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Project Summary

In this project we are going to construct a structural design "Girl Students Residence™ , such
that this building consist of seven floors , where the total area of a single floor is around six
hundred meter squared , so the whole area of the project is approximately four thousands and

two hundred meter squared .

The project was designed in such way that divide the building into two not identical blocks ,
connected together in the second and third floors .
Some parts of the building are shifted back from the other parts which make the building has a
good looking (beautiful) .

The project contains bedrooms , studying rooms , living rooms and kitchen that meet the
students needs .
In the ground floor , there are restaurants and luxury halls . The building will be constructed on
four thousands meter squared land in Hebron city - Abu Romman area next to Palestine
Polytechnic University . This residence will be for the university's girls students because there is

a lack in students residences in this region .

It is noteworthy that Jordan's code will be used to determine the live loads, and to determine
the seismic loads, but for the structural analysis and design sections will be the use of the US
Code (ACI_318_14), it must be noted that it will rely on some computer programs such as:
Autocad2007, Atir, Safe, Etabs, Staadpro, Sab, Robot, Revit«
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The project will include a detailed structural study of the identification and analysis of the
elements of construction and different loads expected and then the structural design of the
elements and the preparation of shop drawings based on the prepared for all the structural
elements that are structural frames of the building, it is expected after the completion of the
project to be able to provide structural design of all structural elements with permission design
Allah Almighty.

God grants succes

God grants success
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List of abbreviation:
D.: Dead load.

L.: live load.

W,: factored total load.

Lx: clear length of member.

d: thickness of a layer.

v: unit weight of material.

Mp: nominal moment.

My: factored moment at section.

f;: Compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.

€s: Strain of tension steel.

@: strength reduction factor.

Vn: nominal shear strength.

V,: factored shear force at section.

V.: nominal shear strength provided by concrete.

Vs: nominal shear strength provided by shear reinforcement.
A area of steel.

A.: area of shear reinforcement.

b: width of compression face of member.

bw: web width.

d: distance from extreme compression fibers to centroid of tension reinforcement.
h: over all thickness of member.

Pn: nominal axial load.

Py: factored axial load./// S: spacing between bars.
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Ce: Combined height.

Cq: Pressure coefficient of structure.

Iw: Importance factor.

P: Design wind pressure.
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Cross Ribs =»To improve load distribution under partial loading

LL <300 kg/m? ¥ i 1

L,<5 m = no cross ribs E EE

L, >5 m =» one cross rib

LL > 300 kg/m?
L,<4 m =» no cross ribs
4 L,=7 m => one cross ribs
L2 >7 m = three cross ribs
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Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Factored Loads.

4.3 Slabs Thickness calculation.

4.4 Load Calculation.

4.5 Design of Topping.

4.6 Design of Rib (113).

4.7 Design of Beam (B121).

4.8 Design of column (C1).

4.9 Design of Isolated footing (F1).
4.10 Design of shear wall.

4.11 Design of Stair (S2).
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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 from about 1350 to 1850 kg/m?®.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m?.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m?.

4.1.1 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318_08).

4.1.2 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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4.2 Factored loads:

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

Wu=12DL+16Lc ACl-code-318-08(9.2.1).

NOTE:
f¢ = 24 Mpa.
fy =420 Mpa

fyt = 420 Mpa , will be used at design and calculations.

4.3 Slabs Thickness calculation:-
According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non- prestressed

beams or one way, slabs unless deflections are computed for simply supported one-way rib given as
follow:
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For rib (R112), as shown in fig. (4.1)

First Floor

Fig (4-1): R113 at the first floor slab.

hmin for Simply supported = L/16

hmin = 4405/16 = 275.3mm

hmin for one-end continuous = L/18.5 longest one-end cont. is 3260 mm
hmin = 3260/18.5 = 176.2 mm

hmin for both-end continuous = L/21 longest both-end cont. is 5430mm

hmin = 5430/21 = 258.57 mm

For Rib(113), use thickness of slab 32cm , (24cm block & 8cm Topping)
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4.4 Load Calculation:-

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

Tiles 3 cin

Noriar 3 an

(Coarse Sand il 7 cm

R concrete Topping 8 cin

Concrete block

R Concrete rib

Plaster 3 cin

Material Unit weight Thickness
(KN/m3) (cm)
Tile 23 3
Mortar 22 3
Sand 18 7
Topping 25 8
slab
Hollow 12.5 24
block
Rib 25 24
Plastering 22 3
partition 2.39KN/m?

Table (4-1) calculation of the total load for (R113)

4.5 Design of Topping:-

4.5.1 Calculation of Dead load

Tile  =23*0.03*1=0.69KN/m
Mortar = 22*0.03*1=0.66KN/m
Sand  =18*0.07*1=1.26 KN/m
Topping = 25*%0.08*1=2 KN/m
Partition=1*2.39=2.39 KN/m

D.L total = 7.0 KN/m

TYPICAL SECTION IN RIBBFED SLAB
Fig (4-2) Typical section in ribbed slab)

w =1.2DL +1.6LL

!

r r

40 cm

(=]

24

Fig (4-3) Typical section in Topping.
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4.5.2 Calculation of live load
L.Ltotal =2 KN/m

Wu=12D.L+16L.L
=1.2*7+1.6%2=11.6 KN/m

Check ®Mn > Mu
*12 > 2
Mu =W 17 _11.6%0.47 _ s aNim
12 12

Mn =0.42,/ fc'*s

2
g_bh”
6
2
Mn = 0.42./fc *%
* 2
= 04225 % 17008 105 0 oaknm

@=0.55 for plain concrete
¢*Mn =0.55*2.24=1.232kN.m.

¢*Mn=1.232> Mu = 0.154KN.m.

Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement:
p=0.0018 ACI-318-08 (7.12.2)
As = p*b*h=0.0018*1000*80 =144mm?/1m.

As (¢ 8) =50.27mm2

So number of bars =144/50.27 = 2.86

Spacing= 1000/ (number of bars) =1000/2.86=349 mm
Check for max. Spacing

S=3h=3*80=240mm... (Control)

S=450mm

S=380(280/fs)-2.5Cc =380(280/.667*420)-2.5*20=330mm
S=300(280/fs) =300(280/0.667*420) =300mm

Then use ® 8 @ 20cm for practical purposes in both directions.
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4.6 Design of Rib (R113):-

Materials:-
Concrete B300, Fc' = 0.8*30 = 24 N/mm? =24Mpa
Reinforcement Steel, fy = 420 N/mm? =420 Mpa

4.6.1 Design constant:-

- bE For T- section is the smallest of the following:
be =) n/4=3.3-0.6/ 4=0.675m
be —pw+16tf=12+16(8) =1.4m

be = clc spacing between beams =0. 52 m
Control ... 52cm

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

DW > T0CM. ..ot ACI(8.13.2)
Select bw=12cm

h<3.5%bW .o ACI (8.13.2)
Select h=32cm<3.5*12=42cm

tF>Ln/12>50mm ..o ACI(8.13.6.1)

Select tf=8cm

4.6.2 Calculation of Dead load:-

Dead load Calculation

Tiles 23*0.03*0.52 =0.3588 KN/m
Mortar 22*0.03*0.52 =0.3432 KN/m
Sand 18*0.07*0.52 = 0.6552 KN/m
Topping | 25*0.08*0.52 =1.04 KN/m
Block 12.5*0.24*0.4 =0.96 KN/m
Rib 25*0.24*0.12 =0.72KN/m
Plastering | 22*0.03*0.52 =0.3432 KN/m
Partition | 2.39*%0.52 =1.2428 KN/m

Table (4-2) calculation of the total load for (R113).

Total dead load = 5.6632 KN/m/rib
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4.6.3 Calculation of Live load:-

From Jordanian live loads table live load for residential building is 2 KN/m?2

Total live load = 2*0.52 = 1.04 KN/m/rib

System:-

One -way ribbed slab.

EED'"E'.T:.' Uik meter.cm
1 2 3 4
1 2 3
4 A A
0E vy [N 4 83 e i [
' 282 vl 543 oo 13 ' '
I 1 1 t
52
32
12
A=A

Fig. (4-4) Spans Length of Rib (113).
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Loading:-

By using ATIR program, we get the envelope moment and shear diagram as the following:-
D.L total = 1.2*5.663 =6.80KN/m/rib

L.L tota = 1.6*1.04=1.664 KN/m/rib

[a=tal TRy 1
Dead - Service Units kN meter
356 .66 3. p6 .66
282 543 29 3.4
Live load - Service Load factors: 1.20,1.20¢1.60,0.00
J  qhag A A Jg gqd A i 1B 4 Jagqd
282 343 29 3.6

Losds  kMNmeEr)

[

Fig. (4-5): Rib 113 geometry.
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Moment/Shear Envelope (Factored) UniskM, meer
WMoments: spans 110 4
8.1 6.3
-131 A5
18208
I I i
[ 1 Il -
IU 12%9 T
18 25 2
BE
143
| 085 437 | 27 . 271 | 174 446 | 179 147 |
I 1 1 I 1 1 I 1 1
Shear
-18.3
-134 404 s 124
43 )
= H——t i ;
17
&4 15 2
184 164 139
234
Reactions
Factored
—1 1 1 —1 1 1 ] 1 —]
1 T T 1 T T 1 T T 1 T T 1
DeadR  4.45 3333 3087 1964 5.33
LiveR: 218 836 838 6.33 2.5
MaxR 665 MT 325 2604 1209
Min R 3T 3386 3236 X073 53
Service
DeadR  3.72 778 2573 1636 T84
LiveR 136 323 3. =] 16
MaxR  5.08 3mM 30.96 2033 5.5
Min R 3.04 29.36 26.78 1706 7.1

Fig. (4-6) Rib 113 Envelope.
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4.6.4 Flexural Design: -
4.6.4.1 Design for positive Moment for Rib (R113):-

Use Mu max. Positive for span Mu= +14.3 KN.m .
Determine whether the rib will act as rectangular or T-section:
For a=tr=8cm
Assume @=0.9
d = h — cover—dia. of stirrups — db/2 = 320 — 20-10 — 12/2 = 284 mm.
®.Mnf=0.9%0.85 fe *tr* Pe*(d- t:/2)
=0.9* 0.85 (24) (0.08) (0.52)(0.284-0.08/2)*10°

®.Mnf =186.354KN.m
®Mnf =186.354 KN.m > Mu =14.3 kN.m

Rectanglular section

Design as a rectangular with p_=52cm
As=p.be .d

fy 420

=— = _——- _=2059
0.85* fc 0.85*24

Mu/¢ _ 14.3*107°/0.9
b*d? 0.52*(0.284)*

* *
p=lfq g 2mRn)_ 1 1_\/1_2 20.59*0.378 | _ , 4009,
m fy 20.59 420

As = p.be .d = (0.0009)* (520)* (284) = 132.91 mm>.
Then use 2 10,As=157.1 mm2

Rn =

=0.378 Mpa

Check Minimum Reinforcement Ai min...(ACI- 318M-08 — (10.5.1) )

