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Project Abstract

The library is open places to get the information in its various forms and multiple
sources in order to search and view. The metaphor is the cornerstone to the success of
the services and activities provided for readers and visitors to these libraries .

The study of design libraries buildings is important studies, so as it represents the
buildings of an important element to attract readers on them, as these libraries success
in achieving cultural and social goals and the other depends on the fulfillment of its
buildings to the standards optimum space, appropriate to the site, and the necessary
equipment, which take into account the specificities and needs of each class of
audiences, and we have interest in and emphasis on the need to exit the difficult
equation that combines the least cost and maximum benefit and designed to adapt to
the surrounding environment and social conditions.

In this project we make a structural design of the ** general library", where consists
of three floors , where a total area of 3000 m”2, the project will include the
construction elements known from the nodes, and bridges, columns, and
foundations... etc.

The project will include a detailed structural study of the identification and analysis
of the elements of construction and different loads expected and live loads by used
Jordan's code and the USA Code (ACI_318), then the preparation of shop drawings
based on the prepared for all the structural elements that are structural frames of the
building, it must be noted that it will rely on some computer programs such as:
AutoCAD 2007,0ffice2010, ETABS, BEAMD,SAFE 12,Staadpro,Atir .

God grants success
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Structural Analysis and Design

(4-2) Design method and requirements
(4-3) Factored loads

(4-4) Slabs thickness calculation

(4-5) Load Calculations

(4-6) Design of Topping

(4-7) Design of Rib(08)

(4-8) Design of Beam (B( 10,38)G)
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32 Figure (4-Y) : One way rib slab.

33 Figure (4-Y) : Topping load.

35 Figure (4-3) : Rib geometry(Rib G08).

35 Figure (4-4) : loading of Rib (Rib G08).

36 Figure (4-5) : Moment Envelop of rib (Rib G08).

36 Figure (4-6): : Shear Envelop of rib (Rib G08).

39 Figure (4-7): Beam Geometry (B(10,38)G).

40 Figure (4-8): Load of Beam (B( 10,38)G).

40 Figure (4-9) :Moment Envelop of beam (B( 10,38)G)

40 Figure (4-10) : Shear Envelop of beam (B( 10,38)G).

List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

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

e Ag = gross area of section.

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

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

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

e C.=compression resultant of concrete section.

e Cs=compression resultant of compression steel.

e DL =dead loads.

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

reinforcement.



Ec = modulus of elasticity of concrete.

fc’ = compression strength of concrete .
fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

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

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

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

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

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

&s = strain of compression steel.

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

4-1 Introduction.

4-2 Design method and requirements.
4- 3 Factored loads

4-4 Determination of Slab Thickness.
4-5 Load calculations

4-6 Design of topping.

4-7 Design of one way Ribbed slab (Rib G08).
4-8 Design of beam B10(50,38).

4 -9 Design of solid slab.

4 -10 Design of Column 13.

4 - 11 Design of Stair.

4 -12 Design of Isolated footing F1.
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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 Two types of slabs: One way solid slab, one way ribbed slab.
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 and

moments for ribbed slabs and beams.
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-318-08code.

4-2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318_08).
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4-3 Factored loads:

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:

qu=1.4D.L

or

qu=1.2D.L+1.6S.L.

NOTE:

B300f, = 24 Mpa

B350f. = 28 Mpa

Use concrete B300

f! = 24 Mpa

fy = 420Mpa

4-4 Slabs thickness calculation:

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressedbeams
or one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5 =6.95/18.5 = 0.376m =37.6 cm

Select Slab thickness h= 38cm with block 30 cm & Topping 8cm

4-5 Load Calculations:

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:

Y
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One way rib slab =9

Shrinkage & Temperatuer Bar's —

Fig. (4-1) One way ribbed slab

Calculation of the total dead load for one way rib slab is shown in the following table:
4-6 Design of Topping:

Dead load of topping:

Table (4-1) Calculation of the dead load for topping.

No. Parts of Calculation
1 Slab 0.08*25 =2 KN/m?.
2 Sand Fill | 0.07*17= 1.19KN/m?,
3 Tile 0.03*23 = 69 KN/m?.
4 Mortar | 0.03*23 = 0.69 KN/m?.
5 partition | 2.3*1=2.3 KN/m?.
6.87 KN/m?2.

N
Com—
|
" A—
1

—
—
A
—

e

Fig (4-2): Topping load.
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Dead Load =6.87KN/m?.

We take snow load — live load in this design calculation .

