan.

2. The ability to design the structural elements of foundations, columns, slabs of
various types.

3. The use of structural design programs (CAD), to get appropriate results
according to the used codes in the terms of the position of reinforcing steel and
the distances.

The project is expected to be delivered by the end of the first semester of next

academic year (2019-2020).
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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 As’ = 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 by =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 Fc’ = 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.

o LL = live loads.

| P agexii



o Lw = length of wall.

o M = bending moment.

e Mu = factored moment at section.

o Mn = nominal moment.

o Pn = nominal axial load.

¢ Pu = factored axial load.

e S = Spacing of shear in direction parallel to longitudinal reinforcement.
e V/c = nominal shear strength provided by concrete.

e Vn = nominal shear stress.

e /s = nominal shear strength provided by shear reinforcement.
o Vu = factored shear force at section.

o W= weight of concrete.

o W = width of beam or rib.

e Wu = factored load per unit area.

o @ = strength reduction factor.

® £, = compression strain of concrete = 0.003.

e g = strain of tension steel.

e £.= strain of compression steel.

e p =ratio of steel area
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Chapter Four

Structural Analysis and Design

4.1 Introduction.

4.2 Factored load.

4.3 Slabs thickness calculation
4.4 Design of Shear Wall

4.5 Design of isolated Fooling
4.6 Design of Stair

4.7 Design of Column

4-8 Dimensions of slab stair

4-9 Dimensions of slab stair
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4 .1 Introduction:-

Concrete is the only major building material that can be delivered to the
job site in a plastic state. This unique quality makes concrete desirable as a

building material because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When
concrete structure members must resist extreme tensile stresses, steel supplies
the necessary strength. Steel is embedded in the concrete in the form of a mesh,
or roughened or twisted bars. A bond forms between the steel and the concrete,
and stresses can be transferred between both components.

In this project, all of design calculation for all structural members would

be made upon the structural system, which was chosen, in the previous chapter.

Therefore, in this project, there are two types of slabs: One way ribbed
slab and two way ribbed slab. They would be analyzed and designed by using
finite element method of design, with aid of a computer program called "ATIR-
Software " to find the internal forces, deflections and moments for ribbed slabs
and by using the previous program and Etabs, Safe, And programs to find the
internal forces, deflections and moments for both types of slabs, and then handle

calculation would be made to find the required steel for all members.

The design strength provided by a member, its connections to other
members, and its cross — sections in terms of flexure, and load, shear, andtorsion
is taken as the nominal strength calculated in accordance with the requirements

and assumptions of ACI-318-08 code.
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NOTE:
fc' = 32N/mm?(MPa)

fy = 420N /mm?(MPa)
4 .2 Factored loads:

The factored loads on which the structural analysis and design is based
for our project members, is determined as follows:

qu=1.2D.L+1.6L.L.

4.3 Slabs thickness calculation:

TABLE 9.5(c)—MINIMUM THICKNESS OF SLABS
WITHOUT INTERIOR BEAMS*

Without drop panels* With drop panels*
Interior Interior
Exterior panels | panels | Exterior panels | panels
Without | With Without | With
edge edge edge edge
f,, MPal| beams | beams® beams | beams®
280 L,133 | ¢,/36 | ¢,/36 | ¢,/36 | ¢,/40 | ¢,/40
420 £,/30 | ¢,/33 | ¢,/133 | ¢,/33 | ¢,/36 | ¢,/36
520 £,/28 | ¢,/31 £,/31 £,/31 £,/34 | ¢,/34

"For two-way construction, ¢, is the length of clear span in the long direction,
measured face-to-face of supports in slabs without beams and face-to-face of
beams or other supports in other cases.

tFor £, between the values given in the table, minimum thickness shall be
determined by linear interpolation.

*Drop panels as defined in 13.2.5.

SSlabs with beams between columns along exterior edges. The value of a;for
the edge beam shall not be less than 0.8.

Table (4-1) Minimum thickness of slabs without interior beams.
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For the flat slab with drop panels (without beams) the minimum

thickness from aci code as in the table above for basement floor right side:

Ln=9.8m. fy =420MPa.

