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Abstract

Structural design of the proposed residential villa built in
Hebron city .

Done by:
Esraa Nafez Abu Allan

Palestine Polytechnic University

Supervisor

Dr. Nafez naser ideen .

The main idea of this project is to prepare all structural design and executive

details of building of villa.

This building consists of 2 floors and it contains all activities required for any

person.

This building is a reinforced concrete structure, and it was designed
according to the ACI-code-2005.

The project contains the structural analysis for vertical and horizontal loads

and the structural design and details for each member in the project.
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4.6.3 Design of shear for Rib

4 .7 Design of Beam

4.7.1 Design of Positive Moment for Beam.
4.7.2 Design of Negative Moment for Beam.
4.7.3 Design of shear for Beam.
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¥)  Figure (4-1): One way rib slab

Y'Y Figure (4-2) : Toping of slab

¥¢  Figure (4-3) : rib2 location

Yo  Figure (4-4) : Geometry of rib 2

Yo  Figure (4-5) : Loading of rib 2

Yo  Figure (4 - 6) Moment diagram for rib2

Y1 Figure (4-7) : Shear diagram for rib2

€Y Figure (4-8) : Beam8 location

€Y Fig. (4-9) Geometry of Beam 8

£€Y Fig. (4-10) Loading of Beam8

¢Y Fig. (4-11) Moment diagram for Beam8.

¢Y Fig. (4-12) Shear diagram for Beam8.
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Figure (4-1): One way rib slab

Fig. (4-13) Plan Of Stair .

Fig. (4-14) load diagram Of Stair .

Fig. (4-15) sheer & moment envelop of stair.

Fig. (4-16) load diagram of landing.

Fig. (4-17) sheer & moment envelop of landing.

Fig. (4-18) Geometry of footing F3 .

Fig. (4-19) sheer & moment envelop of sheer wall.

Fig. (4-20) Section in sheer wall.

Fig. (4-20) Detail in sheer wall.
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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 Ag = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

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

e b =width of compression face of member.

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

e C.=compression resultant of concrete section.

e C,=compression resultant of compression steel.

e DL =dead loads.

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

e Ec =modulus of elasticity of concrete.

e f. = compression strength of concrete .

e 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.

e LL =live loads.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn =nominal moment.

e Pn =nominal axial load.

xii



Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Woc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wou = factored load per unit area.

® = strength reduction factor.

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

& = strain of compression steel.
p = ratio of steel area .

KN= Kilo Newton

Xiii



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

Minimum thickness, h

Simply One end Both ends
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 £M10

Beams or
ribbed one-
way slabs £M6 £M18.5 £/21 /8

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

(densi = 2320 k% ) and Grade 420 reinforcement. For ather condi-
tions, the values shall be maodified as follows:

a) For structural |IEhh‘JEIgh’[ concrete having unit density, w, |r1 the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.603 o) but not

less than 1.09.
b} For f,, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?m:u

Table(4-1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or attached to non- Immediate deflection due to live load L
structural elements likely to be damaged by £/180°

large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L

tural elements likely to be damaged by large £/360
deflections

Roof or floor construction supporting or That part of the total deflection accurring after )
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £,/480°
damaged by large deflections the long-term deflection due to all sustained

loads and the imme]giate deflection due to any

Roof or floor construction supporting or additional live load)

aftached to nonstructural elements not likely to
be damaged by large deflections

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

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

¥ Limit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.
§ Limit shall not be areater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.

£,/240%

Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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4.1: Introduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a fine
aggregate such as sand), water, and chemical admixtures. The word concrete comes from

the Latin word "concretus”, which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds the
other components together, eventually creating a stone-like material. Concrete is used to
make  pavements,  architectural  structures,  foundations, = motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are three types of slabs: solid slabs, one-way ribbed and two-
way ribbed slabs. 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 then hand calculation would be

made to find the required steel for some members.
The design strength provided by a member, its connections to other members, and its

cross-sections in terms of flexure, and load, shear, and torsion is taken as the nominal

strength calculated in accordance with the requirements and assumptions of ACI-code.

-Ye-
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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=12DL + 1.6L ACl -318-08 (9.2.1)

4.3 : Determination of Thickness:

Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

Spans from left to right for one way slab:

L _43 0.232m ACI-318-08 (9.5a)
18.5 18.5

L _45_ 0.217m

21 21
L 440

—=——=0.267m
16.5 16.5

Select Slab thickness h= 28cm with block 20 cm & Topping 8cm.

