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Abstract

The structural design of the buildings is very important, after finishing the work
of the land survey, and architectural design, the structural design comes, which turn
the architectural plans into reality, achieving the safety of people who live in the
building and use it.

In this project we will make a structural design for a service building ,that
contains four floors and their functions with total area 2145 m2 , this building
designed based on modern architecture .we notice curved elevations , emerging of

floors ,terraces ,and many corridors opened to each other.

As we talked , this project contains four floors , each floor has area equal to
600m2 .one floors of the building are basement , and three floors are above the
ground , the basement floors contains car barking and library for save files , ground
contains offices and public service center and first floor contain offices and second
floor contains many offices , meeting rooms,.

The project will include a detailed structural study and analysis of construction,
expected different loads, and the structural design of the elements, then preparation
of shop drawings based on the prepared for all the structural elements. It is expected
after the completion of the project, to be able to provide structural design of all
structural elements.

It is noteworthy that Jordanian code will be used to determine the live loads,
and UBC97 to the seismic analysis. For the structural analysis and design of sections
we will use 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, Sab2000, Revit.

God grants success
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List of Abbreviations

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

Cc = compression resultant of concrete section.

Cs= compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

fc' = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

Xi



measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

eLL =live loads.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

¢ S = Spacing of shear in direction parallel to longitudinal reinforcement.

¢ V¢ = nominal shear strength provided by concrete.

¢ \/n = nominal shear stress.

¢ Vs = nominal shear strength provided by shear reinforcement.

¢ \/u = factored shear force at section.

¢ \Wc = weight of concrete.

oW = width of beam or rib.

¢ \Wu = factored load per unit area.

e ® = strength reduction factor.

e & = compression strain of concrete = 0.003.

e & = strain of tension steel.

e £s=strain of compression steel.

e p =ratio of steel area .
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A

Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Factored Loads.

4.3 Determination of thickness.

4.4 Load Calculation & Design of one way
ribbed slab.

4.5 Load Calculation & Design of tow way
ribbed slab.

4.6 Design of Beam (B-5).

4.7 Design of Column (G31).

4.8 Design of Stairs.

4.9 Design of Basement Wall.

4.10 Design of footing foundation.

4.11 Design of mat foundation.

33



Structural Analysis & Design Chapter 4

4.1 Introduction:

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

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

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

So, in this project, there are many type of slabs such that “one way ribbed slab”,. They
would be analyzed and designed by using finite element method of design, with aid of a computer

program called "Beamed- Software” to find the internal forces, deflections and moments for ribbed
slabs , and then handle calculation would be made to find the required steel for all members.

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

in accordance with the requirements and assumptions of ACI-318-11 code.

4.2 Factored loads:

The factored loads used in the structural analysis and design, is determined as follows:
Qu =1.2DI +1.6LL ACI—318—11(9.2)

DL: Dead Load .
LL: Live Load .
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4.3 Determination of thickness :-

Determination of thickness for one way rib slab:

According to ACI-Code-318-11,Table (9.5.a) , the minimum thickness computed as
follow of non prestressed beams or one way slabs ( unless deflections are calculated ):

AR CF

Fig. (4-1) Spans location

of rib (R1-3B)

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one way
slabs unless deflections are computed as follow:
hmin for one-end continuous = L/18.5

=534 /18.5 = 28.86 cm.
hmin for both-end continuous = L/21
=540/21 = 25.71cm
The controller slab thickness is 28.86 cm.
Select Slab thickness h= 32cm with block 24cm & Topping 8cm
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4.4 Load Calculation & Design :-
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:

Gns sl b ity . g T g — "

Hollow block 40 cm width

Fig. (4-2) One way rib slab

4.4.1 Design of Topping:-
Design of Topping for Ribbed Slab as a Plain Concrete Section :-

Toping

Hollow Block ( 27cm)

Fig. (4-3)Topping of One way rib slab
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Table (4 — 1) Calculation of the total dead load for one way rib slab topping.

Material S:r?sl:g DL (KN/m)
KN/m?

1 Topping 25 0.08x25 x1=2

2 Sand 17 0.07x17x1=1.19
3 Mortar 22 0.03x22x1 =0.66
4 Tile 23 0.03x23x1 =0.69
5 Partition 2.3 2.3*1=2.3

Yy 6.84 KN/m

(‘assume a strip 1 m long with 0.4 m width) .
From Jordanian code LL =4 KN/m?.

Wy=1.2xDL+1.6XLL
=1.2x6.84 + 1.6x4 = 13.81 KN/m. (Total Factored Load) .

*12

5 Mu= qulz' ~13.81%0.42 /12

=0.184KN.m/m.

2
- Mn=0.42 fc'*b%

=042 v24 * *107° =2.19KN.m.

1000*80°
6

#*Mn=0.55*2.19=1.21KN.m.

#*Mn=1.21> Mu =0.1841KN.m.

No structural reinforcement is needed . Therefore , shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement :-

0 =0.0018

37



Structural Analysis & Design Chapter 4

As = p*b*h=0.0018*1000*80 =144mm°.

Number Of p8= =72 = * = 2 87 _, Spacing(S) = 7= = 35cm = 350 mm.

Apgr 503

Step (s) is the smallest of :-
280 280

1-$ <380 () — 2.5 x Ce< 300 ()

= 380 x (%)—mx 20 <300 x (2=
v
280
§s4zu
780
Es 420

2- S<3xh=3x80=240 mm........... controlled.
3- S<450 mm.

;Ty)
) —2.5x20=330 mm

=380 x (

S <300 x ( ) = 300 mm.

~Select @ 8 @ 20 C/C cm in both directions. S= 200 mm < Spax = 240 mm - ok .

4.4.2 Design of one way- ribbed slab (R1-3B)

Calculation of the total dead load for one way rib slab is shown in the following table:

Table (4 — 2) Calculation of the total dead load for one way rib slab.

Material Qual!ty DL (KN/m)/Rib
Density
KN/m?®
1 Topping 25 0.52x0.08x25 = 1.04
2 Rib 25 0.12x0.24%x25 = 0.720
3 Sand 17 0.52x0.07x17 = 0.619
4 Mortar 22 0.52x0.03%x22 =0.343
5 Tiles 23 0.52x0.03x23 =0.359
6 Plaster 22 0.52x0.03%x22 =0.343
7 Block 10 0.40x0.24x10 = 0.960
Partition 2.3 0.52*%2.3=1.196
Y 5.58 KN/m /Rib
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Total Dead load=5.58 KN/m/Rib.
Total live load=4x0.52= 2.08 KN/m/ Rib.
By using BeamD program we get the envelope moment and shear force diagram
as the follows:-
1 2 3 4 5
1 2 3 4
0.4 474 08 46 08 413 08 3.88 0.8
’I ' 5.34 ' . ' 5.4 ' . ' 493 ' . ' 4.68
T T T
5 6 7 8 9
5 6 7 8
08 3.48 038 3.88 08 4.25 08 46 0.4
' . ' 4.28 ' . ' 4.68 ! . ! 5.05 ! . ' 5.2 |. '
l 52. L T T 1
32.
12.
A-A
Fig. (4-4) Geometry of rib 1-3 b
Toad group no. T
Dead/Live load - Service
5.6/2.1 5.6/2.1 5.6{2.1 5.82.1
534 54 493 468
5.6/2.1 5.62.1 5.6/2/1 5.6/2.1
428 468 5.05 5.2

Fig. (4-5) Service loading of rib 1
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T Woments: spans 110 B8

319
196\ 208 AN 22 %es 49, 203

136 A\-13.8 423 126 96,-101 105,99 -MTIA-117
1. éi! 58 Zi\_u éi& I
[n i

293
188 A 174

® 229 =
|244, 32 | 27 | 27 | 246 247 | 234 234|214 214 224 2234|227
I T 1 T T T 1 T T T 1 T T T

" x&/ﬂq\/ﬁwwwv%ﬁ\/m\/ .

278 | 312 | 208|

Shear
-32.7
-259 202 214
tV t t fi
219 249
317
Fig. (4-6) Moment & Shear Envelope of rib 1-3B
Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

fy: = 420 N/mm?

