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Dr .Nasr Abboushi

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and
foundations, walls and other structural elements.

It is worth mentioning the code has been used to determine the Jordanian
live loads, seismic loads and to determine the use of UBC-97)), As for the
structural analysis and design of sections has been the use of the U.S. Code
(ACl_318-02), It must be pointed out that he was relying on some computer
programs such as: Autocad2010, Office2007, Atir.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project and the work of what has been said is expected to
conclude a number of results and projections is to link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other,
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and then the work of structural plans of the Executive are Full and detailed for

each.

God grants success.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

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

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f. = 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.
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Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

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

W(c = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

€ = strain of tension steel.

&= strain of compression steel.

p = ratio of steel area..
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Chapter Four- Structural Analysis and Design

4-15 Design of Dome: -

< Materials:-
Steel , fy =4000 psi
Glass , 25KN/m®
+ Loads-

Dead |0ad=0.07* 25=1.75K N/m?

Live load "Snow Load" =1.25K N/m?

Wind Load = 1.2KN/m?

After Design We get the profile as Horizontal is HSS 2X2 X0.25

as Verticd HSS2 X 2X0.25
s Design Strength of Weld Metal: -
a=0.25"
Fpu"weld"= 70ksi
T = Lw*f Rnw
T = 0.006KN — From"Sap"
0.006

0006 _, \w+0.75(0.707* )% 0.6% 70
4448 4

Lw = 0.0075inch
Lw = 0.02mm
Select Lw = 2.0cm

1 = 7.0
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Chapter Four- Structural Analysis and Design

4-10 Design of Column:-

4-10-1 Design of Col # (A1-6):

Dead load from (Beam Al-2) =364.7 KN

Liveload from (Beam Al1-2) =198.84 KN

Self Weight of Columns=25*0.5*0.25*(3.2)=10 KN
Total Dead Load=364.7+10=374.7 KN

Total Live Load=198.84=198.84 KN

Pu=12*374.7+1.6*198.84=767.78KN
Lu=3.2

**% Assumer g = 0.015

*** Bracedcolumn
Pn=08Ag(085fc(1-rg)+rg* fy)

Pn= 767.79 =1181.2KN
0.65

1.1812=08Ag(085* 24(1— 0.015) + 0.015* 420)
Ag = 0.056cnT
Use50* 25= 0.125n7

Check Slender ness Effect:

(k'L“ j < (34—12(%}) <40 ACl.10-12-2
.

2

L, : Actual unsup ported (unbraced)length
K : effectivel ength factor

R:radiusof gyration =0.3h= \/%

K*Lu  1*3.2

= =42.67
ry 0.3* 0.25
* *

K*Lu _ 1*3.2 _ 207
rx 0.3*05

= Long Column in x Direction.

= Short Column in Y Direction.
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Chapter Four- Structural Analysis and Design

***The Long Column Case Used To Design.

E.l
El =04—-% e, [ ACI 318 2002 (Eq. 10—15)]
1+Db,

E, = 4750,/ fc' = 4750* /24 = 23270Mpa
_12*3747 (449.64)

b, = ~0.58
Pu 767.78
* |3 * 3
| b*h _ 0.25* 0.50 _ 0.0026"
9 12 12
* * 106 *
El - 0.4* 23270* 10 0'0026=15.34MN.m2
1+0.58
p°El
) = ACI 318— 2002(Eq. 10-13)
(KLu)
2 %
) = —3'14 15'3:1 =14.77MN.
(1.0* 3.20)
M1
CM =06+04 = o ACI 318 — 2002 (Eq.10 — 16)

Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
d_ = cm >1.0
1-(Pu/0.75P)

4 - 1
™ 1-(767.78/0.75*14.77* 10°)

............... ACI 318 — 2002 (Eq. 10 —12)

=11>1

€,y =15+ 0.03* h = 15+ 0.03* 500 = 30mm = 0.030m
e=e,, xd,, = 0.030*1.1= 0,033

€298 4066

h™ 05

From Interactio n Diagram
fP, 767.78 5 145
A 0.5x0.25 1000

g

My =0.01

=0.89 Ksi

A =r  x A =0.01x 500x 250 = 1250 mm**

Usef 14, A, =154mnv
- Usel0f 14
A, =10* 154 = 1540mn?
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Chapter Four- Structural Analysis and Design

4-7 Design of Beam (A0-19):-

< Material :-

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

Beam Geometry and section.

al A

]

b
L
||
L]

& 5
o5 41 0.5 416 .6 4. 0.6
4.5 l 4 B8 4.5 l
|
i
5.
A-A
Ludgginy
&, T
Dead laad - Barvice Uniis: kM, mater
678 672
CER
: * y | " : w v \ | : : ; i
WE f 5 h 5T u
Lrre leadd - 3ervice Lood tactors: 1.20.1.20{%1.83,0.00

e S e O T P P T

4.5 463 4.3

e

e,
o

Loading of Beam.
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Chapter Four- Structural Analysis and Design

Moment Envelop for Beam.

-238.2 -2ag.2
o ﬁ_h-ﬂzf.s 218 5 qens
£ A0
/N /N
Ans e e 1.08.
e NS G LN
Lt - [ [ I
i T & "loks e
\‘. H ! i \R\_ _.-#'f k| " .-K
F | |—|_ N ;
0.8 I's P 105 . SE3
N - 90 % ek
- o . -
% i A
\-‘“\ e i
27730 i
| 2.03 : " 247 | 2.33 2,33 | 247 | 2.08
I T ] T T
Ehear
3955
21,2 . R -285.6
o 2228 - -208.0
.-"'ff i
f’flf ,-"'ff ,fffj
;f _F‘_.r-" _r'f
S = | - |
_f.-’ _._‘_f -~
. -~
F_,x’f —~ 2 Py
= am [~ 2018 X
1836 2782 T
Il ;
396.5

Shear Envelop for Beam.

4.7.1 Determination of beam thickness: -

1-h. . = 3—9(5) =0.21<0.32= ok (Hidden Beam) h=32 cm
4.20 : _
hein = BT 0.20< 0.32 = ok (Hidden Beam) h= 32 cm
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Chapter Four- Structural Analysis and Design

4.7.2 Determination of beam width :-

ob=0.85 1C p1x( 090

fy 600 + fy

pb =0.85 24 *0.85%( ﬂ) =0.243
420 600 + 420

p=(0.4 * pb) =0.4*0.243 = 0.00971

m = fy - = 420 =20.59
0.85* fc  0.85* 24

0.00971* 20.59

Kn=0.00971 * 420 *(1 - > )=3.67
3e7= Mu /T o, 2718109 _jo15
b*d? 3.67* 0.0676

< Useb=80cm

4.7.3 Determination of Dead & Liveload of Beam:-

**Reaction from rib (R5+R6):

D.L1=35.3/0.52=67.9 KN/m
D.L2 =25.68/0.52=49.4 KN/m
L.L1=19.03/0.52 =35.3 KN/m

L.L 2=14.3/0.52 =27.5 KN/m

% D.L1=67.9+0.32¢0.80*25 + 0.8*(0.02* 22* 2+0.03* 23+0.07* 16) = 76.55 KN/m
D.L2 = 67.9 + 0.32*0.80* 25 + 0.8* (0.02* 22* 2+0.03* 23+0.07* 16) = 58.05 KN/m
% L.L 1=(19.03/0.52) + (5*0.80) =39.3 KN/m
L.L 2=(14.3/0.52) + (5*0.80) =31.5 KN/m
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Chapter Four- Structural Analysis and Design

** Check Singly or Doubly Beam :

d= 320—40—10—2—20= 260mm

3 3

Coax = 7* d= 7* 260 =111.43mm = a, = 0.85*111.43 = 95mm.

f =0.65+250/3* (0.004 - 0.002) =0.82
0.095

fM, =0.82*0.85* 24* 0.8* 0.095* (0.260 _T)* 10° = 276.7KN.m

% Mu=271.3KN.m <f M _ = 276.7 = Singly

4.7.4 Design of Beam for Flexure

aMu =271.3KN.m

m=2059= K, =2 +309 _g
0.8* 0.259
* *
Fo_ 1 o« 1_\/1_M — 00159
20,59 420

A =0.0159* 800* 259 = 3305.5mn"’

Use ®25=491 mm?

