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Project Abstract

Structural design is the most important design of the building after the necessary of
architectural design, the distribution of columns, loads, offer durability, the best prices and
the highest degree of safety are the responsibility of the structural designer. In this project
we will do the structural design of the mall building. The building consists of two parts and
the total area of 9600 m?.

This project was selected because of the importance to know how to design these
centers, which have a design requirements higher than other tiles with long spans and big
theaters and diversity in the form of the building by the architectural design, also it has
been chosen for the importance of increasing these centers in this area “"Hebron”.

It is important mentioning that we will use the Jordanian code to determine the live
loads, and to determine the loads of earthquakes, for the analysis of the structural and
design sections we will use the US Code (ACI_318_14), it must be noted that he will be
relying on some computer programs such as: Autocad2007, SAFE , Office2010, Atir11.5,
ETABS and others.

now we able to provide structural design of all structural elements with permission of
Allah Almighty.
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Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = 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.
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.

Xiv



Vn = nominal shear stress.

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

Wc = weight of concrete. (Kg/md).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
€, = strain of tension steel.

&s = strain of compression steel.

p = ratio of steel area .
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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 (R10).
4. 6 Design of Beam (Beam 47,3F).

4. 7 Design of Two Way-ribbed Slab (S1).
4.8 Design of Flat Slab.

4.9 Design of Column (G3).

4.10 Design of Stairs.

4.11 Design of Basement Wall.

4.12 Design of mat foundation.

4.13 Design of Frame.
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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/ms.
= Normal weight concrete with unit weight from about 1800 to 2400

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

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.

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.
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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).

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+1.6 L
Wu=1.4DL

4.3 Check of minimum thickness of structuralmember:

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

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

Solid one way
Slabs /20 /24 /28 /10
Beams or ribbed
one way slabs L/16 L/18.5 /21 L/8

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

L1 5 -
it 0.3125m .... for simply span (control)
% = % = 0.19m .... for cantilever

select :32 cm thickness with 24 cm block and 8 toping .

For beam:
L1 6.13 )
Prinlevals 0.292m .... for two end continuous

Beam thickness 32cm

L1 818 :
— = —=0.442 m .... for one end continuous
185 185

Beam thickness 52cm

Select h=(24+8)=32cm for rib slab with drop beam h=52cm and 32cm
beams.

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? wi2
12 12

wiL?
24
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Fig 4.1: topping load and moment diagram.

For the topping, the total dead load to be used in the analysis and design is
calculated as follows:

Table (4 — 2) Dead load calculation for topping

Quality Density
No. | Partsof Rib 3 Calculation
KN/m
1 Reinforced Concrete o5 0.08x25x1
Topping
2 Sand 17 0.07x17x1
3 Mortar 22 0.02x22x1
4 Tile 23 0.03x23x1
6 Plaster 22 0.02x22x1
7 Partition 2.38*1
Yy = 7.14 KN/m

Nominal total dead load = 7.14 KN/mZ.
Nominal total live load = 4 KN/m?.

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

Toping

Hollow Block ( 27¢cm)

Fig. (4-2): Topping of one way rib slab
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qu=1.2xD+1.6xL

14.61 KN/m. (Total factored load)

W, * 12

M, = —>—= 0.19KN.m
@M, = 0.55 * 0.42 * V24 x 1000 * 80%/6 = 1.207 KN.m
PM, = 1.207 KN.m > M, = 0.19 KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement:-
p =0.0018

A= pxbxh=0.0018 % 1000 * 80 = 144 mm?.

~ Use 8 @ 20 cm in both directions.

Check shear strength:
* ]
V, = quz = 2.92KN.m

0.75
@+xVc = 6 xv24 %1 x80 =49 KN

4901 2.92

~No shear reinforcement is requirement.

4.5) Design of One Way-ribbed Slab (R10):

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

Shrinkage & Temperatuer Bar's =

One way rib slab ——\

Fig. (4-3):One-Way rib slab
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Fig 4.4: Rib 10 in first floor.
Units:kN,mete
5.64 5.64
4.9 5.

Fig 4.5: Dead load in the rib.
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Fig 4.6: Live load in the rib.
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Fig 4.7: Geometry of rib and its dimension.

Reactions

Factored

DeadR12.2
LiveR 7.29
Max R19.49
Min R 11.11
Service

DeadR10.17
LiveR 4.56
Max R14.72

DeadHl2.72

LiveR 7.27 19.89 16.43 5.03
Max R 20. 58.19 44.77 11.24
Min R 11.91 46.88 32.07 4.33
Service

DeadR10.6 (31.92 ] 23.61 517
LiveR 4.55 L 12.43 3 10.27 3.15
Max R15.15 44.35 33.88 8.32

Min R 10.1

Fig 4.8: Reactions of rib (live and dead).
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Calculation of the total dead load for one-way rib slab is shown in the following

table:

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

Quality
2! Material DR Calculation
KN/m®
1 | Topping 25 0.52x0.08x25 = 1.04
2 | Rib 25 0.24x0.12x25 = 0.72
3 | Sand 17 0.52x0.07x17 = 0.6188
4 | Mortar 22 0.52x0.02x22 =0.2288
5 | Tile 23 0.52x0.03%23 =0.3588
6 | Plaster 22 0.52x0.02%x22 =0.228
7 | Block 10 0.4x0.24x10 = 0.864
8 | Partitions 2.3 0.52x2.3=1.2
5.46 KN/m
Z =
L =4*0.52 = 2.08 KN/m
Qu=1.2*D =6.55 KN/m
1.6*L =3.33 KN/m
Effective flange width ( b.) ACI-318-14 (6.3.2)

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

be < % * clearspan + b,=520 mm ............ Controlled.