Snow Load =1.563 KN/m?.(we take this value of snow load from chapter 3 was calaulated)

W,=12DL+1.6SL

W, =1.2*6.87 + 1.6 *1.563 = 10.74 KN/m?. (Total Factored Load)

W, =12 10.74 x 0.4
12 12

M, = f*S§

M, = = 0.143KN.m

1%0.082
6

= 042 /f » 2 = 0.42 V24 » «10% = 2.195 KN.m

@M, = 0.55 % 2.195 = 1.207 KN.m
¢M,, = 1.207 KN.m >>> M,, = 0.143KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement

must be provided.

For the shrinkage and temperature reinforcement :-

p =0.0018

A; = p*bx*h=0.0018 * 1000 * 80 = 144 mm?.

Take ©8

y=Lrea - 14 _ 5 86, Spacing(S) = — = 0.349m = 349 mm.
Apar  50.27 2.86

<380 (2;;50) ~25*Ce < 380 (2%)

=380 * (222) _2.5%20<380 * (22)

37y 37y
=380 * (gszo)—z.s* 20 < 380 * (gfi(z)o)
=377.5 mm. <380mm.
<3*h=3*80=240 mm........... controlled.
<450 mm.

Yy
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Use @8 @ 20 Cm in both directions...

4-7 Design of Rib(G08):

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

No. | Partsof Rib Calculation
1 Rib 0.12*0.3*25= 0.9 KN/m
2 Top Slab 0.08*0.62*25 = 1.24 KN/m.
3 Plaster 0.03*0.62*23 = 0.4278 KN/m.
4 Block 0.5*0.3*5= .75 KN/m
5 Sand Fill 0.07*0.62*17=.7378KN/m
6 Tile 0.03*0.62*23 = 0.4278 KN/m
7 Mortar 0.03*0.62*23 = 0.4278 KN/m.
8 partition 2.3%0.62 =1.426KN/m

6.337

KN/m

Nominal Total Dead load = 6.337 KN/m of rib
Nominal Total Snow load =1.563*0.62=0.969 KN/m of rib
Nominal Total Live load =2*0.62=1.24 KN/m of rib

Equation:
U=1.2D+1.6L+0.5SorL
U=8.566

U=1.2D+1.6L+0.5SorL
U=10.395

U=1.2D+1L+0.5LorS

e e n.controlled

Ye
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U=9.323

U=1.2D+1L+0.2S

U=9.038

Factor load:
WuD=1.2*6.337=7.604kN/m2
WuL=2.790kN/m2

Material :-

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

b =12cm bf=62cm

h =38cmTf=8 cm

Moments: spans 1to 1

Figure (4-3) : Moment Envelop of rib (Rib G08)

Yo
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Shear

Figure (4-4) : Shear Envelop of rib (Rib G08)

eDesign of flexure of rib(G08):-
Design of positive moment of rib (G08):

1) Maximum positive moment Mu =29.9KN.m.

Assume ¢ 12 for main positive reinforecement .

d=380-20-10-12/2 =344 mm .

check if a >hf

Mnf = 0.85 fc' b hf (d — hf /2') = 0.85 *24 *620 * 80 (344 — (80/2)) = 307.599KN.m .

Mn =Mu/p =29.9/0.9 = 33.22KN.m .
Mnf>>Mu /¢ (a<hf)
So the section will be designed as rectangular section with b = 620 mm .

=Ty - _%20 _5050m
0.85f, 0.85%24

_ My _ 29.9+10°
bxd? 620+ (344)2

_l _ _Z*Rn*m
=—(1 /1 7 )P

=0.407MPaR,,

1
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__ 1 <1 _ Jl B 2*0.407*20.59>: 0.00098.
20.59 420

—As = p * b *d =0.00098* 620 *344 = 209.05mm?,
Check for As_min

............ (ACI-10.5.1)As,;, = 0.25 %* b, *d > ;—y“* b, *d
= 0.25Y22 4 120 % 344 > 1% 4 120 = 344
420 420
=120.37 mm?<137.6mm? ............. Larger value is control.
—ASmin = 137.6 MM?<Asreq =167.72mm?,
As = 167.72mm?...
2 ®12=226.08 MM?>Aseq = 167.72 mm?. OK.
Use 2d12...
— Check for strain:- (g = 0.005)
Tension = Compression
As*fy =085* f/ *b*a
226.08* 420 =0.85*24* 620 * a
a=7.507mm.
=1 =8.832c =
*0.003g, = ==
= 220,003 =0.11>0.005 = =09......... OK

Design of shear of rib (G08)
The maximum shear force at the distance d from the face of support .
Vu =18.8KN.
Jr
(l)ch ¢*T*bw*d

V24
6

=0.75* 0.12* 0.344 *10° = 25.27 KN.

YV
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1.1* dVc = 1.1 * 25.27= 27.806KN.

—Check for Cases:
Case 1.