Thickness (h)= ;—'; = % =326.67mm <350mm

So, thickness=350mm is adequate.

4.4 deflection values in each slab.

Check for long term deflection which it the deflection or deformation
that occurs under service loads is due to prestressing force and gravity load .
The permanent components of the gravity loads are considered in the effect of
creep. These components are dead load and sustained live load.

The following figures shows the values of long-term deflection in slabs

1. Basement slab right side (Thickness =350mm).

87| | [l Uetormed Shape - Uisplacements [LUMB1) [mm] (2w

Ramp, Null)

mn, Brace, Nul) -4.5

6.0
15
-9.0

....... 1 -10.5

2.0

135

-15.0

3577m]; Min =-13.853789 mm at [1043.47278 m, 1064 67702m] X995, Y 1016, Z0 fm) Start Animation ||« ][> |etosar v unis.. |
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Figure (4-1) Deflection of basement slab right side.

2. Basement slab left side (Thickness =350mm).

amp, Null
n, Brace, Nul)

200

240

-280

-320

-360

T m; Min =-35.632286 mm 2t [1066.13741 m, 1070.35228 m] X939, Y10525, 20 fm)

St nimaion | | » (GloBAL v/ Uis.

Figure (4-2) Deflection of basement slab left side.
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3. Ground slab right side (Thickness =350mm).

...... R Y
120
8.0

40

-4.0

i, Null

race, Null)

B0

2.0

-16.0

200
240
-28.0

320

-36.0

bin =-32 84831 mm 2t [33.38137m, 105786 m X-100, Y545, 70 | Star Animation [ < I 5> | aLosaL | Uris..

Figure (4-3) Deflection of ground slab right side.
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a. Ground slab left side (Thickness =350mm).

ir}
¥
M
¥
F
3

At 240

20.0

120
8.0

00
40

200
240
280

5 5 e =

-

i Min =-27.60688mm 2t [74 50215 m, 48.99103m] X3125, Y6775, Z0 ) | Stat Arimation |« | » |GLoBAL v/ Unis..

Figure (4-4) Deflection of ground slab left side.
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b. first slab left right side (Thickness =350mm).

200

16.0

12.0

FEE

3, Wall, Ramp, Null
, Column, Brace, Nul) -40

-B.0

-3
i

120

-16.0

200

240

-28.0

320

047245 m]: Min =-29.100506 mm &t [33.38137m, 105765 m] ¥-895, Y12, 20 fm) Shart Arimation [ e |5 loosal v Unis..

Figure (4-5) Deflection of first slab right side.
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c. First & second slab left side (Thickness =350mm).

< Wi =-29 496366 mm at [74.50215 m, 43.99103 ] | Start Animaticn || » |cloBaL v/ Lnts..

Figure (4-6) Deflection of first &second slab left side.
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d. Second &Third right side (Thickness =350mm).

mp, Null)
1, Brace, Mull)

4.0

5.0

12.0

16.0

-20.0

24.0

-28.0

2.0

1]; Min=-30.113375 mm at [33.38137 m, 10,5766 m] X74, Y15, 20 [m) \ Start Animation |« |55 |olomar  v| Lnis..

Figure (4-7) Deflection of second &third slab right side.
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LR

|

i!?!g""

ilab, Wal, Ramp, Nuf)

&Cts
Jects

e. Third left side (thickness = 350 mm).

N oxizE)edyEv OCASVE Y EELEE

[ -

00

125

75

50
-15

15088

200

25

93508m]; Min = -22.047652mm at [3.43922.m, 8.89356 m]

X-151, Y86, 20 ) [ Sathndn |« » GOBML v Lnis.
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Figure (4-8) Deflection of third slab left side.




f. fourth right side (Thickness =350mm).

16008
120

ilimiliiii

[ —_—

Figure (4-9) Deflection of fourth slab right side.
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g. fourth left side (Thickness =350mm).

PH(RQRQRQQ Y oxizly)dFEv0¢ASvEF R B

=]

BOE G

Wall, Ramp, Nul
, Column, Brace, Mull

452 ml- Min =-19 072507 mm at [0 98977 m 11 5117 ml
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Figure (4-10) Deflection of fourth slab left side.




h. fifth slab (Thickness =300mm).