4.4.2.1 Design of flexure of rib:-
Design of Positive moment of rib (Rib1-3B):-

Effective Flange width ( b )ACI-318-11 (8.12.2)
b For T- section is the smallest of the following:
be <= clearspase + b,,= 200+200 +120 =520 mm ............ Controlled.

< Span/4 =3480/4 = 870 mm.
< (16x tf) + bw =(16% 80) +120 =1400 mm.
—be=520 mm.

Assume bar diameter ® 14 , for main positive reinforcement
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Assume bar diameter for stirrups ®10

1)Design of positive moment Mu ®) = 23.9KN.m ( SPAN 1)

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320 — 20— 10 -14/2= 283 mm.
Check if a > hf

Mpr = 0.85% fc™* b * he*(d — he /2)
® Mu = 0.9*0.85*24*80*520( 283 — 80/2 ) *= 1075 =206.22 KN.m > Mymax= 23.9 KN.m.

The section will be designed as rectangular section with b =520 mm .

Mn = 23.9/0.9 = 26.56kN.m

- - 420 _em
0.85*fc  0.85*24
* 6
Rn= W 239710° 4 63764Mpa
go*d”  0.9%520%(0.283)
1 2mRn
-~ (1- -
p=—( )
p=——(1- \/ 2(20'6)(0'(2’3764)):0.001542702
20.6 420

As= 0.001542702 (520) (283) = 227.024 mm?

As,... =£)(bw)(d) j(bw)(d) .................... (ACI —10.5.1)
As,in =%(120)(283) (120)(283))

As . =113.2mm?

227.024mm?> As_ . =113.2mm’
# of bars = As/ AS par = 227.024/ 153.94= 2bars * Note Ap14 = 153.94 mm?
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Select 2 ¢ 14

— Check for strain:-(s, = 0.005)

Ok

Tension = compression

As*fy=0.85 f.**b*a

307.87*420=0.85*520*24*a

a=12.19mm
c=2 1219 1) samm
B, 085
 283-14.34

85
14.34
g, =0.0562>0.005

X0.003

ACI-318-11 (10.3.5)

2) Design of positive moment Mu® =145 KN.m ( SPAN 2)

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320 - 20— 10 -12/2= 284 mm.
Check if a > hf

My =0.85*fc*b~* hf*(d —hs/2 )

@ Mu = 0.9*0.85*24*80*520( 284 — 80/2 ) * 10~° =207.068 KN.m > Mymax= 14.5 KN.m.

The section will be designed as rectangular section with b =520 mm .

Mn 14.5/ 0.9 = 16.111 KN.m

fy 420 =20.6m

Rn

T 085*fc  0.85*24

Mu 14.5*10°

~ *d? 0.9%520%(0.284)°

= 0.384Mpa
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1 2mRn
p=—(1- [1- )
m fy
1 .6)(0.
p=——(1- \/1— 2(206)(0.384) ) =0.000923388
20.6 420

As= 0.000923388 (520) (284) = 136.366 mm>

As,.. = —(bw)(d)zf'—y(bw)(d) .................... (ACI -10.5.2)

14
(120)(283)> 4—20(120)(283))

............. the larger is control As,;, =99.029<113.2
As . =113.2mm?

136.366 mm?> As_ . =113.2mm’

# of bars = As/ As par = 136.366/ 113.1= 2bars
Select 2 ¢ 12

— Check for strain:-(s, = 0.005)

Tension = compression
As*fy=0.85 f.**b*a

226.195* 420 = 0.85%520* 24*a
a =8.556mm
c= 2 836 _10ca6mm
B 085
_ 284-10.536

%= 710.536
¢, =0.0778> 0.005

X0.003

Ok
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3) Design of Negative moment Mu ) =-20.8 KN.m (top of support 2)
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=320 - 20— 10 -12/2= 284 mm.

Mn =20.8/ 0.9 = 23.111 kN.m
B fy 420

= - = =20.6m
0.85* fc'  0.85*24
* 6
Rn= Mo 208%0°  _; sgenpa
go*d®  0.9*120%(0.284)
1 2mRn
p=—(1- 1- )
m fy
1 6)(2.
p=——(1- \/1— 2(20.6)(2.388) ) = 0.006063816
20.6 420

As= 0.006063816(120) (284) = 206.655 mm>

As,. :i(bw)(d)z%(bw)(d) .................... (ACI -10.5.2)
As,, =ﬂ(120)(283)zi'—240(120)(283))

the larger is control As,;,, =99.029<113.2

As_ ., =1132mm°

206.655mm? > As, . =113.2mm’

# of bars = As/ As par = 206.655/ 113.1= 2bars * Note A1z = 113.1mm?2
Select 2 ¢ 12
— Check for strain:-(£, = 0.005) ACI-318-11 (10.3.5)
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Tension = compression
As*fy=0.85 f.**b*a
226.195*420=0.85*120*24*a
a=38.808mm
co B 38.808
S, 085
_ 284-45.656

45.565
g, =0.01566>0.005

=45.656mm

X0.003

&

Ok

* Note: f, =24 MPa< 28 MPa— f3; = 0.85

4) Design of Negative moment Mu® =-13.8 KN.m (top of support3)

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320 — 20— 10 —-12/2= 284 mm.

Mn =13.8/ 0.9 = 15.33 kN.m
_ fy 420

=—~2 = =20.6m

0.85* fc 0.85*24

* 6
Rn = Mu - 13.8*10 = 1.584Mpa
M *d 0.9*120*(0.284)

1 2mRn
p=—(1- J1- )

m fy

)e 1 L- \/1_2(20.6)(1.584)
20.6 420

As= 0.0039310557(120) (284) = 133.97 mm’

) = 0.0039310557
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As,. :i(bw)(d)z'—(bw)(d) .................... (ACI -10.5.2)

W24 1.4
As,, —4—(120)(283)24—20(120)(283))

the larger is control As,;,, =99.029<113.2

As_ . =1132mm°

133.97mm*> As,,, =113.2mm?

# of bars = As/ AS par = 133.97/ 113.1= 2bars * Note Ag12 = 113.1mm?2
Select2 ¢ 12
— Check for strain:-(£, = 0.005) ACI-318-11 (10.3.5)

Tension = compression
As*fy=0.85 f.**b*a
226.194*420=0.85*120*24*a

a =38.808mm

a _38808_ - ecemm

Cc= =
B, 0.85

. _284-45656
* T 45565

&, =0.01566> 0.005

X0.003

Ok
* Note: f, = 24 MPa< 28 MPa— £, = 0.85
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4.4.2.2 Design of shear of rib (R1)

V¢, provided by concrete for the ribs shall be permitted to be taken as 1.1 times than that
for beams . ACI-318-11 (11.2.1)

The maximum shear force at the distance d from the face of support Vumax = 25.9 KN .

d=282mm.

—_—

| =1

| fo
vc:1.1x”“?xbxd

v

=11x 54 x120x282x10° =30.393 KN.
® Ve =0.75x 30.393 = 22.79 KN.

Shear reinforcement is required .

» Check For dimensions:-

PVe+( 2xx JFT xbuxd) = 2279+ ( 2% 075 xy24 x 282x120)

=22.79 + 82.89=105.68 KN >Vumax =25.9 KN.
~ Dimension is adequate enough.

V_(s,;min.)=1/16 N(fc¢') bwd
=(1/16*24 *120 *282)/1000= 10.36
V_(s,min)=1/3 bwd

= (1/3*120*276)/1000= 11.28

1.1*¢*Ve < Vu < @(Ve + Vs, ,.)