Vi<hVe/2
18.8>12.6

Not case 1

Case2:

(PpVe)/2 < Vu<Ve
12.6< 18.8<25.27

Smax< d/2=172mm=<600

Av min/s=22% +120/420=0.087
Not less than

1/3*120/420=0.095

Use 2-legdp10 with Av=157mm?.

Av/s=157/s=0.095

S0 5=1652.6>Smax=158mm

Select s=150

Use 2-leg @8@150mm.-.

4-8 Design of Beam (B( 23)(50,38)G) :

Material :-
concrete  B300
Reinforcement Steel
Section :-

B =50 cm

h =38cm

Fc' =24 MPa
fy = 420MPa

YA



Structural Analysis & Design

Chapter
Four
Geometry Units:meter,cm
1 2 3
1 2
L : . ﬂ ]
A - A

0.4 6.33 04 6.88 0.25
I 1 T T 1

I 6.73 I 7.2 I
38,

50,
A=A
Figure (4-5) : Beam Geometry(B(23,38)G).
Moments: spans Tto 7
A71.6
1484 -147.1
| 1.811.69 )
I T 1
L t i } [N |
Nm\-/// U
85.2
106.8
| 2.36 . 437 432 . 2.38 |

Figure (4-6) : Moment Envelop of beam(B( 23,38)G)

Shear

-120.4
-106.7

-T7.7
/ 65.1
g 1, /‘j
\I7/ I I "
54.7
69.4
110.7

125.4

Figure (4-7) : Shear Envelop of beam (B( 23,38)G)

e Design of flexure of beam (B( 23)(50,38)G) :-

Design of positive moment of beam:

YA
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Design of span #1

Maximum positive moment MU=106.8KN.m
bw=50Cm. , h=38Cm.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=380-40-10 - —>= 322 mm.
Crrax =2 * d = 2 %322 = 138mm.
1=0.85 - 0.007 ( fc'—28)=0.878 .5
amax = 1% Cmax = 0.878 * 138=121.16 mm .
Mnmax = 0.85* f/ *b*a*(d->)

121.16

=0.85 * 24* 121.16* 500* (322- — ) * 10

= 323.07KN.m .
—(GMnmax = 0.82 *323.07 = 264.92KN.m . * Note: es=0.004 — ¢ =0.82
—$Mnmax = 264.92KN.m > Mu = 106.8KN.m .

Singly reinforced concrete section. ..

Maximum positive moment MU®) =106.8KN.m

R — M,  106.8x10° 2989 I
m = %bdZ  09x500x3222 = pa
m= 2 120 _ 90.6.

T 0.85f)  0.85x24

p= i(l -1 _m> = L(l _Jl _M> = 0.00579.
m 420 20.6 420

As=p.b.d = 0.00579 x500x322 = 933.16mm?.
Check for As min.

Asmin=025¥cp q>14p g
fy f;

y

As i :o.zsgsoo X 322 = 469.48mm?
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Asin == 500 X 322 = 536.6mm? ........... controlled.
As min= 536.6 mm2<A3 =933.16 mm?
Use 4918 Bottom, As,provided = 1017.3 mm2>As,required = 933.16 mm2. Ok
Check spacing :
§ = 220D = 109.33mMM > 25 e OK
Check for strain:

_ Asfy  1017.3x420 __

T0.85b f! T 0.85x500%x24 41.88 mm
c=2 =22 - 492 mm

B, 0.85
d—rc 322 —49.2
g = 0.003 (—) = 0.003 (—) = 0.0167 > 0.005 0k
c 49.2
Design span #2
*positive moment MU®) = 85 2KN.m
M, 85.2 x 10°

Rn = 1.826 Mpa

T 0bd?Z 0.9 X 500 x 3222

1 420
m= 4 7 =
0.85f; 0.85%x24

o= 1(1 _ 11 _%> _ L<1 _J1 _M> = 0.00456.
m 420 20.6 420

As = p.b.d = 0.0045 x500%x322 =734.5mm?,

= 20.6.

Check for Asmin
smin =0.25 \/f_lcbw- d=> 4 b,.d
fy fy

As i =0.25% 500 x 322 = 469.48 mm?