3305.5

No. of bars= =6.73= 7f 25 = 3437mm?

14

As . >——*800* 259 = 690.67mm?
420

min =

2

>0.25% ——*800* 259 = 604.2mm’ => ok
420
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Chapter Four- Structural Analysis and Design

**Check for Strain:-

Tension = compression
A* f, =0.85* f.*b*a
3437* 420=0.85* 24*800* a= a=77.1Jmm= c=90.7mm

_ 259-90.7

e, *0.003=0.0056>0.005=f =0.9
90.7

RO

% Use7 ®25 for all moments around Mu=271.3 ( positive or negative).

b)Mu=90 KN.m

9009
" 0.8%0.262°

10, \/1_2 1.82*20.59 | _ o yoses
420

=1.82= m=20.59

f =—
20.59
A, = 0.00455* 800* 262 = 953.5mn7’

Use ®18=254 mm?

No. of bar:% =3.75= 4f 18 =1016mm?

14

As,, >——*800* 262 = 698.67mm*
420

min —

NeT

>0.25* ———*800* 262 = 611.2mm" = ok
420

**Check for Strain:-

Tension= compression
A* f, =085 f.*b*a
1016* 420= 0.85* 24* 800* a = a = 26.15mm=> ¢ = 30.76mm

_ 262-30.76

€, *0.003=0.0225> 0.005=f =09
30.76
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Chapter Four- Structural Analysis and Design

4.7.5 Design of Beam for Shear :-

Vu, =321.2KN

V, = %* 24*0.8* 0.26*1000=169.83

fV, =0.75*169.83=127.37KN.

fv, +%f Jf.*b,*d =127.37+§* 0.75* 1/24* 0.8* 0.26* 1000 = 764.24 >V,

= Dimension is enough

V, >fV, Notitem 1 and Not item 2.

fvs,., > f3* b,*d= o_;so 8* 0.26* 10° = 52KN. (Control).

zI—G*\/T *b,*d = 01;5 24*0.8% 0.260* 10° = 47.76KN

fV,+fV,=127.37+52=179.37KN.
V, >fV,+fV, = No, Item3

®dVe+dVs,,, <Vu< <I)Vc+%1/ fc'* bw* d

dVe+— 3 ch'*bw*d 127. 37+%\/ 24*0.8* 0.26* 1000 = 382.12KN
179.37 < 325.8<382.12

" ltemi#4
Av Vs

s Fy *d
Ve o VU o 8242 12737 _ o

o) 0.75 0.75
-3

Av__ 25844 *10 o367 +10 —-3

s 420 * 0.26
Try ®10 ,4leg

* * - 6
47 slo =2367 *10 "3 - s=133 .5mm ,But
s< 9 < 600

2

S< 600 < 2620 =130

". Use ®10,4 legs @125mm c/c
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Chapter Four- Structural Analysis and Design

4-11-2 Design of |solated footing(C A-6):-

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

2
= K1 o
e i —
1N 80 .50
10 210 10
230
Fig.(4-11-2)

Section (A-A) in Isolated Footing.

Load Calculation(For CA-6in ribbed slab region):-
P(Dead)=750 KN

P(Live)=397 KN

Soil weight = 18KN/m?

Column geometry 50*25 cm

Allowable soil pressure = 400 KN/m?
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Chapter Four- Structural Analysis and Design

Design of Footing Area: -
Ofail net = 400-(0.6* 18)-(0.6* 25+0.15* 25)-5= 370 KN/m?
Area(A) =Tota load / Allowable Soil Pressure
_ 750+ 397
- 370
Try1.7* 1.7 Area=2.89 m?
Pu = 1.2*750+1.6* 397=1535.6 KN
_1.2*750+1.6* 397
qultimate - 1.7%1.7

=2.87n7

=531.35KN /m* > 370KN / m?

Thickness Deter mination: -
Assumeh=60cm ..... d = 600-75-20 = 505 mm

+ Check for One Way Shear Action

(1.7—0.25

Vu = - 0.505) x531.35*1.7 =198.7KN

f\VC= %\@ %1.70% 0.505x 10° = 525.7KN

fvc>Vu OK

+ Check for Two Way shear Action (Punching).
h = 600mm

d = 505mm
The punching shear strength is the smallest value of the following equations:

fV, =f %[u bij\/?bod
fV—f—(b/d jrbd
_f—rbd

Where:
Column Length (a) 50

¢~ ColumnWidth (b) 25
b, = Perimeter of critical section taken at (d/2) from the loaded area

b. = (0.505+ 0.5) * 2+ (0.505 + 0.25) * 2 = 3.52m
a, =40 for interior column
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Chapter Four- Structural Analysis and Design

f Ve =f %[H bij\/ fc/bod = 0'—25* (1+ 2—20] \24*3.52*0.505*10° = 2177kN

1( a ' 0.75, (40* 0.505
fV=f. =25 12| f bd=—2* +2 |*\/24* 352* 0.505* 10° = 3123.5kN
¢ 12(b0/d J TN 12 ( 352 j

f\, =f %\/? b,d :0'775* 24* 352* 0.505* 10° = 2177 kN control

Vu=|(1.7%1.7)- (0.25+ 505)(0.5+ 0.505) | 531.35=1518.6kN
fVC>Vu ok

Design for Bending Moment.

(1.7-0.25), (1.7-0.25)
2 4

fy 420
m=—-—-- =-—-—
0.85* fc 0.85* 24
_ Mu/f _ 237.32%107°/0.9
b*d? 1.7* (0.505)°
2mKn
fy
-1 Jl_w) ~0.00147
20.6 420
As = 0.00147 (1700) (505) = 1262 mm?
I wn = 0.0018
A_min = 0.0018 (1700) (505) = 1545.3 mm?

S

Mu =531.35* *1.7=237.32KN.m

=20.6

Kn = 0.608 MPa

)

1
p=—(1- 1-
m

P

# of bars = A9 As 3 = 1545.3/154 = 10.03
= Note Agp14 = 154 mm?

Use 12 14 Indirection Asprovided = 1848mm?

% Check for yielding:-
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Chapter Four- Structural Analysis and Design

Tension = Compression

As* fy=0.85* fc*b* a

1848* 10 °* 420 = 0.85* 24*1.70* a
a=22.3mm

C:E:E:%Bmm

b, 0.85
o 505-26.3
® 26.3

e,=0.055>0.005 ...... OK

*0.003=0.055

% Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)

®Pn = 0.65(0.85)(24)(0.25* 0.5)* 10° =1726.6kN > Pu =1535.6 KN.
No dowels are required, but use minimum dowels.

