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Abstract

Structural Design and Details for RESIDENTIAL BUILDING

This project object to design and analysis all the element of construction of this
building and prepare all the drawing for this building, This building consists of
ten floor, the last eight floor consists residential apartments, the basement floor
is specially for cars and have water tank and holding tank ,and the ground floor
content some special uses like swim pool and children play area and have many
other things, the design according to the ACI 318 code and use this software for
design.
AutoCAD, ATIR, CSI Safe , CSI ETABS 2013

Project Team:
Basim isma'ael Alawawdeh
Belal Saeed AL-Talahmeh

Mohammad Hussain Al-Najjar

Supervisor:- Eng. Khalil Kramah
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Ac = area of concrete section resisting shear transfer.

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,
measured face-to-face of supports in slabs without beams and face to

face of beam or other supports in other cases.

el L =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.

Xi



¢ \V/n = nominal shear stress.

¢ /s = nominal shear strength provided by shear reinforcement.
e \Vu = factored shear force at section.

e \Wc = weight of concrete.

oW = width of beam or rib.

¢ \Wu = factored load per unit area.

e @ = strength reduction factor.

e £&c = compression strain of concrete = 0.003.
e & = strain of tension steel.

e &5 = strain of compression steel.

e p =ratio of steel area .
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Chapter Four (4)

Structural Analysis and Design

4 — 01 Introduction.

4 — 02 Factored Loads.

4 - 03 Determination of Slabs Thickness.
4 — 04 Design of Topping.

4 — 05 Design of Two Way Ribbed Slab.
4 — 06 Design of beams.

4 — 07 Design of Columns.

4 — 08 Check of Punching Shear In Flat Plate.
4 — 09 Design of Isolated Footings.

4 — 10 Design Basement Wall.

4 — 11 Design of Strip Footing.

4 — 12 Design of Stairs.
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4.1: Introduction

In This Project, there are four types of slabs: solid slabs, one-way and two-way ribbed slabs and
flat plat. They would be analyzed and designed by using finite element method of design, with aid of
a computer Program called " ATIR- Software" to find the internal forces, deflections and moments for

ribbed slabs, and then hand calculation would be made to find the required steel for some members.

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

accordance with the requirements and assumptions of ACI-code.

NOTE:

*Concrete B300 ................ { fc= 24 N/mm? (MPa) } .
*The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}.

4 .2 : Factored L oads.

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

determined as follows:

Qu=12DL+16LL ACI -318-05

28



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):

-The maximum span length for one- end continuous (for ribs):

L 3600
hpin = 185~ 185 — 194.6mm
The maximum span length for both -end continuous (for ribs):
L 4200
hopin = H- 21 - 200mm
The maximum span length for cantilever (for ribs):
L 2000
hpin = B- 18 — 250mm

Take slab thickness h=250 mm

4.3.2 Determination Thickness for two Way Ribbed Slab:

Assume hsiab for two way rib slab is 250 mm, and the section of external beam is

(b =80 cm, h =40cm), and the section of internal beam is (b = 100cm, h = 40cm).

The moment of inertia for the ribbed slab is the sum of moment of inertia of T-section ribs.
52x8% 4 + 12*17 * 16.5

Ve = =8.11cm
52 i 8 + 12 * 17 | 40 cm 12cm 40 cm |
52 %8.11% 4+ 12 * 16.893 — 40 = 0.113
Lip = 3
Irib = 28518.78 Cm4
bh3 80 * 403 .
lext—beam = 12 = 1 = 426666.67 cm ‘
bh® 100 x 403 \ L
lint-beam = 12 = 12 = 533333.33 cm

Fig. (4-1) T-Section of Rib Slab
29



For short direction Lr=6.85m, LI=6.75m

Lo (£ + 2+ by
Iy = -

28518.78 (%” + 6775 + 100)

s = 52
28518.78 (%” + 6775 + 100)

[ =
S 52

= 427781.53

6,75

= 427781.53 cm*

For long direction L =9.1m
l
Irib (E + bw)

b
f 910 ﬁa

28518.78 (T + 80) 0.1
I, = = = 293414.25 cm*

I, 53333333
M= s T 29341425
I, 426666.67
%2 =15~ 42778153

a +a, 18177 +0.9974
Im =T T 2

Iy =

o2

f,85

= 1.8177 |

= 0.9974

I

6,75

= 1.40775

tfm = 140775 < 2

-

The minmum slab thickness will be Fig. (4-2) panel of two

L,(08+ fy way rib slab
1400

h =
b T 36 + 58 (apm — 0.2)
L,=9.10m

lniong _ 910
ln short 6.85

= 1.328

B:

9100 ( 0.8 + ﬂ)

h — 1400
slab ™ 36 + 5% 1.328(1.40775 — 0.2)

but the minimum thickness of the slab from Safe program to limit the long trem defliction to L/360

= 227.4mm

is26 cm .

