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Project Abstract

The idea of this project is the structural design of a public Library .The public library
were designed architecturally by Engineer. Mahmoud Alatrash , through the provision
of classrooms, auditorium,. In addition to a special section to serve the public interest
and to develop their skills and scientific ideas in funny and entertainment ways.

All of scientific requirement are available in the public library .The library is included
an auditorium with an area of 700 m* .

The structural analysis and design will be done in this project for the architectural
building

(public library) . The design will be based on (ACI 318) ( design of reinforcement
concrete ) , and on several software programs such as Autocad2007 ,Office2007 , Atir
, safe , Etabs , etc .For the determination of live loads the Jordinian code was used .

The architectural drawing were first studied and the structural elements were selected
without any conflict with the architectural requirement . Analysis and design of
element were done to make the requirement drawing for construction .
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List of Abbreviations

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.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.
Jy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
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.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

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.

Wu = factored load per unit area.

® = strength reduction factor.
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Chapter Four

Chapter Four (4)
Structural Analysis and Design

4 — 1 Introduction.

4 — 2 Factored Loads.

4 - 3 Determination of thickness.

4 — 4 Load Calculation.

4 — 5 Design of Topping.

4 — 6 Design of rib (18) in the ground floor slab.
4 — 7 Design of Beam.

4 — 8 Design of solid slab.

4 — 9 Design of two way ribbed slab.

4 —10 Design of long column.

4 -11 Design of Isolated Footing.
4 —12 Design of strip foundation.
4 —13 Design of Stair.

4 —14 Design of basement wall.

4 —15 Design of Shear wall .

4 -16 Design composite beam.
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Chapter Four

4-1: Introduction

In This Project, there are three types of slabs: solid slabs, one-way ribbed slab , two way ribbed slab.

They would be analyzed and designed by using finite element method of design, with aid of a computer
Program called " ATIR- Software" to find the internal forces, moment ,and deflections for ribbed slabs,

and then hand calculation would be made to find the required reinforcement area for selected 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 of ( ACI_318) code .

4-2 : Factored Loads.

The factored loads on which the structural analysis and design is based for structural members, is

determined as follows:

q.=12DL + 1.6L.L ACI-318-05

DL: Dead Load .

LL: Live Load .

4-3 Determination of Thickness of Slabs:

4-3-1 Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The value of the load
depends on the structure type and the intended use.

The overall depth must satisfy ACI Table (9.5.a):
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Spans from left to right for one way slab:

615
18.5 185

R 6.8911
Pil O
Takeh=35cm.

= 033m

0.33m

ACI-318-05

4-4:1.oad Calculation:

One - way ribbed slab.

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

as follows:

One way nib slab TN

Shrinkage & Temperatuer Bar's

Holiow Block ( 28cm )

Fig. (4-1) One way rib slab

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

No. Parts of Rib Calculation
1 Rib 0.12*0.27*25 = 0.81 KN/m
/) Top Slab 0.08%0.54%25 = 1.08 KN/m
3 Plaster 0.03%0.54%22 = 0.3564 KN/m
4 Block 0.27%0.4*10 = 1.08 KN/m
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5 Sand Fill 0.07%0. 54*17 = 0.6426 KN/m
ﬁ6 Tile 0.03*0. 54*23 = 0.3726 KN/m
7 Mortar 0.03%0.54*23 0.3726 KN/m
8 partitions 2.3%0.54 1.242 KN/m
[hiatats b
5.96 KN/m

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Total Dead Load:

D.L. = 0.81 + 1.08+ 0.3564 + 1.08 + 0.6426 + 0.3726 + 0.3726 + 1.242 = 5.96 KN/m of rib

For cultural center the live load is 5 kN/m?
IR NS 0154 = 2.7 KN/m of rib

g

4-5 DeSign Of TODDmgi Toping

Hollow Block ( 27¢m) —

Design of Topping for Ribbed Slab as an Plain Concrete Section :-
Dead load for topping =
0.03 x 23 x1 (tiles)
+ 0.03 x 23x1 (mortar)
+ 0.07 x 17x1 (sand)
il 2.3 (partitions)
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5 0.08 x 25 x1 (top)
it 0.03 x 22 x1 (plaster) = 7.53 KN/m

Live Load = 5x1 = 5 KN/m. (for Stores)
Wu = (1.2 * 7.53) + (1.6 * 5)
=17.036 KN/m
- For a one meter strip Wu = 17.036 KN/m

Assume slab fixed at supported points (ribs):

___Wu"‘l2
12

u

=17.036*0.42
12

Mu =0.22715 KN.m

fr=042x.fc'(MPa)  ACL-318-05
fr=0.42 x\[24(MPa) = 2.05757 MPa=2.057 #1000 = 2057.57 KN / m*
Mn=fr*s

bh* _1.00x(0.08)
6

=1.06x1073n’

®Mn =2057.57% 1.06x107° =2.181 KN.m
dMn =1.19956 KN.m >Mn = 0.22715 KN.m
The strength of plain concrete section > loaded section .

The plain concrete section is safe ,

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement

must be provided.

For the shrinkage and temperature reinforcement:
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0 =0.0018 ACI-318-08 (7.12.2.1)

As=p x b xh=0.0018 x 1000 x 80 = 144 mm”
Try bars @ 8 with As =50.27

ATl el 5 57
Asg8  50.27

Take 3 ® 8 with As = 150.8 mm?m strip or © 8 @ 300mm

Bar numbers n=

In both direction step (S) is the smallest of :-

1) 3h = 3*80=240mm... ... ......control ACI-318-08 (10.5.4)
2) 450mm
3) s=380(—2ﬂ)—2.5Cc _380| =% |- 2.5% 20 =330 mm bt

5= 300[2—80-J =300 280 e 300mm

¥ §X420 ACI-318-08 (10.6.4)

4) Take ® 8 @200mm in both direction S= 200mm<Smax =240mm.....ok

[Use®8@20¢ 1

4-6 Design of Rib (18):

41
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By using ATIR program we get the envelope moment

and shear force diagram as the follows:-

by For T- section is the smallest of the following:

43

1 2 2 : 3 i
1 . i Al
Tt A e —
0.6 4.06 0.8 3. AR i , O
I o e e 6.2 :
i | ' } ==
I 043 !
14.
A-A
load b 5 .
Siad%[,"a‘gp_"s‘;wice Fig. (4 - 4) Spans length of rib (18).Ground Units:kN,m
5.68 5.68 6.68
4.7 3.8 6.2
Live load - Service Load factors: 1.20,1.20/1.60,0
—
2.70 2.70 2.70
4.7 3.8 6.2
Fig. (4 - 5) surface Load of rib (18)-(KN.m).
Effective Flange width ( b,) ACI-318-05
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by =504/4=126cm

by =14 +16t=14.0+ 16 (8.0) = 142.0 cm

(5 =S T RS control

Fig.(4-6) Rib location
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Moments: spans 1to 3

Fig. (4 - 7) Moment diagram for rib (18).Ground -(KN.m).

-30.6 -28.5 -28.9

i | Li/ i ; 7
L/ 15.8
20.3

23 20.3

36.3
40.8

Fig. (4 - 8) Shear diagram for rib (18).Ground -(KN).