NI _ _ :
A°min (%) (bw)(d) 4(420) (120)(284) =99.03mm

1.4
S i = bw)(d :l.4 _ 2
A° min _(fy)( w)(d) 120 120)(284) =113.6mm (control)

For 2010,As=157.1 mm2>113.6 , OK

Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
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157.1*420=0.85*24*520*a

a=6.22mm
_a_»5b22_ 7.3mm
£ 085
B=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)
284-7.3

£ =(d ~)/6x0.003= """ "=x0003=0.1137
&, =0.1137 > 0.005

For Mu Positive ( Mu= +8.6 KN.m).
Determine whether the rib will act as rectangular or T-section:
For a=t=8cm
Assume @=0.9
d = h — cover—dia. of stirrups — db/2 = 320 — 20-10 — 12/2 = 284 mm.
®.Mnf=0.9%0.85 fe *t;* Pe *(d- t:/2)
=0.9* 0.85 (24) (0.08) (0.52)(0.284-0.08/2)*10°

®.Mnf =186.354KN.m
®OMnf=186.354 KN.m > Mu =8.6 KN.m

Rectanglular section

Design as a rectangular with p_=52cm
As=p.be .d

fy 420

=— = _——-_=2059
0.85* fc 0.85*24

Mu/¢ _ 8.6*107°/0.9
b*d? 0.52*(0.284)*

* *
podfq_ p_2mRn)__1 1_\/1_2 20.59*0.2278 | _ , 50054
m fy 20.59 420

As =p.be .d = (0.00054)* (520)* (284) = 79.74 mm? .
Then use 2d 10,As=157.1 mm?2

Rn =

= 0.2278 Mpa

Check Minimum Reinforcement Ai min...(ACI- 318M-08 — (10.5.1) )

S min= ¥ 1 _ a4 _ z
ASmin T 20 (120)(284) = 99.03mm

14 14
AS min=——(bw)d) =22 (120)(284) = 113.6mm? control
(fy)( )(d) 220 120(284) mm ( )
For 2010,As=157.1 mm2>113.6 , OK
0) dad Al
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Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
157.1*420=0.85*24*520*a
a=6.22mm

c= —— =7.3mm
Y 085

B=0.85..... 1. <28MPa ....... ACI-318M-08(10.2.7.3)
g, =(d—c)/cx0.003= 28‘;—_37'3x 0.003=0.1137

&, =0.1137 > 0.005

4.6.4.2 Design for Negative Moment for Rib (R113):

Use Mu max. negative for support Mu=-13.1 KN.m
Design as a rectangular with b= 12 cm

m=_1%f = 420 =2059
0.85* fc' 0.85* 24

*
RN = Mu/g _ 13.1 107°/0.9 - 1.5 Mpa
b*d? 0.12*(0.284)°

p:i(l- l_2mRn)
fy

1- |4 2(20.59)(.5) ) =.0037.
P= 2058( 1 oo )

As =0.0037 (120) (284) = 126.1 mm?=.
Then use 2d 10,As=157.1 mm2

Check Minimum Reinforcement AS min...(ACI- 318M-08 — (10.5.1) )

ASmin= \/_( bw)(d) —L(120)(284) 99.37mm?

4(420)
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. 14 1.4
AS min =——(bw)(d =—"(120)(284) =113.6mm?
(fy)( )(d) 220 120(284) mm
For 210,As=157.1 mm2>113.6 , OK

Check for Tension steel yielding:-

Tension = compression
As*fy=085*¢ *b*a
157.1%420=0.85*24*520*a
a=6.22mm
_a 6.22
=~ o065
p=0.85..... f,.<28MPa ....... ACI-318M-08(10.2.7.3)

e, =(d—c)/cx0.003= % x0.003=0.1137

=7.3mm

&, =0.1137 > 0.005

For Mu negative (Mu= - 12.4 KN.m).

Design as a rectangular with b= 12 cm

m = fy = 420 =2059
0.85* fc' 0.85* 24

Mu/g _ 124*107°/0.9
b*d? 0.12*(0.284)>

Rn =

=1.423 Mpa

p:i(l- l_2mRn)

p=_* (1- \/1_ 2(20.59)(1.423) ) = 0,0035.
20.58 420

As = 0.0035 (120) (284) = 119.28 mm?.
Then use 2& 10,As=157.1 mm2

Check Minimum Reinforcement Ai min...(ACI- 318M-08 — (10.5.1) )

(control)
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ASmm—\/_(b w)(d) =%(120)(284) 99.37mm?

1.
S min=-— (bw)(d) =14 - 2
AS min (fy)(w)() 420(120)(284) 113.6mm

For 210,As=157.1 mm2>113.6 , OK

Check for Tension steel yielding:-

Tension = compression
As*fy=085*¢ *b*a
157.1*420=0.85*24*520*a
a==6.22mm
a _6.22
= " o065
p=0.85..... f,.<28MPa....... ACI-318M-08(10.2.7.3)

&, =(d-c)/cx0.003= % x0.003=0.1137

=7.3mm

&, =0.1137 > 0.005

For Mu negative (Mu= - 4.3 KN.m).
Design as a rectangular with b= 12 cm

m

fy = 420 =2059
0.85* fc’ 0.85*24

* -3
Rn= Mulg_ 437107709 _ 4 195 \ypg
b*d?  0.12*(0.284)

p:l(l- l_2mRn)
m fy

-1 - \/1_ 2(20.59)(0.493) = 0,00119.
20.58 420

As =0.00119 (120) (284) = 40.55 mm?.
Then use 2d 10,As=157.1 mm2

Check Minimum Reinforcement Ai min...(ACI- 318M-08 — (10.5.1) )

(control)
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ASmm—\/_(b w)(d) =%(120)(284) 99.37mm?