25.069<25.9<31.25
Av,min _ Vs,mz’rz
S fyt=d
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Ay=2* T * 8" = 100.53 mm’
Vs min = 8.46/0.75

=11.28
100/s = 11.28/420*282
S=1050 mm

Smax<600mm

S max < d/2=(282/2)=141 mm-control

Selected ¢ 8@ 250 mm
4.5 Design of two way ribbed slab (R07)

4.5.1 Minimum thickness for ribbed slab h=32cm

Check for the minimum thickness of the slab:

-All Exterior and interior beams have a rectangular section of 80 cm width and 32 cm depth:
b = h*

o 12

* 3
|b=8o 32 _18453m*
12

-The moment of inertia for the ribbed slab:

- *Q*x * *
y=40 8*%4+14*32 16:12.167cm
40*8+32*12

B 52*10*55° B 40*2*55° +12*21*453
rib 3 3 3
., =5960%m*
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Fig.(4_7): Two way Ribbed slab.
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218453
a, =
676289

Y 218453
' 647631

o, =1.32

=0.323

=0.337

The minimum slab thickness will be:

420
1020%(0.8+
_ Ln*(0.8+f,/1400) ( 1400) =26.79cm < 32cm
1020 '

36+58(ay, —0.2) 36+(5*( ;- )0.32-02)

Take slab thickness

h 8 cm Tapping ,24 cm Concrete Block

gy — 32 CM,

Fig.(4-8): Typical section in ribbed slab.
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45.2 Load calculation:

For the two-way ribbed slabs, the total dead load to be used in the analysis and design is calculated

as follows:

Rib(2) =

Steel Bac's —

Woow Biock { 27cm ) —

Fig.(4-9): Two way ribbed slab

Table (4.3) Calculation of the total dead load for two way rib slab (25).
Material Quiality Density

Tiles 23 95 =0.220.52%23*% 0.03 *0.5
Mortar 22 78 =0.120.52%22x 0.02 X0.5
Sand 17 0.322 0. =20.52%17x 0.07 X0.5
Topping 25 0.541 =0.20.52%25x% 0.08 0.5
Concrete Rib 25 662+0.4)=0.2(0.52x25% 0.24%0.1
Concrete Block 10 84 0.24 X0.4x0.4=0.310%
Plaster 22 0.178 = 20.52% %x0.5322% 0.0
KN/m*2.3Partition = 622 =0.20.52% X0.52.3
Total Dead load, KN 3.182
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Dead Load of slab:

3.182

= ——— =1177 KEN/m*
0.52 = 0.52

DL
wy =1.2#11.77 = 1412 KN/m®
LL= 4 KN/m*

w, =16%4=64KN/m’

w=14.12 + 6.4 = 20.52 KN/m*

4.5.2.1 Moments calculations:

Ma = Cawla*bf and Mb = Cbwlb*bf

-Negative moment

C = 0.00

a.neg

bneg — 0.00

-Positive moment

Cappos = 0.04

52
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C = 0.033

BD,pOS

C = 0.04

al.pos

Cprpos = 0.033

M, os sy = (0.04%14.12% 9.7 +0.04 % 6.4 *9.7%) = 0.52 = 40.16 KN.m

npos,

My pos aremy = (0.033+14.12 10.22+0.033 * 6.4 = 10.22) * 0.52 = 36.64 KN.m

Design of positive moment
Short direction ( Mu = 40.16 KN.in )
bf = 520mm

Assume bar diameter ¢14 for main positive reinforcement.

d,, 16
d = h —cover — dstirrups -3 =320—20-8 Y = 284 mm.

v M, 40.16 x 10° L 063 MP
= — = - = 1. fo
" @bd® 0.9 X520 x 2842
v 420

m = .= = 20.6
0.85 fc 085 =24

. n . | P j
pzi(l_ fl—ﬂ) =1 (1_ lll_M) = 0.0027
m g 420 20.6 y 420

As = p.b.d = 0.0027 x 520 x 284 = 398.736 mm°

Checkfords, min..

TFr
[f 1.4
As,min =025 Sb_ +d =—b, =d
fy Ty
[24

As,min = 0.25 = h
420

120 X 284 = 99.38 mm°

1 ,
As,min = 220 =120 x 284 = 1136 mm~ ..... Control.
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As,required = 398.736 mm*>As, min = 113.6 mm®  (OK)

Use 2@16,with As= 402.12mm">A4s, required = 398.736 mm°

Check for strain: (£, = 0.005)
Tension = Compression

As = fy = 085 = f/ = b *a
402.12 = 420 = 0.85 = 24 * 520% a
a = 1592 mm

15.92 a
= 1873 mmx = —

1

0.85

ad—x
e, = 0003+ (—)

284—-18.73

=0.003 = { 12,73

)= 00425 > 0.005 ~d =09 ... OK.

Design for Discontinuous edge

1

1 2 2 2
A, =-A, =—* 402.12mm" = 134.04 mm~ = As,min = 113.6 mm”
3 P 3

Provide 4s, min = 124.4 mm?

As 134.04
n = =
Asgl2 1131

Use 20 12, Top .. with As = 226.2 mm®

Long direction ( Mu = 36.64 KN.m )
bf = 520mm

Assume bar diameter ¢16 for main positive reinforcement.
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d
d = h —cover — dstirrups —Eb =320—20-8 Y = 284 mm.

2 M, 36.64 x 10° 0.97 MP
= — = - = R o
" @bd® 0.9 x 520 x 2847
v 420
m= 73 = 20.6

085 fc  0.85 =24

E 5 E [ e ¥
pzi(l_ fl—ﬂ) =t (1_ lll_w) = 0.00237
m N 420 20L6 N 420

As = p.b.d = 0.00237 % 520 X 284 = 350 mm?*

Checkfords, min..

- 1.4
ey vaz=t2y, wa
fy £y

[24

As, min = 0.25 =~
420

As,min =025

120 x 284 = 99.38 mm”°

1.4 .
As,min = 220 #120 % 284 = 113.6 mm~ ..... Control.

As,required = 350 mm*>As, min = 1244 mm®  (OK)

Use 2016,with As= 402.12mm*>As, required = 350 mm®

Check for strain: (g, = 0.005)
Tension = Compression

As = fy = 085 = f/ = b *a
402.12 # 420 = 0.85 = 24 = 520#% a
a = 1592 mm

15.92 a
= = 1873 mmx = —
0.85 N

— 0003+ (21°%
£, =W ( x )
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284—-18.73

=0.003 = { 12,73

)= 00425 > 0.005 ~d =09 ... OK.

Design for Discontinuous edge

1

1 2 2 2
A, =-A, =—* 402.12mm" = 134.04 mm~ = As,min = 113.6 mm”
3 P 3

Provide 4s, min = 124.4 mm®

_As 13404
" T Asgiz . 1131

Use 2@ 12 ,Top .. with As = 226.2 mm°

4.5.2.2 Check shear strength:

W, = 0.55

i

W, = 0.54

Short direction

0.52
Vitgrgee = 0.55%9.7 #10.20 * 20.52 * = 2993 KN
9.7 * 2
Vud = Vi, —W #052+d = 29.93 — 20.52 = 0.52 = 0.284 = 26.9 KN
. — l — -3
V.= 1.1= “Vfe sbwrd=11%—+V24+120+284+107° =3071 KN

@0=V,=075#3071=2295

Case 1l
1. -
Vu‘ii’?‘ :iwlfc

1
V, =269 KN }E# b=V, =11475 KN .. Not OK

Case 2
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1
E':ﬂ-:i:ﬂ{: <V, < o=V,

1
—#¢q*V, =11475KN <V, =269 KN < ¢+ V., = 2295 KN .. Not OK
2

Case 3

(Control).¢Vs_. > %*bw *d = %*0.120*0.284*103 =8.52KN.

> %*\/?;*bw *d :%* 24%0.120*0.284%10° = 7.83KN

b=V, =2295KN < V, = 269 KN < d(V, + Vs, ) =3147 KN ... OK
Minimum shear reinforcement is provided

vs="4 _vc=259 _306-527kN
¢ 0.75

Av Vs

s fy,.d

2*51*10° B 5.27*10°
s ~ 420*0.284

Sreq=2310mm

d 284

<—=——=142mm < 600mm
2 2

= select S =250mm
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4.6 Design of Beam (B-5):

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

fyr = 420 N/mm?
hmin for one-end continuous = L/18.5

=530/18.5 = 28.65 cm.

hmin for both-end continuous = L/21
=540/21 = 25.71cm

hmin for cantliver = L/8
=230/8 = 28.75cm

The controller slab thickness is 28.75 cm.
Select beam thickness h= 32 cm.