4-6-1 : Design of Positive Moment for Rib :
Assume bar diameter @ 16 for main positive reinforcement :-

db 16

d—h2cover—d —= =350-20-10-—=312mm

stirrups

The maximum positive moment in all spans of rib 2 Mu =37.3 KN.m

» Use M, max positive for span = 37.3 kN.m
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» Determine whether the rib will act as rectangular or T — section:

For hf=0.08m
d= 350—-20—10—%=312mm

; hf
MMn=09x0.85x% fc xbthx(d——z-)

0.08, .
@M= 0.9 x 0.85x24x0.54x0.08x (312 — —2——) %1073 =215.7KN.m

® Mn =215.7 KN.m > M, =37.3 KN.m

Design as a rectangular with 5, = 54 cm

AS min = :;/g) (bw)(d) ACI-318-08 (10.5.1)

24

A S min = (140)(312) =127.37Tmm’
4(420)

AS min =Z1J%(bw)(d)

1.4
N = ANG12)=1456mm* .....
1 : )( )(312) control

f 420

m= = = 20.59
0.85f¢  0.85 x 24

Mn _ (37.3/0.9)x(10)"

B2 0 (0054)(0:312 )2 et M

Rn

m | e 950

As =0.001914 (540) (312) = 322.47 mm>> A S min = 145.6 mm>
# of bars = A / Agpar =322.47 /201.06 = 1.60  uSe 2 016 with an area = 2¥201.06 = 402.12

e s s ARPTTT 1 2% 0.7884 x 20 .5
e (1 ; J [h\/l* - '9j=0.001914
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* Note Ags=201.06 mm’

| Select bottom bars 2016

Total AS (provide) =402.12 mm>

* Check Strain:

Tension = Compression

A x fy=0.85x f,'xbxa

402.12x420=0.85x24x540xa
a=15.331mm

==

b

153811
CcC=

0.85
£ _ 312-18.0369
= 18.0369

g, =0.0489>0.005

=18.0369mm

x0.003 =0.0489

(0) e

4-6-2 :Design of Negative Moment for Rib :
According to ACI 8.9.3 — for beams built integrally with supports, design on the basis of

moments at faces of support shall be permitted.

The maximum negative moment at the face of support is

Mu= 28.3 kN.m

Design as a rectangular with b, =14 cm

7

25) (bw)(d) ACI-318-08 (10.5.1)

AS min =
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e

AS min =
420)

(140)(312) =127.37mm’

14
'n=_'_b d
A mi (m(W)()

A s min= —1i(140)(312) —145.6mm’ .....control
(420)

e R R
0.85f¢' ~ 0.85 x 24

-3
e Mn :(28.3/0.9)x(10) _ 5 31 MPA
bd * (0.140 )(0.312)?

1 2 mRn 1 2 2: 81150620, 359
P —1-_[1- = 1= 1=
m » 20 .59 420

p = 0.00585

As =0.00585 (140) (312) = 255.528 mm’> AS min = 145.6 mm’

#of bars = A, / Agpar =255.528/153.938=1.66  use 2 @14 withanarea = 2%153.938 = 307.876
* Note Agis=153.938 mm®

Rn

| Select Top bars 2014 :4‘

Total AS grovidey =307.876 mm’

* Check Strain:

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

307.876x420=0.85x24x140xa
a=45.276mm

a
cC=—

Py

c= 0 =53.266mm
0.85

] _ 312-53.266
% Wi 531966
g, =0.0146 > 0.005

x0.003 = 0.0146

4-6-3 : Design of shear for rib :

The maximum shear force at the distance d from the face of support Vu = 36.3 kN
Shear strength, Ve , provided by concrete for the ribs may be taken 10% greater than that for

beams. This is mainly due to the interaction between the slab and the closely spaced ribs (ACI

Code, Section 8.13.8).

Vu critical — 363 kN

VuS%xl.lx(DVc

%xl.lx(b\/c=—12—xl.l><(b 'gc xb: xid

V24
6

1 1
Exl.GCI)Vc=E><l.1x0.75x x0.14x0.312x1000 =14.71 kN

1
Vu> E@Vc............not control
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2- %(DVC <Vu<®Ve

1.1X®VC=1.1X0.75XJZ_ZXO.14XO.312X1000= 29.423

Vu=36.3> ®Vc=29.423

Vs min =—‘/1262(140)(312) *103 =13.37 mm’

Vs min = -13:(140)(312) *1073 =14.56 mm” ........ control

® Vs min = .75 * 14.56 = 10.92
@(Ve + Vs min ) =29.423 +10.92 = 40.343

Vu=36.3<40.343

minmum shear reinforcement is provided (Av min ) with
Smax <= 312 /2 =156 mm

Smax <= 600 mm

use ® 8 -15 cm

4-7 : Design Of beam for flexure :-
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B146(650%35) o)) ] i
o osl py

Lyt TS =t e eI L
ecsurenEEy UREEEEE

Fig.(4-9) Beam location

Load calculations for Beam 153 :
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The distributed Dead and Live loads acting upon the Beam 153 can be defined from the

support reactions of the 153 .

Reactions
—Factored

DeadR ( 89.69 184.04 279.72 1 ;17§95
LiveR 49.18 120.5 153.71 ?
433.43 179.66

MaxR  138.77 304.64 1
Min R 85.92 206.42 314.17 6.62

Fig.(4-10) support reactions of the beam 153

Dead Load calculations:

The maximum support reaction (factored) from Dead Loads for rib 17 upon beam 153 is

279.72 KN . The distributed Dead Load from the Rib 17 on Beam 153 :

27972

Frompisnno 0.54 =518KN/m

WDL

Assume the width of the beam = 0.8 m , then the own weight of the beam and the weight of

the floor layers within the beam width can be calculated:

Dead load of topping =

0.03 x 23 x1 (tiles)
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- 0.03 x 23x1 (mortar)
1L 0.07 x 17x1 (sand)
+ 2.3 (partitions)

o 0.08 x 25 x1 (top)
3 0.03 x 22 X1 (plaster) = 7.53 KN/m

The total factored Dead Load: WpL= 518+1.2x7.53 = 527.036 KN/m

Live Load calculations:

The maximum support reaction (factored) from Live Loads for rib17 upon beam 153 is -
153.71 KN . The distributed live Load from the Rib 17 on Beam 153:

nl 284.648KN / m

L from yip17 0.54

Wy

The Live Load within the beam width (b=0.8 m ) can be calculated:
LL=0.8x5=4KN/m

The total factored Live Load: WiL=284.648+1.6 x4 =291.04 KN/m

By using ATIR program we get the envelope moment and shear diagram as the follows:-
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7
1 2 4 3
1 2
q A A
e Ll A
A S lj ]
]
0.4 4.49 0.4 3.73 0.4 6.39 0.2
|
[ i) /'—II—JF"/ H
gl 4.89 1 413 6.69
|
| i eI L |
| |
35,
80.
A-A
Fig. (4 - 11) Spans length of Beam
load group no. 1
Dead load - Factored Units:kN,n
36.0 36.0 36.0
a3 n
489 413 E¥Y]
Live load - Factored
21.7 21.7 | 2.7
4.89
413 6.69

Fig. (4- 12) Factored Load of Beam-(KN.m).
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: E .
2
1 3
1 2
A A A
A 1A T"L,r Ij
]
0.4 4.49 0.4 3.73 0.4 6.39 0.2
L1
L LAl o e R e & 1 -
&= 4.89 [ 413 6.69
| e |
I |
35,
80.
A-A
Fig. (4 - 11) Spans length of Beam
load group no. 1
Dead load - Factored Units:kN,r
36.0 36.0 36.0
672 G7 2 az0
4.89 413 6.69
Live load - Factored
21.7 2\|/_7 21.7
4.89
213 6.69

Fig. (4- 12) Factored Load of Beam-(KN.m).
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Moments: spans 1to 3

-126.8
-91. -103.9
| 0. 7" |
= ! 1t
| [ LI P

0.68!1.34 1.12 (;
Nk\ =147 2.03

1494

9.8
4.01 24| 2.68

| 2o 269 | 166 |, 248 I : , |

Fig. (4 - 13) Moment diagram for Beam -(KN.m).

Shear

. 2 -179.
183.3 178.9 154.4 6

/.151.841 -147.3 /j
E/ 'l V tel ¥
107.2 L

254.5

223.