< Span/4 = 495/4 = 123.75 mm.
< (16% tf) + 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)
=320 — 20— 8 —12/2= 286 mm.

» Determine whether the rib will act as rectangular or T — section:

For hf=0.08 m
te
Mpr = 0.85 f{ * b * t¢ * (d—5>
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0.08

= 0.85 * 24 * 0.52 * 0.08 * (0.286 — T) «103 = 208.77 KN.m

@My = 0.9 x 208.77 = 187.89 KN.m

4.5.1) Positive moment Mu®=19.9 KN.m

— @Mps =187.89 KN.m> Mymax =19.9 KN.m.
=~ Design as rectangular section.
Mn=Mu/ @ =19.9/0.9 =221 KN.m.

f 420
m=—%= =20.6
0.85f.  0.85+24

_ My _ 19.9+10°
Kn

= o " sr0mz80 - 0.468 MPa

1 2xKp*
p=—(1- /1—Tm)

_ 1 <1 _ Jl - M); 0.00113

20.6 420

—Asreq = p X bg xd =0.00113 x 520 x 286 = 168 mm”.

\/E 1.4
Aspin = —*bw*dzf—*bw*d

ACI-318-14 (9.6.1.2)

4 (fy) v
=2 1204286 > 4120 « 286
4x420 420
=100 mm?<114.4mm?............. Larger value is control.

_)ASm|n<ASreq
2012 = 226.2 MM*>ASyg,... OK.
~ Use 2 @12

— Check for strain :-(g; = 0.005)

Tension = Compression

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

a=28.96 mm.

a _ 896

ACI-318-14 (9.3.3)

x = —==—=10.54 mm x Note: f. = 24 MPa< 28 MPa— [3; = 0.85

B, 0.85
e; = (5% 0.003

_ (286—10.54
10.54

~0=09.. OK

)* 0.003 =0.078> 0.005

44|2A.A.A



4.5.2) Positive moment Mu~18.8 KN.m

5 @M= B*C* (d - 1/2)
=0.9*0.85*24*80*520*(286-80/2)
= 187.89 KN.m

OM, = 187.98 KN.m> My max = 22.9 KN.m.

=~ Design as rectangular section.
fy 420

= =20.6

m= =
0.85f, 0.85%24

K. = Mn _ 18.8+10°
N bxd2  0.9+4520%(286)32

1 2xKp*
p=—(1- /1—Tm)

-1 <1 — 1= M): 0.0012

=0.49 MPa

20.6 420

—As = p x bg xd =0.0012 x 520 x286 = 178.5 mm*.
As = 178.5 mm2 >Aspi, = 126.4mm?

~ 2 @12 with As = 226mm? > As = 195.9 mm?

~ Use 2012.

— Check for strain :-(g; = 0.005)
Tension = Compression
Asxfy =085 xf.xbxa
226% 420 = 0.85 x 24 x 520 x a

a=8.95 mm.

8.95 /
X = Bi = 085 =10.5 mmx Note: f, =24 MPa< 28 MPa— [3; = 0.85
1 .

d—
g = (—-)*0.003

_ (286—10.5
- 10.5

~9=09.. OK.

)* 0.003 = 0.079> 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® =19.3 KN.m
Design as rectangular section with b = bw = 120 mm
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Mn = Mu /@ = 0.9*0.85*24*80*120*(286 - 80/2) = 43.36 KN.m

m=—Y_=—220 54
0.85f, 0.85%24
+106
K, = = 12310  _5o5MPa

" bxd2 ~ 0.9¥120+2862

1 2xKp*
p=—(1- /1—Tm)

- L <1 — 1= 2*.2.25*20.6): 0.0057.

20.6 420
—As = p X by, xd = 0.0057x 120 %286 = 195.6 mm?®.
—As = 195.6 mm? >Aspin = 126.4mm?
2 012 = 226.2 MM*>ASreq =195.6 mm? ... OK.
~ Use?2 @12

— Check for strain :-(gg = 0.005)
Tension = Compression
Asxfy =085 xf.xbxa
226.2 x420=0.85x 24 x 120 x a

a=238.8 mm.
X = Bi =222= 4565 mm x Note: f. = 24 MPa< 28 MPa— @, = 0.85
1 .

d_
£ = (TC)* 0.003

_ (286—45.65
- 45.65

~0=09... OK

)*0.003 = 0.0158> 0.005
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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 =320 - 20- 8 -(12/2) = 286 mm .
Vu =246 KN.

1.1% @V, = 1.1 x0.75x% ? x 0.12x 0.286 = 23.12 KN.

Take region UL
Vlimit= @*Vc+@=*Vs
1
Vsmin = T¢ * V24120 286 = 10.51KN

or

1
VSmin = 3 * 120 * 286 = 11.44 KN ....control

@*Vc=2312 <Vu=241 <@ (Vc+ Vsmin) = 31.7
AVpin _ VEC xbw V24 % 120

= = = 0.089
S 16 * fy 16 * 420
AVinin bw 120
= = = 0.095
S 3xfy 3420
Avpy; 100.53
=2 = = 0.095
S S
s =1058.2
d 286

select)8 @ 14 cm . 2 leg — stirrups
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4.6 Design Beam (47) at the 3rdFloor Slab:

Material:-

As the follows:-

1

Concrete

B300
Reinforcement Steel

Fc' = 24 N/mm?
fy = 420 N/mm?