Asmin =—=500 X 322 = 536.6 mm? ... ... ..... controlled.
420

As‘min: 536.6 mm2<As :7345mm2
Use 4916 Bottom, As,provided = 803.84 mm2>As,required = 734.5mm2. Ok

&y
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Check spacing :
§ =22 - 112 mm > 25 s OK
Check for strain:
AS.
— fy = 803.84x420 — 331 mm
0.85b f, 0.85X500%x24
c=2 =232~ 389 mm
B,  0.85
= 0.003 (d_c) =0 (322_38'9)—00218>0005 0k
BT c ) 389 /) '
Design of negative momentof beam (B(23,38)G) :
Design support #1
Negative moment MU© =148.1
*02KN.m.
o Mu _1481x10°
"= bz T 09x500x 3222 o MPY
m=-—2_=_*0 _ 6.
0.85f/ ~ 0.85x24
p= i(l - |J1- —Z'Z;'g“> =— (1 - 1- —“ﬁj(’f‘”) = 0.00826 .
s = p.b.d = 0.00826x500x322 = 1329.9 mm?>.
Check for As min.
Asmin=025L<p d>1p g
fy fy
Asmin =0.25 122 500 x 322 = 469.48mm?
Aspin =22 500 X 322 = 536.6mm? ........... controlled.
Asmin= 536.6mm?< As = 914.5 mm?
Use4 @22 Bottom or top, As,provided = 1519.8 mm2>As,required = 914.5 mm2...... Ok

&y
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Check spacing :

§ =202l = 104 mm > dy = 25 e OK

Check for strain:

_ Asfy _ 1519.8x420
0.85b f/ ~ 0.85x500x24

= 62.58 mm

a 6258
c=—=——=73.6 mm
B, 085

322-73.6
73.6

............. oke; = 0.003 (<) = 0.003 ( ) =0.010 > 0.005

Design of shear:
1) Design of shear at Span (1):

14
d = 380 - 20- 10—7= 343 mm

Critical section at distance d = 343mm from the face of support

Vumax(At distance d from face of support) =110.7 KN .

VI

6

V. =11« ¥p,d

4
= 1.1 * x* 120 * 343 %10 3 = 36.97 KN.

& * V. = 0.75 x 36.97 = 27.73 KN
1
5&*V, = 0.5%27.73 = 13.86
Case 1:
1
Vu<§* ¢+
V, =110.7 KN < =% ¢ * V,=13.86 KN..... Not Ok
Case 2:
1
GV <V <z oV,

&y
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bxV. =27.73KN <V, =110.7 KN <§* & * V.= 13.86 KN ..... Not Ok
Case 3:
GV <V, <mindp*V;+d*V,

ﬁ:,
16

mind *x Vs = 0.75 * b, d

4
* 120 * 343 = 9.45 KN

i Vs = 0.75
min ¢ * Vs * 16

OR
1
min ¢ *x Vs = 0.75 * §bwd

1
mind *x Vs = 0.75 * 3 * 120 * 343 = 10.29 KN

bV, =27.73KN <V, = 110.7KN < min ¢ * V; + ¢ * V, =38.02 KN ..... Not Ok
Case 4:
mind*xV,+d*xV, <V, <oVs'+d*V,
I
Vs'=1/3"—by,d

Vs'=67.2 KN
Vns=Vn-Vc

Vns=120.36 KN

mind *xV,+d* V. 9.45KN <V, = 110.7KN < dVs' + o * V,_ 7513 KN ..... Not Ok

Cases;

Vs'+ oV, <V, <d*V, + dVsmax

fl
Vsmax=2/3*J_C b, d

1
Vsmax=134.427

¢e
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Vs + gV, =78.12KN <V, = 110.7KN < $ V. + ¢pVsmax = 128.KN5

minimum shear reinforcement is required
g = Ay * fye *x d
Vs
Find the maximum stirrup spacing
o Vg < Vsmin — Case 3

343

Smax =300mm  , Spax < - = 171.5mm — control

Use stirrups 1U — shape (2 legs stirrups) 810 with A, = 2 = 78.54 = 157.08 mm?

) 9.42
minVs = ——== 1256 KN

0.75
G Ay * fye xd B 157.08 * 420 * 343 — 583943
T Vs 1256+10% ko mm

S = 8839.44mm > Spuy = 171.5.mm — NOT OK

Use 1U — shape (2 legs stirrups)@8 @ 200 mm < S,,4, = 157.5 mm
14
d = 380- 20- 10—7= 343 mm

Critical section at distance d = 343mm from the face of support
2.Design of shear at Span (2):

Viumax(At distance d from face of support) = 105.7 KN .