As_. =0.005* Ag = 0.005* 50* 25 = 6.25c?

Use the column barsasa dowels

Select 18014
ASy gices = 27.7Cm" > As., = 6.25cm’
Use 18 ® 14 dowels As Provided = 27.7 cm2

% Development Length (L, ):-

9 [y alxwexws
Ld=— — * db
10 r ktr+ch
Yy r T8
Cb=75+14/2=82mm
9 420 1.0+1.0+0.8

—— * —
Ld=rs o ﬂffz 14 = 137 mm
Available Ld =(1700-600)/2 — 75 = 475>137 mm
OK.
Ldb: fy < d
4./ fc' °
420
Ldb= x14 = 300mm control
/24

But not less than:

Ldb = 0.04(fy) d,=0.04(420)* 14 =235.2 mm

Available Ld =h-cover-2* db=60-7.5-2* 14=497 mm
497 > 300 OK
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4-10-2 Two Way Shear Action(Punching):
Interior Column:

Design of Column(C B0-3) :

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

Circular Column D=50cm

Slab Thickness =32cm

d =320—20-20= 280mm

Ln=39

Panelsize= 6*6

*** Dead Load = 13.07KN/nv’

*** | jveLoad = 5KN/n7

*** Support Reaction= 372KN

Wu =1.2*13.07+1.6*5=13.04KN/n?

b, =2(0.288+0.5) + 2(0.288+0.3) = 2.752m

Vu=6*6-((0.5+0.288)* (0.3+0.288))* 23.7 = 842.22KN

ng%(1+&)\/Tcu*d =%(1+2)\/Tcn*d _05/ich *d

* *
stl—12(aS d o) ftch*d=LA%028 5 ftch*d-054/fch*d

b E( 245

Vcs% fch *d =0.333,/ fch * d — control

fVc=0.75* 0.333/24* 2.752* 0.288* 1000 = 961KN > 842.22
~fV>Wu

No Punshing Shear
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Chapter Four
Structural Analysisand Design

4 -1 Introduction.

4 -2 Factored L oads.

4 -3 Slabs Thickness calculation.
4 -4 | oad Calculation.

4 -5 Design of Topping.
4 -6 Design of Rib (1).

4-7Design of Beam (A0-19).

4-8 Design of Two Way Ribbed Slab.
4-9 Stair Design.

4-10Desing of Column.

4-11Desing of footing.

4-12Design of Basement Wall.

4-13 Design of shear wall.

4-14 Design of Truss.

4-15 Design of Dome.
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Chapter Four- Structural Analysis and Design

4 -1 Introduction:-

Concrete is the only major building material that can be delivered to the job
site in a plastic state. This unique quality makes concrete desirable as a building
material because it can be molded to virtually any form or shape.

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

In this project, al of design calculation for al structural members would be
made upon the structural system which was chosen in the previous chapter.

S0, in this project, there are Three types of dabs: one way ribbed dlab, two
way ribbed dlab, and flat plate. They would be analyzed and designed by using finite
element method of design, with aid of a computer program called "ATIR- Soft ware
" to find the internal forces, deflections for ribbed slabs and by using the previous
program and "STAAD PRO 2006", Etabs, and Safe programs to find the internal
forces, deflections for One way solid slabs and flat plate, and then handle calculation
would be made to find the required steel for all members.

The design strength provided by a member, it is connections to other
members, and its cross — sections in terms of flexure, and load, shear, and torsion is
taken as the nomina strength calculated in accordance with the requirements and
assumptions of ACI- code.

NOTE:
*B300.... fc'~1.0* 300 = 300kg / cm?(MPa) For circular section

but for rectangular section ( fc'= 300 * 0.8 = 240kg / cm?) or ( 24 Mpa).
* The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}

30



Chapter Four- Structural Analysis and Design

4 -2 Factored Loads:-
Ou=12D+16L ACI - 318-02 (9.2.1)

4 -3 Slabs Thickness calculation:-

The overall depth must satisfy ACI Table (9.5.a):

for two way ribbed slab :
2.

Check the thickness 32 cm. |
For the corner dab :

;- 40%8%4+32+12%16
40 * 8 + 32 * 12

- 10 .55 32

12.

(0.1055 )? (0.0255 )° 0.12 * (0.2145 )°

|, =0.52*
3 3

- 0.4~ =5.96 *10 *m*

— (I * E)beam
R =
_0.6%(0.52)°
beam 12
* -4
=200 7,64 55y 42.4%10
0.52 2
* -4
Is, = °%710 ", 85, 4 5)-54.5%10
0.52 2

5.9 %10, 6.4

I =70.3*10*

Is

Is, (2% 40.8) = 45.85*10 *
0.52 2
* -4
Is, = %* (8.5+0.8) = 106 .6* 10 *
* -4
al — M:1_66
42 4%10°
* -4
L, _703%10"
54 5%10 °
70.3*10
w10 ¢
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* -4
,_ 703710 0.6
106 .6 * 10
o (1.66 +1.3+1.53 + 0.66) _ 1 088
4
0.8+ Y
h = 1400 —1.288
36 +5*b(am-0.2)
8.5(0.8+ 29
h = 5 E 1400 - 0.22m = 22¢cm
36 + 5% >2(1.288 - 0.2)
6.4
32cm>22 cm
For rib (R1), as shown in fig.
1 52 m 1 ETE m T

Fig.(4-1): Spans Length of Rib (R1).

The spans are one end continuous ribbed slab
= from  ACI-318-02 table (9.5a)

Minh=>:

L = 5—52 =0.3 m =30cm
185 185

L = E =0.27 m =27cm
21 21

24 cm block + 8 cm topping .
For Ribl1 ,will use thickness of slab 32cm
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Oy way il slab —, Shrinkage & Temporatuer Bar's =,
.

Hollow Block 24 cm | —

Fig. (4-2) Oneway ribbed slab [Rib 1]
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:

+ 4.1.1 Calculation of Dead load :-
Table (4-1) calculation of thetotal load for (R1)

Material tJKnli\} /vaf)ight ;l;rr:];:kn%
Tile 23 3
Mortar 22 2
Sand 16 7
Reinforced concrete 25 8
Hollow block 9 24
Reinforced concrete 25 24
Plastering 22 2
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% Design constant :-
* b For T- section is the smallest of the following:

by =Ln/4=4.29/4=1.07 m =107 cm
be =bw+16tf =12+ 16 (8) =140 cm

b, = clc spacing between beams = 52 cm
Control .......... 52cm.