10.

amp, Null
n, Brace, Nul)

0.

A2

15

AT

-20.

-22.

i Mn =-21.120583 nm at [ 3372122, 1163588 ] X435, Y23, 20 ) | Sathmdin | <« » GOBAL vl |

Figure (4-11) Deflection of fifth slab right side.
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4-5 Design of Shear Wall (1):

v" Material and Sections: -
= concrete B400: Fc' =32 N/mm?
= Reinforcement Steel: Fy = 420 N/mm?
= Shear Wall Thickness:  h=40cm
= Shear Wall Width: Lw =5.90 m

=  Shear Wall Height: hw =33.6 m.

4-5-1 Design of Horizontal Reinforcement: -

z Vu at base of wall = 4520 KN

The critical Section is the smaller of:

lw 5.9
72722951”
hw 33.6
TZT: 16.8m

storyheigh(Hw) = 2.8m..........Control

d=0.8xXxLw=0.8%x59=4.72m

5
OV max = 9D g\/ﬁhd

=0.75+%0.83 V32« 400 * 4720 « 10" 3 = 6648.4 KN > V,,
= 4520 kN — — —o.k.
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the smallest of ( \Vc¢) :

1 1
1-V,.= g\/fc’hd = g‘/3 * 400 « 4720 1073
= 1780KN .....control.

N,d
2—V,=0.27/f./hd +
41,

= 2883.64KN.

=0.27V32 40047201073+ 0

e Mu @ critical section = 4210 + 4520+ (2.8 -2.8) =
4210.2 KN.m.

e Vu@ critical section = 1729.6 KN.
M, L, 42102 59 _

o ———= ————=-0.516.......—ve.not.o.k.
Vu 2 17296 2
Vu = 4520KN > @ Vc
= 1335 kN.— — need for shear reinforcement.
o« Vs="—Vc=""—1335=3687.22 KN.
Ay Vs 3687.22 1073m2

52 f,d  420x4.72 x 103

mZ
=0.0025—.
m

=1.86 X —< ]
= p.min

Maximum spacing is the least of:

LW _ 2500
5 5
e 3*h=3*250=750 mm

e 450 mm ... Control

=500 mm

Select 12 As = 113mm? @ ,two layers:
A, 2%113
S2+h 400 * s

=226 mm, use ®12@ 200 mm.

P = =0.0025——--=

Select Sh=200mm<Smax= 450 mm.

4-5-2 Design of Vertical Reinforcement: -

Ayy _ hy,
2 = 0.0025 + 0.5 (2. 5 — E) (p; — 0.0025) > 0.0025

v

|Pageb54



hw_5.9_295
w 2 7

for this wall with,p; = 0.0025 .

- Maximum spacing is the least of:

Lw
° —:w:1967 mm

3 3
e 3*h =3*400 = 1200mm

e 450 mm ... Control

Use @12/200 mm for two layers.

4-5-3 Design of Bending Moment: -

e Tryo14@ 150 mm.

5900 )
Ast=(150)*2*154=12114.7mm

Ag\ fy 12114.7 \ 420
()L )229_ 6.0674
L,h)f.  \5900 x 400/ 32
Pu
a= -=0
lyhf.
B =0.085—0.007 + (32 —28) = 3.372
c_  wt+a 0.0833+0 — 0.0277
I, 2w+0.858, 2%0.0674+0.85%3.372
P, c
OM, = 0|0.545f,L,(1 + Y1 —)
Astfy lw

=0.9[0.5 * 12114.7 = 420 * 5900(1 + 0)(1 — 0.0275)] x 10~¢ =
131376KN > 10845.5 KN.m .... Ok

use ® 14@ 150 mm.