1.
S min=-— (bw)(d) =14 - 2
AS min (fy)(w)() 420(120)(284) 113.6mm

For 210,As=157.1 mm2>113.6 , OK

Check for Tension steel yielding:-

Tension = compression
As*fy=085*¢ *b*a
157.1*420=0.85*24*520*a
a==6.22mm
a _6.22
= " o065
p=0.85..... f,.<28MPa....... ACI-318M-08(10.2.7.3)

&, =(d-c)/cx0.003= % x0.003=0.1137

=7.3mm

&, =0.1137 > 0.005

4.6.4.3 Design shear for Rib (R113):-

Factored shear forces at d=0.285 m from support
Vumax_=18.4 KN (From Shear Envelop)
Determine shear strength provided by concrete (¢ Vc).

DdVe/2 <Vy<dVe

110 Ve= 1.1*® * ¥ pw*d
6

=1.1* 0.75* Y24 (.12 * 0.284*10° = 22.95 kN
6

0.5 ® V. =11.475 KN.

05dV:<Vu<d V¢ case Il.

Min shear reinforcement is required except for concrete joist construction.

Use 2-leg @ 10@ 150mm for practical use.

(control)
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IE I:CI_'_
0
) =
J
A - __.-_—_.___..-r"'_".l:_".'
: .20 e, 20 |

o2

Fig (4-7): Reinforcement of Rib (113).
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4.7 Design of Beam (B121):-

First Floor

Fig. (4-8): location Beam( B121).

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

= Be=600mm

= Bw=600mm

= h=320 mm

= d=320-40-10-16/2=262 mm

oV daaall



Structural Analysis & Design

Chapter 4

Loading :-

Reaction from Rib(R113),
D.L =19.69/0.52 =37.865.
L.L =3.62/0.52 =6.96.

Reaction from Rib(R116) ,
D.L =10.9/0.52 =20.96.
L.L =2/0.52 =3.846.

4.7.1 Calculation of Beam dead load

Tile 23*0.03*0.6 =0.414 KN/m
Mortar 22*0.03*0.6 =0.396 KN/m
Sand 18*0.07*0.6 =0.756 KN/m
Beam 25*0.32*0.6 =4.8KN/m

Plastering 22*0.03*0.6 =0.396 KN/m
Partition 2.39*%0.6 =1.434 KN/m

Table (4-3) Calculation of Beam dead load.

>'Load=8.196 KN/m

DL=8.196*1.2=9.835 KN/m
LL=2*0.6*1.6=1.92 KN/m

Geometry Unismeber,cm

1 2 3 4
1 2 3
] &l Al
06 287 06 34 06 3.52
I T TAT i i A T T 1.7 :
f t f |
: :

[21]
A-A

Fig (4-9): Beam (121) at the first floor slab.
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Loading
P T

Dead load - 3arvics Linits :kh matar
130 534
24 N S Y S
LR Y %

Liva lpad - Zarvica Load factors: 120,120 180 000

T T I T I '*’ '* '*"H"l ﬂ'*’ '*’ '*

EE T i =]

Fig. (4-10): Beam (121) geometry.
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Moment/Shear Envelope (Fadoed) UniskNmeEr

Cments: Spans 1io 3
A10.5
B39
T34 08 £33
11708 oy 282
b i | N b [ e
L ' Lo B : -
e L s '
1 Pt Hysg—— 1438 Hrsal
451
764
| 1z 236 | z. , 2 | 2.53 , 168 |
I T T T T T 1
4853
1333
g 1178
qnzT2
} f f } } i
4a.7
575
735 727
130.3
1783
Reactione
Factorad
1 1 1 [ 1 1 [ 1 ]
| T T | T 1 | T |
CeadR 6414 =1 201.28 4877
LivaR 232 4513 3722 0.4
Max R 7346 311.54 23851 47.23
Min B &0.25 M5B9 195,34 41.75
Sanvica
DeadR 5345 HEEs 167.74 35.33
LivaR 583 3871 2326 [
Max R 5927 24538 151. 39.27
Min R 5104 2271 16E.52 3584

Fig. (4-11) Beam Envelope.
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4.7.2 Check whether the section will be act as singly or doubly reinforcement
section:
dp

d=h — cover — dgtiprup — ~

d= 320 — 40 — 10—12—4= 263 mm.
c =§d= §x263:112.7 mm.
a=p;.c=0.85x112.7= 95.8 mm.

Mn,max:0.85XfC'XaXbx(d_§)

= 0.85 x 24 x 95.8 x600(263- == ) x10"-6

Mn,max = 252.24 KN.m .

@ =0.82, 8 Mn, max = 214.39 KN.m > My= 76.4 KN.m.
Design the section as singly reinforcement section.

4.7.3 Flexure design:

4.7.3.1 Design for positive moment:

For My =+76.4 KN.m

_ My
Rn= @bd?
76.4x10°
Rn = —_—— = 2.045 Mpa
0.9%x800%263
m= 2 ,
0.85f}
420
m= = 20.59
0.85%24

1 2.m.Ry,
p—;(l— 1- 420 >

- ;<1 _ \/1 _ 2x2059x2.045 ) — 0.00514,

T 2059 420

As =p.b.d=0.00514 x 600 x 263 = 811.092 mm?2
1) dAaaall
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Acmin=025¥cp d>1%p g
fy fy

As min =0.25 2 600 x 263 = 460.15mm?,

As min = —= 600 x 263 = 526 mm?2.  control
420

Let use ¢14, with A=153.93 mm?

_811.092

n= = 6 bars.
153.93

Use 6¢14, with A;=923.62 mm?