*Requirements For Slab Floor Accordingto  ACI- (318-02) .

bw=10cm..........coceiiiiiiiii e e a0 ACH(BU11.2)
Select bw=12cm

h<35*bw .......ccciiiiiiii ACH(B112)
Select h=32cm<3.5* 12=42cm

tt>Ln/12>50mm ...........ooeiei e ACIH(8.11.6)
Select tf=8cm

Determinetheloads:

Tile: 23*.03*0.52* 1=0.36 KN/m
Mortar: 22*0.02*0.52*1=0.23 KN/m
Sand: 16*0.07*0.52* 1=0.58 KN/m

Topping  25*0.08*0.52* 1=1.04 KN/m
Block: 9*0.24*0.4*1=0.86 KN/m
Rib: 25*0.12*%0.24* 1=0.72 KN/m
Plastering: 22*0.02*0.52* 1=0.23 KN/m
Partitions. 2.38*0.52=1.2376 KN/m

=>» Total dead load =5.26 KN/m/rib
«» 4.4.2 Calculation of Liveload:-

From Jordanian live loads table live load for school is5 KN/m?2
=>» Total liveload =5*%0.52=2.6 KN/m/rib
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4 -5 Design of Topping:-

¢+ Calculation of Dead load
Tile: 0.03*23*1=0.69 KN/m
Mortar:  0.02*22*1=0.44 KN/m
Sand:  0.07*16*1=1.12 KN/m
Topping: 0.08*25* 1=2 KN/m
Partitions:1.2376 KN/m

D.L tota = 5.49 KN/m

«» Cadculation of liveload
L.L tota = 5KN/m

= Wu=12D.L +1.6L.L =1.2¥*549 + 1.6*5 = 14.50K/m

Check ®Mn > Mu
w, *1?  14.59* 0.4

Mu = = 0.195kN.m
12 12
OMn=d*fr* s
bh?
F —_—
6
fr =0.42x ./ fc'(MPa) ACI-318-02 (22-5.1)
bh?

Mn=042, fc'* —
6

* 2
= 0.42+/24* %*103 —2.194kN.m

f * Mn=0.55* 2.194 =1.207kN.m
f * Mn=1.207 > Mu = 0.195KN.m

Shrinkage and temperaturereinforcement must be provided.
For the shrinkage and temperature reinforcement:
r =0.0018 ACI-318-02 (7.12.2)

As =r *b* h=0.0018* 1000* 80=144mn7* /1Im

As (¢ 8) =50mm?
So number of bars =144/50 = 2.88 ,s0 use 3 bars.
Check spacing: 1/( number of bars) =1/2.88 =0.35 >3*h
0.35>3*.08=0.24
0.35>450
Then use @ 8 @ 20cm for practical purposesin both directions.
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4 -6 Design of Rib (1):-

s Materials :-

Fc' = 0.8%30 = 24 N/mm? =24M pa

Reinforcement Steel , fy = 420 N/mm? =420 Mpa
s System :-

One -way ribbed dab :-

Geomatry Linitg smeter, cn
1 2 3
%
A o
-‘!'\I i“ —
g 5.12 od | 5 [ 2E
r T
| 5,52 | 570
Az
k.
42,
T8
Ay

Fiq.(4.3): Spans Length of Rib (R1).

s Loading:-

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

following:-

D.L tota = 5.26 KN/m/rib L.L tota = 2.6 KN/m/rib

MomentiShear Envelope (Factored)

Units:kN meter

Sorrenls:  wpape | lo 2
A
M T A
4.0 i '\_\ 226
\H
b1 et el Ihdh |
= q=T 1
e - 2.1 . : I
A = ) e x5 A
BTR mhamis  opnas - e
e o <k
1.4 e T
254
N 2.6 45 | >0
Silpar
.5
ek I | -24.E
e | e
— | "
e s
- 80 =g
Hhd
Heaciinra




Chapter Four- Structural Analysis and Design

Elexural Design : -

X Design for positive Moment for Rib (R1):-
Use Mu max. Positive for span = Mu=28.8 KN.m .
Determine whether the rib will act asrectangular or T-section:
For a=t=8cm
d = h - cover—dia. of stirrups— db/2 = 320 — 20-8 — 14/2 = 285 mm.
®.Mnf =0.9*0.85 f_ * ti* b, *(d- ti/2)

=0.9* 0.85 (24) (0.08) (0.52)(0.285-0.08/2)* 10°

= ®.Mnf =187.13KN.m

®Mnf =187.13 KN.m > Mu =28.8 kN.m
=>.". Rectanglular section

Design as arectangular with b = 52cm
As =p.be .d

m=__¥ __ 40 _,y5g
0.85* fc _ 0.85* 24

_ Mu/f _ 288*10°/09

Kn= ———= ~=0.758
b*d?  0.52%(0.289)

* *
C_ L, f_2mkn )_ 1 1-\/—2 20.58* 0.758 | _ 1 go1e4
m fy 20 .58 420

A s = p.be .d = (0.00184)* (520)* (285) = 272.7 mm?.
Then use 2 14 ,As=308 mm?

***Check Minimum Reinforcement A s min.........(ACI- 318 - 10.5.1)
fc'
A Smin= (bw)(d) = V24 (120)(285) = 100mm?

A(ty) 4(420)

Asmin=—2 ow(d) =22 (120)(285) =114.4mm?>  (control)
(fy) 420 '

For 2014 As=308 mm?>114.4 , OK
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Chapter Four- Structural Analysis and Design

***Check for Tension steel yielding:-
Tension = compression

As* fy=0.85* f_*b*a

2*154 * 420 = 0.85* 24 * 520 * a
a=12.2mm

ce 222 14 35m
b, 0.85

B=0.85..... f.<28MPa ....... ACI (10.2.7.3)

e, =(d—c)/cx0.003= 286-1435  ,003=0.057
14.35

e, =0.057>0.005

X Design for Positive Moment for Rib (R1):

useMu =13.4 KN.m
Design as arectangular with b=52 cm

Mu/f 13.4*103/0.9

“ brd? - 0527 (0285)7 03

1 / 2mkn
p:a(l' 1- fy )

1 . \/1_ 2(20.58)(0.353)
P~ 2058\ 420

As = 0.000848 * (520)* (285) = 126 MM~ .

Kn

) = 0.000848

# of bars= As Asy, = 126/79 = 1.59 * Note Agpio= 79 mm2
Select Bottom bars2 ® 10 mm. Total As= 158mm?.
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***Check for Tension stedl yielding:-
Tension = compression
As*fy=085*t *b*a
2*79*420 =0.85* 24 * 520 * a

a=6.25mm
C = 2 _ —6'25 =7.35mm
b, 0.85

B=0.85..... ACI (10.2.7.3)

e, =(d—0)/cx0003=7.35x0003=011
e, =011>0005=f =09

<> Design for Negative Moment for Rib (R1):
Use Mu max. negative for support = Mu= 26.7 KN.m
Design as arectangular with b= 12 cm

m=-_% - 40 _9y58
0.85 * fc 0.8 * 24

Mu/f  26.7*10°°/0.9

Kn=p%d? = 012* (0.285)7 ~ >0%
B 1 1 2mRn
1 2(20.58)(2.82)
P="05g (- \/1— 20 ) =0.007888

As=0.007888 (120) (285) = 269.77 MM~ ,
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Chapter Four- Structural Analysis and Design

***Check Minimum Reinforcement A s min..(ACI- 318 - 10.5.1)

@ ASmin:\/f_d(bw)(d) _ V24 (120)(286) = 100mm?
4(fy) 4(420)

e _14 _ 2
ASmin= ) (bw)(d) = 220 (120)(286) =114.4mm (control)

A'S = 249.16 mm? > A S=114.4 mmv
> Agreq= 249.16 mm®

Select Top bars2 ® 14 mm. Total As= 308 mm?.