Assume én/hw = 0.007

- Lw _ 5.9
~ 600%0.015 600 +0.007

Cw=C—-0.1+xLw
=1.4048—-0.1+5.9 =0.815

C = 1.4048m
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Since Smallest, value of Lb. & Mub not require Boundary.

i 5.90 I
210@15 | 014 @15 . 210@15
h N 8
210@15 28@m”2
SEC A-=A

Figure (4-12): Detailing of shear wall.
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4-6 Design of isolated footing:

Materials and Loads:

Isolated footing that we consider to design with materials Of:

fe =32 Mpa,f, =420 Mpa.

Dead Load (service)= 2085kN.
Live Load (service)= 406 kN.

Total services load= 2085 + 406 = 2491 kN.

Total Factored load = 1.2(2085) + 1.6(406) = 3152 kN.

Column dimension( a X b) = 60cm X 55cm.

xw:x:g

] fﬁ*’ f':f*’ \/\

x’ > ,f;««}/);:
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Figure (4-13): Footing Section.




Soil density= 18(0'% .
Allowable bearing capacity q,; = 400 (%)

Assume.....h = 55cm.

kN
9 ati-net = 400 — (25 % 0.6) — (18 X 0.6) — 12.75 = 361.45 (—)

e Area of footing:

P. 2491

A = =
q all-net 361.45

= 6.89 m?

Assume rect. Footing
Select B =2.65m
Select L = 2.65m

e Bearing pressure:
3152

9= 556+256
e Design of one-way shear strength:

kN

Critical Section at Distance d From The Face of Column Assume = 60cm .
Bar diameter @14 for main reinforcement and 7.5 cm Cover.

d =550—-75—-14 =461 mm
B—a

2.65-0.6
—d)XL=448.84-><(—

=670.8 kN

Vu =qu><( —0.4-61))(2.65
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Inclined crack

Critical section for

onc-way shear Tridutary area for

/” one-way shear

——ia

Column —__,

One-way shoar.

Figure (4-14): one-way shear calculation.

1 1
(DVC=®xgx1/fcrXb><d=O.75><g><\/32><2.65><4-61=863.84kN

@V, =863.84 kN >V, =670.8 kN -ok Safe

e Design of Tow-way shear strength:
Vy =p,— FRy

FR, = q, X area of critical section
V,=448.84 %X [(2.65%2.65) — (0.6 + 0.461)(0.55 + 0.461)] = 3031.23 kN

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

1 2
v ®VC:®XE(1+E)X fer XboXd
v ¢VC=¢XI—12(%+Z)>< fer Xboxd
d
\/q)chq)x%x./fc,xboxd
Where:
_ column Length (a) 60

= = =1.
Be column width (b) 55 09
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.b. = Perimeter of critical section taken at (d/2) from the loaded area
=2x%x(0.554+0.461) +2x (0.6 +0.461) = 4.144m
a; = 40 for interior coulmn

Substituting values in equations:

1
@VC=O.75><—(1+

e ) X V32 X 4144 X 461  10~3 = 4450kN

1.09

Ve =0.75x— 1344 +2)><\/32><4.144><461*10_3=5262kN

1 (40 *0.511
12

1
@V, =0.75x% 3 X V32 x 4144 X 461 1073 = 3139 kN — CONTROL

@V¢ = 3139kN >V, = 2922 kN

Design Bending moment for long direction:

Critical Section at the Face of Column

select 14
d =550-75-14 =461 mm

1.05
M, =448.84 X 2.65 x 1.05 XT = 655.67kN.m

M, 655.67 x 103
Rn= Gbd? = 0.0x2 65 xa612 _ 129> MPa
420
m=o85x32  1>H
1 2.m.R, 1 2 x 15.44 x 1.295
P\~ 1" 220 | 1542 1_j N 420 = 0.0032

Asreq =p X bxd=0.0032 x 2650 x 461 = 3909.3 mm?
Agmin = 0.0018 X 2650 x 600 = 2862 mm?
Agreq = 3909.3 mm? - OK

Agreq  3909.3
As(1014)  153.9

NO of bar = ~ 26014
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Check maximum step (S) is the smallest of:

1. 3h=3x600=1800mm

2. 450 mm — control

Use 26014 with A, ,,,, = 4001.4mm?* > Ag,.q = 3909.3 mm?