-Yo.
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4.4 :Load Calculation:

One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

One way rib slab *\

Shrinkage & Temperatuer Bar's K

N\

Holiow Block ( 28cm ) /

Fig. (4-1) One way rib slab
Calculation of the total dead load for one way rib slab is shown in the following
table:
Table (4 — 1) Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation
1 Rib 0.12*0.2*25 = 0.6 KN/m
2 Top Slab 0.08*0.52*25 = 1.04 KN/m
3 Plaster 0.03*0.52*22 = 0.343 KN/m
4 Block 0.2*0.4*10 = 0.8 KN/m
5 Sand Fill 0.07*0. 52*17 = 0.5824 KN/m
6 Tile 0.03*0.52*23 =0.619 KN/m
7 Mortar 0.03*0.52*22 =0.343 KN/m
8 partition 1.25*0.52 =0.65 KN/m
4.8 KN/m of rib

Y-
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Nominal Total Dead Load:

D.L. tota = 4. 8 KN/m of rib
Live load =2 *0.52 = 1.04 KN/m of rib

4.5 : Design of Topping:

Design of Topping for Ribbed Slab:

Dead load of topping =
0.03 * 23 (tiles)

+ 0.03* 22 (mortar)
+ 0.07 * 17 (sand)
+ 0.08 * 25 (slab)

+ 1.25 (partitions’)
Live Load = 2 KN/m?. (for Stores)

Wu = (1.2 *5.79) + (1.6 * 2)
=10.15 KN/m

-> For a one meter strip Wu = 9.5 KN/m
Assume slab fixed at supported points (ribs):

Wu *1?

Mu 12

_10.15*0.4°
12

Mu =0.135 KN.m

fr =0.42*.[fc’'(MPa)  ACI-318-08 (22.5.1)

-Yv.-

Hollow Block ( 27¢cm)

Toping

Fig. (4-2) Toping of § a

=5.79 KN/m2.
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fr = 0.42*/24(MPa) = 2.06MPa
= 2.06*1000 = 2060 KN / m?

Mn = fr*s
2 * 2
S= bg _100 60'08 =1.067*10"°m?

Mn = 2060*1.067*107° = 2.198 KN.m
® Mn =0.55 *2.198=1.209 KN.m

® Mn =1.209 KN.m > Mu = 0.135 KN.m

No structural reinforcement is needed. Therefore, 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 * 100 * 8 = 144 mm?

‘Use(I)S@ZScm

-YA-
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4.6 : Design of Rib :

|
B

B1-b(40/28)

(R ]

Bt | 5042

8
B

B1-c(40/28) =

=] B1-a(40/23)

B4 hli\%l'?ilfl
B11 a2y

LER L]
LR T

\

BEZ-al80/28] BZ-b(E0/28)
H

T
ki
8

Bl 2Kl )

B |5074)
LR E ]

B2 g4 [a0)28)

BS (4073 R)

BLO (602

B a2y

B6-(40/28) &=

&

Fig.(4-3) Rib2 location

A
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By using ATIR program we get the envelope moment and shear diagram as the

follows:-
1 2 3 4
1 2 3
A A A
1 1 1 7
0.6 3.25 0.5 3.1 ‘0.5 ‘ 4.15 ‘ 0.6 ‘
‘ | ‘ 3.8 ‘ | ‘ 3.6 ‘ | 4.7 |
I
Fig. (4 - 4) Geometry of rib2
load group no. 1
Dead load - Service Units:kN,meter
4.80 4.80 4.80
3.8 3.6 4.7

Live load - Service Load factors: 1.20,1.20/1.60,0.00

A Y A Vool gk A Y VO A
3.6 4.7

3.8

Fig. (4 - 5) Loading of rib (2)-(KN.m).

Moments: spans 110 3

1.71 , 2.09 1.62 , 1.98 | 2.82 | 1.58

Fig. (4 - 6) Moment diagram for rib2 -(KN.m).

N R




Shear
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-16.7 -15.5

Fig. (4 - 7) Shear diagram for rib2 -(KN).

4.6.1 : Design of Positive Moment for Rib :

Effective Flange width ( b.) ACI-318-08 (8.12.2)

be For T- section is the smallest of the following:
b, =3.95/4=98.75cm
b, =12+ 16t=12 + 16 (8) = 140 cm

be =52 i control

» Use M, max positive for span =14.1 kN.m
® Mn =140.53 KN.m > M, =14.1 KN.m

Design as a rectangular with b, =52 cm

AS min = ‘/_) (bw)(d) ACI-318-08 (10.5.1)
AS min = V24 (120)(244) = 85.4mm?

4(420)
14

A == (bw)(d

s min (fy)(w)()

Asmin= == (120)(244) = 97.6 mm’

-8 -
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_ Mn _ (14.1/0.9)*(10)~° _

kn= > = >
bd (0.52)(0.244)

0.51

fy 420

m = =420 _ 50 59mm?
0.85fc'  0.85(24) mm

* kS
oo Lfq [p_2mkn)_ 1 1_\/1_2 20.59*0.51 ) _ 5 19103
fy 20.59 420

As =0.00123(520) (244) = 156.06 mm*> AS min = 97.6 mm?
# of bars = A / Agpsr = 156.06 /78.5 =1.98 * Note Agio = 78.5 mm?