VI

6

V. =11« ¥p,d

4
= 1.1 = * 120 * 343 10 3 = 36.97 KN.

b *V, = 0.75 * 36.97 = 27.73 KN

1
S0 *V, = 05+27.73 =13.86

¢o
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Case 1.
1
Vu<5* @xV;
V, =105.7 KN < = ¢ * V.= 13.86 KN..... Not Ok
2
Case 2:
1
GrVe <V <3+ bV,

o *V, = 27.73 KN <V, = 105.7 KN < 2 * ¢ * V,=13.86 KN ..... Not Ok

Case 3:

bl <V <mind*Vo+ =1t

VI

[ Vs =0.75
min ¢ * Vg * g

b,d

min ¢ * Vg = 0.75 *

V24
G * 120 x 343 = 9.45 KN
OR

1
min g *x Vs = 0.75 * §bwd

1
mind * Vs = 0.75 * 3* 120 * 343 = 10.29 KN

bV, =2773KN <V, =105.7KN <mind *V; + b x V. =38.02KN ..... Not Ok
Case 4:

mind*xV,+d*V, <V, <oVs'+dx*V,
e
Vs'=1/3¥—by,d

Vs'=67.2 KN
Vns=Vn-Vc
Vns=123.87 KN

mind *xV; +d* V. 9.45KN <V, = 105.7.KN < dVs' + ¢ * V._ ;513 KN ..... Not Ok

e
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Case s:
OVs'+ oV, <V, <P*V, + pVsmax

fe
Vsmax=2/3*£ b, d
Vsmax=134.427
oVs'+dxV. =7812KN <V, =105.7KN < ¢ * V. + pVsmax = 128.KN5

minimum shear reinforcement is required

S Ay * fye xd
B Vs

Find the maximum stirrup spacing

o Vg < Vsmin — Case 3
Smax = 300 mm , Smax < - = 171.5mm — control

Use stirrups 1U — shape (2 legs stirrups) 010 with A, = 2 x 78.54 = 157.08 mm?

) 9.42
minVs = ——== 1256 KN

0.75
G Ay * fye xd B 157.08 * 420 * 343 — 583943
T Vs 1256+10% “romm

S = 8839.44mm > Spuy = 171.5.mm — NOT OK

Use 1U — shape (2 legs stirrups)@10 @ 150 mm < S,,4, = 157.5 mm

4.9 Design of one way solid slab :

h min= (6/20)= 0.3m=30cm ........ take h =30cm

v



slabe dead load computation :

Structural Analysis & Design

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

No | Parts of stair | Calculation

1 Plaster 0.03x22x1 = 0.66 KN/m
2 Concrete slab | 0.25x25x1 = 5.0 KN/m
3 Tile 0.03x22x1 = 0.66 KN/m
4 Mortar 0.02x22x1 = 0.44 KN/m

Total dead load = 8.01KN/m , Live load=5 KN/m and Total factored load =1.2D+1.6L

Factor load=1.2x8.01+1.6*5=17.6KN/m

Moments:

spans 1 to 1

A

8.01

KN/m
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Shear

Fig. (4- 8) : Shear & moment envelope diagrams for landing

Max Reaction =17.4 KN.
Check for shear strength :

Assume ¢ 10 for main reinforcement
d=h-20-db/2=300-20-5=275mm

Vu=17.4 KN

dVC = 0.75(+/24%1000%275) / 6 = 168.4 KN/1m strip

=168.4 KN >17.4 KN

The thickness of slab is adequate enough.

4.9.2 Design for flexure:

Mu =17.3 KN.m

Mn=17.3/0.9 = 19.2 KN.m /m

Rn=Mn/(bxd?)
=19.22x1076/ (1000x2752)
=0.254MPa

m =fy/(0.85xfc")

¢q
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=420/ (0.85 x 24)

=20.588

1 2XRp X
p=ta- f1- )

p=1/20.588(1 — V(1 — (2 x 0.25 x 20.588)/420) )

p = 0.00061

—Asreq = p X be xd = 0.00061 x 1000 x 275= 167.5mm?.

Aspin = 0.0018*b*h

= 0.0018x1000%300=540

=167.5 mm? <540 mm?
Use @12
n=As/Asp12
=540/113

=5

............. Larger value is control.

~ Take5@12/m ,With As=565 mm?3/m or @12 @15cm

step (S) is the smallest of :-
1) 3h =3%300=900 mm

2) 450 mm

280

3) 380 () -25x G

280
§*420

=380 x (

280 280
)

4) 300 (F) = 300 (g*420

S= 150 <Smax = 300mm .... ok

)—2.5x20 =330 mm

=300 mm — control
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For the shrinkage and temperature reinforcement :-
p =0.0018

Ag = p*b*h=0.0018 * 1000 * 300 = 540 mm?.

ASreq _ 540 _

Number of @10 = =
Apar 78.5

= Take 8910 /m with As= 628mm?Zor @10@15 cm.
step (S) is the smallest of :-
1) 5h =5x300 = 1500mm
2) 450 — control

S= 150mm<Smax =450 mm ... ok

4.10 Design of column(C48):

4.10.1 Load calculation

DL=489.3 KN LL=136.1 KN

Pu=805KN  Pnrq=1238.4/0.65 = 1238.4 KN

Assume rectangular section with

Pn =0.8* Ag{0.85* fc'+pg(fy —0.85fc")}
1.238=0.8* Ag[0.85* 24+ 0.01* (420— 0.85* 24)]
Ag =0.063m

Use 0.45*0.40cmwith Ag =0.18mz2> Agreq =0.0902m?
4.10.2 Check slenderness effect:

Lu: Actual unsupported (unbraced) length.