¢ (2650-75:2-26+14)

25 = 85.44 mm
S =85.44 < Smax =450 mm.
Check for strain:
__Aspy _ 4001.4x420
@=085hf, 085x2650x32 oMM
a 23.3
c= =6.91mm

B, (0.85—0.007) = (32 — 28)

d—c 461 — 6.91
£,=0.003 (T) =0.003 (T) =0.197 > 0.005 ..... Ok

e Design Bending moment for short direction:

Critical Section at the Face of Column

select P14
d = 550—-75—-14 =461mm

5
M, =448.84 x 2.65 x 1.025 X = 624.8kN.m kN.m

M, 624.8 x 10°
Rn=5baz = 09x 2650 x 2612 _ 23 MPa
420
m=08sx3z >4
1 2.m.R, 1 2 x 15.44 x 1.23
P=m\1 ™ 1 220 |T“15aa(l 1" 420 = 0.003

Agreq =P X bxd=0.003 x 2650 x 461 = 3665 mm?
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Agmin = 0.0018 x 2650 x 600 = 2862 mm?
Agreq = 3665 mm? - OK

Check maximum step (S) is the smallest of:

3. 3h=3x600=1800mm

4. 450 mm — control

Use 24014 with A, ,,,, = 3696 mm?* > Ag,., = 3665 mm?

S=(2650-75%2—18+14) /17 = 104.4mm

S$=104.4 < Smax = 450 mm, select S = 100mm

Check for strain:

. Asf, 3665 x 420 21,36 mm
0.85b f. 0.85x 2650 x 32 '
a 19.7

c=B—1=3.372=5.84mm

461 —5.84

d—c
£s=0.003(T>=0.003< S 84

) —0.234 > 0.005 .....0k
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4-7 Design of Stair:

W

R
1.6 | ap
Fig (4-15): Stair Plan.
Material: -
= concrete B400 Fc' = 32 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

4-7-1 Design of Flight: -

v" Determination of Thickness: -

hmin = L/20
hmin = 5. 0/20 =0.25 cm

Take h=25cm

The Stair Slope by 0 = tan" (15 /30) = 25.57
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v" Load Calculation:

Fig (4-16): Stair Section.

Dead Load for Flight for 1m Strip: -

Parts of
No. Flight Calculation
1 Tiles 23*0.03*1*((0.35+0.163)/0.3) = 1.18 KN/m
2 Mortar 22*0.03*1*((0.3+0.163)/0.3) = 1.02 KN/m
3 Stair 25*0.5*%0.163*1 = 2.04 KN/m
4 R.C 25*0.25*1/ c0s28.6 °=7.11 KN/m
5 Plaster 22*0.02*1 / c0s28.6° = 0.51 KN/m

Sum 11.9Kn/m

Table (4-2): Dead Load Calculation of Flight.
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Live Load for Landing for 1m Strip = 4*1 = 4 KN/m
Factored Load for Flight: -

WU = 1.2 x11.90 + 1.6 x4 = 20.68Kn/m
v" System of Flight: -

Moments: spans 1to 1

\ 2.6 90.9 2.6

-67.

-71.2

572 56.1

Fig (4-17): Shear and Moment Envelope Diagram of Flight.

4-7-1-1 Design of Shear for Flight: - (Vu=67.0 KN)

Assume bar diameter g 14 for main reinforcement
d, 14
d = h— cover —7=250—20—7= 223 mm

1 1
Ve = gw/fc’bwd== E*V32*1000*223=210.25Kn

@Vec = 0.75% 210.25 = 157.7 KN > Vu ... thickness is enough.
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4-7-1-2 Design of Bending Moment for Flight: - (Mu=90.9 Kn.m)

M,  90.9x10°
" @bd%~ 0.9 x 1000 x 2232

m = fy/(0.85fc’ ) = 420/(0.85 x 32) = 15.44

Rn = 2.031Mpa

=0.00503

1 2.m.R, 1 { \/ 2x15.44 x2.031

=—(1- [1- -
P=n 420 15.44 420

As,req = p.b.d = 0.00503 X 1000 x 223 = 1121.7 mm2/m
As,min = 0.0018 1000 * 250 = 450mm2/m
As,req = 1121.1 mm2 > As,min = 450mm2/m’