Select bottom bars 2®10s

* Check strain:
Tension = Compression
A x fy =0.85x f 'xbxa

157.1x420=0.85x24x520x a
a=6.22mm

_a

A

B, =0.85-0.007( fc — 28)

B, =0.85-0.007(24 — 28) = 0.85
_6.22

c=—-=17.32
0.85

c

AR
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0.244-0.00732

& =T 000732
¢, =0.097 > 0.005

x0.003 = 0.097

4.6.2 :Design of Negative Moment for Rib :

The maximum negative moment (MS1) from spans with support is
Mu = 15.2 KN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

d=280-20-10-6=0.244 m

® Mn =0.9%0.85* fc"*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.244-0.08/2)=140.53KN.m

® Mn =140.53 KN.m > M, = 15.2KN.m

Design as a rectangular with b, =52 cm

\/_

AS min = (bw)(d) ACI-318-08 (10.5.1)

m

AS min=
4(420

) (120)(244) = 85.4mm*

.14
A == (bw)(d
s min (fy)(w)()

As min === (120)(244) = 97.6 mm’

_y 420

= =20.59mm?
0.85fc’ _ 0.85(24) mm

A
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_ Mn _ (15.2/0.9)*(@10)° _
“ bd®  (0.52)(0.244)>

* *
p:i(l— L 2mknJ_ 1 [1_\/1_2 20.59 0.55J:O_0013

kn 0.55

m fy ) 20.59 420

As =0.00133(520) (244) = 168.75 mm?®> AS min =97.6 mm?
# of bars = A / Agpar = 168.75/113.1 = 1.5 * Note Ag1z = 113.1 mm?

Select bottom bars 2®12

Total AS (provide) =226.2 mm?

* Check Strain:

Tension = Compression

A x fy =0.85x f 'xbxa
226.2x420=0.85x24x520x a
a=8.96

_a

B

B, =0.85-0.007( fc — 28)

S, =0.85-0.007(24 — 28) =0.85
_8.96

c=——=10.54
0.85

c

~0.244-0.01054

& 0.01054
¢, =0.0664 > 0.005

% 0.003 = 0.0664

-8
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4.6.3 : Design of shear for rib :

ACI — 318 — Categories for shear design:
VU criticat = 17 KN

Use @10 with two legs

Av =2x79=158 mm2

1- Wu< %CDVC

4 fc'
%*1.1*61) AV/¢; :%*1.1*(I>T*bw *d

%* 1.1*$ Ve = %*1.1*0.75*%*0.12*0.244*1000 =9.86KN

&

Vu > %CDVC............I’]O'[ control

2- %CDVC <Vu < dVc

1.1=®PVec= 1.1*0.75*%*0.12*0.244*1000 =19.72KN

Vu <® Ve...... control

Select @8 @ 25 cm c/c for practical purposes

- to .



4.7 : Design Of flexure for beam:-

beam ©

Fig.(4-8) Beam8 location

-
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Geometry Units:meter,cm
1 4 5
1 3 4
E A B . B . A ]
L L L L
A B B A
9% 3.03 4.17 9% 4.55 9% 0.8 9%
‘ | ‘ 3.28 4.42 B 475 ‘ | T | ‘
28,
50.
A-A
Fig. (4 - 9) Geometry of Beam 8
load group no. 1
Dead load - Service Units:kN,meter
47.9 20 5 34.2 41.4
2,986 4.93 4.93 3836

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

3.38

3:43

Fig. (4 - 10) Loading of Beam8-(KN.m).
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Moments: spans 110 4

-99.9

-96.5
-52.9 -84.3

131 1.97 | 2.2 , 2.1 | 2.38 2.38 | 1. |

Fig. (4 - 11) Moment diagram for Beam8 -(KN.m).

Shear

-182.1

Fig. (4 - 12) Shear diagram for Beam8 -(KN)

4.7.1 : Design of positive moment :

bw:ED cm h=28 cm
d =280—40—8—7 =225 mm

C=-—-d= §*225:96.43mm.
7 7

B, =0.85-0.007(fc’ —28)
S, =0.85-0.007(24 - 28) = 0.85
a=B*c=0.85*96.43 =82 mm.
Mnmax = 0.85* fc *a* b * (d- a/2)
=0.85* 24 * 0.082 * 0.5 * (0.225 — 0.082/2) = 153.9 kKN .m
® Mn = 0.9 *153.9 = 138.51 kN .m

- &N
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® Mn > Mu

** Design as singly

Take Mu=70.8 kNm ............ from Atir program
-3
Kn = an _ 70.8/0.9><102 - 259 Mpa
bxd? 0.6 (0.225)
ty 420 _ 50 50mm?

m= =
0.85fc’ ~ 0.85(24)

x x
p:i[l— L 2mknj_ 1 [1_\/1_2 20.59 2.59}20_0066

m fy ) 20.59 420

As = 0.0066 (600) (225) = 891 mm?.

_fc 1.4

As . = " (fy)(bw)(d )= F(bw)(ol )——(ACI —318 - 05)
24 1.4

As.. m(esoo)(zzs)zm(fsoo)(zzs)

As,;, =450 < 787.34——Thel argestis control.
As . =T787.34mm’

As., 891

# Of bars = A -_——=351 Note Ag;s = 254 mm?
S, 294

Select bottom bars 4 ® 18 mm. Total As= 1016 mm?