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

0)
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R: radius of gyration =V(I/4) = 0.3 h
Lu=45m
M1/M2 =1
In45cm -Direction
Klu/r<34-12 (M1/M2) <40
(1x4.5)/(0.3x0.45) =33.3>22 =>long
In 40cm -Direction
Klu/r< 34- 12 (Ml/MZ )
(1x4.5)/(0.3x0.4) =375>22 =>long
long in both direction
4.10.3 Calculation for reinforcement:
In 45cm -Direction
E.l,
El =04 et eee er eeeeee v e JACI 318 — 2002(Eq. 10 — 15)]
1+ B4
Ec = 4700,/fc’ = 4700v/24 = 23025.20 M
_12DL_ 48930 _
¢~ p, ~ 805

le= [bxh)] ~3/12= [0.4 x 0.45)] ~3/12 =0.00486 m*

El =(0.4 X Ec X I)/(1 + Bdns) = (0.4 x 23025.2 x 0.0048)/(1 + 0.5188) = 29.7
MN.m?

Pe= ("2 X EI)/ [(Klw)) ~2

= (n"2 % 29.7)/ (1.0 x 4.5))] ~2

oy
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= 46.05 MN
Cm 1
Ons = Pu 805 =103<14
1- 0.75P; - 0.75%29.28%x1000

e, =15+0.03xh =15+0.03x45=28.5mm
€_295_ 40674
h 450
In 40cm -Direction
Ec = 4700,/fc’ = 4700v/24 = 23025.20 M

_ 12DL _ 489.30

- =0.72
47 p, gos 0729

le= [bxh) ~3/12= [0.45x 0.4) ~3/12 =0.00486 m*
El=(0.4 x Ec x I)/(1 + Bdns) = (0.4 x 23025.2 x 0.00486)/(1 + 0.5188) =
29.7MN.m?
Pe= (2 X EI)/ [(Klw)) 2
= (m"2 % 29.7)/ [((1.0 x 4.5)] *2
= 46.05MN

Cm=0.6+0.4x(M1/M2) =1

Cm 1
Ops = P T L T =1.03< 1.4
0.75P, 0.75X%29.28x1000

emin =15+ 0.03 h =15+ 0.03 x 400 = 27.8 mm

=22 = 0.069 < 0.1........(¢ = 0.082h < 0.1h)

e
h 400

oy
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A, = px A, =0.0123x500x 250=1537.5 mm*’
. Usel6gl?

4.10.4 Design of the reinforcement :

S <16 db (longitudinal bar diameter)

S<48dt (tie bar diameter).

S < Least dimension.

spacing <16xdp=16%1.2 =19.2 cm .... control
spacing <48xdt=48x1.0 =48 cm

spacing < least.dim =40 cm

Use16412/20Cm
o
0.45 (T6m12 | %
g @@10\ 7 T
[ - ——‘;
=
L] o AE\}
LI I I
(L8]
= {1 16012

Fig. 4-9: Reinforcement of column.

4.11 Design of stair:
h min=(8.09/20)=0.40 m=40cm ........ take h =40 cm

6 = [tan) ~(—1)((rise)/run) [ = tan)]*(—-1)(160/300) = 28.07°

0¢
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4.11.1 Load calculation :

1.54

Fig.4-10:stair plan

Flight dead load computation :-

The structural system & dead load calculation :-

No | Parts of stair Calculation

1 | Plaster (0.03x22x1)/(cos 28.07) = 0.75 KN/m

2 | Concrete slab (0.40%x25%1)/(cos 28.07) = 8.83 KN/m

3 | Tile (0.35+0.160)/.30x 0.03x27=1.377 KN/m
4 | Stair (0.160%0.3)/2x1x25/(0.3) =2 KN/m

5 Mortar (0.3+0.160)/.3%0.02x22x1=0.675 KN/m

13.63 KN/m

00
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Table (4-4) Calculation of the total dead load for flight.

Dead load = 13.63 KN/m , Live load = 4KN/m

Landing dead load computation :

No | Parts of stair | Calculation

1 Plaster 0.03x22x1 =0.66 KN/m
2 Concrete slab | 0.25x25x1 =5.0 KN/m
3 Tile 0.03x22x1 =0.66 KN/m
4 Mortar 0.02x22x1 = 0.44 KN/m

Table (4-5) Calculation of the total dead load for landing.