***Check for Tension stedl yielding:-

Tension = compression
As*fy=0.85*t *b*a
2*154 * 420 =0.85*24*120 * a
a = 52.84mm

a _52.84

C=— = = 62.165 mm
b, 0.85

B=0.85..... ACI (10.2.7.3)

e, =(d-c)/cx0.003= 28662165 03— 0.0108
62.165

e, =0.0108>0.005=f =09

<> Design for Negative Moment for Rib (R1):

Use Mu max. negative for support = Mu=22.6 KN.m
Design as arectangular with b= 12 cm

~Mu/f 226*107°/0.9
"~ b*d?  0.12*(0.286)%

Kn 2.576
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Chapter Four- Structural Analysis and Design

i 1_ 2mkn
p: m (1_ fy )
1 2(20.58)(2.576 )
-t .- _
2058 ¢ \/ 420 ) =0.00658

As = 0.00658* (120)* (285) = 225.04 mm” .

Select Top bars2 ® 12 mm. Total As= 226 mm?.

***Check for Tension stedl yielding: -
Tension = compression

As* fy=0.85*t *b*a

2*113 **420 =0.85* 24 * 120 * a

a=238.77mm
c- 2 3877 _ 45 62mm
b, 0.85
B=0.85..... ACI (10.2.7.3)

e. = (d-c)/cx0.003=220=%02_ 4 003- 00158
45,62

e, =0.0158>0.005=f =0.9
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Chapter Four- Structural Analysis and Design

+» Design shear for Rib (R1):-

Factored shear forces at d=0.285 m from support
VUmnax =29.2 KN (From Shear Envelop)
Determine shear strength provided by concrete (¢ Vc).
[tem #2:

PVce/2< V<PV,

11d Ve= 1.1 * V' pw=d
6

=1.1% 0.75* @ 0.12 * 0.285*10° = 23.04 kN

®dVc=23.04 kKN < Vu = 29.2kN
Not item #2

Item #3:

PVe<Vy <P V. +P Vgmin

0.75

fVSminZ:I—wa/ fc! *bw*d = 6 x+/24*0.12* 0.285=7.854KN

fVsmin> % xbw* d = O—;5 x 0.12* 0.285=8.55KN — control

23.04<29.2<31.59
..item 3— min. shear reinforcement isrequired

fc' N
(ﬂj min 2ix—bw=ixﬁ* 0.12=8.75*10"°
S 16 Fy 16 420

tryf 8(2leg)

2*50*10°°
s

s=1.05m

=95%10"°

but:s< % <600mm= @ =0.143m< 600

- Use P8@12.5 cm(2 leg)
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4-13 Design of shear wall (A-03):-

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

+« According to soil profiletype™ SA" ,and Seismic Zone Factor " Z" =0.3:
Ca" Seismic Coefficient” =0.24
Cv:"Sesmic Coefficient"=0.24
I:"Importance Factor"=1.0
R:"Structural System"=5.5

s Section :-
t=30 cm .shear wall thickness
Lw = 6 m .shear wall width
hw=7.04 m.

100 T 190 TN

L AD-1E

L T LiE7 A TR m

IZ2EM . META RN au

I =0 | Chenr Thasran lament Thncrmm

Fig. (4-13-1).
Load from earthquake (X Direction) for Shear wall (WA-03).

+ Design of the Horizontal reinforcement:
Critical Section:
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M:§:3m ...... control
2 2
hw_70% 3 59m
2
d=08xlw=0.8x6=4.8m
V, = 268KN
M, = 2279KN.m
Vg, fc'xbxd

6

\/f_c'xbxd N, xd
VcZ

4 4x L

_ 24

V, 5 x 0.30 x 4.8*10° = 1175 KN
Assume N, =0
v, = V24 x0.30 x 4.8* 10° L 0x1.04 o0 oy
4 4x1.3
v, | Y24, o/24) | 030x48 1 110 contro
2 " [2719 6\ 10
<268 2>
<M”—IW>:5.5>O
vV, 2
A/h_ Vs
s, Fyxd
V, _V——V _4—58—1122_
f 0.75
M =0.0025x h = 0.0025x 0.30 = 0.00075...
S
l, ©
<X =——=12m
> 5 5

S, <3xh=3x0.30=0.9m

S - 2x Ay 2x79x10°°
0.00075  0.00075

=0.21m
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Chapter Four- Structural Analysis and Design

~Usef 10@20cm c/c intwolayers (horizontal )

% Design of Vertical reinforcement:

A= [0.0025+ 0.5(2.5— I&j( A’“h - 0.0025H x§xh

w N\ S, %

A, =|0.0025+05 2.5- TOAY_2x70 4 5005 |x 5 xh
" 6 ) 200x 300
A, =0.0025x S xh
-6
S= 2x113x10"° 0.30m ... control
0.0025x 0.30

[ 6
<X =—=20m
. 3 3

S <3xh=3x0.30=0.9m
S1<0.45m

~Usef 122@20cm c/c  intwolayers (vertical)

% Design of Moment:
The boundary element is required if :
C>___ W
600* (dn/ hw)
dn: Lateral Displacement for wall

assume dn/hw > 0.007

c>—° _ _143m
600* 0.007

Cw=C-0.1x Lw
Cw>143-0.1x6=0.83m

,C_143

Cw > =0.715 m

No boundary is required
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4-9 Stair Design:-
4-9-1 Design of Stair #1 :-

“’"“'f't't't"?"?’””’“‘?"?’“‘“wv e RS
R S P SR T
=1 i

SEAIR (7))
Mo Grownd do forsl ooy
Fig.(4-9-1)
L=3.3+0.85=4.15m
h=4.15/20=0.2075m
***Useh=25cm
Flight L oad calculation:-
+ Dead Load:-
= Tiles = 0.03*(0.33+0.15)* (23/0.30) = 1.104 KN/m?.
= Mortar =(0.15+0.3)* 0.02*(22/0.3) = 0.7 KN/ m?.
= Stars = ((0.5*b* h)* 25=(0.5* 0.3* 0.15* 25)/0.3= 1.875 KN/ m?.
= Sab = 0.25*25/ Cos 28.6= 7.1 KN/ m°.
» Plaster = (0.02*22)/ (C0s28.6) =0.5 KN/ m?.
Total dead load =11.88 KN/m

% Liveload:-
Live load for stairs =5 KN/ m?.
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U3 E3 (A 15 ;
1 1 1
q 3.3 ; 1. ;
I 1 1
h
oo,
A4
Loading
lsud rewmgs v 1
Ihsal ksm: Hewum: vanis khepeh
170
Hola
! o o
33 1.4 i

Live losd - Service

13 1 1
1
Moty spans 180 2
B
..-'/ﬁ_._____x i
e 115 L
- 1 e
= ——+ == i
& kY
SE T et
2
1.4 i 131 | =
T T 1
449
SATd -
_;-"f-r-
g
_,-'-""--F-
_:-""---'-
1 == = 1 1
T — T T ——
_H'-d- _ - ——
T 3 ___,--'
S [—= #E
1% 3.3
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Design of Bending:-

Calculate the magnitude of the maximum moment by using the shear diagram.
d =250-20-7 =223 mm.
Mu =51.3 kN.m/m
Mn
""b.d?
( . 23%10°°/0.9
" 1* 0.223 2

m = fy =_ 40 =206
0.85 * fc' 0.85* 24

= 0.49

p=Ll(- |- 2mKn)
m

o= _1 (1-\/1_w):0_00118
20.6 420

A'S & =rbd =0.00118* 1000* 223 = 263 mm?/m

A s min = 0.0018* 1000* 250=450 mm? ...... (control)
Use ® 10 @ 15 cm for two dirction reinforcement

4.9.1.6. Design of shear:-

Vu=449 KN.

f /T *b,*d
fvo=-—Y o ~w -

fyo o 075" \/272* 10.223 _ o en
Vu=449 KN < @Vc=106 KN.