Fig. (4 - 14) Shear diagram for Beam -(KN)

Assume bar diameter @ 25 for main positive reinforcement.

b, =80cm,h=35cm

g d=350—40-10—%=287.5mm

The width of the Beam 153 can be defined from the maximum factored moment
The maximum factored moment in Beam 153 Mu =-249.8 KN.m

Take @ = 0.9 for flexure as tension-controlled section

Assume p = 0.4 pb
Takep = 0.85 (fc' = 24)
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Moments: spans 1to 3

-126.8
-91.6 -103.9

4 i

0.581.34 A2 4

h}\_/l—%———% AT ——5gt
149.4
249.8
. 22 , 2.69 | e 2.48 ! 4.01 { 2.68 |
I I 1
Fig. (4 - 13) Moment diagram for Beam -(KN.m).
Shear
-178.9 g TR

-183
/Ml
i

147.3
(| Ul

107.2

138.8 121.2

3
V
89

.6

223.
264.5

Fig. (4 - 14) Shear diagram for Beam -(KN)

Assume bar diameter @ 25 for main positive reinforcement.

b, =80cm,h=35cm

25

3 d=350—40——10—7=287.5mm

The width of the Beam 153 can be defined from the maximum factored moment

The maximum factored moment in Beam 153 Mu =-249.8 KN.m

Take @ = 0.9 for flexure as tension-controlled section

Assume p = 0.4 pb
Takep = 0.85 (fc' =24)
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g 600 |_ g e teT000 )=0.02429
pb=0385"—p =0.85x= %083 550+ 420

7 600+ fy
p=0.4pb=0.4 x 0.02429 = 0.009716
24 $20 56,59

m= =
0.85fc' 0.85x24

0.009716x 20.59
Rn=px ﬁ{ —%} 0.009716x 420(1 B - ]=3.67MPa

_ Mu _ 249.8x10°
¢Rn  0.9x3.67
b=914.97Tmm

bd? =bx287.5>

Usually in construction the maximum width of the beams is 100 cm. Here, take b=80cm and

no need to recalculate the loads acting on the beam.

Note that the factored moments of other supports and spans may be satisfied by the section
width of 80 cm as a singly reinforced beam sections, but the support section with Mu =-249.8
KN.m may be designed as doubly reinforced section.

bused =80 cm <b required = 91.497 cm.

Check whether the section will be act as singly or doubly reinforced section:

Maximum nominal moment strength from strain condition € =0.004

€= 2 d= % x 287.5=123.214 mm .

a=p xc=0.85x123.214 =104.73 mm .
Mnmax = 0.85x fc' x a x b x (d- a/2)*10"3

=0.85 x 24 x 0.10473 x 0.8 x (0.2875 —0.10473/2)* 10"3 = 401.89 KN .m
@ Mn = 0.82 x401.89 =329.55 kN .m

® Mn=329.55KN.m > Mu=249.8 KN.m
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** Design of beam as singly reinforcement concrete

4-7-1 : Design of negative moment :

Take Mu =2269 kNm ............ from Atir program

® Mn=329.55 KN.m > Mu=226.9 KN.m

Mn _ 226.9/0.9x107°

= = — =Gl Mpa
bxd®>  0.8x(0.2875)

Rn

# 420

= = =120.59
0.85fc' 0.85x24

m

mm?.

do :I(J}]—;_L)(bw)(d)z%(bw)(d)——»(ACI—10.5.1)

V24

=" _(800)(287.5)= %’2%(800)(287.5)

As . =
R 4(420)

As_. =670.69 <766.67 —> The larg est is control.  =766.67

As_. =766.6Tmm’

1 2(20.59)(3.81
p=———— (= \F—————( X ))=o.010127
20.59 420

As = 0.010127 (800) (287.5) = 2329.21mm? >As min =766.67 mm?

s, 232921

# Of bars = =
As 490.87

=4.745 Note Agpzs = 490.87 mm?

bar

| Select bottom bars 4®25

Total AS provide) = 1963.48 mm*
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Check for yielding:

Tension = Compression

A x fy=085x f,'xbxa
1963.48 x 420 = 0.85x24x800xa
a =50.53mm

a

7

= 50'553 =59.447mm

c

c

L SIS = S04

S G i)
2 —00N5-10/005.....c.-...-. ok

€ x0.003=0.0115

Check for bar placement :

_ 800-2x40—2x10-4x25
g, 3

= 200mm > 25mm.... ok

e

Take Mu=103.9 kNm ............ from Atir program
® Mn=329.55 KN.m > Mu=103.9 KN.m

Mn _ 103.9/0.9x107

Ryl e =1.749 M
IR T 03%(0.2875) =
e e 12000 o 5g
0.85fc' 0.85x24
As_. = Ve (bw)(d)zﬁ(bw)(d)——xACI ~10.5.1)
4(5) b
J24 1.4
e = ) R s
S 4(420)( )(287.5) - (800)(287.5)
As_,, =670.69 <766.67 —— The | arg est is control .

As_. =766.6Tmm’
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B [ 20059(.749) y _ 60436
20.59 420

As = 000436 (800) (287.5) = 1002.8 mm*>As min

As
#Ofbars= —— =M=4‘97
s 2011

=766.67 mm?,

Note Apis = 201.1 mm?

rSelect bottom bars 5P18

Check for yielding:

Tension = Compression

A, x fy=0.85x f,'xbxa
1005.5x420 = 0.85x24x800xa
a=25.88mm

a

A

= 25'858 =30.45mm

c

c

e 287.5-30.45
o 30.45
e 010255101005 5 ... ok

x0.003 =0.025

4-7-2 : Design of positive moment :
Take Mu =249.8 kNm ............ from Atir program

® Mn=329.55 KN.m > Mu=249.8 KN.m
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=
L Mn _ 249.8/0.9><102 _ 4197 Mpa
bxd> 08x(0.2875)

yiL 420

0.85fc' 0.85x24

_AF 1.4 e 10551
A == %) (bw)d)= 73)—(bw)(d)——>( )

A = /24 (800)(287.5)2%'—24—0(800)(287.5)

min T 4(420)

VACIRE670269 = 766.67 ——> The | arg est is control .

=766.67

As,_. =7666Tmm’

1 (1_\F2(20.59)(4.197))=0.01131

P =059 420

As = 0,01131 (800) (287.5) = 2601.3 mm? >As min =766.67 mm”.
dspe. 26013 _

# Of bars = = 55 Note Agas = 490.87mm?
As,, 49087 il T
Select bottom bars 6 ® 25 mm. Total As=2945.22mm”>7601.3
..ok
Take Mu =149.4 kNm ............ from Atir program

® Mn=329.55 KN.m > Mu=149.4 KN.m

_ Mn _1494/09x107 _
phidE T 018 x%(012875) . &

Kn 51 Mpa

b, 420
= - = =20.59
0.85f' 0.85x24

m
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20.59 u 420

As = 0.006397 (800) (287.5) = 1471.31 mm”.

As,, ‘/(—)(bw)(d) > 14 (3y)(@)—>(4CI ~10.5.1)

A= % (800)(287.5)= %;io (800)(287.5)

As . =670.69 <766.67 —> The l arg est is control.

As . = 766.6Tmm’

A 47131
# Of bars = 4 = =732
o 2011

= 766.67

Note A(p15 =201.1 mm?

[gelect bottom bars 8016

Total AS grovidey =1608.8 mm”

Check for yielding:

Tension = Compression
A, x fy=0.85x f.'xbxa
1608.8x 420 =0.85x24x800xa

a=41.4mm

a
c=—
B
_ Al

RGeS

= 287.5-48.71
3 48.71
e =0l01470=10.005..............

=48 .71mm

«0.003 = 0.01471
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el . 2D g g0easr
20.59 420

As = 0.006397 (800) (287.5) = 1471.31 mm” .