Check for Spacing:-
S = 3h = 3%250 =750mm

280
S = 380+ (z——) - 2.5+20 = 330

S = 450 mm
S =330mm ... is control

Use 912 @ 100 mm, As, provided= 1130 mm?>As, requires= 1121.3 mm?... Ok

Lateral or Secondary Reinforcement For Flight :- -1

As,req = As,min =0.0018 x 1000 * 250 = 450mm2

Use g10@ 150mm, As, provided = 523 mm2 > As,required
= 360mm2.. Ok
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4-7-2 Design of Middle Landing:-

v" Determination of Thickness:-

hmin = L;20
hmin = 3.30 /20 = 16.5cm

Takeh = 25cm

v" Load Calculation:-

Dead Load for Solid seven Landing For 1m Strip:-

23*0.03*1= 0.69Kn/m

22*0.03*1= 0.66Kn/m

25*%0.25*1= 6.25Kn/m

22*0.02*1= 0.44Kn/m

Table (4-3): Dead Load Calculation of Landing.

Live Load for Landing = 51 = 5 KN/m
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Reaction from Flight: —

DL =45.81Kn/m

LL =10.15Kn/m

Wur dead = 45.81+0.8/(0.8 x1.65) = 27.76 KN.
Wur dead =10.15%0.8/(0.8 x1.65) = 6.15 KN.
Total Dead Load = 27.76 + 8.04 = 35.8 Kn/m
Total Live Load = 6.15 + 5 = 11.15KN/m
Factored Load for Landing: —

WU = 1.2 x35.8 + 1.6 Xx11.15 = 60.8Kn/m

v" System of Landing: -

Moments: spans 1t0 1

1.65 82.8 1.65

Shear

_912—100.3

100.3 912

Fig (4-18): Shear and Moment Envelope Diagram of landing.
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4-6-2-Design of Shear: - (Vu=91.2 Kn)

Assume bar diameter ¢ 14 for main reinforcement

d, 14
d =h—- cover ——=250—-20——=223mm

2 2
1 1
Ve = g\/fc’bw d== o 32 %1000+ 223103 =210.25 Kn
®@Vec = 0.75% 210.25 = 157.69 Kn
> Vu ......No shear reinforcement are required

4-6-2-2 Design of Bending Moment: - (Mu=82.8 Kn.m)

Assume bar diameter ¢ 14 for main reinforcement

d, 14
d = h— cover —7=250—20—7=223mm

R — M, 82.8 x 10° 185 M
m=0bdZ 0.9 x1000 x 2232 o> MPa
f, 420
= = = 15.44
M= 085, 085x32 1°
A | zmR.\_ 1 [ 2x185x15.44\ _
P=m 420 | 15.44 420 =

As,req = p.b.d = 0.0046 X 1000 x 223 = 1018.15mm2/m
As,min =0.0018 1000 * 250 = 450mm2

As,req = 1018.15 mm? ... is control
Check for Spacing: —

S = 3h = 3300 =900 mm

280
= ¥ (——) - 2.5 % —
S = 380 (5 Y- 2.5%20 = 330

S = 450mm

S =330mm ... is control
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Use g14@ 15mm, As, provided= 1026 mm2/m>As, required= 1018.15 mm?2/m... Ok

Lateral or Secondary Reinforcement for Landing:-

As,req = As,min =0.0018 x 1000 x 250 = 450 mm2

Use g10 @ 150 mm, As, provided= 523 mm?2>As. required= 450 mmZ... Ok

UaliGer

1.3m 3.6m 1.5m

J

i F

Fig (4-19): Stair Reinforcement Details.
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4-8 Design of Column:-
4-8-1 Dimensions of Column:-

Assumepg = 0.01

¢"+*Pn =0.65x0.8"x"49g"{"0.85" fcN' (1 —pg) + pg * Fy}

"1687 103 =0.65x0.8" x "Ag "{"0.85"*32 (1 —0.01) + 0.01 = 420}
AQ=104222 mm?2

Assume Rectangular Section

B =400mm

Select h = 350 mm

AJ 1new140000mm2

v" Check Slenderness Parameter: -

ku _ap_12M 4o
= Mz >

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=2.45m
M1/M2 =1
K=one for braced frame.