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

]: ; :
L L
A A
03 5.84 0.6 5.12 0.6
o 5.29 ' 5.72 '

52,

B0.
A-A

Load of beam:-

Fig. (4-11):Beam geometry.

Load of this beam come from reaction of Rib101 & Rib103 as following:

load group no. 1

Dead load - Service

Units kN meter

330 265 26.5 07
g R TR
25 .79 0.49 £.23
|
Live load - Service Load factors: 1.20,1.201.60,0.00
1,7 189 16. 115
25 179 D43, £.23 ‘
|

Fig. (4-12): Load of the beam.

»Self-weight of beam = 0.52*0.8 *25 = 10.4 KN/m
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-452.2
-355.1 -349.6

) 2.161.91 ,
| “"'"\-u._\_\_‘-‘

30. I

Figure (4-13): Moment and Shear Diagram in beam

4.6.1) Positive moment Mu®™ =310.1 KN .m

d = h — cover-dsirmp - d — > = 520 — 40 — 10 — = = 461mm

Check rectangular section or T-section:

From the geometry of T-Section :
b= 800 mm h= 520

Select diameter of bar = 18 mm.

310.1%10°
Kn=—— = =2.03Mpa
0.9%¥800%4612

fy 420
ms=_———= =20.59
08*fc  0.85*24

2mKn
fy

1k
p—m(- - )

1 \/1_ 2(20.59)(2.03) ) =0.0051

- - 1 -
P= 5059 420

A eq=p>b % d=0.0051*800%461 = 1880.9 mm?

ns. =V b)) % (bw)d))

min 4(fy)
N 24 14
As . =——(800)461)>—(800)461
5o = 1a0) 00N46D)> 5 (800K461)
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As,.,=1075.4<1229 ............. the larger is control

1880.9mm? > As_. =1220 mm°
Take 8 @18 with As=2035.8 mm?

Check for strain:

Tension = compression
As;xfy=0.85 x f,x b xa
2035.8*420=0.85*24*800*a
a=>52.4mm

8 _524 _ &1 6mm

X=—=
5. 085

g, = (15751614 003
61.6

g, =0.019>0.005 »>—>— o0k

4.6.2) Positive moment Mu =255 4KN.m.

d=461mm
% 6

kn :&102 = 1.69Mpa

0.9%800%461

420
m = L = =20.59
0.85* fc 0.85*24

1 2mRn
p=—(@1- 1- )

m fy
p=0.00421

A 1eq=p>*Db x d=0.00421%800% 461 = 1552.6 mm?
1552.6 mm? > As . =1229 mm°®

Use 8@ 18 with As =2035.75 mm? > As req

Check for strain:

Tension = compression
Asxfy=0.85 % f,x b X a
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4.6.3) Negative moment Mu =452 2KN.m.

d=461mm
+106
kn =———2220_ _ 5 96Mpa
0.9¥800%461
= L = 420 =20.59
0.85*fc’  0.85*24
1 2mRn
p=—(@1- 1- )
m fy
1 : :
p=——(1- \/1_ M) =0.00765
20.59 420

A req=p*b % d =0.00765%800* 461 = 2821.4 mm?

2821.4mm?>As . =1229 mm?
A g = p*b * d=0.0077x800% 461 = 2821.34 mm?
ASyeq = 38724 mm? > Asp, = 1229.3 mm?

Use 12® 18 with As = 3053.62 mm* >As,.., = 28213.4 mm?
Check strain :

T=C

3053.62 * 420 = 0.85 * 24 * a » 800

a = 78.6 mm?
78.6

— — 2
X = 085 92.5mm
€ = 0.003 (461 —92.5)
= e —
$ ' 92.5

€s= 0.012 > 0.005

so®=0.9

4.6.6Design of shear:-
»Spanl: Vu=272.7KN.

s
@Vc=¢>><£><wad
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= 0.75 x g x 800x461 = 225.8 KN,

0.75
D * VSmin =?><\/ﬂx800 X 461 = 84.7 KN

5*pVe =5%225.8

=1129.2 KN > 272.7
Region 3 :

Vu <= @Vc + min §Vs

Vu <=225.8 + 84.7 = 310.5

Select 10, 2 legs

AV = 2*[] *10%/4

= 157 mm’
Min @ Vs =84.7

Vs =84.7/0.75 = 112.93 KN

Av _ Vs
Sreq fyxd

Sreq = 157*420*461/112.9E+3
Sreq = 269.3 >= 461/2

=230.5 <= 600 mm
Select S=25cm

Region 4 :
Vu <= 30Vc
<=3*225.8=677.4
@ Vn=0*Vc+ @*Vs=Vu
= 225.8+ @*Vs = 290.4

@*Vs = 64.6
Sreq = 157*420*461 / 86.13E3

=352.9 mm

Select S =300 < 600
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4. 7 Design of Two Way-ribbed Slab (S1).

4.13.1 Check if the minimum thickness of the slab.

Ip; = bh®\ 12 = 80 * (32) 3\ 12 = 218453.3 cm”.
Ip; = bh3\ 12 = 50 * (32) 23\ 12 = 136533.3 cm*

8
Ye=52*8*4+12*24*20 =10.55cm*
52*8+24*12
lip= 52*8 + 12%24% +12*20°
12 12 12
+ 8*52(6.55) "2 + 24*12*(9.45) "2 Fig (4-14): Section in Tow way
= 59609 cm "4

Short direction

|, = 596009 ;2564*0-”: 323264.2cm*.