‘/(—)(bu)(d) T;(bw)( d)—>(ACI -10.5.1)

—‘@‘—(800)(287.5)2 %;10(800)(287.5)

ASrin = 4(420)

As . =670.69 < 766.67 —> The l arg est is control.

min

AS o0 = 766.6Tmm’

Zisees s 1471 311
# Of bars = 2 = =732
sy 2011

= 766.67

Note Aq)16 =201.1 mm?

rSelect bottom bars 8016

Total AS grovidey =1608.8 mm”

Check for yielding:

Tension = Compression
A, x fy=0.85x f,'xbxa
1608.8x420=0.85x24x800xa

a=41.4mm

a
c=—

b
41.4

c=——=48.71mm
0.85

, _287.5-4871
; 48.71
g, =0.01471>0.005.............

x0.003=0.01471
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4-7-3 : Design of shear for Beam :

ACI — 318 — Categories for shear design:
VU gritical = 223 KN
Use @8 with four legs

1- VuS%x(DVc

e _o75x - ‘/2—4 800 287.5 10 =T0.42KN
2

Vu> %(D Vi not control

2- %(I)VcsVu <®Vc

¢Ve =0.75 % 800 x 287.5 x 107> =140.84KN

24
6
Vu> ®Ve.....not control

3- ® Ve < Vu<® Ve + @ Vsmin
1 .
@Ysas >10.75 (—3—)xwad201—765,/fc'xwad

OVS >075(—)x08x02875 x10° >01£«/ 24 x0.8% 0.2875 x10°

Vs, =57.5 252.82kN
Vs, =57.5kN

®Ve + OVs ;,, =140.84 +57.5 =198 34 KN

Vu> ® Ve + @ Vs.....not control

4- @Ve+DVs,_ . <Vu<(DVc+(I)>< \/fc xbwxd
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(I)—“;rcxwad =0.75x% «/?2’_4 x0.8><0.303><1000 =296.9KN

375.589 = 516.429KN > Vu = 223KN

<I)Vc+(D><-:1;— fo' xbwxd =140.84+

All Vud Are withinitem 4 ............

Vu=223 kN.

@Vs,,, +@Ve=Vu
= Vs, =Vu-®Vc= 223 —140.84 =82.16kN

L D x Avx fytxd 1 0.75%201.1x420x287.5 _92.167cm.
& Vs 82.16x10°

req.
§< 4 <600
2

= 2—827—5 =14.375cm.

Select ®10@ 12.5¢cm c/c  (4leg)
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4-8 Design of solid slab :-

<o

Fig (4-15) : One way solid slab of Basement Floor(S1)

% Material :-
concrete B300 Fc¢' =24 N/mm?

Reinforcement Steel fy = 420 N/mm?
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« Section :-

v 1/28=6.12/28=0219m

(Control) .......cooneeen

= Select h =25cm

< System :-

, for interior span

ACIL-318-02 (9.5.2)

65

Fig (4-16) : Spans Length of Solid Slab (S1)

1 2 3 4 5
1 2 3 4
\
E A =Yl A];“—_T A e e Al j
0.5 2.63 0.8 1.99 0.8 5.28 0.8 3.54 0.5
= o — : : +—
3.18 2.79 6.08 4.19 '
= ; : z : —
26.
100.
A-A
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< Loading :-

v" Live Load :-
L.L =5 KN/m’

v" Dead Load :-
Weight Of tiles =0.03*23=0.69 KN /m’
Weight Of morter =0.03*23=0.69 KN /m’
Weight Of sand =0,07%17=1.19 KN /m’
Weight Of Solid =0.2*25=5KN /m’

Plastering ~ =0.03*22 =0.66 KN /m* Weight Of

D.L=8.23 KN/m*

d=250-20-16=214
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o Design :-

Moments: spans 1to 4

417
25 -26.9
AN
ZAE "
\’4\
13.9
28.
3.04 l 3.04 | 2.73 . AaT
I I !

Fig (4-17) : Envelope moment Diagram of Solid Slab (S1).

-44.6
-29.1 369
20.4 199
4%
= i
=833 = st
42, 39.8

Fig (4-18) : Envelope shear Diagram of Solid Slab (S1).

67




Chapter Four

Vu=44.6 KN

dVe= d* V' pw*d
6

@ Ve=131.05 > yy=44.6

Mu=26.9

T
0.85 * fc'

pim =
et

a) Design of shear:-

= (75:F _@ 1*0.214*10° = 131.05 KN
6

No shear reinforcements is required

b) Design of negative moment:-

2O =906

a- 1__2mRn )

20.6

0=0.00159

-3
Rn= Mulé = 269*107/09 _ 0.653 N/mm®
b*d’ 1*(0.214)

p=_L (- Jl_W) =0.00158
420

As;.q = 0.00158(1000) (214) = 338.23 mm* /m

Aseq =338.23mm* /m <As =450 mm?
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= Note Amz =113 mm2

= Select main bars @ 12@25 cm

Shrinkage &temperature reinforcement
AS min= 0.0018 * 1000 * 250 = 450 mm’

Use @10 @ 15 cm in other direc_tion

° Check for Tension steel yielding:-
Tension = compression

As*fy=085*% f.*b*a

452%10°%420=0.85%24*1*a

a=931mm
o= 223N 10 95mm
5, 085
o =20 U s 0]
10.95

g, =0.057>0.005=¢=0.9

= Ok

c) Design of positive moment.

Mu = 28

G0 = - 0 =00i6
0.85* fo'  0.85%24

* -3
Rn= Mul¢ = 28*107/0.9 _ 670N /mm?
b*d>  1%(0214)

- 1_2mRn )

p:

il
m
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p= - '1_ 2(20.6)(0.679) )= 0.001644
20.6 420

p=0.001644

2
Aseq = 0.001644(1000) (214) = 351.816mm” /m.
ASreq =351.816mm” jy <450 mm’

= Note A¢12= 201 mm?

— Select main bars @ 12@25 cm

Shrinkage &temperature reinforcement
AS min= 0,0018 * 1000 * 250 = 450 mm*

Use @10 @ 15 cm in other direction

° Check for Tension steel yielding:-
Tension = compression

As*fy=085* f.*b*a

452*%107°*420=0.85*%24*1*q

a=931mm
a 9.3l
c=—=—-=10.95
5, 0.85 S
214-10.95
=———XO0. =0.
& 10.95 003 =0.057

g,=0.057>0.005=¢=0.9
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i lab:-
4-9 Design of Two Way Ribbed S

——d L] | AN b

e p=EUUULOOONOE 5 T s

= S ] A LUOO0O000 -4 I
]DDDDQD{J T I 5
45(80%: L A . R
T 5@?75%73/ Br16( 700*353\ e

Fig (4-19) : two way ribbed slab.
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4-9-1 determination of thickness of two way solid slab :-

Beam217

80 20 y

120 v

S0
78_‘
sty

SIS +15*80*7.5
15*80+35*120

=15.27mm

bL 120(35)°  80(15)°
}

Tt == e 355 100(2.235) S 5H30K(7.77 s

0.005446 m*
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Beam219

Thys= o =, — = 0.00178 m*

Beam216
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3 2 4
pi® _ 10065) _ g 50357 m

Ibs16= 7 = 12
Beam214
A% 80 A%y
P 100 =
e ZA.Y
Y=
A

00 1TSS +15*80*7.5
15*80+35*100

=14.94mm

LBl 100(35)3 80(15)3
Iby14= T o 12

+35%100(2.56%) + 15%80*(7.44% )=

0.00469 m*

0.54x(12.67)  40*(4.167) 1 0.14x(22.833)’
LT 3 TR 3

=225293 4
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o
o0
o
(@]
v
o
S
0,15
S

I, =898x10"m"/b

2252934 ><5 (501-”30) _ 36760373 1cm’

I,,,short—d=

225293.4 % (908.9 + 50)
54

I,,long —d= = 400626.69m"

L1 - 8980*((730/2)+(450/2) / 54 = 98114.8 cm”

L1 - 8980*((200/2)+(610/2)/ 54 = 67350 cm®

I 544600
1="b2 =T =148
& I, 367603731
P 00
I,, 40062669
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o +2¥ayt , a4+53+4T8+0188 266
o, = =
2 4
a>2=2.66

According to ACI-code:

p o InO8+H/1400) iy 51507 (Eg: 9-1)
7 36+98

oL 900, g
Lb

801.1

0808 +420/1400) _ 1 g2 35
36 +9%1.135 s

We select the two way ribbed slab Thickness =35 cm
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calculation of load for two way ribbed slab :-

< Loading :-

v Live Load :-
L.L =5 KN/m’

v" Dead Load :- L
Weight Of tiles _0,03*23%0.54*0.54=0.201 KN /rib
Weight Of morter ~0.03*23%0.54*0.54=0.201 KN [rib?
Weight Of sand _0,07%17%0,54*0.54=0.347 KN /rib’
Weight Of top —0,08%25%0.54*0.54=0.5832 KN /rib’
Weight Of block 0.4%0.4*%0.27¥10=0.432 KN /rib°
Weight Of Rib =(0.54+0.4)*0.14%0.27%25=0.8883 KN Jrib®

Weight Of Plastering ~ =0.03%22%0.54*0.54 =0. 192456 KN /rib®
Weight Of Partition = 2.3 %0.54%0.54=0.6706 KN /rib°

D.L=3. 516 KN /rib*

D.L=3.516/0.54%0.54=12.0577 KN/m’
Design of shear :-

Wu(D) =1.2%12.0577 = 14.469 KN/m?