Check for placement of bas:

_600—40X2—-10X2—-6X14

S - = 83.2mm > 25mm ok

Check for the strain:

AS.
o =25ty - 92362X420 _ g4 oo

0.85b f; 0.85X600%24
c=2 =37 = 37.28mm

B,  0.85
e, = 0.003 (=) = 0.003 (2222 = 0.018 > 0.005 Ok
@=0.9,

31.7
2

@ Ma- @A, (d - g) = 0.9 X 923.62 X 420 (263 ~27) =8628KN > M,=764

For My=+46.1 KN.m

46.1x10°
Rn = ——"—— = 1.23 Mpa
0.9%X600x2632

1 2.m.Ry,
p_a<1_ 1- 420 >

1 2%X20.59%1.23
p=— <1 - \/1 - ) = 0.003.

As=p.b.d=0.003 X 600 X 263 = 473.4 mm2

1Y daaall
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Acmin =025 p 4 >1%p 4
fy fy

Asmin =0.25 22 600 x 263 = 460.15mm?

Aqmin = == 00 x 263 = 526mm?  control.
420

Asmin > As Required

As =526 mm2
Let use ¢14,with A;=153.94 mm?

526
n= = 4 pars.
153.94

4p14,with A;=615.75 mm?

check for placement :

_600—40X2—-10X2—-4X14
3

S = 148mm > 25mm

Check for strain:

_ Asfy _ 615.75x420

= - = = 21.13mm
0.85b f, 0.85X600%24

21.13
C= — =22 = 24.85mm
B, 0.85

e, = 0.003 (=) = 0.003 (
Tention control , 2=0.9 ok.

263—-24.85
24.85

@ Ma-BA; (d - g) = 0.9 X 615.75 X 420 (263 -

For Muy=+14.9 KN.m

14.9%10°
Rn=———
0.9X600x2632

= 0.398 Mpa

ok

) = 0.028 > 0.005

=2) = 58.75KN.m > M,

Ok
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1 2.m.R,
P‘E(“ 1- 420 )

. ;<1 _\/1 _ 2x2059%0398 ) — 0.00095.

T 20.59 420

As=p.b.d =0.00095 X 600 X 263 = 151 mm2

Asmin > As Required

As,=526 mm2

Let use ¢14, with A=153.94 mm?

526
n= = 4 pars.
153.94

use 414, with A;=615.75 mm?

Check for placement:

S=600—4—O><2—310X2—4—><14— — 1480mm > 25mm Ok
Check for strain:
AS.
_ Asry _ 615.75%420 _ 54 1300
0.85b fc 0.85x600x%x24
c=2 =25 — 2485mm
B,  0.85
e, = 0.003 (=) = 0.003 (*222) = 0.028 > 0.005
@=0.9,

21.13

@ Mn-0BA, (d - g) = 0.9 X 615.75 x 420 (263 —

Ok

) =58.75KN.m > M,

1§ daaall
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4.7.3.2 Design for negative moment:

For Mu=-73.1 KN.m

73.1x10°
Rn=——
0.9%x600%2632

1 2.Mm.Ry,
p—;(l— 1- 420 )

1 2%X20.59%X1.957

As =p.b.d=0.0049 x 600 x 263 = 773.22 mm2

= 1.957 Mpa

As,min < As Required

As =773.22 mm?2

Let use ¢14, with A=153.93 mm?

_ 77322

n= = 6 bars.
153.93

use 6¢14, with A;=923.63 mm?

Check for placement:

600—40x2—10X2—6X14
S= - = 83.2mm > 25mm
Check for strain:
Asf 923.63X420
=—2r = = 31.693mm
0.85b f!  0.85X600x24
a 31.693
C=—= = 37.28mm
B, 0.85

ok

0 daaall
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263—-37.28

e, = 0.003 (%) = 0.003( =

@=0.9,
B Mn-0Asz, (d —5) = 0.9 x 923.63 x 420 (263 —

) = 0.018 > 0.005 0k

31.693

)=8629KN > M,

For Mu=-63.3 KN.m.

63.3x10°
Rn=—
0.9%x600%2632

1 2.M.Ry
p_z<1_ == )

1 2%X20.59%1.69
p= m(l _\]1 T az0 ) = (0.0042.

As=p.b.d=0.0042 X 600 X 263 = 662.76 mm2

= 1.69 Mpa

As,min < As Required
As=662.76 mm.

use 5¢14, with A=770 mm?

Check for placement:

_600—40%X2—10Xx2-5X14
4

S = 107.5mm > 25mm ok

Check for strain:

11 daaall
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_ Asfy  770x420

= - = = 26.41mm
0.85b f!  0.85X600x24

a 2641
=—="—-=31.07mm
B,  0.85

e, = 0.003 (%) = 0.003 (w) = 0.0223 > 0.005 0k

31.07
?=0.9,
B Mn-0Asp, (d—3) = 0.9 X770 x 420 (263 —222) = 727 KN.m > M,

C

4.7.3.3 Design the beam for shear:

Vu,max: 130.3 KN.
d= h — cover — dgyipryp — 2= 320 — 40 — 10 — - = 263 mm.

1 1 -
Ve=—\f!/b.d = =v24 x 600 x 263 x 107% = 128.84 KN
@ Ve - 0.75*128.84= 96.63 KN.

4.7.3.4 Check for section dimensions:

Vo= 2y =223 _ 17884 = 44.89 KN
(0] 0.75

Vomax = =/fib.d = SVZ& x 600 x 263 X 107° = 515.37 KN
Vs < Vsmax SO the section is large enough.

4.7.3.5 Check for the case of shear:

For Vu=130.3 KN

Case 1:
Vu< q’_VC
2

dVc/2=96.63/2=48.315 KN , not case 1.

Case 2:

TV daaall
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(DTVC<VU < dVe

Not case 2.