Long direction
|, = 220 LSI05)- 351349, 20"

o = % = 2184533.3\323264.2 = 0.676

an = %2 136533.31351349.2 = 0.389

am=Yaf \2=(0.676+0.389) \2= 0.533<2

5.33 (.8+ 420\1400)
36+5%1.07 (0.533— 0.2)

=155>125

B=5.3314.99 =1.07.
Select h=32cm > 15.5 OK.
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4.13.2 Load calculation:

Table (4 — 4) Calculation of the total dead load for tow way rib slab.

Material Quality Density W=Y *V
KN\m? KN

Tiles 23 23*0.03*0.52*0.52 0187
Mortar 22 22*0.02*0.52*0.52 0.119
Sand 17 17*0.07*0.52*0.52 0.322
Topping 25 25*0.08*0.52*0.52 0.541
Rib 25 25*0.12*0.24*(0.52+0.4) 0.662
Concrete block 10 10*0.*0.4*0.4 0.384
Plaster 22 22*0.24*0.52*0.52 0.119
Partition 2.3 KN\m* 2.3*0.52*0.52 0.622
Total dead load , KN 2.95

Dead load of slab :
DL=4.6\(52*.52)=10.93 KN\m?.
WD =1.2 *10.93 = 13.12 KN\m?.
Live load of slab :

LL =4 KN\m?

WL = 1.6 * 4 = 6.4 KN\m?

W=13.12 + 6.4 = 19.52 KN\m?"
Moment calculation :
La\Lb=4.99\5.33=0.95

Negative moments at continuous edge :

Caneg = - 0.075
Ca,dl = 0.036 Ca,ll = 0.038
Cb,dl =0.024 Cb,|| = 0.029
Ca= 0.75 Cp= 0.25

Positive moment :
Moagpos= (0.036 * 13.12*4.992) +(0.038*6.4*4.99"2) = 17.81 KN.m .
Modpos = (0.024* 13.12*5.332) +(0.029*%6.4*5.33"2) = 14.22 KN.m .

Negative moments :
Maneg = 0.075*19.52*%4.99"2 = 36.45 KN.m\m .
Mbneg =0.075=5.7 KN.m\m..

4.13.3 Design of slab :

negative moment :
d=320-20-8-14/2 =285 mm.

Mn 36.45%10"6 fy 420

Rn = = Sozoasey - A16Mpa.m = o = e~ 206
p==(1- /1—2’;’;’" )=1\20.6(1-\/1—%)=1-12*10'3-

54|2A.A.A




As =pbd = 1.12 * 10 * 120 * 285 = 383.04 mm?

Check for As,min

OZSEbd> % h,d
Ty VIS oy Y

Asmin = 0.25 g 120 . 285 =99.73 mm?.

1% 120 285 =114 mm?.
420
Take 20 16 .

Positive Moment :
d=350-20-8-12/2=286 mm.

As for 2 12 = (2*3.14*1272)/4 = 226.2 mm?
Check for As,min

As min = ﬂde
fy

As,min= 0.25 ;/%_: 120.286 =116.6 mm?.

As > Asmin
design as rectangular section

C=a/B;

8.96/0.85 = 10.54 mm

Mn = As * fy *(d- a/2)

=226.2*420*(286 - 10.54/2)

=26.67

@ Mn = 26.67 * 0.9 = 24kn/m> Ma and Mb
Take 20 12 .

4.13.4 Design of shear :

Wa =0. 75, in the short direction

The total load on the panel being ( 19.52*%4.99*5.33 ) =519.17 KN .

The load per rib at face of the long beam is (0. 75 * 519.17 * 0.52\ (2 *5.33)) = 19 KN .
V=19 -0.285*0.52*19.52 =255 KN .

fe
OV, = 0.750*1.1 x J_ xbxd=0.75*1.1 x ? x 120x 285x10° =23.04 KN .

6

No need for shear reinforcement .
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4.8 Design of Flat slab :

The design done by using SAFE program.

4.8.1 Load calculation:

Assume slab thickness 32cm.

Table (4 —5) Calculation of the total dead load for flat slab.

Thick Quality
ickness i
ON Material BEnsihy Calculation
' cm KN/m?
1 Slab 32 25 0.32x25=8
2 Sand 7 17 0.07x17=1.19
3 Mortar 2 22 0.02x22 =0.44
4 Tile 3 23 0.03x23 =0.69
5 Plaster 2 22 0.02x22 =0.44
6 Partitions 2.38
13.14 KN/m?
4.8.2 Check for punching shear:
ot 02!
B T:ﬁ_o;sz’da . *9.5333
0.418 0.411
0.4495 gy 05101 * # 0.4694
2a " >
- 0.3469 ) 0576
07777 | 0.6687 I
[ = *WQT

7#10

Figure (4-15): Punching Shear Capacity Ratios / Shear Reinforcement for flat

slab

As shown all ratios less than 1, so we don’t have punching reinforcement .




4.8.3 Design for bending moment:
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Figure (4-16): moment distribution in x-direction 0
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Figure (4-17): moment distribution in y-direction

The design of flat slab done by using Finite Element method.
Selected $12/15cm in both direction for top reinforcement

Selected §12/10cm in both direction for bottom reinforcement
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Figure (4-18): Reinforcement for flat.