Wu(L) =1.6*5 = 8 KN/m’

La=8.011,, Lb=9.09

Wa=043 ,Wb=0.57 According to ACI-code , case 8 .

9.09%8.011x0.43
Vu(a) =(14.469 + 8 = e
() =( ) 9.09%2 0.54 =20.89 KN
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9.098.01140.57 4 54 _3] 43 KN

Vu(B) =(14.469 +8) ™ g 11142

dVc = O'Zs . \ZEx014%0313 103 = 2683 KN

1.1 * @Vc =1.1*26.83=29.510 KN not OK
Try item three:-

07> 0.14 % 0.313 * 103 = 10.955 KN

dVsmin =

0.75 24 A 0.14 % 0.313 * 103 = 10.063 KN

Sk
16

dVc+ dVsmin = 29.510 + 10.063 = 39.573KN

Vu(a) =20.89 KN <®Vc + @Vsmin = 39573 KN 0K

there are No needed for reinforcment OK
Av Vs
— =
s fytxd
2%79+107¢ _ 140% 1073

- S =445mm <600 mm

S T 3%420%0.313

Use ®8@15cm <600 <313/2

Design of positive moment :-

According to ACI-code:
Ca.LL =0.035 Ca.dl=0.025
Cb.LL=0.024 Cb.d1=0.019

Ma positive =( 0.025 *14.469*8.1012 + 0.035 * 8% 81012 ) * 0,54 = 22 73 KN
- = . .m
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(22.73)* =3
Rn ——22 = 0477
0.54%0.3132

m =___ﬁ)'~ e
0.85*,{0' 0.85 *24

6 %0477
L — 0.00115
U 906 420
As =0.00115%540%313 = 194.373 mm? > As min >127.78 mm?>146.066 mm?
Use 2012 in la direction
Mu = 20.82 KN . m in Ib direction
(Z&?Z)*lo—s
0.9 il _ 3 i
Rn = e4x03132 UEsie =, m = ﬁ%? = ﬁ%—mﬁ
S 1 2% 20.6 x0.437
g=orEl T L i =0.00105

As=0.00105%540%313 = 177. 9 mm? > As min >127.78 >146.066 mm?
Use 2@12 in Ib direction

Design of negative moment :-

Ca. neg =0.043 Cb=0.052

Ma negative = 0.043 (14.469+8)¥8.101% * 0.54 = 34.239 KN m
Mu=34.239 KN . m

Mb negative = 0.052 (14.469+8)*9.0892 * 0.54 = 52.12 KN
. , e
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Mu=52.12 KN .m

(52.12)*10—3

0.9 3 =20.6
R0 = 4%0.3132 e =
1 2 % 20.6 x 4.22
e 420

As =0.0114*140%313 =499.066 mm?* > As min > 127.74 mm?>146.066 mm?

Use 2(1318

4-10 Design of long column:

4.8.1 (P1.C01) : Column in first floor . C27

< Loading :-

Try 30%50 cm with Ag = 1500 cm®
Pu=(1.2*4* 6.72)+ ((337.78 +210.12)*4)=2223.86 KN.
*Check slenderness limit:

klu M1
<34 =12 — e -
. ) ACI - (10.12.2)

M1&M2=1.0 - (braced fram with M min).

K=1.0 - (for columns in nonsway frames).
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Lu=3.15m.
rx=0.3 h=0.3*0.3=0.09.

ry=0.3*b=0.3*0.5=0. 15.

ﬂli =35.0)22.0 Slender coloumn for ben
rx

Eh—l —21.0 < 22.0 Short coloumn for bending about y_axis.

ry
Jo 1
EI =04—%
1+ B,

E, = 4700/ &' = 4700 % /24 = 23025.20Mpa
_12DL _12(354.04) _ 101,

Pa Pu 222386
% 7,3 % 3
ST RS
AR 12
* *
EI=O'4 PR 0I5 oo conma
1+0.191
2
P /4 EI2
(KLu)
3.142 %8699 .690
B D7 = 8644 . "
e = T (L.0%3.15)" S
Cm =0.6+0.4(M—)
M2
Cm =1
§ns= Cry >1.0
1-(Pu/0.75P,)

1
5 b= —
" 1-(2223.86/0.75*8644.55) b

52>1

ki
%534—12*1,0:2140

ding about X_axis.
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3*300 = 24 Omm = 0.024 m

e.. =15+003*h=15+0.0

e = 24.0%1.52 = 36.48mm =.03648 m.
e _36.48 1216

h 300

From Interactio n Diagram

% 3
gP, 1445 .509 *10° , 145 _; 397 fsi

A
L9k =
L 2*10-20 _ 4 6o
300
p, = 0.0209

A, = p* A, =0.0209 *500 *300 = 3135 mm :

Select 10§20 => ASy, ,eq = 3141.59mm* > As,,; = 3135mm’

Design of the Tie Reinforcement:-

Spacing <16 x d, (Longitudinal bar.diameter) =16x 20 = 320mm.
Spacing < 48x d,(tie.bar.diameter) = 48 x10 = 480mm.

Spacing < Least.dimension =300mm

. Use g10@250mm
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4-11 Design of Isolated Footing :

B —:——’W/—\ T
3 = 1 3 _zq { sLBI%em
in V |
N 7 |
@ !
—+ 8 it =
a8 I~ == I T o
RS | SR - i
: DA, i
Tp} 1 0 l}
o 13414 L=2.35 || 1
E {" 13014L=2.35 j \:'j i
pal 7.90 se1a=23s 7| ! b
10t 7s e 75 0 A0 75 o 50 75 210
T AR | N L .10 P01
{ 2.20 : | i 2.20 ;

Fig (4-20) footing sections
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Load Calculation :

Total factored load = 2000 KN.

Total services load = 1468.926 KN.
Column Dimensions = 50%25 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (55 cm) thick.

live load =5 KN/m2.

1*¥18 - 0.55%25 = 425 kN/m’

4.12.2 Determination of Footing Area :

1468926 _ 2
= =t s

= [L=1.728 = 2m

[Tfy_ifiiif with area = 4m* > A |, =3.456m*>

4.10.3 Determine the Depth of Footing Based on Shear Strength:
Assume h=55cm ......... d =550-75-20 = 455 mm

e Check For One Way Action:-
For X- direction
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y, == Ddyxa W

7= ((_Z’l)zi"i)-OASS)x 500 % 2.00
V. = 295kN

o7, =L [Fe xLxd

oY, =0—'673\/2—4><2.00><0.455><1o3
OV, = 557.259kN

QYA O.K

For Y- direction

v, =D dyxg, <

V. =((i°°;ﬂ_o,455)x500x2.00

v, =419.5kN
OV, =557.259%N
oV, >V,.....0K

e Check for Two Way Action :-

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

Bl o0
v, = l2(2+ - ).\/f_c,.bo.d

c

1({e,.d 1
V= N
4 12[ bo +2} f" 'bo'd
v, =§\/ £ bd

Where:
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Column Length (@) 500 5
= / ==
Pe Column Width @) 25

ded areca
b = Perimeter of critical section taken at (d/2) from the loa

= 2% {(at+d) + (b+d)} = 2% £(0.50+0.455) + (0.25+0.455)} = 3.32m.

o, =40 for interior column

el )
0.56v24 3.32.0455=4.144

1 (40x0.455+2}/ﬁ*3.32 %(0.455=4.614

v, :% oA1330. 455=2.466........- Control

V= 500% ( ( 2.0%2.0)-( 0.955%0.705) ) = 1663.3625 kN

v :%\/}:.bo_d = 0.333/24%3.32x0455x10°

Ve=2466T9%N.......$=0.75
@Ve=0.75x2466.79 =1850.099kN
Ve>Vu...... OK.