Check for yielding:

Check for yielding:

Tension = Compression

-9
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A x fy =0.85x f 'xbxa

1016 x 420=0.85x 24 x 600 x a
a=34.86mm

_a
Py
S, =0.85-0.007( fc — 28)
S, =0.85-0.007(24 — 28) =0.85
34.86
C=—
0.85

c

=41.01lmm

~0.225-0.04101

& 0.04101
£, =0.035>0.005

x0.003=0.035

Take Mu=36.2 kNm ............ from Atir program

Mn _ 36.2/0.9x10°°

= - = —=1.32 Mpa
bxd 0.6 x (0.225)

Kn

fy 420

m= =— —  =20.59mm?
0.85fc'  0.85(24)

pzi 1. [{_2mkn)_ 1 1_\/1
m fy 20.59

As = 0.0033 (600) (225) = 445.5 mm?.

~ 2%*20.59*1.32

420

J = 0.0033
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As,. = (£ (bw)(d) Fll(bw)(d)—)(ACI _318-05)
J2a

As
Smin = ( 20)

As,;, =450 < 787.34——Thel argestis control.

As.. =787.34mm’
As< As_. =T787.34mm’

AS,, 787.34
As,, 1539

# Of bars = =51

Select bottom bars 5 ® 14 mm.

Check for yielding:

Check for yielding:

Tension = Compression
A x fy=0.85x f 'xbxa

769.5x420=0.85x24x600x a
a=26.4mm

o= 2
B

B, =0.85—0.007( fc — 28)

B, =0.85-0.007(24 — 28) = 0.85
26.4

c=——=31.1mm
0.85

——_(600)(225)> 2'2‘(1) (600)225)

use As min

-

Note Agpi4 = 153.9 mm?

Total As= 769.5 mm?
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. _0.225-0.0311
; 0.0311
£, =0.019 > 0,005

x0.003=0.019

Take Mu=65.2kN.m ............ from Atir program

-3
Mn _ 65.2/0.9x10 ~2.86Mpa

Kn=
bxd?  0.5x(0.225)?

m= fy :ﬂ
0.85fc'  0.85(24)

* x>
po (g [p_2mkn)_ 1 1_\/1_2 20.59*2.86 | _ 5 0974
m fy 20.59 420

=20.59mm?

As = 0.0074 (500) (225) = 832.5 mm?.

As . = Jte (bw)(d)z%(bw)(d)—%ACl —318-05)

" 4w
V24 1.4
As . = 2420) (500)(225)> 20 (500)(225)

As .. =328.1<375——>Thelargestis control.

As, . = 375mm’

As> Asmin .......... use As
As., 8325

# Of bars = A-_—""223 Note Ag s = 254.5 mm2
As,,. 2545

Select bottom bars 4 @ 18 mm. Total As= 1018 mm?

Check for yielding:

Tension = Compression

-oY.
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A x fy =0.85x f 'xbxa

1018 x 420=0.85x 24 x 500 x a
a=41.92mm

_a
By
S, =0.85-0.007( fc — 28)
S, =0.85-0.007(24 — 28) =0.85

c

c= ng =49.32mm
0.85
g = 0.225-0.0493 <0.003 = 0.011
0.0493

£, =0.011> 0.005

4.7.2 : Design of negative moment :

Take Mu=99.9kN.m ............ from Atir program
_ Mn _999/09x10° _q
bxd? 0.6x(0.225)2

Kn 65 Mpa

m= fy :4—20
0.85fc' ~ 0.85(24)

=20.59mm?

-oy.



4 &Il el

* *
po Ly [p_2mkn)_ 1 1_\/1_2 20.59*3.65 | _ 5097
20.59 420

As = 0.0097 (600) (225) = 1309.5 mm?.

\ fc! 14 N Cata
As.. = 4(fy)(bw)(d) fy(bw)(ol) (ACI —318 - 05)
V24 1.4
As . = 2420) (600)(225)> 0 (600)(225)

As .. =450 < 787.34——Thel argestis control.
As . =787.34mm?

As> As min L. use As
As 1309 5

#Ofbars = ——= =41 Note Agoo= 314.2 mm?
As,., 3142

Select bottom bars 4 ® 20 mm. Total As= 1256.8 mm?

Check for yielding:

Tension = Compression
A x fy=0.85x f 'xbxa

1256.8x 420 =0.85x 24 x 600 x a
a=43.13mm

a
C=—

B

B, =0.85—0.007( fc — 28)

B, =0.85-0.007(24 — 28) = 0.85
43.13

c=—=50.8mm
0.85

_0¢
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&, = 0.225-0.0808 , 03 - 0.0103
0.0508
&, =0.0103 > 0.005
Ok.......
Take Mu=96.5 kN.m ............ from Atir program

-3
Kn = an _ 96.5/0.9><102 - 4.24 Mpa
bxd 0.5x (0.225)

__y _ 420
0.85fc’  0.85(24)

* x>
ooy [p_2mkn)_ 1 1_\/1_2 20.59%4.24 | _ 1 0114
m fy 20.59 420

=20.59mm?