Case 3.
dVe <Vu < dVe + DVs

DVs . > %,/ fc' *bw*d = 01'—25@*600*263: 36.24KN
DVs ;> %bw*d = %*263*600= 39.45KN (control)

. OVC+DVs,, =96.63+39.45=136.08KN

case 3

Check for max. spacing
Smax=0/2=263/2=131.5mm...... control

Smax=600mm
Use 2-leg $10@130mm

A Aaaall
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Fig. (4-12) Detail of B121.

Fig. (4-13) Section in B121.

g 1= Lan g 1= lm .
‘ Full ATLL LTI ATiL
]I P 11 ks = aas
= 2= r el 240 al] 2E 1]
EATI2 L=350 T.E. T4 TE auTLd 1.8, T12 L=400 T.H
5 T %,:, uTiE TR ol ] 2 SED
30n
b1 400 A51]
£MT14 BE THTL4 B.E 4714 BB
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4.8 Design of long column (C1):

For seven Floors (servies)
Du+Pu(col) =300 KN
L, =30 KN

Pu Total = 1.2(300) +1.6(30)

Pu Total = 408 KN

4.8.1 Check the slenderness effect:
(Non-sway system)

KLy
r

ry= |+~ 0.3h=0.3x0.4=0.12.
A

<34-12 (%) ACI(10.12.2)

2

rx :\E ~ 0.3h = 0.3 x 0.3 = 0.09.

L,=3m

Mo D30 _ 9553412 =22

r 0.12
kL“—1X3'0—333>34 12 =22
r 009 7 B

So the column is long at x and y directions.

4.8.2 Calculate emin ,Mmin:

emin =15 +0.03h =15+0.03%300 =24mm.
Mmin= Py X enin=408%0.024 =9.8 KN.m

E. =4700,/f, = 4700v/24 =23025.2 Mpa.
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lg = bl—’j = (400*300"3)/12=0.9*10"9 mm*.

_ Dy _ 1.2¥300

Bdns - E = 208 =0.882 <1.

0.4E;1 0.4%23025.2xX0.9¥10"9
=— = = 4404.4 KN.m?
14+Bdns 1.882

E.l

4.8.3 Determine of Euler buckling load:

_ m2El _ m?x4404.4
(K1y)? (1%3)2

Pe = 4830 KN

4.8.4 Calculate the moment magnifier factor:

C,=0.6 + 0.4 (Z—) =1
2
C 1
Sy = —— = ——=113>1 ok

0.75P¢ " 0.75x4830

The magnified (e) and (M):
€= 6ns emin :113)(24 :2712mm

e/h = 27.12/300=0.0904.
d-d'/h=(300-80-20-20)/300=0.6.

JPn 1 Ag = 408/(400*300)
=3.4MN/m"2

From the interaction diagram constructed in PCA _ COLUMN program:

p=0.01.

As =p XA = 0.01 *(300%400) =1200 mm?

1200
201.062

= 5.97

Ng16 =

VY dasall
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Use 6¢16

4.8.5 Design the stirrups:

The spacing of ties shall not exceed the smallest of:
- 16% dp = 16%16 =256 mm control.
- 48xds; =48 x10 =480 mm
- Least diminution of the column = 300 mm

Use ¢$10@250mm.

4.8.6 Check for code requirements:

300—40X2—-10X2-2X16

- clear spacing between longitudinal bars = - = 168mm
168 mm > 40mm
>1.5dy=24 mm. ok
- gross reinforcement ratio = 0.0308 , 0.01 < 0.01 <0.08 ok

- NO of bars = 10 > 4 bars for square columns.
- min ties diameter : $10 for ¢32 longitudinal bars and smaller.

VY daaall
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} 4,00 |

L
MU

Fig (4-14): C(1) Detalil.

4.9 Design of Isolated Footing (F1):-

4.9.1 Determination of Loads:

Total factored load = 408 KN.

Total services load = 330 KN

Column Dimensions = 40*30 cm.

Soil density = 18 KN/m3.

Service surcharge= 5Kn/mz2.

Allowable soil Pressure = 350 KN/m2.

Assume footing to be about (40 cm) thick.

Footing weight = 25x0.4 = 10 KN/m2.

Soil weight above the footing = 0.4 x18 = 7.2 KN/m2,

(298

VY dsaall
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Catiow =350-7.2-10 = 332.8 KN/m?

4.9.2 Determination of Footing Area:

A= 330 _ 0.99 m?
3328 "
Try 1*1m

Determinate g, = 408/1 = 408 KN/m?

4.9.3 Determination the depth of footing based on shear strength:

Assume h =40 cm.
d = 400-75-20 = 305 mm

4.9.4 Check for one-way shear strength H

Vu =408* (% —0.30/2-0.305) = KN

Inclined crack

J

#Ve = 4G+ Te b, *d)

Critical section for "
. --..i Tributary area for
one-way shear / one-way shear

ANC = 0.75*%*@*1000*305=168.1KN
ANC > VU —¢
. Safe

Column

NN

One-way shear.

Fig (4-15): One way shear.
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4.9.5 Check for two-way shear action (punching)

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

oV = ¢%(1+ ﬁiJ\/de m

1 (24 ! Inclined crack |
V., =¢.— *_+2 |y f. b,d
¢ ¢ ¢ 12 (bo /d J ¢ Tributary area for
two-way shear
SV, = ¢é\/ f.'b,d
Critical section
Where: for two-way shear ~~

Column Length (a) 40
¢ ColumnWidth (b) 40

b, = Perimeter of critical section taken at (d/2) from the Two-wav shear.

loaded area Fig (4-16): Two-way shear.

b, =2(d +al) +2(d +a2) = 2(0.305+ 0.4) + 2(0.305+ 0.30) = 2.62m

a . .
$ =40 for interior column

£ =400/300=1.33.