4.9 Design of column (G 3):

Pd=2500 KN
PI=500 KN
fc'=28 Mpa
fy=420 Mpa

(4.9.1) Check the slenderness parameter:
(Non-sway system braced, K=1)

M
(M—l) =1 brecedframewithM min
2

Ly <34 -12 (M
T M

2

)<40
r=\/§ ~ 0.3h = 0.3 x 0.50 = 0.15

r Z\E ~ 0.3h = 0.3 x 0.45 = 0.135.

=3.4m
kLu—1X3'4—2518>(34 12) = 22
rx 0135 77 N
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kL, 1x3.4
ry 0.3%0.5

= 22.66 > (34 —12) = 22 So the column is long at y axis

(4.9.2) Calculate e min ,M min about X-axis:
Pu=1.2*2500+1.6*500=3800 KN

e=0

emin =15 +0.03h =15+0.03% 450 =28.5 mm.

Mmin= Py % emin= 3800 x0.0285 = 108.3 KN.m

Fc=28Mpa , Fy=420Mpa
E. =4700,/f/ = 4700v28 =24870.1 Mpa.

_b.h® _ 5004503

ly= = 3.8 x10°mm*,
12 12

(4.9.3) Determine of Euler buckling load:

p = T2El _m?X0.4%4750* 3.8 X109%/28
¢ =

(Kl)? 1.78(1+3400)2 =183 MN

(4.9.4) Calculate the moment magnifier factor:

Crm=0.6 + 0.4 (%) =1

2

Spe=—m =- r—=138>1 ok

0.75P¢ 0.75X18.3

The magnified (e) and (M):

€ = Onsmin =1.38x%0.00285 = 39.4 mm
e/h = 0.0394/0.45 = 0.0876

Y /h=(450-2*40-20-20)/450 = 0.77

From the interaction diagram constructed Diagram

Y /h=0.75 #PnlAg_» 55g

Y /h=0.6 Pn/Ag_sc

Y /h=0.73 #Pn/ Ag=2.54*(1000/145)=17.57
Pny=6.08 MN
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(4.9.5) Calculate e min ,M min about Y-axis:

Pu=1.2*2500+1.6*500=3800 KN
e=0
€min =15 +0.03h =15+0.03% 500 =30 mm.

(4.9.6) Determine of Euler buckling load:

m2El _m?X0.4¥4750% 4.6 X109%/28
P.= = = 22.58 MN
(Kly)? 1.78(1+3400)2

(4.9.7) Calculate the moment magnifier factor:

Cr=0.6 +0.4 (Z—) =1

2

Sm—m = — L =120>1 ok

0.75P¢ 0.75X22.58

The magnified (e) and (M):

ex = 1.29x30 = 0.0386 mm

e/h= 0.77

Y /h=(500-2*40-20-20)/500 = 0.76

From the interaction diagram constructed Diagram
#Pn/l Ag=17.57 Pnx=6.08 MN

As=0.026*0.45*0.5=5850 mm?

Select 12025

P0=0.8*500*450(0.85*28(1-0.026)+420*0.026)=6.17 MN
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(4.9.8)Bressler equation:

1/Pn=1/Pnx+1/Pny-1/Po
=1/6.08+1/6.08-1/6.17
Pn =5.992

@Pn=3.89 >Pu=3.8

Safe

12025
~——DOl

10

10
%)
]

SN DR &
[

4
8| J
o) 0 O ]

RRRRRRRERRRRRRR]

Figure (4-19): Reinforcement for column.
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4.10: Design of stair:

1./9

1.95

Figure (4-20): Top view of stair

(4.10 .1) Determination of Slab Thickness:
L=38m.
hreq = 3.8/ 20 =19
Take h=20 cm.
= Useh=20cm.
0 =tan*(15.5/3)=27.3
Cos 6 =0.889

(4.10.2) Load Calculations at section :

Load on Flight:-

Dead Load:

For 1m strip:
Flight = (25*0.2)/(C0s27.3) = 5.63 KN/m.
Horizontal Mortar = 0.03*22*1 = 0.66 KN/ m.
Plaster =(0.02*22)/ (Cos 27.3) = 0.5 KN/ m.
Horizontal tiles =23*0.04*(33/30) = 1.01 KN / m.
Vertical tiles =22*0.03*(15.5/30) =0.34 KN/m
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Triangle = 25*%0.155*1*0.5 = 1.94 KN/m
Total dead load =10.08 KN/ m.
Live load:
Live load for stairs =4 KN/ m.
Factor Loads:
Qu=1.2*10.08+1.6*4 = 18.5 KN/m.
Au =18.5*3*0.5 = 27.8 KN
Max Vu =27.8*c0s27.3 = 24.7 KN
Max Mu =27.8*(0.4+1.5)-18.5*1.5*%0.75=32 KN.m

(4.10.3) Design of Shear:
= Assume @ 12 for main reinforcement:-

So, d =200-20 -12\2 = 174 mm

Vu=24.7 KN.
f.'*b, *d
¢VC=¢\/_C6 }

_0.75*+/24 *1000 *174
6

Vu =24.7 KN<gVc=106.5 KN.