As = 0.0114 (500) (225) = 1282.5 mm?.

ns.. = VT ow)d)= 24 (ow)d)—>(ACI - 318 05)

min 4( fy) fy
V24 1.4
As . = 2420) (500)(225)> 0 (500)(225)

As,;, =328.1<375——>Thel argestis control.

As, . = 375mm’

As > Asmin .......... use As
As. 12825

# Of bars = 1222408 Note Agpo= 314.2 mm?
As 314.2

bar

Select bottom bars 4 ® 20 mm. Total As= 1256.8 mm?

- 00 _
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Check for yielding:
A x fy=0.85x f 'xbxa

1256.8 x 420 =0.85x 24 x 600 x a
a=43.13mm

_a
B
8, =0.85—0.007( fc — 28)
3, =0.85—0.007(24 — 28) =0.85

c

C= 43.13 =50.8mm
0.85
&, = 0.225-0.0508 _ 1, 503~ 0.0103
0.0508
&, =0.0103 > 0.005
Ok.......
Take Mu=93.2 KkNm ............ from Atir program
-3
Kn = an _ 93.2/0.9><1O2 - 4.09Mpa
bxd 0.5x (0.225)
by 420 _ 20.59mm?

m= = -
0.85fc’ ~ 0.85(24)

* *
p:i[l— 1_2mkn]_ 1 [1_\/1_2 20.59 409}:0.011

m fy | 20.59 420

As = 0.011 (500) (225) = 1237.5mm?>.

i 1.4
As . = () (ow)d) > 5 (ow)d)——(ACI —318 - 05)

o1



24 1.4

= 72 (500)225) 2, (500)(225)

As =
S 4(420)

As .. =328.1<375——>Thelargestis control.

As, . = 375mm’

As> As,, use As

As
reg _ 12375 39

# Of bars = =3.
As 314.2

bar

Select bottom bars 4 ® 20 mm.

Check for yielding:
A x fy =0.85x f 'xbxa

1256.8x420=0.85x 24 x 600 x a
a=43.13mm

_a
B
$, =0.85 - 0.007( fc - 28)
S, =0.85-0.007(24 — 28) =0.85
43.13
C=——
0.85

c

=50.8mm

~0.225-0.0508

& 0.0508
¢, =0.0103 > 0.005

x0.003=0.0103

4.7.3 : Design of shear for Beam :

-ovY.

&Il el

Note Agro= 314.2 mm?2

Total As= 1256.8 mm?
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ACI - 318 — Categories for shear design:
VU critical = 1205 kN
Use @8 with two legs

Av = 2x50.3=100.6 MM’

\/?xwad

dVe=90

$ Ve = 0.75*%*0.6*0.225*1000 =82.7KN

chsmm20.75(%)xwadzoi—é5\/ﬁxbw><d

DdVs

min

>0.75 (%) x0.6x0.225x10° > % 24 x 0.6 x0.225x10°

Vs, >33.75kN > 31.0kN

min

Vs, =33.75kN
DVC + DVs, ,, =82.7 +33.75 =116.45kN

dVe + DdVs

min

<Vu SCI)VC+CD><% fc xbwxd

82.7=120.5<116.45
S=d/2=225/2=11.25cm.
S <60 cm.

Use S=10cm

Vud Are within item 3 minomum shear reinforcement is required

All Vud Are withinitem 3 ............ So ..

Select ®8 @ 10cm c/c  (2leg)

-OA -
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4.8 : Design Of Long column :-

4.8.1 Check Slenderness Effect:

e In 0.4 m-Dirction

kI—u<34—12ﬂ ............... ACI —(10.12.2)

r M2

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

R: radius of gyration =0.3 h = \/L\:

Lu=275m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—12ﬂ ............... ACI —(10.12.2)
r M2

1x2.75
0.3x0.4

.. Long Coloumn in 0.4m:dirction

=229<22

e 1In 0.2 m-Dirction

kl_u<34_12ﬂ ............... ACIl —(10.12.2)
r M2

Lu: Actual unsupported (un braced) length.

K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/L:

Lu=275m
M1/M2 =1

-o04.
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K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—12ﬂ ............... ACI —(10.12.2)
r M2

1x275 _4583<22

0.3x0.2

-.long Coloumn in  0.3m:dirction
E.I

El =04——"9% ...l [ACI318-05 (Eq. 10 —-15)]

1+ B,

E, = 4750,/ fc' = 4750 x +/24 = 23270.15Mpa
_1.2DL _ 1.2*(398)

=0.871
Ps Pu 549
3 3
I, = bxh _0.4x02 — 0.00027m*
12 12
£y - 0:4x23270.15x0.00027 _\ 5,01 2
1+0.871
7El
P,=—— s AC1318 - 05(Eq. 10 —13)
(KLu)
3.14% x1.34
=== Z22 ) 75MIN,
(1.0x 2.75)
M1
Cm= 0.6+O.4(mj ............ ACI 318 — 05(Eq.10 —16)
Cm=1...... According to ACI1318—-05(10.10.6.4)
s o=—CM 290 ACI1318 —05(Eq. 10 —12)
1_ Pu
0.75P,
S, = 1 =1.72>1
ns 549 -