By using BeamD program we get the envelope moment and shear force diagram
as the follows:-

1 2 3 4 5
1 2 3 4
LI L1 LT
A A A A
0.3 4.85 0.6 4.8 0.6 4.95 0.3 3.7 0.3
III 5.3 T I T 5.4 T I T 5.4 III III
I 1 1 1 1
32.
80.
A-A

Figure (4-10) : Beam Geometry.
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4.6.1 Load of beam :-
Load of this beam come from reaction of Rib2, Rib3, Rib3, b4 FG as following :

Reactions
Factored
f HH HH H HH HH HH HH H
DeadR 14.01 41.06 335 32.52 2943 29.81 31.51 3928 1376
LiveR 79 2151 19.75 18.99 17.68 17.92 18.67 20.57 7.66
Max R 21.91 62.58 53.25 51.51 471 4773 50.19 59.86 21.42
Min R 13.08 4564 39.37 38.82 347 3511 36.99 472 1294
Service
DeadR 11.68 3422 27.92 271 2484 26.26 3274 11.47
LiveR 494 13.45 1234 11.87 112 1167 12.86 479
Max R 16.61 47.66 4026 38.97 om 36.04 3793 4559 16.26
Min R 111 39.58 31.59 31.04 27.82 28.15 2569 37.68 10.96
Rib-1
Figure (4-11) : Reaction from rib 1.
Reactions
Factored
4 P -1 P - P - P - I}
I LI L L L L L LI L Ll
DeadR 12.58 341 28.48 31.82 3921 13.77
LiveR 6.93 18.32 17.68 18.88 20.56 7.66
Max R 19.51 52.42 46.16 50.71 59.78 21.44
Min R 11.89 4023 336 37.36 47.08 12.96
Service
DeadR 10.48 28.41 26.52 3268 11.48
LiveR 433 11.45 118 1285 479
Max R 14.81 39.86 38.32 4553 16.27
Min R 10.05 3225 2998 376 10.97

Rib-2

Figure (4-12) : Reaction from rib 2.
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Reactions
Factored

H HH HH HH HH Hi |
DeadR 12.56 27.95 33.62 3291 351
LiveR 6.93 17.41 19.78 20.56 18.21
Max R 19.49 45.36 534 5347 53.3
Min R 11.86 33.06 40.06 37.65 4177
Service
DeadR 10.46 2329 28.02 2743 29.25
LiveR 433 10.88 1226 1285 11.28
Max R 1438 3417 40.38 40.28 4063
Min R 10.03 26.49 32.04 30.39 33.42

Rib-3

Figure (4-13) : Reaction from rib 3.

Reactions
Factored

H 1 —— ——t —
DeadR 125 26.63 38.04 13.38
LiveR 6.91 17.15 19.89 7.28
Max R 19.42 4377 57.94 2077
MinR 118 30.74 4537 12.65
Service
DeadR 10.42 2219 317 11.15
LiveR 432 10.72 1243 462
Max R 1474 3291 4414 15.77
Min R 998 2476 36.28 10.69

Rib-4

Figure (4-14) : Reaction from rib 4.
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B10 (40x32) B10 (40x32) 810 (40x32) B10 (40x32) B10 (40x32)
= g g g g g
g = g s 3 <
H = = < i
. g ;
8 3 8 —
B13 (40x32) B13 (40x32) B13 (40x32) B13 (40x32) B13 :0x32) &
Figure (4-15) : position of beam.
Beams load as follows:
From rib 15G service :
5.58 * *
DL=—"—"-*44+0.8%0.32*25=53.62KN /m
0.52
LL=44*4=176KN/m
»Self-weight of beam = 0.8*0. 32*25 = 6.4 KN/m
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
U7 1191.2 54.6/22.0 54.9/22.0 Sa.4/243
55 eV Y 641

Figure (4-16) : Load of Beam (B-5)
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Moments: spans Tto 4
3178 282.9 262,
-226.4 p -228.8 A97T A -195.8 2181 221
| 1.51.8 | | 1. | | 1.
[ I I I I I I 1'§1I I : I 1"2|8I| |
0.9711.05 "lo'se .84 \/24/‘
156.5 175.4 137.3
229.6
| 212 3.18 | 27 a1 | 21 a1 | 24 | 18 |
I 1 1 1 1 1 1 1 1
Shear
23195 -300.2 -304.1
-264.7 239.6 -259.6
A73.5
128.6 ‘
H 1 T Tt H
2. /
2121 252.5 245.8 240.
313.1 306.5 285.

Figure (4-17) : Moment& Shear Envelope for Beam (B-3B,09)

4.6.2 Design of flexure:-

1) Design of positive moment Mu ™ =229.6 KN.m (span 1)

Check whether the section will be act as singly or doubly reinforced section :
Maximum norminal moment strength from strain condition £, = 0.004 .
for main positive reinforcement ® 18 Assume bar diameter , stirrups ®10.

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

=320 — 40— 10 -18/2= 261 mm.

C=3/7d =(3/7) 261 =111.86 mm
a=£c=0.85*111.86=95.08mm

M, . =0.85* fc* *a*b*(d —a/2)

=0.85*24*95.08*800(261-95.08/2)*10™°

=331.227 KN.m
M . =0.82*%331.227
=271.6KN.m
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Mu=229.6KN.m<¢M,_ =2716=singly

Design the section as singly reinforced concrete section

~ Assume rectangular & tension control section.

S o420 iem
085* fc 085*24
* 6
o MU - 229.6*10 ~=4.68 Mpa
1 2mRn
- (1-
p=( )
ol \/ _ 2A205)(468) 1 _ 1284 mm?
20.6 420

As= 0.01284(800) (261) = 2681.27 mm?

As At (bw)d)=> fj ((S3N0(c ) T ACI -318-11 (10.5.9)

N—"

min — (fy

As,. = m(800)(261)

the larger is control As,,, =608.87 <696

@

1.4
420(800)(261))

As;, =696mm?’
2681.27 mm? > As_. = 696mm’
# of bars = As/ As par = 2681.27/ 254.47= 10.54bars

Select 11018 with Asprov = 2799.16mm? > Asreq = 2681.27 mm? ...

Select 11 ¢ 18
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— Check for strain®=, = 0.005) ACI-318-11 (10.3.5)

Tension = compression
As*fy=0.85 f.**b*a

2799.16x420=0.85x24x800% a
a=72.037mm

c _a_ 72.037
p, 085

_ 261-84.75

&£
) 84.75
g, =0.00624>0.005

=84.75mm

X0.003

Ok
* Note: f, = 24 MPa< 28 MPa— f; = 0.85

Check for bar placement:

_AD*2_10*9 _11*
Sb:800 40 2120 2-11 18:50.2mm>25mm OK

2) Design of positive moment Mu ) =156.5 KN.m ( span 2 )

Check whether the section will be act as singly or doubly reinforced section :
Maximum norminal moment strength from strain condition £, = 0.004 .

for main positive reinforcement @ 18 Assume bar diameter , stirrups ®10.
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=320 — 40— 10 -18/2= 261 mm.

C=3/7d =(3/7) 261 =111.86 mm

a=£,c=0.85%111.86=95.08mm

M, e =0.85* fc* *a*b*(d —a/2)
=0.85*24*95.08*800(261—95.08/2)*10°°

=331.227 KN.m
oM, =0.82%331.227

=271.6KN.m

Mu=156.5KN.m<¢M, . =2716 = singly

64



Structural Analysis & Design

Chapter 4

Design the section as singly reinforced concrete section

~ Assume rectangular & tension control section.

fy 420

=—~2 = =20.6m
0.85* fc 0.85*24
* 6
R = Mu = 156.5*10 =312 Mpa
M*d 0.9*800* (261

1 2mRn
p=—(1- [1- )

m fy

p= L (1- Jl—w) =0.00811 mm?®
20.6 420

As= 0.00811(800) (261) = 1692.37 mm?