#V, = ¢%(1+ ﬂi}/ f.'b,d = %*(u 2/1.33)*/24*2.62%0.305=1225.2KN

C

* ’ *
oV =g %D o] [ b,d = 0T0( 4070305 5w 154%0.62%0.305-162866KN
12( b, 12 2.62

PV, = ¢.%\/ . byd = %* 24*2.62*0.305=978.7KN

¢V, =978.7KN.... Controlled

Vu =5037*{(1*1) - (0.4 +0.305)*(0.30+ 0.305)} =193.15KN
#NVC >VUc .. satisfied

Yo dadaall
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4.9.6 Design of Bending Moment:

= [ 408x1x[ L9300 ] 05 1930} _ 155 kNm
2 2 2 2

Mn = 16.5/0.9 =18.36  KN.m
d =400-75-20=305mm
Mn  18.36x10°

Kn = ;= 5
b*d 900x 305

m=_ Y _ 420,559
0.85fc  0.85x 24

1 2mKn
p=—(- [1-=0)
m fy

\/1_ 2x20.59x0.22
420

=0.22Mpa

P ) =0.0005

20.59
As,, =0.0005x1000x305= 144.6mm?*/m

As,. =0.0018*1000*400 = 648mm? / m

As, =648mm?* /m> As_

648
153.94

Use 6014 with As =923.63 mm?2 >As req =648mm?2

4.2

#of bar in on meter =

In tow direction

Y1 dsaall
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Check of strain

A * fy=0.85*fc' *b*a
923.63*420=0.85*24*1000*a

a=2113
C= a._ 2113 =24.85mm
B, 085
g, = 305-24.85 44 003 0.0338
24.85

g, =0.034> 0.005——> 0k

4.9.7 Development Length of main Reinforcement for Mu :

0.24f 0.24*420
Ld(1yreq= Tcydb = T

Ld(z)req =0.044 xfy «db =0.044 «420 «1.6 =29.6cm
Ldyreq = 32.92cm > Ld2)req=29.6cm=>control

*1.6=32.92cm..

Available Ld = (400 75— 2*14) = 297 mm.
Available Ld = 29.7cm < Ld(1yreq=32.92cm ....controlled 32.92cm

F,
ldreq =i* y % lpelpsd’t « db
10 /fc ktr + cb
db

9 420 1+x1x%0.8
10 1%+/24 "2

Ld avaitable = 400-75= 325mm

Ld avaitable= 325 mm < ld,¢q = 345.7mm

x 14 = 345.8 mm

ldyeq =

Use the columnbars as a dowels .

YV daaall
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4.9.8 Design the column — footing joint:

Total factored load = 408 KN.
The allowable bearing on the base of the column is:
#(0.85fcAl) =0.65*0.85*24*400*300=1591.2KN

The allowable bearing on the footing is:

$(0.85fcAl), /%2 =0.65*0.85*24*400*300*2 = 318240KN

Total factored load = 408 KN <3182.4Kn
As,.. =0.005*Ag =0.005*400*300 = 600mm?/m

Pu— gPnb
A dowels= U—¢Pn > 0005Ag
oy

Use 4414 (As=615.75mmz2 ) ,or use the same reinforcement as in the column if larger .

J K Z
Py -1 /\\\\ \\
\—®4¢'14 S@14
- 0.20 P
1.10

Figure (4-17): Footing’s Details.
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4.10 Design of shear wall :-

Figure (4-18) : Shear Walls in Building

3.0

3.0

30

12.7

57.68

Q9913

—‘?1 5

134,

Fig (4-19) shear and moment diagram of wall

J
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Fc = 24MPa

Fy =420 MPa

t=20 cm . wall thickness
Lw =5 m . wall width

Hw for one wall = 3.0 m story height
> Fx=Vu=134KN

4.10.1 Design of the Horizontal reinforcement :
The critical Section is the smaller of:

M = E =2.5m...... control
2 2
h_\N — E =6m

2 2

storyheight = 3.0m
d=08xIlw=0.8x5=4m

5

OVrimax = Oz V1 hd
=0.75*0.83*4.898*200*4000=2439.32KN
Ve=1/6*fc 'hd=0.1667*4.898*200*4000=653.19KN....controll
Vc=0.27*fc'hd +Nud/4lw=0.27%V24*200*4000+0.0=1058.179KN
(377.82-192.1)/3.45=(Mu-192.1)/(3.45-3.15)=....Mu=208.25KN.m
(Mu/Vu)-(Lw/2)=(208.25/134)-(5/2)=-0.946
Ve=[0.05Vfc'+Lw(0. 1 \fc'+0.2*(Nu/Lwh)/(Mu/Vu-Lw/2)]*h*d
= [0.05V24+5%(0.1V24+0.2*0.0/-.0945)]*200*4000=1875.5
Vs =Vn —Vc

=(134/0.75) —653.19 = —474.52KN
also...
oNc =0.75*653.19=489.9 >Vu =134

So we take minimum reinforcement ....
Use ¢10 As=78.5 mm?
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P=(2*78.5)/'(s*200)=0.0025......s=314mm
Max. Spacing

Lw/ 5 =5/5=1.0m

3h=3*200=0.6m

Use $10@250mm in two layer

4.10.2 Design for Vertical reinforcement :
Hw/Lw=12.45/5=2.5

hw
pomin > 0.0025 + 0.5 (2.5 - T) (p; — 0.0025) > 0.0025

Select @ 10 @250mm. In two layer

4.10.3 Design of bending moment :
Ast=(5000/200)*2*78.5=3925mm"2

W=(Ast/Lwh)*(fy/fc')=(3925/(5000*200))*(420/24)=0.0686

a

o/ Lw=(w-+&)/(2w+0.858)=(0.0686+0)/(2*0.0686)+(0.85-.85)=0.079
OM,, = 0 |0.545f, L, (1 +