1—— 272
0.75x1750

B W
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. =15+0.03xh =15+ 0.03x 200 = 21mm = 0.021m
—e, xJ,, =0.021x1.72=0.02064

e
e
e _002064 ...
h 02

From Interaction Diagram
P, _ 549 y 145
A, 0.2*0.4 1000
p, =0.023

=0.995 Ksi=1

A, = px A, =0.023x 400 x 200 =1840 mm?>
..use6¢20

4.8.2 Design of the Reinforcement:

S <16 db (longitudonal bar diameter)...........c........... ACI-7.10.5.2
S < 48dt (tie bar diameter).

S < Least dimension.

spacing <16xd, =16x2=32cm

spacing <48xd, =48x1.0=48cm

spacing < least.dim.=25cm

Usegl0 @ 25 cm

S O
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4.9 : Design of Stair :

v 4
h=(3.7)/20=0.185 ....... select h=15cm. 4 N
0=30
% L
4.9.1: Flight Dead Load computation :- I .,
The structural system & dead load calculation :- ' :j e

Plastering =( 0.02*22*1)/(cos 30) = 0.51
Concrete slab = (0.25*15*1)/(cos 30) = 4.33 Fig. (4-13) Plan Of Stair .
Mortor = (0.3+0.17)*0.02*22/(0.3) = 0.689

Stair = 0.17*0.3*0.5*1*25/(0.3) = 2.125

Tiles = (0.32+0.17)* 0.03*27/(0.3) = 1.32

Total load = 9KN/m

Dead load = 9, Live load = 3

4.9.2: Landing Dead Load computation :-
Tiles = 0.03*22*1 = 0.66

Mortor = 0.02*22*1 = 0.44

Sand =0.07*16*1 =1.12

Concrete = 0.2*25*1 =5

Plastering = 0.02*22*1 = 0.44

Total dead load = 7.66 KN/m & Live load= 3 KN/m

-1y -
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By using atir program :-

Laading
T
Dezdload - 3andcs Units:kN_m star
200 T
Lb
w4 24 11
Live load - Sarvics Load factors: 1201200180000

ey~ S A N N D) A Y O A I EET

L X

Figure (4-14): Load diagram of stair

Woments. spans 110 3

03
231
| w4 | 154 ma (] | 1.1 |
I T T T 1
Moment/Shear Envelape ..':33'.1]'91: Unitskkmelter
IhEar
268 7
133
]
T
241
oo i

Figure (4-15): Shear & Moment envelope

O
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4.9.3 : Design of Shear :
Vu=27.2 KN.
d=150-20-8 = 122 mm

WC:W#

e = 0.75*/24 *1000*122
6

Vu=272 KN < ¢vVc=74.7 KN .

=T74.7KN

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

4.9.4: Design for flexure :-
Mu = 28.9KN.m

_ Mn _ 28.9/0.9x10°°
bxd? 1x(0.122)?

&y 4
0.85fc’  0.85x 24

Kn = 2.16Mpa

=20.59

2mKn
fy

) 1 - \/1_2(20.59)(2.16)): 0.0054
420

p= (1~ [ 2N
m

20,59

A.S =0.0029%1000% 122 = 658.8mm2
Use = 14 @ 20 cm c/c

step (S) is the smallest of :-
1) 3h=3x150=450 mm ACI-318-08 (10.5.4)
2) 450mm

-1
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3) s= 380(@) ~2.5Cc =380 280 | 5 5x20=330mm but
S

—x420
3

5§300[@j=300 2|0 ees (064
fs %420 G108 (1084

S =20 < S max =300

**Temperature and shrinkage reinforcement :-

As(Temperature and shrinkage) = 0.0018%x1000x150 = 270 mm2 /m

Usew= 10 @ 25 cm c/c

step (S — for Temperature and shrinkage reinforcement ) is the smallest of :-
1- 5h =5x 150 =750 mm .

2- 450mm — control .

S =25 mm< Smax =450 mm - OK

4.9.5 Design of landing:-
Thickness of landing =2.3 /20 =0.115m ..... use 20cm
the reaction of the flight is applied at the centerline of the landing .since width of landing
is 2 m, the reaction R will be distributed along this width . thus load per meter Wr equals

** By using atir program :-

Laading
load no. 1
Dead - Service Units:kWNmeter
146
23
Live load - Service Load factors: 1.20,1 201.60,0.0d

25

Figure (4-16): Load diagram of landing

-lo.
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Woments: spans 110 1

15 78

123

Shear

Figure (4-17): Shear & moment envelope diagram

4.9.6: Design for flexure :-
Mu = 27.8 KN.m

_ Mn _ 27.8/0.9x107°
bxd? 1x(0.122)°

fy 420

Kn =2.08 Mpa

0.85fc’ 0.85x 24
1 2mKn
p=—(1- J1- )
m
o 1 - \/1_ 2(20.59)(2.08) ) = 0.0052
20.59 420