Design for Bending Moment:
At X- Direction

(2.00-0.5)/2=0.75
Mu=500x2.00x0.75% —Ozﬂ =28125kN.m

Using Reinforced Concrete.
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_28125 3195 kNm
09

n

=___=__/-——‘—'
Rn bd* 2.00 % (0.455)°

5 _ 420 _ 50588

M= 085x £ 0.85x24

g 1 1_2><m><Rn
P Al

s 1 1- ’1_2x20.588x0.679 _0.00164
20.588 420

ASg,, = pxbxd =000164x2000x455 =1496.5 mm’
—0.0018xb x & =0.0018x2000% 550 =1980 mm®

A S.S'hrinkage(min )
Asmin =1980mm?>.................. control
select 13414 withAs =2000.7 mm® > Asreq.=1980 mm’

At Y- Direction
(2.00-0.3)/2=0.875

Mu=500x2.00x0.875x Oicto

=382.8125kN.m

Using Reinforced Concrete.

3828125

Mn =42535 kNm

e 3R2.8105
.
bd>  2.00x(0.455)

=0.9245Mpa

N4 __ 420
0.85x fc' 0.85x24

m=

=20.588
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1 2xmxRn
D= 1- I ==an e
m /y

1 (1_ l_wwﬁ}o.oozzs

= 20588 420 .
4 = 0.00225x 2000 x 455 = 205078 mim

—0.0018x2000x455= 1980 mm®

P

Asg,,, =pxbx
=0.0018xbxh

ASShrinkage (min.)
Asreq =205 QGBI oo rinie control

2
select 14414 withds = 2050.78 mm? > Asreq.=2050.78 mim

Check for Strain:
At Y- Direction

Tension = Compression

Asx fy=0.85x% fe'xb xa
2050.78 x420=0.85x24x 2000 x a

a=21.111 mm
e 2L.1

i ~24.836
Bl 0.85 o
0.455 —0.024836

e = 0.

s e

S 0l0519-0005 ... OK

At X- Direction

Tension = Compression
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Asxﬁ)=0.85xfc'xbxa
2000.7><420=0.85x24x2000xa

a=20.59 mm

_a _2059 54929 mm
Bl 085
_ 0.455-0.024229 _ , 503
s =T 0.024229

g, =0053>0.005 oo OK

X

>

Check transfer of load at base of column:
®Pn = ©(0.85 fc'Ag)
®Pn = 0.65(0.85)(24)(0.25* 0.5)*1 0* =1657.5kN < 2000KN.
Since ®Pn<Pu.
. Dowels are required for load transfer
AS =0.005 Ag = 0.005 *( 500 *250) = 625 mm’®
2000- 1657.5/0.65%420 = 1254.5
9014 with As = 1385.44 > 1254.5

Development Length (Ly):-

Ldb= fy xd
4./ fe' :

420
Ldb= ——x14=300.06mm control

424

But not less than:

Ldb = 0.04(fy) d,=0.04(420)*14 =235.2 mm
Available Ld =h-cover-db=550-75-14=461 mm> 300.06
Ls=0.071y *db = 0.071 * 420 * 14 = 0.4175 1, . .

- - Use lap splices length 50 cm
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4-12 Design of strip Footing:

Determination of load:

From slab and Wight wall

Pu = 1.2%600.59 + 1.6%150 = 750.59 KN/m

Total factored load = 750.59 KN/m.

Soil density = 18 Kg/em’.

Assume footing to be about (30 cm) thick.

Jive load =5 kN/m®

Qanet =400 - 1.2%18 — 0.3*25 =370.90 KN/m”
= For one meter strip

600.59 _

o i 2
A 370.90 1.62m

B=127m,h=30cm
d=1300—75—-20/2 =215 mm
qus 7o0159/1L27 *11=591.015 KN/m?.

Check of One Way Shear:

Vu = 1*¥(0.635-0.15-d)*591.015

¢Vc=% fcexdxb

0.75
oVe = T 24+ 1000 xd = 612.37

1¥(0.635-0.15-d)*591.015 = 0.125v24 * 1000 * d

= d=0.238mm
L=238+75+20/2=323 mm
Take L=350 mm=3.5cm

Design of Bending Moment:

In longitudinal direction

Mu = 591.015%0.35*%0.35/2 = 36.2 kN.m
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36.2
M, e A0 2KNm
T

-3
My 402°10° _oennpa
bd®> 1000*215

i 412 _ 50196
0.85* fc  0.85%24

1 - h 2xmx Rn
p—m U

1 Ll_ Ex 2><20.196><0.87]:0.00211

m

P =30.19 420
Asg,, =p*b*d = 0.00211%215*1000 = 453.65 mm?*
ASgyingage = 0-0018%b %) =0.0018*215*1000 = 387 mm*

ASReq. =453.65> AsShrinkage = 387mm2

Use ¢ 14
No. =453.65/154=13.53 , Use 4 bars

¢ 14 at 25 cmc/c

Check of strain:
As*fy=085*f *b*a

616*420=0.85*24*1000*q
a=12.Tmm

a2 7
x—E:%=l4.92mm
s 14.92
g, =0.04>0.005

*0.003

In transverse direction:

Asmin=0.0018*B *h
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Ao =0.0018 * 800 * 350 = 504 mm’

Use ¢ 12
No. =504/113 = 442 ,Use4 bars

Use5¢ 12
Development Length of main Reinforcement

9 By _ VYe¥s¥e
ldreq = I'd*}j%* e *db

9 420 1x1%0.8
—— *
ldreq =70 * 1 %+/24 25

Ld guaiabie = 350 - (250/2) - 75=200mm

x 14 = 346 mm

Ld yaiipe= 200 mm < ld.eq = 346mm
Use Using hook > 16* ¢

Required length of hook > 16* ¢ > 16¥1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm

4-13 Design of Stairs :

Determination of Slab Thickness:

L=430cm.

b =1/20

b= 4800/ 20=2115cm. ... ... take h=25 cm,
= Use h=25cm.

tan'(166.67/ 300) =29.05°

Cos 6=10.874
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Fig (4-21): Stairs plan

load group no. 1
Dead/Live load - Factored

17.910}0

0.8

Fig (4-22) : Loads op stairs
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Load Calculations at section (A-A):

Load on Stringer:

Dead Load:
Tiles = 0.03*23*((0.35+0.1667)/0.30) =1.1884 KN/m.
7923 KN/ m.

ortar = 0,02%23 *((0.35+0.1667)/0.30) = 0.
e (03720 (08T, | = 0T5% KN/ m.
Steps = ((0.1667+0.3)/2) ¥ 25/0.3 = 2.84 KN/ m.
Slab = 0.25 *25/ 0.874=7.149 KN/ m.

Total dead load =11.968 KN/ m.

Live load:
Live load for stairs =5 KN/ m’.
Factored load
qu=1.2*11.968 + 1.6*5 =22.3616 KN/ m".

For one meter Strip, qu =22.3616 KN/ m.

Load on landing :

Dead Load:

Tiles = 0.03*23 = 0.69 kN/m?
Mortar =0.02*23 = 0.46 kN/m>
Slab = 0.25*25 =6.25 KN/m?2.
Plaster = 0.03*23 = 0.66 KN/m?2
Total dead load =8.06 KN/mz2,

Live load:

Live load for stairs = 5 KN/ 2
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Factored load
2%8.06+ 1.6 *3

_ 17.672KN/ "
17.672 KN/m.

qu =].