=0.9[0.5*3925*420*5000(1+0)(1-0.079)] =3416.1=Mu....ok
—use $10@250 mm for vertical reinforcement
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4.11 Design of Stair ST2 :-

Minimum slab thickness for deflection is (for asimply supported one-way solid slab).
Min h =(L/20)=2.7/20=0.135m=13.5cm

Min h =(L/28)=2.7/28=0.096 m=9.64 cm

Take h =200mm

&

Figure(4-20) : Stair ST2
Load Determination:
Flight dead load computation :
o= tan}(rise/run) = tan™(150/270)=29
concrete = (25*0.20*1)/c0s29 =5.716 KN/m
plastering = (22*0.02*1)/c0s29 = 0.5 KN/m
stair steps = (25/0.3)*((0.15*0.3)/2)= 1.875 KN/m
mortar = 22*((0.15+0.3)/0.3)*0.02*1=0.66 KN/m
tiles = 23*((0.15+0.35)/0.3)*0.03*1 = 1.15 KN/m

Total Dead Load = 9.914KN/m

AY daaall
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Landing Dead load computation:
Concrete = (25*0.20*1) =5KN/m
Plastering = (0.02*22*1) = 0.44 KN/m
Morter = 0.02*22*1 = 0.44 KN/m
Tiles = 0.03*23*1 = 0.96 KN/m
Sand=18*0.07*1=1.26

Total Dead Load =8.1KN/m

Factored Total Dead Load =1.2*D +1.6L

Live load =2 KN/m2 .
For flight : w=1.2*%9.91+ 1.6 *2*1 =15.09 KN
For landing : w=1.2*8.1+ 1.6 *2*1 =13 KN/m.

4.11.1 Design of flighting:

Assume bar diameter ®12for main reinforcement
d= h -20-db/2=200-20-12/2=174mm

take the maximum shear at distance d from the face of support Vu=20.4 KN

Ve = %*\/ﬁ *p*d = %* 24*174*1000*10"-3 =142.07KN

¢=0.75
@*Vc =0.75*142.07 =106.55KN

¢NVc =106.55>Vu = 20.4KN

0.5¢Vc =0.5*106.55=53.27KN >Vu = 20.4KN

The thickness of the slab is enough.

Calculate the maximum bending moment and steel reinforcement :
Mu(max) =22KN.m

Mn = Mu/0.9 = 22/0.9 =24.4 KN
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Mn  24.4*10"°

Rn =b.d? ~ 10001747 ~ O2tMPa
m=__fy =_420 -970588
085* fc  0.85*24
_ 1 2mRn
p==(1- 1- )
m fy

o= 1 - \/1_ 2(20.588)(0.81) )= 0.002
20.588 420
A's req = pbd = 0.002* 1000*174 = 348 mm?
A's min=0.0018*1000*200=360mm?
ASreq< Asmin ..... control Asmin
Number of bars =360/113.09=4
Spacing = 1000/4=250mm... ... ... ... control

Steps (s) is the smallest of
1. 3h=3*200=600mm

280
2. s =380 (F) —2.5Cc
= 380( 280 ) —2.5%20 = 330mm
(5)*420
280 280
s = 300(—) =300 * | 5—— | =300

fs (5) * 420

3. 450mm

Select ® 12@250mm
Shrinkage and temperature reinforcement:

As =0.0018*1000*200=360mm*/m

Number of bar's=360/78.53=5
Spacing=1000/5=200mm.... control

Check for spacing
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S=5h=5*200=1000mm
S=450mm-
Use ©®10@200mm

4.11.2 Design of landing:

same thickness =25 cm.

= Vu=38KN.
f.'*b, *d
[ ] WC:NTTW

_ 0.75*/24*1000%174*10°
6

* Vu=38KN< @.Vc=106.55KN.

v =106.55 KN

Depth of flight is ok. Since, there is no shear Reinforcement

4.11.3 Design of bending moment for landing:

Mu = 33 KN.m.
Mn req
33/0.9=36.67 KN.m.
Assume diameter bar 12 for main reinforcement .
d=200- 20 - (12/2) = 174 mm.
Mn

R, =——

b-d?

*1 N6
Rn= 00T 10° 1 5ompa

1000*(174)%
_fy
~0.85x fc'

420

=———=20.588
0.85x 24
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m f 1 (1_\/1_2*20.588*1.22}20.0029

y ~ 20588 420

As req = 0.0029 % 1000 x 174= 504.6 mm?*
AS min=0.0018*1000* 200 =360 mm?...
As min .. < Asreq..

Number of bars =504.6/113.09=5
Spacing = 1000/5=200mm...... control

e Check for spacing:

3h=3*200=600mm
S=450

s=380< )—2.5*20=330mm

0.667 * 420
280

s =300 (0.667 420

> = 300mm
Use @ 12@ 20cm.

e Secondary Reinforcement :

For shrinkage & Tempreture As provide equal :

e As =0.0018*1000*200=360mm?*/m

e Number of bar's=360/113.09=4
e Spacing=1/4=0.20m.... control

e Check for spacing

e S=5h=5*200=1250mm

e S=450mm-

o Use ®12@200mm.... As 452.36mm"2
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e Check for strain:

Tension = Compression

A, * fy=0.85* fc' *b*a
452.36*420=0.85*24*1000*a
a=9.31mm

a 931
B, 085
. - (174—10.95)*0.003

10.950
g, =0.044 > 0.005—— 0k

=10.95mm

Section A —-A

Figure(4-21) :section A-A in Stair ST2
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Figure(4-22) :section B-B in Stair ST2
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