As,, —E(bw)(d)z%(bw)(d) .................... ACI -318-11 (10.5.9)

min — 4( fy)
4 1.4
As,, :—(800)(261)2m(800)(261))

™" 4(420)

............. the larger is control As,,, =608.87 <696

5

As_ . =696mm’
1692.37mm’ > As_. = 696mm’
# of bars = As/ As par = 1692.37/ 254.47= 6.65bars

Select 7@18 with Asproy = 1781.28mm? > Asreq 1692.37 mm? ... OK

Select 7 ¢ 18
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— Check for strain®e, = 0.005)

Ok

Tension = compression
As*fy=0.85 f.**b*a

1781.28x420=0.85x24x800% a
a=45.842mm

c _a_ 45.842
p, 085

~ 261-53.93

%~ 5393
¢, =0.011518> 0.005

=53.93mm

X0.003

ACI-318-11 (10.3.5)

* Note: f, = 24 MPa< 28 MPa— f; = 0.85

Check for bar placement:

Sh=

Check whether the section will be act as singly or doubly reinforced section :
Maximum norminal moment strength from strain condition £, = 0.004 .

for main positive reinforcement @ 18 Assume bar diameter , stirrups ®10.

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

800-40*2-10*2-7*18

=95.67mm >25mm OK

6

3) Design of positive moment Mu ) =175.4 KN.m ( span 3)

=320 - 40- 10 -18/2= 261 mm.

C=3/7d =(3/7) 261 =111.86 mm
a=£,c=0.85%111.86=95.08mm

Mnmax

=0.85* fc* *a*b*(d —a/2)
— 0.85%24*95,08*800(261— 95.08/2) *10°°
=331.227 KN.m

M, =0.82%331.227
= 271.6KN.m

Mu=175.4KN.m<¢M . =271.6 = singly
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Design the section as singly reinforced concrete section

~ Assume rectangular & tension control section.

fy 420

=—~2 = =20.6m
0.85* fc 0.85*24
* 6
R = Mu = 175.4*10 =358 Mpa
M*d 0.9*800* (261

1 2mRn
p=—(1- [1- )

m fy

p= L (1- Jl—w) = 0.009442 mm?®
20.6 420

As= 0.009442(800) (261) = 1971.507 mm®

4 fe 1.4
As,.. _m(bw)(d)z f—y(bw)(d) .................... ACI -318-11 (10.5.9)
As,. =—4(800)(261)>£(800)(261))

420

™" 4(420)

the larger is control As,,, =608.87 <696

5

As_ . =696mm’

1971.507 mm? > As ;. = 696mm*

# of bars = As/ AS var = 1971.507/ 254.47=7.75bars * Note Ag1s = 254.47mm?
Select 8918 with Asprov = 2035.76mm? > Asreq = 1971.507 mm? ... OK

Select 8 ¢ 18

— Check for strain®s=, = 0.005) ACI-318-11 (10.3.5)

Tension = compression

As*fy=085 f,**b*a
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2035.76x420=0.85x24x800xa
a=52.391mm

c _a_ 52.391
g 085

_ 261-61.636

%= 61636
¢, =0.009703> 0.005

=61.636mm

X0.003

Ok
* Note: f, = 24 MPa< 28 MPa— f3; = 0.85

Check for bar placement:

_ *9_10*9_Q*
Sb=800 40%2 910 2-8 18=61.78mm>25mm OK

4) Design of positive moment Mu *)=137.3 KN.m ( span 4)

Check whether the section will be act as singly or doubly reinforced section :
Maximum norminal moment strength from strain condition £, = 0.004 .

for main positive reinforcement @ 18 Assume bar diameter , stirrups ®10.
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=320 — 40— 10 -18/2= 261 mm.

C=3/7d =(3/7) 261 =111.86 mm

a=£,c=0.85%111.86=95.08mm

M, =0.85* fc* *a*b*(d —a/2)
=0.85*24*95.08*800(261-95.08/2)*10°°

=331.227 KN.m
M . =0.82*%331.227

= 271.6KN.m
Mu=137.3KN.m<¢M _ = 271.6 = singly

Design the section as singly reinforced concrete section

=~ Assume rectangular & tension control section.
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fy 420

= - = =20.6m
0.85* fc  0.85*24
* 6
S - 137.3*10 =28 Mpa
go*d®>  0.9*800*(261)
1 2mRn
p=—(1- J1- )
m fy
1 6)(2.
p=——(1- Jl—w ) = 0.00720 mm?
20.6 420
As= 0.00720(800) (261) = 1503.057 mm?
Jfc :
As . = 4(fc)(bw)(d)zlf—4(bw)(d) .................... ACI -318-11 (10.5.9)
y y

e 1.4
A, = m(800)(261)2 4—20(800)(261))

............. the larger is control As,;,, =608.87 <696

As_.. =696mm?

1503.057 mm? > As,_. = 696mm?

# of bars = As/ AS bar = 1503.057/ 254.47=5.90bars * Note Ao1s = 254.47mm?
Select 6018 with Asprov = 1526.814mm? > Asreq = 1503.057 mm? ... OK

Select 6 ¢ 18

— Check for strain®s=, = 0.005) ACI-318-11 (10.3.5)

Tension = compression

As*fy=085 f **p*a
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1526.814x 420= 0.85x 24x800x a
a=39.293mm
o= 239293 4eo07mm
p 085
. 261-46227
* T 46.227
¢, =0.013938> 0.005

X0.003

Ok
* Note: f, = 24 MPa< 28 MPa— f3; = 0.85

Check for bar placement:

_ *9_10*9_R*
Sb:800 4072 510 2-6 18:118.4mm>25mm OK

5) Design of negative moment Mu ©)=228.8 KN.m ( top of support 2)

Check whether the section will be act as singly or doubly reinforced section :
Maximum norminal moment strength from strain condition £, = 0.004 .
for main positive reinforcement ® 18 Assume bar diameter , stirrups ®10.

d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=320 — 40- 10 -18/2= 261 mm.

C=3/7d =(3/7) 261 =111.86 mm

a=/,c=0.85*111.86 =95.08mm

M, . =0.85* fc* *a*b*(d —a/2)
=0.85*24*95.08*800(261—95.08/2)*10°°

=331.227 KN.m
M, =0.82%331.227

=271.6KN.m
Mu=228.8KN.m<¢gM . =271.6 = singly

Design the section as singly reinforced concrete section

=~ Assume rectangular & tension control section.
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fy 420

= - = =20.6m
0.85* fc  0.85*24
* 6
S . 228.8*10 = 4,66 Mpa
gh*d?  0.9*800*(261)
1 2mRn
=(1- 1-
P= ( )
p= L —(1- \/ M) =0.01279 mm®
20.6 420
As=0.01279(800) (261) = 2670.552 mm®
Jfc :
As . = 4(fc)(bw)(d)21f—4(bw)(d) .................... ACI -318-11 (10.5.9)
y y

:%(800)(261) 24 (800f261)

the larger is control As_;, =608.87 <696

As;, =696mm?’

2670.552mm?> As . =696mm?

# of bars = As/ AS par = 2670.552/ 254.47= 10.49bars * Note Ae1s = 254.47mm?
Select 11018 with Asprov = 2799.159mm? > Asreq = 2670.552 mm? ... OK

Select 11 ¢ 18

— Check for strain®s=, = 0.005) ACI-318-11 (10.3.5)

Tension = compression

As*fy=085 f **h*a
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2799.159x420=0.85x24x800x a
a=72.037mm

c _a_ 72.037
p, 0.85

_ 261-84.75

R YRT:
£, =0.006239> 0.005

=84.75mm

X0.003

Ok
* Note: f, = 24 MPa< 28 MPa— f3; = 0.85

Check for bar placement:

_AD*9_10*9 _11*
Sb=800 40 2120 2-11 18=54.2mm >25mm OK

6) Design of negative moment Mu ©)=197.7 KN.m ( top of support 3)

Check whether the section will be act as singly or doubly reinforced section :
Maximum norminal moment strength from strain condition £, = 0.004 .

for main positive reinforcement ® 18 Assume bar diameter , stirrups ®10.
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=320 — 40- 10 -18/2= 261 mm.