8.01

KN/m

Total dead load = 8.01KN/m , Live load= 4 KN/m and Total factored load =1.2D+1.6L

For flight =1.2x13.63+1.6*4=22.75 KN/m

For landing=1.2x8.01+1.6*4=16.06 1KN/m

Shear

41.2

—

01
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Fig. 4- 11: Shear envelope diagrams for flight.

Max Reaction =41.2 KN.

Check for shear strength :

Assume ¢ 14 for main reinforcement
d=h-20-db/2=400-20-7=373mm

Vu=41.2 KN

dVeC = 0.75(+/24%x1000x0.373) / 6 = 228.4 KN/1m strip

0.5%x 228.4 =114.2 KN >41.2 KN

The thickness of slab is adequate enough.

Moments: spans Tfo 1

-37.1

I

Fig. 4- 12 : moment envelope diagrams for flight.

4.11.3 Design for flexur

Mu =37.1 KN.m

Mn=37.1/0.9 = 41.22 KN.m /m

ov
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Rn=Mn/(bxd?)
= 41.22x1076/ (1000%x3732)
=0. 296MPa

m =fy / (0.85xfc )
=420/(0.85x24)
=20.588

2XRpXm

p=y- J1- )

fy

p=1/20.588(1 — V(1 — (2 x 0.296 x 20.588)/420) )

p =0.0007

—Asreq = p X be xd = 0.0007 x 1000 x 373= 265.2mm?.

Aspin = 0.0018 xb +d

= 0.0018x1000x373

=671.4 mm?>265.2 mm?

Use 914
n= As/Asp14
=671.4/153.8

=5

~ Take5@14/m With As= 769 mm?/m

............. Larger value is control

oA
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4.11.5 Design of landing:

Moments: spans 1fo 1
-21.5

shear

Fig. 4- 13 : Shear & moment envelope diagrams for landing

R =26.3 KN. Assume@14 for main reinforcement
d=h-20-db/2=400-20—14-7=359mm

assume beam width 20cm

Vu=26.3 KN

@Ve = 0.75V(24 )x1000%359) / 6 = 220 KN/1m strip
0.5x 220 =110 KN > 26.3 KN

The thickness of slab is adequate enough

4.11.6 Design for flexure :

Mu=21.5KN.m

094
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Mn=21.5/0.9 = 23.88 KN.m
d=400-20-14-7 = 359mm
Rn=Mn/(bxd?)
= 23.88x1076/ (1000%x359?)
=0.185MPa
m = fy / (0.85x fc )

=420/ (0.85 x 24)=20.5

1 2XRp
p= - /1—%)

2%X0.185%20.584

-1 _ _ 2X0.185%20.584
P = 2058 ¢ \/1 420 )

p = 0.0044

—Asreq = p X be xd = 0.00044x 1000 x 359 = 159 mm?,
Aspin = 0.0018 *b*h

= 0.0018x1000x400=720 mm?

=720mm?2>159 mm? ............. Larger value is control.

~ Use @914
n= As/As@14
=720/153.9 =4.6
s == =-=02
Take 5@14/m with As = 769.5 mm?/m or §14 @20 cm

step (S) is the smallest of :-

1) 3h = 3x400=12000 mm
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2) 450 mm
3) 380 (280/fs) — 2.5 x C.
=380 x (280/(2/3 *420) ) — 2.5x 20 =330mm — control
= 380 (280/fs) = 380 (280/(2/3 * 420)) =380mm
S=200 < Smax =330mm ...ok
For the shrinkage and temperature reinforcement :-
p =0.0018
As= pxbxh=0.0018 %1000 * 400 = 720mm"2.
Number Of 310 = As_req/A_bar = 720/79.9 = 9.06 — Spacing(S) = 1/10 = 10cm
Take 10 @10 /m with As= 799 or 10@10mm.
step (S) is the smallest of :-
1) 5h =5x400 = 20000mm
2) 450 — control

S= 100mm<Smax =450 mm ... ok.

N
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4.12 Design of Isolated Footing ( F1c 12)

25

1655

R - E—

I

|“’ 115
'Eeld L=1o9 o

[l
£
il

115

25 50L4 L

1]
1

18512
Al B0orm
I —

- il =
Bal4 L—185%

Y

=
J
e

i A S T L
b L

o AT e TIE
g e R T T S T T e T

Fig. (4-14) : Strip Footing geometry
From column groupl

DL=489.3 KN

LL=136.1 KN

Factored load = 805 kN .

Soil weight = 18 kN/m3.