For one meter Strip, g% =

Design of Shear :
— Assume @ 14 for main reinforcement:-

So, d=250-20-14= 216 mm = 21.6 cm

Shear

-43.7

-50.9

49.4 487

. Fig (4-23) : Shear Envelope for stair
Vu=509 KN.

_ 7 *b,*d

Ve
6

P 0.75*%4/24%1000%216
= =132272KN

V =
u=50.9KN < ¢V =132272 kN
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Design of Bending Moment :

Moments: spans 1to 1

60.7 o

o e——

Fig (4-24) : Moment Envelope for stair
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Mu= 60.7 KN.m
Min =Mu/09=60.7
d=21.6cm.

Mn
R”—b-d2

/0.9 = 67.44 KN.m-

Y 6
o LT
" ~1000*216

" = 085x fC

5420
T 0.85%x24

p:—l—l—- | 1_\Pz*zo.sss*1.44 _356%10°
m 5 20.588 420

AS,,,= 3.56 %107 ¥100%21.6 = 7.69 cm™

=20.588

m

As_, =0.0018 *b*h = 0.0018 *100 * 25 = 4.5cm*
As =45 om’ < 4s,, = 7.69 cm’®

Wse OIA @ 20 cme/c ...
with As 769.69 >769... ok

Check for strain:

Tension = Compression
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A *ﬁ;=0_85*f6\*b*a
769,65 *420=0.85% 24*
a=15.85mm

1000*a

il 1_5"8—5—= 18.65mm
B 085

_216-18.65 . 003
SSRGS
003701005 =k

24

Secondary reinforcement:

— 0.0018xbxA=00018x100x25 = 4.5¢cm’

A SShrinkage

Use ®10 @ 20cm .......cooovvees With As = (100 / 20)*0.79 = 3.95 cm*
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ails:

Stairs at section (A-A) Det

B i e

\\ : ‘F“"‘{' A

g"- ) :V“)‘EG_;}"‘ _!ﬂ

| S

Bl

R L —
x N A
pk SO 5 N W‘
914@20 L=2.15 \;003 = S /e 88 88 B
> ——
974820

614@20 L=1.75 I/, s
:7“‘% 20

142820 L=
s

7,

(#)

2 B.[=85
14020 L=1.85

BL=1.55

P14@20 L=6.00

SECTION (A—A)

Fig (4-25) : Stair Section

99




Chapter Four

4-14 Design of Basement Wall :

P
‘. e \1‘ L ‘:
o d\ ‘;
.\ - 1
i
\ |
\ 1
| --~~—~:":, - “
“ \ soil ® E
| e, i
& nm \ .
5.44 mj . 5.81 \ f |
- e .—...;‘,‘ g
\

; |
et 5\ TR !
S !i }
e B - \‘ - i
. - Y Y ll

onfle SN L

Fig (4-26) : Basement Wall section

Load on Basment Wall :-

o Self weight of earth :
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ql = }/ X h X KO
Assume that

el ~18 KN /m’
6=30°
ke =036

q—18x54x0376 3657KN/m
Al 16><3657-5848KN/m

(1(factore
e Load from live load:
q,=Px s

g, =3x0376= 1.88 KN/m’
quz(factored) |1 6x1. 88= 3. 008 KN/m

e Normal Load :

load group no. 1
Dead/Live load - Factored

36.610.0 ﬁjﬁﬁ\(ﬁ\ﬁ

0/1.9

e

:~l

5.4

Fig (4-27) : Load Diagram on Basement Wall

q2 = NXKO
q, =7.0388x0.376 = 2.65 KN/m>
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pe (Factored)  Units:kN,meter

Moment/Shear Envelo

Shear

=2 98.
109.6

Fig (4-28) : shear Diagram on Basement Wall

Moments: spans 1to 1

-104.2
Moment/Shear Envelope (Factored) Units:kN,meter
1.27 T
1
49.8
3.2
= 4 } 2.18

Fig (4-29) : moment Diagram on Basement Wall
Design of the Vertical reinforcement:
Assume h =300 mm

498

Mn =55.33KN.m
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d=300—20—14/2=273mm
-3
Mn  55.33x10 _ 0.742Mpa

B T 023t

1 2mRn
Seal=— = )
e 1_M)=0.0018
P =70.588 420

4s,,, =0.0018 x1000 x 273 = 491 Amm* | m

Rn

s = 0.0012#1000%300 = 360mm” / m

As_. =360mm* [ m< As., = 491.4mm* | m

491.4:3.19
3

#of bar in on meter =

Select ®12@20cm c/c

IN OTHER SIDE

As = %x 491.4 =245 Tmm* | m

245.7

#ofbar in on meter = =301

Select ®10@20cm c/c

Design of the Horizontal reinforcement:

AShorezantal = 0002*1000* 300= 600n2m2 /nz

#ofbar inonmeter= 00 =8

Select @10@10cm c/c ,In tow layer

Check for Shear :
Vud= 98 KN

Ve = %Jﬁ*d*b
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=200=90=14/2=2]3mm
-3
Mn _55.33><10 _ 0.742Mpa

s 102750
1 2mRn
= = ((ll= I
2= 5 )
e 1 (l_\ﬁ_2><20.588x0.742)=0'0018
20.588 420

4s,,, = 0.0018 x1000 x 273 = 491 .4mm *Im

As.. =0.0012%1000%300 =360mm” /m

As_. =360mm*/m < As,,, =491.4mm* [ m

491.4:3'19
3

#of bar in on meter =

Select ®12@20cm clc
IN OTHER SIDE

As =%><491.4=245.7mm2 /m

#ofbar in on meter =%=3.11

Select ®10@20cm c/c

Design of the Horizontal reinforcement:

AS}rzama = 0.002%1000*300= 600mm? / m

#of bar in onmeter= %0—0 =8
9

Select P10@10cm c/c , In tow layer

Check for Shear :
Vus= 98 KN

¢VC=% fcxd=*b
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Ve = O—ZE\/'Z—Z* 0.273 * 1000 = 870.79 kN
6

@Vc >»>>» Vu ... No Shear Reinforcement is Required.

Design of Basement Footing:-

Total factored load in basement =1.2x (25 x5.03%0.3)=45.27 KN/m

Soil density = 18 Kg/em’.
Allowable soil Pressure = 400 KN/m’.
Assume footing to be about (30 cm) thick.
Footing weight = 1.2X(25%0.3) = 9 KN/m’.
Soil weight above the footing = 1.6X(3.44) X 18 =99.072 KN/m?.
live load =5 KN/m*
Gattow = 400-5-9-99.072=295.928 KN/m®
Assume b= 1m , h=30 cm
d=300-75-14 =211 mm,
Qur =45.27/1 *0.8=56.59 KN/m?

A
]
0.3
0.55 s
2z
rd 7,,
d A

N :

———— -

Fig (4-30): Footing geometry

Check of One Way Shear:-
Vu=1x(0.25 - 0.211)x 56,59 = 221 KN
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[0}
¢VC= g,/fCXde ]
PVc = QLE\/ZL} % 0.211 X 1 x 1000 = 129.2 K
6

oVe > V... No shear R.F is required

Design of Bending Moment:-

Mu = 56.59x0.25%2 = 1.77 KN/m

177
M :—.——21.97KNJ17
00

Mn 197x107

T b’ 1%0217
) o

"T85t 085%24

1[ 2><m><Rn}
p=—|1- 1-———
m \I 0

1 1_\/1_2><20.588x0.044
20.588 420

ASg,, = p¥b*d =0.0001049 *211*1000 = 22.134 mm>

AS gy = 0.0018 *b% = 00018 * 300 *1000 = 540 rmm
Aspe, =22.134 < Asg, 0. =540mm?