C=3/7d =(3/7) 261 =111.86 mm

a=,c=0.85*111.86 =95.08mm

M, .. =0.85* fc* *a*b*(d—a/2)
=0.85*24*95.08*800(261-95.08/2) *10°°

=331.227 KN.m
oM, =0.82%331.227

=271.6KN.m
Mu=197.7 KN.m<gM . =271.6 = singly

Design the section as singly reinforced concrete section

=~ Assume rectangular & tension control section.
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fy 420

= - = =20.6m
0.85* fc 0.85*24
* 6
R = Mu - 197.7*10 =403 Mpa
M*d 0.9*800* (261
1 2mRn
p=—(1- J1- )
m fy
1 . )
p=——(1- Jl—w) =0.01080 mm?
20.6 420

As= 0.01080(800) (261) = 2255.47 mm’

4 fc’ 1.4
As,, = bw)d) === (bw)d )..ooovrree e ACI -318-11 (10.5.
Smin Aty (ow)d) y (ow)(d ) Cl-318-11 (10.5.9)
1.4

_ 2
A, = m(800)(261)2 4—20(800)(261))

N—"

............. the larger is control As,;,, =608.87 <696

As_.. =696mm?

2255.47mm? > As_. = 696mm?°

# of bars = As/ AS par = 2255.47/ 254.47= 8.86bars * Note Ag1s = 254.47mm?
Select 9918 with Asprov = 2290.221mm? > ASreq = 2255.47 mm? ... OK

Select9 ¢ 18

— Check for strain®s=, = 0.005) ACI-318-11 (10.3.5)

Tension = compression

As*fy=085 f **h*a
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2290.221x 420=0.85x 24x 800% a
a=58.94mm
o2 5894 oo 34mm
B, 085
. _261-60.34
) 69.34
&, =0.008292> 0.005

X0.003

Ok
* Note: f, = 24 MPa< 28 MPa— f3; = 0.85

7) Design of negative moment Mu ©) =221 KN.m ( top of support 4)

Check whether the section will be act as singly or doubly reinforced section :
Maximum norminal moment strength from strain condition £, = 0.004 .
for main positive reinforcement @ 18 Assume bar diameter , stirrups ®10.

d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=320 — 40— 10 -18/2= 261 mm.

C=3/7d =(3/7) 261 =111.86 mm

a=£,c=0.85%111.86=95.08mm

M, e =0.85* fc* *a*b*(d —a/2)
=0.85*24*95.08*800(261-95.08/2)*10°

=331.227 KN.m
M, =0.82%331.227

=271.6KN.m
Mu=221 KN.m <¢M _ = 2716 = singly

Design the section as singly reinforced concrete section

~ Assume rectangular & tension control section.

-y 40 _em
085 fc  0.85*24
Mu _ 221%10°

Rn =4.51 Mpa

~ b*d? 0.9*800*(261)°
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2mRn
fy

1 ]
p—m(l 1 )

p= = (1- Jl—w)=0.01228mm2

206 420
As= 0.01228(800) (261) = 2564.232 mm?

s, = 1T

1.4
win :m(bw)(d)zf—y(bw)(d) .................... ACI -318-11 (10.5.9)

4 14
A, = —)(800)(261)2 m(soo)(zem)

N
5|
(@)

............. the larger is control As,;, =608.87 <696
As . =696mm’
2564.232mm? > As . = 696mm’

# of bars = As/ AS par = 2564.232/ 254.47= 10.10bars * Note Aop1s = 254.47mm?

Select 11018 with Asprov = 2799.16mm? > Asreq = 2564.232 mm? ... OK
Select 11 ¢ 18

— Check for strain®s=, = 0.005) ACI-318-11 (10.3.5)

Tension = compression
As*fy=0.85 f.**b*a

2799.232x420=0.85%24%x800x a

a=72.037mm

co B 72.037
p. 085

_ 261-84.75

84.75
&, =0.006239> 0.005

=84.75mm

X0.003

&

Ok
* Note: f, = 24 MPa< 28 MPa— £, = 0.85
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Check for bar placement:
Sh— 800-40*2-10*2-11*18
10

=50.2mm > 25mm OK

Reinforcement @ the top ends of beam :

As

_ positive
As,required - 3

1) @ Leftside,

AS ositive 279916
As,required = = ==
3 3
# of bars = As/ AS bar = 933/ 254.47= 3.66bars * Note Ap1s = 254.47mm?

Select 4918 with Asprov = 1017.88mm?
Select4 ¢ 18

=933mm?

2) @ Right side,

As ositive 152681
As,required = = =
3 3

# of bars = As/ AS par = 508.94/ 113.1= 4.5bars * Note Ap1s = 113.1mm2
Select 5018 with ASprov = 565.5mm2
Select5 ¢ 12

=508.94mm?
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4.6.3 Design of shear:-

Shear

319.5 300.2 -304.1
264.7 206 259.6
AT35
128.6
H Il Il Il Il N Il ‘
I | | | I T I |
1_{2. /
2121 252.5 245.8 240.
313.1 306.5 285.

Figure (4-18) : Shear Envelope for Beam (B-3B,09)

Vu, = 264.7KN

V, = 1. 24*0.8*%0.261*1000=170.48

d=320-40-10-18/2=261mm
@V, =0.75*170.48 =170.48KN.

. +§¢\/f7;*bw *d :170.48+%*o.75*@*0.8*0.261*1000= 639.31>V,

Dimension is enough =
Not item 1, Not item 2 and Not item 3.

(Control). ¢Vs,. > 2*bW *d = %0.8*0.261"103 =52.2KN.

min =

2%*ﬁ*bw*d :%* 24*0.8*0.261*10° = 47.95KN
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N+, =93+38=131KN.
N, <V, <N+, = item3

AV +¢%\/f_c.b.d =93+ 0.75*%*\@ *0.8%0.19*1000= 279.15KN

NC+pV,, . =131<Vu=1495< gVc + ¢%\/E.b.d =279.15

= ltem4

gVsreq=Vu —¢Vc =149.5-93=56.5KN

Vs =Y _ye = 2547 _170.48-18245KN
¢ 0.75

Av Vs

s fy.d

4*79%10° 18245*10°°
s ~ 420%0.261

Sreg=190mm

d 261

<—=—"=130.5mm < 600mm
2 2

=select S =100mm
Use 4 leg @10

Use 4 leg®10 @ 10 cm c/c =
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4.7 Design of Column (G31) :

PD=1063 ,PL=473 ,Lu=3.40
fc' =28 Mpa

4.7.1 Check for slenderness

< 34-12(2) < 40

r —_—

M1

(“—q )= 1....braced frame with Mmin.
K=1...... for columns in non-sway frames
K.Lu

< 34-12%1 = 40

r —_—

r=03*h
Riu o 1820 _ 3778 =22- long column for bending a bout x — axis
rx 0.3+0.3
K.L ] ' . .
© < 222 _ 18.89- short column for bending a bout y — axis
ry 0.3x0.6

Calculate the minimum eccentricity e min and the minimum moment M min:

e min=(15+0.03 h) =15+ 0.03 (300) =24 mm
Pu=12D+1.6L=1.2*1063+1.6 *473 =2033 KN
M min = Pu * e min

=2033 * 0.024 KN . m
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Compute EI

The area of reinforcement is not Known . Additional calculation are needed before it is

possible to compute

_ 0.4 .Ec.lg

El
1+EBEdns

Ec=4700. /fc' = 4700 * /28 = 24870 Mpa
3 3
_bh® _ £00+300° _ 135 * 10° mm®

lg = 12~ 12
=0.627

1.2 D (sustained ) 1.2+ 1063
Bdns = — : =
1.2D+16L 2033

_ 0.4:24870+1.35
T 1+0.627

El =15286.88 KN.m"

4.7.2 Determine of Euler buckling load:

_ mEl _m"x%15286.88
Pc

e = 1305151 KN
(K102 (1+3.40)2

4.7.3 Calculate the moment magnifier factor:

— J'd'_ — * —_
Cm =0.6 + 0.4 (w—] =064+04%1 =1
Bns = 2 = . r e =126>1 ok

o.75Pp D.75 X L1805 L.51

The magnified (e) and (M):

e=emin * ops =24 * 1.26 = 30.24 mm.
Mc = Ons . M2 = 1.26 *86.4 = 108.86

where M2 =M Min = 86.4

e/h =30.24 / 300 = 0.1008

assume ¢ 14

d—d 300 —2+40 —2+10 — 14
Y= = S = 0.62
h 300
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From the interaction diagram constructed Diagram
#Pn/ Ag =1.64 Ksi

Diagram A —qa (for Y =0.61) ---fg=0.01
Diagram A —qgb (for Y =0.75) --- fg =0.01

fg = 0.01 --- select the reinforcement

Ast=fg. Ag=0.01* 600 * 300 = 1800 nmun?