e about y-axis (b=0.400 m)

klu 12 M1
—<3

1x2.45

——=20.4 < 22
0.3x0.40 <
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Column is short about y-axis

e about X-axis (h=0.35m)

Mu _gy_gpML ACI —(10.12.2)
r M?2

Ax245 2333< 22

0.3x0.45

Then  Column is long About X-axis

4-8-2 Design of column:
Use column 40x%35 cm

v" Magnification Factor: -

cm

__Pu
0.75P,

Ons =
1

>1.0and < 1.4

C —06+04-(M1)>04-
m=0. Al3z) 20
Cm=0.6+0.4x1=12>0.4

_ m?El
T (KLu)?

E.I
El=0.4—9
1+,

E.=4700,/fc' = 4700 x 32 = 26587.2Mpa
_1.2DL 1.2+ (1035)

4=y = 1eg7  ~074<1
bxh® 0.40 x 0.350° A

ly=—5—= P =0.00143m
0.4 x 26587.2 x 0.00143 )

EI = 11073 = 8.74MN.m
m? % 8.7

P,=————— =14.3MN
"~ (1 * 2.45)2
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1
O = ) 1687 =1.12 > 1.0and < 1.4

~0.75+20380

Interaction Diagram: -

_2%40-2*10—
12400 2*40-2*10 2520.7

h 400
From the interaction diagram chart

fromchart A9 - b for% =0.7—> pg =0.0115

Selectreinforcenent
Ast = pg x Ag = 0.0115x400x 350 = 1610mm”*
Select8 ¢16

4-8-3 Design of the Stirrups: -

The spacing of ties shall not exceed the smallest of-

spacing<16xd, =16x2.5=40cm
spacing<48xd, =48x1.0=48cm
spacing < leastdim =45cm
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UseplO@ 20 cm

?10@20
L=56

40

Figure (4-20): Column Reinforcement Details.
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4-9 Design of stair slab: -

Figure (4-21): stair slab plane.

Ly
—>0.5
Lx —

5.8
33 1.76 > 0.5 (one way )

Thickness Determination :
420

M 04—+700
h > L —450—1875
_24—24— . cm

hieq=M+h=1%18.75=18.75cm
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Dead loads computation (for 1m strip)

Dead loads = Unit weight x Area
plastering = 22(1)(0.02) = 0.44KN/m
conc.= 25(1)(0.20) =5KN/m

Z Dead load = 5.44 KN/m

snowload =1.2 =10KN/m
Loads computation
qu, = 1.4D
qu; =1.4+x5.44=7.6 KN/m
qu, = 1.2D +1.6L + 1.6 X sw
qu; =1.2(5.44)+ 1.6 X 1.2 =8.448KN/m
select qu,.q = 8.448 KN/m

Moments: spans 1to 2

-17.7

\ 18 2.7 2.28 1.22

15.1 13.8 "
19.8 )

Figure (4-22):moment and shear diagram for stair slab .
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4.9.1 Design of negative moment:
Maximum negative moment Mu®©=17.7 Kn.m.
Assume bar diameter @ 14 for main negative reinforcement.

d = depth — cover - diameter of stirrups - (diameter of bar/ 2)

14
= 200 - 20- -5 = 173 mm.

Mn = Mu/¢ = 17.7/0.9=19.7 Kn.m
m = fy/(0.85fc') = 420/(0.85 +32) = 15.44
Rn = Mn/(b*xd"2) = (17.7 x10°)/(1000 x 173%>) = 0.6 MPa

p=1/mA-VA-Q2+«Kn+m)/fy ))

-1 (1 _ \/1—M >:0.001445

T 1544 420

—-As = p * b xd = 0.001445 x 1000 x173 = 250 mma2.

ASpin = 0.0018 * 1000 * 200 = 360mm? > As .....take As = 360mm?