=0.044Mpa

=20.588

ks }: 0.0001049

Use Aquin

Use ¢ 14
No. =540/154 =3 .51 , Use 4 bars

Use hook > 16* ¢

Required length of hook > 16x @ >16x1.4=224 cm

Use Hooksel. = 25 ¢m > Hookreq = 27 dem

Use ¢ 14 @ 25 cm ¢/c
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In the other Direction:-

Ayin=0.0018 *b*h

A = 0.0018 * 1000* 300 = 540 mm®
Use ¢ 14

No. =540/154=3.51 ,Use 4 bars

Use ¢ 14 @ 25 cm c/c

9 Fy YehsPt * db

—_

1d 9 420 1%x1x0.8
= —k *
RO o 2.5

Ld available

* 14 = 345.7 mm

Ld avaitable= 475 mm > ldyeq = 345.7mm

4-15 Design of Shear wall:

Calculation of loads:
W Ground moor = Weight of slab + Weight of stairs + 0 5%
27330.7KN
W First Fioor = Weight of slab + Weight of stairs + 0.5*
lower columns & walls ) =28678.3 KN

(Weight of upper columns &walls ) =

(Weight of upper columns &walls + Weight of

W second Fioor = Weight of slab + Weight of stairs + 0.5% (Weight of upper columns &walls + Weight of

lower columns & walls) = 24488 KN

W ttira moor = Weight of slab + Weight of stairs + 0.5%

(Weight of upper columns &walls + Weight of
lower columns & walls) =20989.5 KN
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. s =
¢ slab + Weight of stairs +0-5 (Weight of lower columns &walls ) = 11659 |
= Weight of sla e

W fourth Floor

KN
wTotnI =W Ground +W Firsl+ W Second+ W third

Woroa =113145.6 KN

Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):
7=0.3 zone"3"
R=5.5
=1
Ca=0.24
Cv=0.24
h =23
Ct=10.0488

Where: Fig ( 4-31): shear wall

Z=Seismic zone factor as given in table 16-1.

R= numerical coefficient representative of the inherent over strength and global ductility capacity of
lateral force resisting systems, as set in Table 16-N or 16-P.

I= importance factor given in table 16-K_

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to leveli, norx, re

: spectively
& /4 qoese 30-8 C
= Ct (hn)3 (UB
T =0.0488(17.5)"* =0.4175

%
PGl 024

1 —

S _\* ) —
RIS 5ER0A175 " 0-1045y
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V <0.11*WKN....c ontrol
V >0.0264* WKN
F, =0.07*T*V = 007%0.4175%118237 = 3455KN

1051415.1
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Table (4 —2) Calculation

945KN.m
1718.5KNm

5555.1KN:m

\\<09925KN!'\

13367.9KN.m

\ 16355.64KN.m

AN

Fig (4-32) : Fx-Diagram

Shear Wall Design Parameters:
Jfe' =24 MPa

/=420 MPa.

h=20 cm. Shear wall thickness.
Ly= 9.35m. shear wall width
Hy=19.25 m. Story height.

Design of the Horizontal reinforcement-

109

of the total Fx.

270KN

491KN

1587.17KN

2885.5KN

3B13.4KN

4673041
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Chapter Four

Internal forces & moments:

ZFx SV =1587.17TKN

Critical Section

258
Sl
by _1925 _ g 63y
3T

storyheigh = 3.5m(control)
Mu = 5555.1KN

Design it by using Reinforced concrete:

Vu =1587 .17 KN
Vn =Vu/0.75 = 2116 .23 KN

Design of shear
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d=08%Lw= 0.8%14.10=11.28m

Control
ot fc'*h*d=14'274'*0.25*11.28=2302.52KN( )
6 6

J*hed N,*d_2g*025*1128  1M1L2% _ 5930 28K

Ve,

Vs =Vn-Vcl
Vs =2447.08 —2302.52 = 144 .56 KN

=
Av,\_ Vs 1447107 ) 5311%107m
s2 )" Fy*d  412*11.28 |

(———Av‘"“‘" } =0.0025*h =0.0025%0.25 = 0.625* 10’3m(Control)
S2

Sz=LTw= 14100/5 = 2820mm

8$2=3*h=3*250="750mm
S2 = 450mm(control)

select ——> 2910 ——> As =1.58cm?2

A
(i 0.5mm
S2

158 :

—=05->82=

= 316mm(Control )
Select.....§2=20cm < Sreq.=31.6¢cm

S2selected =20cm < 45¢m < 60cm
use.... 2610 @ 20cm(c/ c)in 2layer

B

Design of the Vertical reinforcement-

il
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h
— (0.0025+05(2.5— Ty &Y% _0,0025))SiH
Iw™" S,h

pmin
by, 1925 _506<25
T 7985
Avn=0.0025x.8, X h

S =§Lw =—;—x9350= 3116.67mm

S, =3 xh=3x200=600mm
S1=600mm(control)

Select 2¢10With area As =158mm 3
158 =0.0025x S, x 200

aS; =31 6mm(Conz‘rol )

Select S, =20cm < 31.6¢cm

S =20cm

——>Select $20/20cmc/c

Design of bending moment:

Mu = 5555.1 KN.m
1570.79*2 = 3141.59

w = 3141.59 *420 /(9350*200%24) = 0.0293

o/l = (0.0293 +0) /( (2+0.0293)+(0.85%0.85)) = 0.0375

® Mn = [0.5%3141.50 *420%9350*
D= Rk 350%(1+0)(1-(0.0375)]*10~=5937.192 KN.m
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4-16Design of steel Beams :-

Design of composite beams:-

Dead load for solid slab :-

Tiles = 0.03%23=0.69
Mortor =0.03*23 = 0.69
Sand =0.07*17=1.19
Slab =0.2*25=5

Plastering =0.03%22 = 0.66

Sum of dead load = 8.23 KN/m2

Live load = 5 KN/m?2

D.L=8.23KNM"2
L.L=SKN/M 2

6£.8m

o &lm

Fig (4

-33) : composit beam lo 1
ad Di
compute factored load on e o

3244
DL 328 0.224 = 221 kip/ft
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L =228 0.224 = 1.42 kip/ft

3.28
Factored load :-
DL =12%2.21=2.652 kip/ft

LL=16%142=2272 kip/ft

Compute the moment :-

Mo wsl? _ (2.265+2.272)%(20.2+3.28) _ 2489.6 kip. ft

8 8

Select the section , ASyeq & —

ts == ="7.874in

Assume a=1in,
ts —-‘25 =7.874—0.5=7374in

Mu = 2489.6+12

Asre e T
q d = = 59
@b*fy(§+ ts—%) 0.9*50(L;2+7.374) = 44,67 in

d=I801 2N for Wasy100 By assumed
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wig*158
BEAM COMPOSITE
s

Fig (4-34) : composit beam section

select Wig.iss  Ag~46.3 , d=19.7, br=113
Be =+ 20.2 x3.28 12 = 198.77in
<beam spacing =6.1*3.28%12 = 240.1 in ... controlled
T=C
As *fy =0.85%f \*be*a
46.3*50=0.85%3.5%198.77*a
a=391<ts=7.374

the nominal strength moment:-
Mn=Ag *fy (2 =
Ag *fy ( =+ s = E)

= 463*50(127 391
( o 7'374‘7) = 29456

PMn=0.9%2945.6=2651.04 » 1y,

=2489.6........... OK
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Design of shear (studs) :-

C = 0.85%f \*be*a
_0.85%3.5*198.77 *3.91=2312.14kip - controlled
T max = 67.7 * 50 = 3385 kip
The # of shear connectors required for each half span (N) :-
Qn : from table 16.8.1(nominal strength for stud) ,

%, in diameter * 3 in headed stud = 23.6 kip

_Cmax _ 231214

N = 98
Qn 23.6
Spacing for studs :-
= L _ 20.2+3.28%12 '
FINONERAW — g0 — 2-0381n

Pmax =8*ts=8*7.874 =629 in

P mini =6 * diamerter =6 * 0.75 = 4.51n

Then p max >p > p mini

62.9>9.938> 45

» OK
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