No shear Reinforcement isrequired.
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4-9-2 Design of Stair #2 :-

o]
] =0
£
i N [
ik T P |
o i
] | o1 T
%-' = -
ol ! ‘:‘af! =3
m T e
Pt I e
e 1 e A
':";ﬁ =l
i | P e
o I g e
e A
x 1 R
: [ G e
I F S
d b= |
1 g o] =y
| S |
I ey ]
| A I
| |
| I
| SO 2
|
|
1

STAIR (2)

Frove Grovnd to firsi floor

Fig.(4-9-2).
Stair (2)
L=.+. =. m
h=". /20=0. m
***Useh= cm
Flight L oad calculation:-
+» Dead Load:-
= Tiles = 0.03*(0.33+0.15)* (23/0.30) = 1.104 KN/m?.
= Mortar =(0.15+0.3)* 0.02*(22/0.3) = 0.7 KN/ m?.
= Stairs = ((0.5*b* h)* 25=(0.5* 0.3* 0.15* 25)/0.3= 1.875 KN/ m*.
= Slab = 0.25*25/ Cos 28.6= 7.1 KN/ m*,
» Plaster = (0.02%22)/ (C0s28.6) =0.5 KN/ m?.
Total dead load =11.88 KN/m

% Liveload:-
Live load for stairs =5 KN/ m?.
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Design of Bending:-

Calculate the magnitude of the maximum moment by using the shear diagram.
d = 250-20 -7 = 223 mm..
Mu = 53.5 kN.m/m

_ Mn
" p.d?
o 57*10*3/(3.9 197
1* 0.223
m = fy =_ 40 =206
0.85 * fc' 0.85* 24
p=Ll(- |- 2mKn)
m
=_1 a- \/LW):o,ooglz
20.6 420

A'S g =1 bd =0.00312* 1000* 223 = 696.7 mm?/m

Use AS 1 = 753 mm?.
Use ® 12 @ 15cm for main reinfor cement
A's min = 0.0018* 1000* 250=450 mm?
Use ® 10 @ 15 cm for transver sereinforcement
Design of shear:-
Vu=36 KN.

fJf.'*b,*d
fve=-Y e w -

fye o 075" \/27;* 1%0.223 _ oo
Vu=446 KN < @Vc=136 KN.

No shear Reinforcement isrequired.

Landing L oad calculation:-

«» Dead Load:-

» Tiles = 0.03*22 = 0.69 KN/m>.

* Mortar = 0.02*22= 0.44 KN/ m?,

» Sand =0.07*16== 1.12 KN/ m?,

» Slab = 0.25%25= 6.25 KN/ m?.

» Plastering = 0.02*22=0.44 KN/ m*.
dead load =8.94 KN/m

Additional dead load from flight=21.7K N/m
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% Liveload:-
Live load for stairs =5 KN/ m?.
Additional liveload from flight=9.63K N/m
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Design of Bending:-
Calculate the magnitude of the maximum moment by using the shear diagram.
d = 250-20 -7 = 223 mm..
Mu = 117.4 KN.m/m
Mn
" b.d?
" 601*15.229{(2)'9 = 2.0

m = fy =_420 =206
0.85 * fc' 0.85* 24

2mKn )

p=i(l- 1—
m

p:L(l-\/l_ 2(20.6)(2.62))20. 67
20.6 420

AS q=rbd=000 *1000* = . mm%m
UseAS = 40 mm?.
Use® 1 @ 10cm for main reinforcement
Asmin=0.00181000* = mm’
Use ® 10 @ 15 cm for transverse
Design of shear:-
Vu=92 KN.
f/f. *b,*d

fVc=

fyoo 075" \/2_46* 1%0.223 _ oo
Vu=92 KN <@Vc=136 KN.

No shear Reinforcement isrequired.
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4-9-3 Design of Stair #3 :-

STAIR [3)

From. Frourad to Frst ooy

Fig.(4-9-3)

L=3.6+1.0=4.6m

h=4.6/20=0.23m

***Use h=25cm

Flight L oad calculation:-
+»» Dead Load:-
= Tiles = 0.03*(0.33+0.15)* (23/0.30) = 1.104 KN/m?.
» Mortar =(0.15+0.3)* 0.02*(22/0.3) = 0.7 KN/ m.
»  Stairs = ((0.5*b* h)* 25=(0.5* 0.3* 0.15* 25)/0.3= 1.875 KN/ m*.
= Slab =0.25*25/ Cos 28.6= 7.1 KN/ m?.
» Plaster = (0.02* 22)/ (C0s28.6) =0.5 KN/ m?.

Total dead load = 11.88 KN/m

< Liveload:-
Live load for stairs =5 KN/ m?.
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Design of Bending:-

Calculate the magnitude of the maximum moment by using the shear diagram.
d = 250-20 -7 = 223 mm..
Mu = 36.1 kN.m/m

_ Mn
" b-d?
* -3
K. - 36 .1*10 /20.9 _ 0.8l
1* 0.223
m = fy =_40 =206
0.85 * fc' 0.85* 24
_ 1 2mKn
p=—=(1- 1- )
m

o= _1 (1-\/1_M):0_00197
20.6 420

A'S req=rbd =0.00197* 1000* 223 = 439 mm?/m

A s min = 0.0018* 1000* 250=450 mm?
Use ® 10 @ 15 cm for two direction reinforcement
4.9.1.6. Design of shear:-

Vu=325 KN.

f /T *b,*d
fvo=-—Y o ~w -

fyoo 075" \/27;* 1%0.223 _ oo
Vu=325 KN < @Vc=136 KN.
No shear Reinforcement isrequired.
Landing L oad calculation:-

++ Dead Load:-

= Tiles =0.03*23 = 0.69 KN/m?.

» Mortar = 0.02*22= 0.44 KN/ m?,

*  Sand = 0.07*16= = 1.12 KN/ m?.

= Sab = 0.25%25= 6.25 KN/ m?.

» Plastering = 0.02*22=0.44 KN/ m*.
dead load =8.94 KN/m

Additional dead load from flight=21.7K N/m
« Liveload:-
Live load for stairs =5 KN/ m?.
Additional live load from flight=9.63K N/m
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Chapter Four- Structural Analysis and Design

Design of Bending:-
Calculate the magnitude of the maximum moment by using the shear diagram.
d = 250-20 -7 =223 mm.

Mu =25.5 KN.m/m

_ Mn
" b.-d?
* -3
n:60 10 /2'9:0.6
1* 0.223
m = fy =_420 =206

0.85 * fc' 0.85* 24

2mKn )

p=i(l- 1—
m

o=_1 (- \/1_—2(20'6)(0'6) ) =0.00145
206 420

A'S (g =1 bd = 0.00145* 1000* 223 =323.4mm?/m

A s min = 0.0018* 1000* 250=450 mm?
Use ® 10 @ 15 cm for both direction

Design of shear:-

Vu=245 KN.
f /T *b,*d
fvo=-—Y o ~w -

0.75* \/24*1* 0.223
6
Vu=245 KN <@Vc=136 KN.