Allowable soil pressure = 400 KN/m2.
Fc' =24 Mpa

Fy =420 Mpa

Cover=7.5cm

ay
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4.12.2 Determine the net soil pressure:

use steel bar @ 14

Assume h=45cm ......... d =450-75-14 = 361 mm
Weight of footing= 0.45*25= 11.3 KN/m"2

Weight of soil= 1*18 =18 KN/m”"2
Total surcharge load foundation:
W=11.3+18 =29.3 KN/m"2

gall.net =400 —29.3 = 370.7 KN/m"2
4.12.3 : Design of the footing area:

A=Pn/(qall.net ) = (489.3 + 136.1) /(370.7 ) = 1.68 m"2
A= b*I
Take b=15m

qu= 805/(1.5 * 1.5 )= 357.77 KN/m"2.

4.12.4 Check for one way shear:.l 4al)

l

R

qu

Fig. 4- 15 : one way shear

y
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For X- direction

Vu=((1.5- 0.45)*0.5 - 0.361)x 357.77x1.5
Vu =388 KN

For Y- direction:Vu = ((L —a)*0.5—d)x quxb
Vu= ((1.5- 0.40)*0.5— 0.361)x 357.77x1.5

Vu=101.4 KN

dVe=¢ (V(fc') *bw*d) /6

=0.75 * V24 * 1500*361*10° / 6
=331.6 KN>Vux=88KN =>0K

=331.6 Kn>Vuy =101.4 KN =>0K

4.12.5 Check for two way shear:

150

Fig. 4- 16 :twoway shear.
¢
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Vu,x = qu*(b*l - (a+d ) (c + d))

=357.77 (1.5*1.5 - (0.45+0.361) (0.40 + 0.361))

=584.177 KN.
s =40 for interior column
B=(45/40)=1.125
bo = Perimeter of critical section taken at (d/2) from the loaded area
bo = 2* (a+d+c+d)

= 2 *(0.45+0.361*2+0.40)
=32m
\/c the smallest of:
Ve =1/6 % (1 4+ 2/B)V(fc) b * d..where 1/6 * (14 2/B) = 1/6 * (1 + 2/1.125) = 0.63
Ve = 1/12((osd)/b + 2)V(fc') * b = d ..where
1/12((asd)/b + 2) = 1/12((40 * 0.361)/3.2 + 2) = 0.542

V_c=1/3 +V(fc) *b * d where 1/3 = 0.333 ... ... ... ... control
Take V_c=1/3*V(fc)*b+d= 1/3 V24 %3200+ 361+ [10] ~(—3) = 1886.4 KN
@V_c = 0.75 x 1886.4 = 1414.8 KN

@V_c=1414.8>V_u=584.17KN ......... ok
4.12.6 Design for bending moment:
4.12.6.1 Design flexure for long direction:

use steel bar @ 14
b=15m , h=450mm, d= 361 mm

M, = 4357.77 * 1.5 x 0.5252 /2 = 74 KN.m

1o
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m = f y/(0.85 fc') = 420/(0.85  24) = 20.59.

Rn=M_u/(@b*d*2)= (74 [10)] 76)/(0.9* 1500 = [(361))] ~2)=0.42MPa.

p=1/m(1—v(1—(2+*Rn*m)/fy))

=1/20.59(1 — V(1 — (2 * 20.59 * 0.42)/420))= 0.00101

As=p*b*d=0.00101*1500 *361=547.2mm?.

As_min = 0.0018 *b*h = 0.0018 * 1500 * 450 = 1215mm?2

ASmin =1215 mm2>Asreq = 547.2 mm?.

~ As = Asmin=1215 mm?.
n=As_req/(A_bar@14) = (1215)/153.8=79.
~ Use 8914

S=(1500—-75%2—-9%14)/8 = 153mm
Step S is the smallest of

3h =3*450=1200mm

450......... control

S=153< S max =450..........0k
4.13.6.2 Design flexure for short direction:

Take steel bare of @14

b=1.5m , h=450mm , d= 263 —12/2 = 257mm
f cN' = 24 MPa f y =420 MPa

M_u = 444.44 x [1.5%0.5)] 72/2 = 83.33KN.m
m =f_y/(0.85f c")=420/(0.85 * 24) = 20.59.

Ron=M_u/(@b=*d*2)=(96.2 [10)] 76)/(0.9 * 1500 *

1"

[(263))] ~2)=0.857 MPa.
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p=1/m(1— V(1 - (2*Rn*m)/fy))

=1/20.59
4.14.7 Check transfer of load at base of column:
®Pn= ®(0.85 fc'Ag)

= 0.65(0.85)(24)*450*400* [(10)] ~(—3)=2386.8 KN > Pu=805KN.

Since ®Pn > Pu.
.. Dowels are not required for load transfer
The min. area of dewels= 0.005*Ag = 0.005*450*400 = 900mm?.

Use 16012 As=1808.6mm2 >Asmin=900mm2

v
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