Take 12 ¢ 14 with As = 2155.13 mm?
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4.8 Design of Stairs :

Rise 160 mm , ran 300 mm
fc' =24 Mpa , fy =420 Mpa

hmin= — = —2 = 23.21
e 28

take h =250 mm
g = tan™! (==2) = tan~1 () = 28.07

. 300

Table (4-4) Flight dead load computation

Quality
ON Material LSy w
: KN/m3

1 Tlle 0.16+0.35 _

23 23* === % 0,03 *1 =1.173
2 | Mortar 27 20x D16703 » 5 93 %1 =1 012

0.3

3 | Stair step o5 = e S g i =
4 | RC solid slab 0254

25 25* cos 28.07 7.083
5 | Plaster el

22 22* o aor - 0748

> =W 12.016 KN/m

82



Structural Analysis & Design Chapter 4

Table (4-5) Landing dead load computation

Quality
2' Material DT W
' KN/m?
i * *1 —
1 | Tile 23 23*0.03 *1 =0.69
2 | Mortar 29 22 *0.03 *1 =0.66
3 | RC solid slab 25 25*0.25*1 = 6.25
4 | Plaster 29 22*0.03*1 = 0.66
Y=W | 826 KN/m
1745 SR
L.L=5 =i
Total factored load=1.2 D +1.6 L J I t [ | '
For flight ..... W = 1.2 * 12.016 + 1.6 * 5 = 22.42 T e 20000 S
For landing ...... W=12*8.26+16*5=17.91 6.5000

48.06
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4.8.1 Check of shear strength
Assume bar diameter ¢ 14 for main reinforcement
d=h-20- 2-250-20-2=223mm

assume beam width 30 cm

Vu =50.54 -8.956 ( 0.15 +0.223 ) =47.2 KN

Vc=§.1/fc'.Bw.d

'E_i* 24 % 1000 * 223 * 1073
- 182.08

¢ Vc=0.75* 182.08 = 136.56 KN

I.'|||_

¢ Vc=68.25 KN

Vumax = 48.2 KN < =~ ¢ Vc = 68.25 KN

The thickness of the slab is adequate enough

4.8.2 calculate the maximum bending moment and steel reinforcement

Mu = 50.54 ( 1.55 * 0.5 ) — 8.956 (1.55) (=== + 0.5 ) — 22.42 (0.5) * 2=
=83.1KN.m
Mn= 22 =22 - 93 33 KN.m/m
i 0.9

Assume bar diameter ¢ 14 for main reinforcement d = 223

Mn 92.33+10°%
= pha® = Tooo.2257 - 1-85 Mpa
m=—22—=-_*% _706
D.BEffl 08524
1 2K +m
p:;(]__wlll__nj
. A
= — (1 - J1- —'“‘35*'“"5) = 4.6251 * 1073
20.6 A 420
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—As=p xbxd=4.6251* 1072 x 1000 x 223 = 1031.39 mm?

ASmin=0.0018 *b * h = 0.0018 * 1000 * 250 = 450 mm?

As = 1031.39 mm? > As min = 450 mm?

Use ¢ 14 then

As 1031.39
= - = - = 6_7
Aszghl4 15+
1 1
s=-=—=0149m
n &7

take 7 ¢ 14 /m with As = 1077.3 mm?

step (S ) is the smallest of :

1. 3h=3*250 =750 mm

2. 450 mm
3. $=380 (=) -25¢cc
=380 (—=—)-2.5*20 =330 mm

.'-||'_J

* 420
S <=380 (5—) = 380 (5s———) = 300 mm
Z o+ 420

3

S =150 mm < S max =300 mm

4.8.3 Temperature and shrinkage reinforcement
As (T and sh) =0.0018 . b . h =0.0018 * 1000 * 250 = 450 mm

As 450
n= —=——=2.92
Asghl4 1539

S =

=

L - 034m

282

take 3 ¢ 14 /m with As=461.7mm?or ¢ 14 @ 300 mm

step (S ) is the smallest of :
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1. 5h=5%*250=1250 mm
2. 450 mm .... Control

S=300mm<Smax =450 mm .... OK

4.8.4 Design of landings

Considering at 1-m length of the landing the middle 30 cm will carry a full load whereas the tow
1.45 m lengths on each side will carry half the ultimate load

- | S50 - 3 ) —————— = | 55 =

0.3

)-2.242% 2« ==

1.45+0.3

el

Mu = 16.35 (=) — 8.956 * 1.45 (

=14.54 KN.m
Mn= 22 -2 _16.16 KN.m/m
@ 0.9

Assume bar diameter ¢ 14 for main reinforcement and

d=250-20-14-14/2 =209

Mn 16.16+10%
T pba® 1000+205°

=0.37 Mpa
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m=—1X—=_*% _706
D.BEff 0.85+24
- i _ 1 2xKp+m
p=-(1 J 1 )
: 2 B
== (1 - [1- —'*“"3“'”'5) =8.891 * 10
20.6 \ 420

—As=p xbxd=8.891* 10~ x 1000 x 209 = 185.82 mm?

ASmin=0.0018 *b * h = 0.0018 * 1000 * 250 = 450 mm?

As = 185.82 mm? > As min = 450 mm?
Then provide As min = 450 mm?Use ¢ 14 then

42 _ 0 _992
153.9

Azghld

L _034m

S = =
2.92

take 3 ¢ 14 /m with As =461.7 mm?/m strip

g9 | =

step (S) is the smallest of :
1. 3h=3*250 =750 mm

2. 450 mm
3. =380 (=) -25¢cc
=380 (=—=—)— 2.5 *20 = 330 mm
Z+ a0
S <= 380 (-—) = 380 (s———) = 301.7 mm
Ze 40

S=300mm < S max =301.7mm ....OK
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Section A-A

Scale (1:20)

Figure (4-19) : (section-stairs and landing)
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Figure (4-20): Geometry of basement.

Fc’ =24 Mpa Fy =420 Mpa
@ = 35° y= 18.00KN/m?
L=35m

Ca= (l—sln D) - (1—3'1:1 35) = 0.271

1+=in@ 1+Ein 35

= ()= (2) =0z

due to active soil pressore
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pa=ca.w.h=0.271*18*35

=17.07 KN/m?

Ha = (222) = (Z2222) = 29,88 KN.

= P

Due to surcharge

Ps=ca*w™*hs=0.271*18 *0.278
=1.36 KN/m"

Hs=ps*h=136*35=476 KN.

Mo=16*Ha* (=) +16*Hs* (%)

=16*29.88* () + 1.6+ 4.76 = (X2)

7.
Use the moment coefficient

Mo =25.64 KN/m

RB=16*(

Ha Hs Mo
+Z).

3 2

=16*(

)
=12.42 KN
Ra=1.6 (Ha+Hs)-RB
=1.6(28.88 +4.76) — 12.42
=41.4 KN.

Maximum positive bending moment within the span occurs at the section of zero shear .

17.07

VU=12.42 - 1.6*05* (Tj _1.6*1.36x =0.00

3.9x2+ 2176 x-12.42 =0.00

X=153m
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For the positive moment

Mc = 11.02 KN.m

Assume wall thickness h = 250mm
d=250-75-12/2 =169 mm
assume @ 12 for bar diameter.
Take @ = 0.9 for flexure

For Mu=2564 KN.m

Mu 25 .64 i-lI}E'
Rn = gba® T 0.9+1000 #1893 1.00 Mpa
__fy _ a0 _
"o fo oEsia2s 20.6
10 |y _ BEpm
p=— (1 J 1 )
= (1_'fl_'iiﬂkff)=:24424*1u—a
208 N 420

As =0.0018 * 1000 * 169 = 412.76 mm?/m

The min vertical As according to the ACI code section 14.3 is vertical
As min = 0.0015 *1000 * 250 = 400 mm?/m

f 1
As min for flexure=0.25* >~ pbw.d>= 14 .bw.d

fy fy
=c125*-3@§§ 1000169 >= =% 1000 . 169
420 420

=492.81 >=563.66 .... Control

n= 56366 _ 4.92
1131

Take5@ 12 /mor@® 12 /200 mm
for Mc =11.02 KN . m
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d=250-75-12/2 =169 mm
assume @ 12 for bar diameter.