No shear isrequired.

fVc= =136KN
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4-11Design of Footing:-

4-11-1Design of strip Footing (shear 2) :-

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

o
5.0
i %
ol S j?z
- ol
— ;2-
A
0 40 . 80 . a0 . Bk . 40 10
10 A70 14
Eal:] )
Fig (4-11-1)

Plan of strip footing.

Deter mination of load:-

From slab and Wall Weight :
Dead:

Weight from "Etabs"’ =332KN/m
Live:

Weight from "Etabs’ =116KN/m
Soil density = 18 KN/m®,

Allowable soil Pressure = 400 KN/m2.

Assume depth of strip =50cm.

Q atow =400 - (0.5%25+0.10* 25) — (3.5 18) = 338 KN/m?
= For one meter strip

_m8_
T317 M

b=15m
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assume h= 50 cm
d=500 - 75 — 20 = 405 mm

Qutimate = 584 = 389.3KN /m* > 317KN / m?
1.0*1.5

Check of One Way Shear :-
Vu = (1'0 ; 03_ 0.405) x 389.3* 1= 57.4KN

f\Vc = 0‘—25@ x1x 0.405x10° = 248KN

fVc>Vu OK

Design of Bending Moment:-
(for 1.0m Strip)

* 2
Mu = 38930757 _ 159 skNm
* -3
cn= Mn_1095"10°/09 (00
bd>  15* 0405
fy 420 _ 506

m= - = =
0.85* fc  0.85* 24

" :1 1- 1_2xmen
m fy

1 1_\/1_ 2x 20.6x 0.494
206 420

As,., = *b*d =0.0012* 405* 1000 = 482.7 mm’
As_ =0.0018* b* h = 0.0018* 500* 1000 = 900mm?....(control)

r j =0.0012

Use @ 14@15 cm in both directions

Check of strain:-
As*fy=085*f.*b* a
900* 420 = 0.85* 24*1000* a
a=18.5mm
c=2_185 5 gmm
b, 0.85

o _ 405-21.8

s 21.8
e, = 0.052 > 0.005

X0.003
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4.14 Design of truss:

y ~ el
2 ,-'/f W J_U// \

‘_.I'

o -

Figure (4-14-1) :Frame Geometry
Space between truss and anther = 5.05 m
L =14.7/m
B = 1.05m
H1=12m H2=10

4.10.1 Load Calculations:

1. Deadload:
dead load of ceiling and servies = 0.3 KN/m?1.05 = 0.315 KN/m
dead load of installation = 0.2KN/m*1.05 = 0.21 KN/m
Allow Swt Steel Work = 0.1KN/ m*1.05 = 0.105 KN/m
Imposed load = 1.0 KN/m.
D.L =0.63 KN/m

2. Snow load :

S.L = 1.0 KN/m?*1.05 = 1.05 KN/m.

3. Wind load :
WL=Ce*Cq* gs™ lw
winword
W.L =0.8¢1.6*1.4 = 10.752 KN/m

Leeword
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Chapter Four- Structural Analysis and Design

W.L=0.5%1.6*6*1.2 =5.76 KN/m
U=09D.L+1.6W
U=0.9* 0.63 +1.6*-0.525 = - 0.273 .. OK
Total Load=12D.L +1.6S+161.L
Total Load = 1.2*0.63 +1.6*1.05 + 1.6* 1.0 = 4.04 KN/m

4.10.2 Analysis:

D(1)=261.2 KN

V(1)= -254.96 KN

T(7)=-798.94 KN

B(7)= 766.54 KN

4.10.3 Design:

The Diagonal and vertical member the same section .

The top and bottom member the same section .

Use Azs Stedl.

4.10.3.1 Design of Diagonal member :

D; =206 KN =46.31 Kip

Yielding limit state :

@Tn3 Tu

o*Fy*Ag?3 Tu

0.9* 36* Ag® 46.31

Age=1.43in”

Stiffens limit state :

L £ 300 L =1.6 m =5.2ft
r

5.2*12
r

£ 300
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r 3 0.207in

From Age=1.43in* and r=0.207in

Select tube 2.5x2.5% 15

Ag=1.69in’ r=0.930in
4.10.3.2 Design of Vertical member:
V;=-183KN =41.14 Kip

Effective length :

For buckling about X-x & y-y

Kx =Ky =1
Lx=Ly=1.2*3.281*12=47.24 in
Critical stress Fg

Kx* Lx
rx

Assume amiddle value of =100

From curve of A36 steel F = 22Ksi
Required Ag

¢oc* Pcr3 Pu

¢oc* Fer* Ag® Pu

0.85* 22* Ag® 41.14

A= 2.2i°

Select tube 2.5x2.5x 15

Ag=248in’ r=0.868in
Effective lengthratio :

Kx*Lx Ky*Ly 47.24
rx ry 0.868

=544

From curve of A36 steel F, =32 Ksi
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Design strength:

¢oc* Pcr3 Pu

¢oc* Fer* Ag® Pu
0.85* 32* 2.483 41.14
67.453 41.14

b Ok
Selecttube  2.5x2.5x 1, for the vertical member.

4.10.3.3 Design of Top member:
Ts=-531.50 KN = 119.5 Kip
Effective length :

For buckling about x-x & y-y

Kx =Ky =1
Lx=Ly=1.05*3.281*12 =41.34 in
Critical stress Fe

Kx* Lx
rX

Assume a middle value of =100

From curve of A36 steel F, = 22Ksi
Required Ag

¢oc* Pcr3 Pu

oc* Fer* Ag® Pu

0.85* 22* Ag3 1195

Agre=6.4 i

Select tube4x4x§

Ag=5.08in’ r=145in

Effective lengthratio :
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Chapter Four- Structural Analysis and Design

Kx*Lx Ky*Ly 4134 _ o8
rx ry 1.48

From curve of A36 steel F; = 34.5Ksi
Design strength:

@c* Pcr3 Pu

gc* Fer* Ag® Pu

0.85* 34.5* 5.083 119.5

148.97 >121.80

Select tube 4x4x g for the Top member.

4.10.3.4 Design of bottom member:
Bs= 521 KN =117.13 Kip

Yielding limit state :

@Tn3 Tu

¢*Fy*Ag?3 Tu

0.9*36* Ag® 117.13

Agie=3.62in°

Stiffens limit state :

L

— £300 L =1.05m =3.44 ft
r

3.44*12
r

£ 300

r 3 0.137in

From Ag.q=3.62in* and r=0.137in
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Select tube4 x4 xl—S6

Ag=4.36in’ r=148in

Selecttube 4 x4 x4, for the bottom member.