_As 360
~ As(010) 78.5

n = 4.5 ..take 5010 or take #10/200mm

4.9.2 Design of positive moment:
For positive moment Mu(+) = 13.5 KN.m
Assume bar diameter @ 14 for main positive reinforcement.

d = depth — cover - diameter of stirrups - (diameter of bar/ 2)
14
= 200 - 20- - = 173mm.

M, = Mu/$ =13.5/0.9 = 15 Kn.m

fy, 420
™= 085f,  0.85+32

=15.44
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M,  15x10°
~ bxd? 1000 + (173)2

1 2xKp*
p=—(1- /1—Tm)

1 (1 B \/1 _ 2x15.44x0.501 > - 0.0012

= 0.501 MPa

R,

T 1544 420

—-As = p* b xd = 0.0012* 1000 *173 = 208 mm?2.
ASpin = 0.0018 x 1000 * 200 = 360mm? > As .....take As = 360mm?

_As 360
"= as(g10) 78.5

= 4.5 ...take 5010 or take 310/200mm

The value of Punching from safe program on the slab as follow: -
The value of shear force (Vu)=753 KN.

We Have:

1- Col 26 “internal Column™

2- Slab thickness = 35cm

3— Vu=12365KN ......d =350—20—-14 =316 mm

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

1 4 ,
Vc=E(2+E>,/fc bx*d

1 ras*d /
Vc=E( - +2),/fc b+ d

1 ’
Ve = §\/ﬁ bxd
Where:

Be = column length (a) el eol .
€= width(b) ... for radial column =
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Perimeter of critical section
=n(p +d) = n(500+316) = n(116) = 2562.24mm = 2.562m

as = 40 for interior column

1

4 ! !
12(2+I)‘/F bxd=05fc bxd

1 /40 % 0.316 / /
VCZ_(W”)‘/F b d=047/fc b*d

Ve =

12

1 ! !
Ve = §w/fc b* d=0.333,/fc b* d—— — —control.
Ve = 0.75 % 0.333V/32 * 2562.24 * 316 * 1073 = 1145KN
oVc <Vu ..........Use Shear Reinforcement :
d =316 >150 > 16 * 10 = 160 mm ... ... ... ok

Vnmax = (0.75)V32 * 2562.2 * 316 * 103 = 3435.07KN > Vu
Av/s ={(Vu/®) —Vc}/(Fy * d)

1
Ve = (g) V32 %2.5625 % 0.316 * 103 = 763.44 KN

Try 8 ®12

-6

8113 = {(1236.5/0.75) — 1017.24 } * 1073/(420 * 0.316)

S$=019m < d/2
Use 8 P12 @10cmc/c
Finding The Critical Section :

OV = (0.75
“=\%

a =0.62m
...Use 0.7m

) « V32 % 4(av2 +0.5) * 316 « 10° = 1236.5kN.
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B Design Details

File View

ACI 318-14 Punching Shear Check & Design

Geometric Properties

Combination = DCONU2

Point Label = 1149

Column Shape = Circular

Column Location = Interior

Global X-Coordinate = 106260291 m
Global Y-Coordinate = 1075.135589 m

lumn Punching Ch

Ayg. Eff. Slab Thickness = 317 mm

Eff. Punching Perimeter = 2105.501 mm
Cover=33 mm

Conc. Comp. Strength = 32 Nfmm2
Reinforcement Ratio = 0.0000

Section Inertia 122 = 4 1E4010 mm4
Section Inertia 133 = 4. 1E4010 mm4
Section Inertia 123 = 2.533E-007 mmd
Gamma_v2=04

Gamma_v3=04

Moment Mu2 = 45492 kN-m

Moment Mu3= -32.5235 kN-m

Shear Force = 1131.342 kN

Unbalanced Moment Mu2 = 1.8197 kN-m

Unbalanced Moment Mu3= -13.0094 kN-m
Mayx Design Shear Stress = 1.802431 N/imm2
Conc. Shear Stress Capacity = 1.409145 Nfmm2

Punching Shear Ratio = 1.28

Punching Reinforcement Design
<

//\\
°

Column Punching Perimeter
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Figure (4-23) column’s punching shear from safe.
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