A.S =0.0052x% 1000% 122 = 634. mm2
Usew 14 @ 20 cm c/c

S S



4 &Il el

step (S) is the smallest of :-

4) 3h =3%x200=600 mm ACI-318-08 (10.5.4)
5) 450mm
6) S= 380(@j —2.5Cc =380 =220 | 2.5x20 =330mm but
fs
3 x 420

s< 300(@} =300 280 |_ 300mm

S éx 420 ACI-318-08 (10.6.4)

S =20 < S max =300

**Temperature and shrinkage reinforcement :-

As(Temperature and shrinkage) = 0.0018x1000%200 = 360 mm2 /m

Use = 10 @ 20 cm c/c

step (S — for Temperature and shrinkage reinforcement ) is the smallest of :-
5h = 5x 250 = 1250 mm .

450mm — control .

S =17.5 mm< Smax =450 mm - OK

N N
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4-10: Design of Isolated Footing (F3).

FOOT:(F3)
COL (co _
(c2) Section A- A
T
[ 7 EU AEELS Cm || DEELS Cm
s 2 j‘\ hd =
L7 I = 2 =g
N _ .
3] b [ :
= B
B 712 | | 5
P S g " g
0.20 Frora o nrae] =
{ %Je 0 1.2 g

[}
| I O R
7@1P =157

Fig. (4-18) Geometry of Footing (F3)

4.10.1 Load Calculation:

From Column 9 :

Service load = 408.06 KN .

Factored Load = 541 kN .

Soil Weight = 18 kN/m®.

Soil Depth=1 m,

Column geometry 40 x 20 cm.
Allowable Soil Pressure = 350 kN/m?.

S
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4.10.2 Design of Footing Area:
Assume footing to be about (30 cm) thick.

_ Force(service)

A

qall.net

Qaitnet = 350-5-0.66x18-0.3x25
Oatinet = 325.62kN/m?
408,06

~ 325.62
A=1.25m?
A=W x L =1.25m?
L=12m......\W =1.2m

_ Force(Factored) 541
’ A 1.2x1.2

Where :
A: Area of footing.
W: Width of footing.
L: Lenth of footing.

=375.69kN / m?

4.10.3 Determine the Depth of Footing Based on Shear Strength:

Assume h=30cm......... d = 300-75-20 = 213 mm
Check For One Way Action:-
For X- direction

(L-a)
2

V, = ((1'2;20'4)—0.213)><375.69><1.2

V, = (=2 d)xg, xW

V, =84.31kN
DV, =%1/ fc'xLxd

DV, = %\/ﬂxl.Zxo.Zli‘axlOS

®V, =156.52kN
DV, >V, .....0K

-4



For Y- direction
V, =((L—;a)—d)><qu W

V, = ((]"2;20'2)—0.213)x375.69x1.2

e Check for V, =129.39kN
Two Way OV, =156.52kN
Action :- DV, >V,........ O.K

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

V, = 12[2+—J\/_bd

C

l1(ea.d [
V, =—| = 2 f. b.d
C 12( bo + j C 0
V. =%\/ i b.d
Where:

Cqumn Length (a) 40
¢ Column Width (b) 20

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2x{(a+d) + (b+d)} = 2x{(0.40+0.213) + (0.20+0.213)} = 2.052 m.

a, =40 for interior column

V= é [2 + gj\/f— b,.d =0.333,/f_ b, d
1(40x0213 j\/‘bd 0513de

° 12\ 2.052

= %\/fj b,d= 0.333\/? b, d.... Control

Vu = 375.69* ((1.2*1.2)-( 0.613*0.413) ) = 445.9 kKN

-V
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V, = %\/ £ b,.d = 0.333v/24 x 2.052x0.213x 10°

Ve =713.74kN........ $=0.75
@VC =0.75x713.74 =535.31kN

4.10.4 Design for Bending Moment:

At X- Direction

Mu = 375.69x1.2x 0.4 x 0;24 =36.07KN.m (1.2-0.4)/2=0.4

Using Reinforced Concrete.

36,07

Mn 9 =40.08 kN.m

q= Mn _ 40.08x10”
bd? 1.2x(0.213)?

. fy 420
0.85x fc' 0.85x24

p:i[l— /1_2xm><Kn]
m f,

1 2% 20.59x 0.74
p=—|1-1-
420

=0.74Mpa

=20.59

= =0.0018
20.59

ASgeq = pxbxd =0.0018x1200x 213 = 460.08 mm?
ASgurimagenny = 0-0018x bx h = 0.0018 x 1200 x 300 = 648mm’

As min = 648mm>.................. control
select 7¢12 withAs = 791.7mm* > Asreq. = 648 mm?

-V -
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At Y- Direction

Mu =375.69x1.2x0.5% % =56.35kN.m  //(1.2-0.20)/2=0.5

Using Reinforced Concrete.