Ve =106 .5KN

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

(4.10.4) Design of Bending Moment:
Max Mu = 32kN.m
Mn =Mu /0.9 =32/0.9 = 35.55KN.m.
_ Mn
" b-d?
- 35.55*10°
" 1000 *1747

__ b
0.85x fc!

420
m =— - =
0.85x 24

* *
potlps po2Mka | 1 1_\/1_M —0.0029
m f, ) 206 420
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As,,, = 0.0029*1000*174 = 504.6 mm*

As,,,,;=0.0018*b*h = 0.0018*1000* 20 = 360mm
A= 360mm< As,,, = 504.6 mm?

Use @ 12@ 20 cm

As provided =565.7 mm?>As req.
Check Strain:

T=C

As*fy = 0.85* f_'*b*a
420*565.7 = 0.85*24*1000*a
a=11.6 mm

x=13.6 mm

€s=0.0357 >0.005

So $=0.9

5 -Lateral reinforcement:

As min = 3.6 cm?

Use @10 @ 10 cm

As =3.9cm?m

(4.10.5) Design of landing:

- Load on landing:

Dead Load:
Tiles = 0.03*23*1 = 0.69 KN/m.
Mortar = 0.02*22*1= 0.44 KN/ m.
Plaster = 0.02*22*1 = 0.44 KN/ m.
Slab = 0.2 *25*1 =5 KN/ m.
Sand = 16*0.07*1=1.12 KN/m
Total dead load =7.6 KN/ m.

Live load:

Live load for stairs = 4 KN/ m.
Qu=1.2*7.6+1.6*4=15.52 KN/m.
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Au or Bu from Analysis:

Au = (15.52+27.8)*4*0.5 = 86.6 KN
Vu=-43.32*%(0.299) +86.6 = 73.65 KN

Mu max =86.6*2-43.32*2*1 = 86.56 KN.m

(4. 10.6) Design of Shear:
Vu = 49.32 KN.

¢ fCI*bW*d
c=—"——"—
W 6

_0.75*+/24 *1000 *174
- 6

Yo =106.5KN
Vu =73.65 KN<g¢gVc=106.5 KN.

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

(4.10.7) Design of Bending Moment:
Mu = 86.56 KN.m
Mn =Mu /0.9 =86.56/0.9 =96.18KN.m.
d=174mm.
_ Mn
" b-d?
_ 96.18*10°
" 1000 *1742
__ K
0.85x fc'

420
m=————
0.85x 24

2 M * *
p=tig_ o2, 1 1_\/1_w —0.0083
m f, | 206 420

AS,,, = 0.0083*1000*174 = 14.42 cm’

M

=3.18MPa .

=20.6

As,;,=0.0018*b*h =0.0018*100* 20 = 3.6cm2

As, .= 3.6cm’ < A, = 14.42 cm’
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Use @ 14 \10cm
As = 15.39 cm? /m
Check Strain:
T=C
As*fy = 0.85* f_'*b*a
420*15.39 = 0.85*24*1000*a
a=31.68 mm
Xx=37.27 mm
€s =0.003((174-37.27)/(37.27)) = 0.011 > 0.005
So $=0.9

(4.10.8) Design Region I (Landing):

Au =15.52*4*0.5=7.76 KN
Vu =-15.52 *0.299+7.76 = 7.31 KN

Mu = -7.76*2 + 15.52*2*1 = 15.52 KN.m

(4.10.9) Design shear:

Vu =7.31 KN.
f.'*b, *d
¢Vc=‘”—°6 .

_0.75*/24 *1000 *174
6

Ve =106 .5KN

Vu = 7.31 KN<#Vc = 106.5 KN,

(4.10.10) Design bending moment:

Mu = 15.52 KN.m

Mn =Mu/0.9 =15.52/0.9 = 17.24KN.m.
d =174mm.

M = Mn
b-d?
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_17.24*10°

L=~ —0.6MPa .
1000 *174
:L
0.85x fc'
_ 420 _ 506
0.85x 24

* *
P P L P B 1_\/1_2 20.6%06 | _ 1015
m f, 20.6 420

As,., = 0.0015*1000*174 = 261 mm’

As . =0.0018*b*h =0.0018*100* 20 = 3.6cm2
As,, = 3.6cm’ < As, = 261mm?

Use ® 10 \20cm
As =3.93cm?/m

Check Strain:

T=C

As*fy = 0.85* f_'*b*a

420*393 = 0.85*24*1000*a

a=8.1 mm

X=9.53 mm

€s = 0.003((174-9.53)/(9.53)) = 0.052 > 0.005

So ¢=0.9 OK
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Figure (4-21): Reinforcement for stairs.
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4.11 Design of basement wall:

RITEERRRERRRNERN

ko #1
=1.5%3

2.5 Kkn/m™e

Figure (4-22): Geometry of basement.

Fc¢’ =24 Mpa Fy =420 Mpa
@ = 30°y = 18.00KN/m3
Ko=1-sin®

=1—-sin30

= 0.50

4.11.1 Load on basementwall:

For 1m length of wall:
* Weight of backfill:
ql =Ko *y*h
=0.50*%18.0*3.24 =29.16 KN/m
01 (Factored) = 1.6 *44.8 = 46.656 KN/m
* Load from live load:
LL=5 KN/m2
g2 = Ko * LL
=0.50 * 5=2.50 KN/m
02 (Factored) = 1.6 *2.50 =4.0 KN/m

4.11.2Design of the shear force:
Assume h =300 mm,

d=300—-20—-14 = 266 mm
Vmax =56.86 KN
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_ /28 *1000 * 266
6

gVe =175.01 KN

Vu <¢Vc

No shear Reinforcement is required.