Mu 11.02 «10°5

Rn = Pbd? = 09.100042697 — 0429 Mpa
m= I},Bi}f—' - u.::sum =206
P=i(1—wlll_m]

=z (1 - M|'I1 - %) = 0.0010324

As =0.0010324 * 1000 * 169 = 174.48 mm?/m

The min vertical As according to the ACI code section 14.3 is vertical
As min = 0.0012 *1000 * 250 = 300 mm?/m

As min for flexure

fl
I S T

fy y
=0.25* V24 11000169 >= % 1000 . 169
420 420

=492.81 >=563.66 .... Control

n=(563.66/113.1)=4.98
Take5@ 12 /mor® 12 /200 mm

Longitudinal reinforcement use a min steel ratio of 0.002 ( ACI code / section 14.3)

OR As = 0.002* 1000 * 250 = 500 mm?/m
Use © 12 @ 200 mm . on each side of wall.
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E

1 2ER00mm, 1=320 cm

|30 cm
] g0, L

=

[T cm

S-HOOK

L=40cm 4B10@EmM2.

0.00 m
T - - —
E = U U 4 4 @
N LR
it 4210/m2
012@200mm = Omm
mm

L
[al ]

G12E00mm -]
. =y

L,

012g200mm 1] | B2 0128200mm

-3.20m

—HbE— 1,20

Figure (4-21): Reinforcement for basement.
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4.10 Design of footing foundation.

D.L=1351.46 , L.L=528.22
Surcharge 5KN/m® , qa=350KN/m?
a soil =20
fc' =28 , fy = 420 Mpa
H footing 55 cm
W footing = 0.55* 25 = 13.75 KN/m?
W soil = 1*20 = 20 KN/m?
Total surcharge = 13.75 + 20 + 5 = 38.75 KN/m?
Net soil pressure ganet

ganet = 350 — 38.75 = 311.25 KN/m?

A= 1351.=.15..+5:3.:::] — 6.04m>
311.25
Depth of footing & shear design

Pu=1.2*1351.46 + 1.6 * 528.25

_(2414.0?)_403?
M=136%230/ "

one way shear (beam shear):

Vu at dastans d from face support

wears(()-(9)-)

=403.7*23*((Z) - (%) —a)
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(=Z2)*(13-.03-d)=(5) * 28 * 2300+ d

0.75

1238.01-1238.01* d =2028.41 *d
1238.01 = 326642 d....... d=2.64
d=0.389m

h=380+75+14 ....... h =469
take h =550 mm

d=550-75-14 =461 mm

4.10.1 tow way shear (punching shear)

let Vu=¢Vu

Vu = 403.7%(2.6*2.3) - (0.6 +d ) * (0.3 +d)
= 403.7%(2.6%2.3) - (0.6 + 0.461 ) * (0.3 +0.461 )
=2088.17 KN

B=(22)=26

bo= 2(0.6+0.461)+2(0.3+0.461)=3.644

as =40 * interior column

Vc=é(1+;j).1/fc' .bo.d =0.26 ... Control

Ve== (22 +2). /fc’ .bo.d =0.6

o

Vc=§.1/fc' .bo.d =033

Take Vc = §(1+;7).1/fc' .bo.d

=§( 1 +ni5)"/28 . 3644 .461 *1073

=2621.15KN

¢Vc=0.75 * 2621.15 = 1965.86 > Vu = 2088.17 ..... OK
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Design for flexure in short direction
Take steel bars of ¢ =14
b=23m , fy =420 Mpa

Mu =403.7 * 2.3 *1 *0.5 =464.255 KN.m

Mu 464.255+10°
n= gflb:i: - 0.5+ 2.300+465" =1.024 Mpa
m = —3% - 20 o6
085 fr'  0.85428
==(1- |[1-Z=T
p=—-(1 N )
: I F g - F
) ;(l ! _M) =2.4915* 1072
17.es N 420

—Asreq = p X be xd = 2.4915 * 1073 x 2300 x 468 = 2681.84 mm?

Asmin=0.0018 *b * h = 0.0018 * 2300 * 550 = 2277 mm?
As =2681.84 mm? > ASmin= 2277 mm? - 9K

Take 18 ¢ 14

S= 23[!'[!'—?51%?2—13:-14 =111.65 mm

Step s in the smallest of :

1. 3h=3*550=1650 mm
2. 450 mm...... control

S=111.65mm < Smax = 450 mm ..... ok
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Design for flexure in long direction

b=2.6m , d=468mm
Mu =403.7 * 2.600 * 1 *.05 =524 .81
Mu 524.21+10°
n= gflb:i: - 0.5+ 2.600+465 =1.024 Mpa
m = —3% - 20 1o
085 fc'  0.85428
=l 1 2w
p=—(1 J - )
4 I ———
- -;(1 -1 —M) =2.4915 * 103
1788 N 420

—Asreq = P X bg xd = 2.4915 * 107 x 2600 x 468 = 3013.96 mm?

ASmin=0.0018 *b * h = 0.0018 * 2600 * 550 = 2574 mm?
As =3013.96 mm? > ASmin= 2574 mm? - 0K

Take 20 ¢ 14

S= EE-EIE!I—'.'-"Els:—EII!I:-l4 =114.21 mm

S=114.21mm < Smax = 450 mm ..... ok

Design the column - footing joint

Pu=1.2*1351.46+1.6 *528.22
=2466.9
The allowable bearing on the base of the column is

$(0.85. fc' .A1)=0.65*0.85 * 28 * 300 * 600 * 1073

=2784.6 KN
The allowable bearing on the footing is

,  AZ
$(085. fc' . =)
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= 0.65 * 0.85 * 28 * 300 * 600 * 1.2 * 1073

=3341.52

Pu=2466.9<2784.6

The maximum loadthat can be trans ferried by bearing is 3729.4 KN and dowels are not needed.
The minimum area of dowels

ASmin = 0.005 Ag = 0.005 * 300 *600 = 900 mm?
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3. ACI Committee 318 (2014),ACI 318-14: Building Code Requirements for Structural Concrete
and Commentary, American Concrete Institute, ISBN 0-87031-264-2.
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

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

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

Minimum thickness, h

Simply Oneend | Both ends
supported | continuous | continuous

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

Cantilever

Member | deflections.
Solid one-

way slabs €120 £124 £128 ¢No
Beams or

ribbed one-

way slabs /16 £/18.5 (A4 L/8

tions,

less than 1.09.

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

m?) and Grade 420 reinforcement. For other condi-

(density w, = 2320 kg/m®)
[ttze v%lues shall ge modified as follows:

a) For structural lightweight concrete having unit density,
1440-1920 kg/m?®, the values shall be multiplied by (1.65 - 0.

W,,

603

b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

in the range
w,) but not

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)-ONE
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection imitation
Flat roofs not supporting or atiached to non- | Immediate deflection due to live load L
structural elements fikely to be damaged by (A8
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
ural elements likely to be damaged by large (/360
defiections
Roof or fioor construction supporting or That part of the total deflection occurring after
atiached to nonstructural elements likely to be | attachment of nonstructural elements (sum of (480
damaged by large deflections the long-term defiection due to all sustained
Roof orflor consruction supporting f ‘:amds.f“dr“mmm deflcton due toany
attached to nonstructural elements not lkely to £240°

be damaged by large defiectons

* Limit not ntended to safequard agas! ponding.

should be checked by suitable calculations of deflection, including added deflections due to ponded

waler, and considering long-term efiects of all sustained loads, camber, construction tolerances, and refiability of provisions for drainage.

Y Long-erm deflecion shall be determined in accordance with 9.5.25 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 fo time-defiection characteristics of members sim-
llar 1o those baing considerad.

it may be exceeded if adequate measures are taken to prevent damage to supported or atiached elements.
diesLhilshaJmLﬁlbe_geam than tolerance provided for nonstructural elements. Limit may be exceaded if camber is provided so that total deflection minus camber

not e imit

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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