Mn = 2635 =62.62kN.m
0.9

_ Mn _ 62.62x10°
bd? 1.2x(0.213)?

oy 420
0.85x fc  0.85x 24

pzl(l— l_2><m><KnJ
m \I fy

o [1_\/1_2x20.59x1.15j:0.00282

=1.15Mpa

=20.59

2059 420
ASge, = pxbxd =0.00282x1200x 213 = 270.79mm’
ASgpriniagéeny = 0-0018x b xh = 0.0018x1200x 300 = 648mm?
Asreq = 648mm°.................. control
select 7g¢12withAs = 791.7mm* > Asreq. = 648mm?

4.10.5 Check for Strain:

At Y- Direction
Tension = Compression

Asx fy =0.85x fc'xbxa
791.7x420=0.85x24x1200x a
a=13.58mm
x=2 =138 _15 ogmm

pl 0.85

o = 0.213-0.01598

) 0.01598

£,=0037>0.005  ........ OK

x0.003

-VYY -
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At X- Direction

Tension = Compression

Asx fy =0.85x fc'xbxa

791.7x420=0.85x24x1200x a

a=13.58mm

x=2 =138 _15 9gmm

pl0.85

o = 0.213-0.01598

) 0.01598

£,=0.037>0.005 ... OK

x0.003

4.10.6 Check transfer of load at base of column:

®Pn = ®(0.85fc'Ag)

®Pn = 0.65(0.85)(24)(0.20*0.4) *10°® =1060.8kN > 541.
Since ®Pn>Pu.
.. Dowels are not required for load transfer

4.10.7 Development Length (Lg):-

9 F, (TLIRTIRTIN .
ee =19 3 F ktr+ch O
ab
. 9 420 1+1=+08
T = V‘ﬁr =
Ld avaitable =((1200-400)+2)-75= 325mm
Ld available=325 mm > Id, . = 296.3mm

£ 12 = 296.3mm

- VY-
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4 —11 Design of shear wall.

o f
o =
267.65KN.m
& &
£67.65KN.M
Fig.(4.19) Shear &Moment Diagrams of Sheer Wall
Fc =24 MPa
Fy = 420 MPa

t=25 cm .shear wall thickness
Lw = 3.9 m .shear wall width
Hw for one wall = 3 m story height

4.11.1: Design of the Horizontal reinforcement:

Internal forces & moments:

D Fx=Vu =134.6KN

-Vve -
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4.11.2: Design of shear

M = H =1.95m...... control
2 2
hw _6.56 _ 3.28m
2 2
d=0.8xlw=0.8x3.9=3.12m
fc'
V o= 5 xbxd
V24

Ve = ¢ x0.2x3.12*10° =509.5 KN (control)

Jfe'xbxd N, xd
Vg, = +
4 4xL,

Assume N, =0
V24 x0.2x3.12*10° 0x3.12

Vv, = + = 764.24KN
4 4x3.9
1| fer + 2N
fc’ I, xh hxd
Vc3 = + x
2 M, I, 10
v, 2
My LY 13750
v, 2
.V =Will apply
v, | Y2, o024 +0)] 025312 0 1401 7
2 1.37 10
Vn < vei

*No Sheer Reinforcement is required
As = 0.002xbxh

As =0.002x1000%200 = 400 mm
select 2 12 /25cm In tow layer

~Usegl2z@25cm c/c  For thereinforcement in two layers (horizental )

-Yo._
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4.11.3: Design of the Vertical reinforcement:-

prsn = (0.0025+05(25- ™y AN 5 0025))s,h,
Iw”"S,h

hy 856 _)68<25

L, 39

Avn=0.0025x S, x h,

S, = % L - %xsgoo —1300mm

S, =3xh=3x200=600mm

Select 2410 With area As=158mm?
158 =0.0025x S, x 200

-5, =316mm

Select S, =30cm < 31.6cm

S =30cm < 60cm <130cm

—> Select 2¢10/30 cm c/c

Select 2 10/ 30cm. In tow layer

4.11.4: Design of bending moment:

C>(L—W _39_0.93m
42) 42

C=C-0.1xL,
C=0.93-0.1x3.9=0.54m

c, =~ =99 _ 0465
20 20

Select Theboundaryelement = 55cm

Asv=As, = tw, As, ——= 39 158 = 2054mm’
sl 0.3

-vi-
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y 1
Lw  2+0.85% 8* fc* Lw*h/(As * Fy)

Z _ 1

Lw 2+0.85x0.85x24x3.9x0.2/(2054x107° x 420)

=0.056

Mu =0.9x Fy x0.5x As x LWx(l—(LA/ZJJ
Y

= 0.9%420%0.5%2054x10-° x3.9% (1— 2220 10° Z1471.6knm

2
MU g = 441.5-1471.6 = —1030.1knm

B Mu/¢ _2623.83x10°/0.9
fy x(Lw—Cw) 420 x (6000 —850)

As =1347.83 + (6 x 79) =1821.83mm?

.. Use@l6 —— Select 10416

Ast =1347.83mm’
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Appendix (A)

Architectural Drawings

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

Structural Drawings

This appendix is an attachment with this project
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