4.11.3 Design of bending moment:

Mu max =22.81 KN.m

o Mu_3656
=097 09 -m
o Mns10°_ 4062¢10°
N Ty edz 10002662 > PR
_ Fy _ 420 — 1760
M=085+fc 08528

1 1 1 2*Rn*m
= — %k —_ -
P m Fy

1 2*%057%x17.6
= «[1- |1-

17.60 420
=1.37%1073

Asreq=p*b*d=1.37+1073 % 1000 * 266 = 3.65 cm?/m
Asmin = 0.0012 *xb xh = 0.0012 * 1000 * 300 = 3.60 cm?/m
Amin < Areq

Select 10@20cm/m in both direction.

4.11.4 Design of the horizontal reinforcement:

Asmin = 0.0012 xb xh = 0.002 * 1000 * 300 = 360cm?/m
Selectp10@20cm/m, in two layer.
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Figure (4-23): Reinforcement for stairs.
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4.12 Design of mat foundation:

Design done by using SAFE.

4.12.1 Load calculation:

Density of soil = 18KN/m3

Allowable soil pressure = 300kN/m?

Fc'= 24 Mpa

Fy= 420 Mpa

Cover=7.5cm

Take the reaction of columns and walls from ETABS.

4.12.2 Determine the soil pressure:

Subgrade Modulus of soil = 120*300 = 36000KN/m3

Figure (4-24): Soil pressure diagram

Max pressure =178 KN/m?< 300 KN/m?
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4.12.5 Check for punching shear:

1817

qi514

" _*:_n w44 _*_g.m +
?.md_‘#_u.m _:m:_n.m? _:m:_uasu _:m:_nm _ﬂ:g.m _ﬂ:_n.ma _#-_t.i'r%t.ms
B
- _ﬂ:_nam _:m:_nam
X < 1
j*:_u.mu_#_u.m _:#_nms _:“:_nme #.w _*:_nsm _#_nmu{“-i st
: 2188, | 04387 05833 #w #m 05836 0 o
T i * o
(] 07128 07448
\i::#:_n.g —— —Z*me f I‘*_ f—t— _I* — _#.:_Mml — I_*—:E:--m‘

Figure (4-25): Punching Shear Capacity Ratios / Shear Reinforcement for mat
foundation

As shown all ratios less than 1, so we don’t have punching reinforcement.

4.12.6 Design for bending moment:

900
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Figure (4-26): moment distribution in x-direction



Figure (4-27): moment distribution in y-direction

The design of mat foundation by using Finite Element method
Selected basic mesh 12 /10cm for top reinforcement

Selected basic mesh @16/10cm for bottom reinforcement

C32*

8018

8018

3
5 OR1D @10/15¢m

/3010

0075 0.7

216/10

Figure (4-28): Reinforcementfor mat .
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(4.12) Design of frame:

Pusacrorea = 1040KN.

Puy, = 705KN.
Pu, = 113 KN.
f! =28 MPa F, = 420 MPa

Cheek the stability index:

About X :

Q= SPUsAX — 2028:00037 _ () ()] <0.05 braced

T SVUsLC 41.2+10.8

About Y:

Q =X PUsAX _ 2000+0.0098 _ () () <0.05 braced

SVU+LC  32+10.8
Magnitude K of column:

About Y:

ZEL/
l.IJ— L CONECTED COL
ZEL/
L CONECTED BEAM

1 1
N [ E—
=E*.7*.7*.7 3/12(6.8+4.4)

E*35%.7+.8"3/12
15.5

=7.76

Y for fixed =0.0
from chart k=0.86

About x:

ZEL/
Y= L CONECTED COL
ZEL/
L CONECTED BEAM
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_Ex0.7%0.7%0.7"3/12(1/6.8+1/4.4)
E+0.35%0.7%0.38"3/12
6

=27.9

Y for fixed =0.0
from chart k=.87

1- Check for slenderness:-

kln<34 12M1 < 40
r (Mz)_

K=1 for column in nonsway frames.

lel 271

kin _ 87+6.4

e  0.3%0.7

= 26.5 < 40 short column for bending about x-axis

kin _ .86%x6.4

Ty 0307

=26.2 <40 short column for bending about y-axis

pU 346

MU ~ 1040 =033

ex = ey=

We will use the tide column interaction diagrams

e_0.33_047
h 07

Compute ratio y

d—d'_700—2*40—2*10—20

y=—: ~50 = 0.82
h= 700 b= 700

Prmim = 0.01

‘Z”Af—;” = Q’Z—ZX =1.23 MN

P

0=0.849(0.85F¢(1-pg)+Fyrpg)

= 0.8 % 0.7 * 0.7(0.85 * 420(1 — 0.01) + 420 % 0.01)
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=10.88MN

Bresler equation:

1 1

1
Pn pny pn,

1 1 1

1
pn 1.2 1.2 10.88

Pn=4.52 > PU=1.04 ok SAFE

Select reinforcement
Age = pgAg = 0.01 %700 + 700 = 4900 mm?
A,020 = 314 mm?

As

=20
A022

Use 20020 ok
20022
Design of BEAM FRAME

Maximum positive moment Mu ™ =660 KN.m
Mn = Mu /p= 660/ 0.9 = 733KN.m .

fy - 420 _996

T 085f]  0.85%24

_ My, _  733%10°
bxd? 700+ (740)2

1 2%Rp*
p=—(1- |1 —Tm)

=L (1 ~ 1= 2*1"’*20'6): 0.00479 |
420

R, = 1.9MPa.