4.10.4Design of fillet welled :

Use (SMAW) ........ Fu= 60 Ksi

Tu =206 KN =46.3Kip

Amin = % fromtable 5.11.1
-
Brax=1g e selectazl—6

2=l <l o tmas’
Shear fracture of base metal :
¢R,,  Ru
0.75*t*0.6* Fu® Ru
0.75* % *0.6*58 = 4.894 Kip/in
Shear fracture of weld metal :
¢R,, * Ru
0.75*t,*0.6* F,, ® Ru

&2 *

0.75* 15 *0.6*60 = 5.06 Kip/in

Tu _ 463 _

LWy = ——— =——— =9.46in

gR,, 4.89%
LW =4*a = 9.46in
Usel =4*3=12in>9.64in
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4.10.4Design of purlins:

MuUmax = 11.13 KN.m = 8.21 Kip. Ft = 98.5 Kip. in
VUmax = 12.7 KN = 2.83 Kip

Design of bending moment :

@*Mn3 Mu

0.9* Fy* ZX . ® Mu

= B5 3040

™ 09*36
Select tube 3% X 3% x%
Zx =3.69in>>ZX 4,

p Ok

Design of shear force:

¢.V, 3V,

0.9* Fy*t,*d*0.6° V,
0.9*36* 0.250* 4* 0.63 V,
17.013 2.83

p Ok
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4-8 Design of Two Way Ribbed Sab :-

< Material :-
— concrete  B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
«»+ Section :-
a=6.3m
b=8.2m
Table 0.6 Minimun Thickness of Slabs without lnterior Beams [ Tabla 3. .5(c))
_WithoutdroppanelsT | Wit drop paneis?
Exienor panels Intenor Exencor pansis Interar
Yield paneis panela
strength, Without With Without With
fy edge edge edge edge
MPa beams beamstt beams | beamsT
& & 7y [y Ty L
i 33 = 36 26 40 30
= I m ki - A £
30 233 1 e -] L
fn fn in n fn L
i 28 af 31 3i 34 a4
According to table( 9.5¢):-
h=Ln/33.......... for exterior span ACI-318-02 (9.5.c)
h= 8.2/33=0.25 m
Select h = 32cm.
bw=12cm
% Loading:-
Tile: 23*0.03*0.52*0.52=0.18
Mortar: 22*0.02*0.52*0.52=0.12
Sand: 16*0.07*0.52*0.52=0.30

Topping: 25*0.08*0.52*0.52=0.54

Block: 9*0.24*0.4*0.4=0.43

Rib: (0.52+0.4)*0.12*0.24* 25=0.80
Plastering:0.02* 0.52* 0.52* 22=0.12
Partitions:2.38*0.52* 0.52=0.64

Total Dead L oad =3.04/(0.52*0.52)=11.2K N/m?
Live Load =3 KN/m?

wu=1.2*11.2+1.6* 3=18.24KN /n?
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Chapter Four- Structural Analysis and Design

Design of Shear:
d =320-20-8-14=278mm

1.1 Ve = %* d* . [fc *bw*d*1.1=1.1* %\/2_* 0.12* 0.278* 1000 = 22.47KN

W, =0.71

W, =0.29

Vu, = 0.7, 8.2* 6.3*18.24* 052 =21.2KN
2 8.2

Vu, = @* 8.2*6.3*18.24* E =11.24KN
2 6.3

fVc > Vu

¢ Design of Moment for Two way Ribbed Slab(Simply Supported):

& |
R
|

Caneg=0.071
Cbpeg=0.029
Cap | =0.039 .. ol
Cbp, | =0.016 ol

Cay | =0048 a2
Cb | =002

- ;'ll:l

Fig.(4-8-2)

Design Negative Moment :

Ma , = 0.071*18.24*6.32*0.52 = 26.72KN .m
Mb  =0.029 *18.24*8.22* (.52 = 18 .5KN .m

Neq
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m=_ Y = 40 _5g
0.85* fc 0.85* 24
Kn = Mu /f
b*d?
* -3
Kn= 28.72*10°/0.9 _ g 735010
0.52 * 0.278 2

p=(- i ZmKn
m fy

0= 1 1 \/1_2(20.6)(0.92)): 0,00179
20.6 420

Aseg=p * b * d=0.00179* 520* 278 = 260mm?

"" Check Minimum Reinforcement As min......... (ACI- 318-10.5.1)
f ’
Asmin=X"C_b)(d) =24 (120)(278) = 97.3mn?
4( fy) 4(420)

Lo 14 _14 _ :
A's min= ") (b)(d) 420 (120)(278) =111.2mm (control)

A s> ASmin

# of bottom bars = @ =1.68
154

=  Sdect2®14 As=308 mm’ .

Design Positive Moment :

Dead Load::

Ma n, o, = 0.039 *13 .44 *6.32 % 0.52 =10 .81 KN .m

Mb — 0.016 *13 .44 *8.22*%0.52 = 7.5KN .m
pos (DL )

LiveLoad::

Ma ., ., = 0.048 *4.8%6.32%0.52 = 4.75 KN .m
Mb - 0.02*4.88.22*%0.52 = 3.36 KN .m

pos (LL )
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Total Moment (Dead load +Live Load) :
Ma .. =10 .81 + 4.75 =15 .56 KN .m

Mb =7.5+3.36 =10 .86 KN .m
Pos
=V =40 _np
0.85* fc 0.85* 24
Kn = Mu /f
b*d?
* -3
Kn=15.56%107°/0.9 _ 4 43q1na)
0.52 * 0.278 2

p=(- o ZmKn
m fy

0= = (1- Jl—w) =0.001035
20.6 420

Aseg=p * b* d=0.00179* 520* 278 = 150 mm?

"" Check Minimum Reinforcement As min......... (ACI- 318-10.5.1)

Asmin= 1 (b)d) = V24 (120)(278) = 97.3mn¥?

4( fy) ~ 4(420)
A's min :%(b)(d) :%(120)(278) =111.2mm*>  (control)
As> Asmin

# of bottom bars = % =1.89

—  Sdect2®10 As=158mm? .
In Other Direction 2 ®10
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***Check for Tension sted yielding: -
Tension = compression
As*fy=085* f.*b* a

2* 314 * 420 = 0.85* 24 * 650 * a

a=20mm
Cc= i:A: 23.4mm
b, 0.8
B=0.85..... fc <28MPa ....... ACI (10.2.7.3)

e = (d-c)/cx0003=228=234 1 003— 056
1521

e, =0.056 > 0.005
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4-12 Design of Basement Wall:-

« Position :-
Basement Wall (BW) .

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

% System :-

5 ENim ¥ live load)
Bl it ¥ ¥ & o ¥ %

"3 6 KNGmd 1 KM

Loading :-

a) Load calculation
f =30°
K,=1-sn30=05
g=18KN/m’
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Self weight of earth
e, =yhk, =18+35= 05 =34KN/m?

Load from liveload [ L.L=5 KN/m?]
W =P*K,=5%*05=25KN/m

From atir_program:

V, =658 KN
M,=455KN.m
d =300 — 20
@¥. =0.75 -sgl_-s fc-=b=d=075 sés\/ﬂs 1+0.273 %1000 = 167.2 KN
ov. =V, ... OK.
For vertical reinforcement
M,/ 455/0.9
"= ‘f= -*107°=0678
bh=d 1=(0.273)
S Y
M 085+fc- 085+24
1
p=— 1-
A¢ =p=b=d=000164 =273 #1000 = 449 mm?  ........ (control)
Ag i = 0.001
Use ® 10@15cm  (in vertical direction)
For horizontal reinforcement
Ag i = 0.002

Use @ 8@20cm  (in horizontal direction) in both sides
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1. American Concrete Institute (A.C.l.) , Building Code Requirement for
structural concrete (ACI - 318M - 02).
2. Uniform Building Code (UBC-97).
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