T 206

1
+_
Po

—ASyeq = p * b *d = 0.00479* 700 *740 = 2464 mm>,
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NiA 1.4
xd <—xb, *d

ASpin = % b
T AR 3

= V2 200 %740 < 22 4 700 * 740
4%420 420

=1510 mm%<1726 mm? .............

Use 7025 ok

Maximum Negative moment Mu® =987 KN.m .
Mn =Mu /dp=987/ 0.9 = 1097KN.m .

f; 420
m=—2-=——-=20.6
0.85f!  0.85%24

_ My, _ 1097%10%° _
R, = bed? _ 700% (7200 2.86MPa.

1 2*Rp*
p=—1- |1 —Tm)

_ 1 <1 _ 1— 2*2.86*20.6>: 0.0074

T 206 420

—ASpeq = p * b *d =0.0074 * 700 *740 = 3817 mm°.

Use 7025 ok

4103227

BI—>~

I3
e‘qa: 2008

Figure (4-29): MomentDiagram for frame.
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3. ACI Committee 318 (2014),ACI 318-14: Building Code Requirements

for Structural Concrete and Commentary, American Concrete
Institute, ISBN 0-87031-264-2.
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wlaxdoll 4.5

Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

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

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-

way slabs £/20 €124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 £18.5 €121 £/8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 k% ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural I|ﬁh1w9|ght concrete having unit density, w,, in the range
1440 1920 kg/m?, the values shall be multiplied by (1.65 = 0.603w ) but not

less than 1.09.
b) For f,, other than 420 MPa, the values shail be multiplied by (0.4 + fyi?m}

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)-ONE
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection imitation
Flat roofs not supporting or aftached to non- | Immediate deflection due to live load L ‘
structural elements likely to be damaged by £/180°
large deflections
Floars not supporting or attached to nonstruc- | Immediate deflection due to live load L
fural elements likely to be damaged by large /360
deflections
Roof or floor construction supporting or That part of the total deflection occrring after .
attached to nonstructural elements likely to be | attachment of nonsiructural elements (sum of £ A480¢
damaged by large deflections the long-erm deflection due to all sustained
Root or floor construction supporting or fﬂﬁom mee “”.j;”d‘)*?‘ate deflecton due o any ‘
attached to nanstructural elements not likely o {/240°
be damaged by large deflections

* Limit not intended to safequard against ponding. Pondmg should be checked by suitable calculations of deflection, including added deflections due to ponded
water, and considering long-term effacts of all sustainad loads, camber, construction tolerances, and reliability of provisions for drainage.

f Lon?-term deflection shall be defermined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur bafore attach-
ment of nonstructural elements, This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members sim-
llar o those being considered.

Fimi may be exceaded if adequate maasuras are faken to prevent damage to supported or attached elements.

$ it shall ot be greater than folerance provided for nonstructural elements. Limit may be exceaded ff camber s provided so hat total deflection minus camber
loas not excesd limt.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

84 | dada




wlaalls W, W axdl Jlo>VI

3 gl
L

.;:':_'i- i_'l'_r".,:ﬂ_h J;_l;-' '..-;l-.l..'l: h_-.-ll-_-l"-ﬁ-;-'-u-l-": 4_|||I_I..'|

.l-..--'-l‘- f_--_’---' -"-'-'I'-_J'E':-:I'_' :hmhill'

4.5 2.5

45 40

1.8 20

A Laally BtV B2
4.5 2.0

enmalaiad o

1 bl o E
J a J

1.8 20

Y | i

L L |




FAGa | g Jioneal S s
oo
5 TaloS Jiasy P F -

b

e 48

H { -
o JJ.F ;—1_,'—"‘-:-|' :_'L.:.l;|

S gt ST

Tl - SU

7.0 ~
A10) - E Y A s
LS e e K124 S eSS D
7.0 Ja Y o e e
(6.5) ;&
L ) A _5._' 4 .i._.,'l.:.-.l/_i_'-! oles s
9.0 )
._'_.H.:'H.L"I
R PP C NV R Y
4.5 5.0 P I |- T g 8
.J.SJJ.T‘.'.T.I -;.:'..r __.p;-!'l:
9.0 5.0 g ) el e 2 2

3.6

5.0

- ‘_:.L......U [l lu..-_-i_-u.:.r"- ‘;.;'L-l‘-'-l.j'
o e

delie Dan mgiliadels

=

b

T I R Tt

45 3.0 e wllally o3 e
5 I-_-h-n!-l:ll

==l ba ol Ly

LT | TS =1 .‘:SI '

2.7 3.0 DT

u (.Ii'l [
- -

.*_i'l.,u 'EU
Lol

Agslabay




87

;}L_.';.\;.,A \;JL:.‘\‘C;}._‘\ - PY) LS
LASL

I DY D = PR Y

s ol i .

P

<
\;','\_,5.3;/- l’l_st."a_."\ "};",‘

- 35,LLN 5 i 2o

SR TR WO | U= | e~ |
JLfA\_J!;L.\\)..\E_,b s LS

= <
LSl

[ R PR et

- -2‘\_;\

)

FASER AT

< jadl g

;—L'Q_M...v:

Lol e als Sl axs L)

-

dadin




	الصفحات الابتدائية.pdf
	all chapters11.pdf