Take hg;,p, for ony way & two way rib slab 26 cm (9 cm topping and 17 cm block) .
30



4.4 Topping Design:

The Topping in ribbed slab can be considered as a strip of 1 meter width and span of
hollow block length with both end fixed in the ribs.

Dead Load Calculations:

Dead load from: ‘ oxXyx1 ‘ KN/m
Tiles 0.03*23*1 0.69
Mortar 0.02*22*1 0.44
Coarse sand 0.07*17*1 1.19
Topping 0.09*25*1 2.25
Partitions 1.5*%1 15
> 6.07

Table 4.1 (Dead load calculation for topping)

Live Load Calculation =2 X1 =2KN/m
w =1.2DL +1.6LL

Total Factored Load:

Wu = (1.2 x 6.07) + (1.6 x 2) = 10.48KN /m
40 cm

Assume slab fixed at supported points (ribs):

wi® il
el 12

wy, 1?2 10.48 * 0.42 m o
M, = = = 0.1397 KN.— Of Strip width
12 12 m

@M, = M, — Strength Condition,

Where @ = 0.55 — For Plain concrte
Fig. (4-3) Topping moment

M, = 0.42,/fc X S,,,Sm For rectangular section of the slab

2 %902
Sm = 72 = = = 1350 000mm?

M, = 0.42 = 1 * V30 * 1350000 * 107® = 3.1055 KN.m

@M, = 0.55 x 3.1055 = 1.708 KN.m

@M, = 1.0708 KN.m > M,, = 0.1397 KN.m
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NO reinforcement is required by analysis. Provide As, min for slabs as shrinkage and
Temperature reinforcement.

As = pbt = 0.0018 X 1000 X 90 = 162 mm?/m strip
Try @8 with As = 50.27 mm?
Use 408/m with As = 201mm?/m — @8 @250mm in both direction

Step(s) is the smallest of:
1. 3h=3x%x90 =270 mm - Control

2. 450 mm
3. §$=2380 (280) 2.5C- =< 300 (28())
ST fs e fs
280 280
S =380 5 —2.5C; <300 5
§420 5420

S =330 mm > 300 mm

Use ® 8@ 250mm in both directions. S = 250mm < Smax= 270 mm
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4.5: Design of Two Way Rib Slab

4.5.1: Load Calculation for Two way Rib Slab:

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

is calculated as follows:

Tiles 3 cm

ortar 2 cm

oarse Sand fill 7 cm

concrete Topping q om ?/‘—//'/;’ %//
; Z

‘oncrete block

Concrete rib

laster 2 cm

52cm
N
N\

TUCTTeT

l |

i

i—wcm—-lz—-—“]-—qocm—-

§ ) N3

Fig. (4-5) typical section inrib slab

Load Calculations:

Table 4.2: Dead load calculation for Rib

Quality Density

2em
ﬂ_wcmi—ﬂ—wcm—ﬁ—

Fig. (4-4) two way rib slab strip

" Material KNI W= Yy*v
1 Tile 23 0.03*23*0.52*0.52 0.187
2 Mortar 22 0.02*22*0.52*0.52 0.114
3 Sand 17 0.07*17*0.52*0.52 0.322
4 RC Topping 25 0.09*25*0.52*0.52 0.608
5 RC Rib 25 25*0.17*(0.52+0.4)*0.12 0.469
6 Block 10 10*0.17*0.4*0.4 0.272
7 Plaster 22 0.02*22*0.52*0.52 0.119
8 Partition (1.5kN/m?) 1.5*0.52*0.52 0.407
Total Dead Load 2.498
P P
0.52 * 0.52 m?

Live Load /rib: LL = 2KN /m?
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w=1.2%9.238 + 1.6 * 2 = 14.29KN/m?

4.5.2: Moment calculation using (coefficient method)

M, =Ca w2

l, 647
m, =2=—"2=0.703
l, 9.2
l, 6.6
m,=-2=—=0.718
l, 9.2

Note: All Coefficients take From Tables
In Appendix

|
1.8

[ |
&

== case § case §

]
)8

6.47 1 6.6

02

: '

Fig. 4-6 (Dimension of Panel)

Negative Moments at continuous edges (Table):
Caneg = 0.0908 — M, neq = Ca wig X 0.52 = 28.24 KN.m/rib  Panel 1

Caneg = 0.0899 > M, pee = Cb w IZ X 0.52 = 29.10 KN.m/rib  Panel 2

Positive Moments (Panel 1):
Cap = 0.0504 —» M,p =12.16 KN.m/rib
CyL = 0.0597 —» M, =416 KN.m/rib

Cpp = 0.0092 - Myp = 4.56 KN.m/rib
Cpp = 0.0132 — My, = 1.86 KN.m/rib

Positive Moments (Panel 2):
Cop = 0.0502 > M, = 12.6 KN.m/rib
CoL = 0.0582 > M, = 4.22 KN.m/rib

Cpp = 0.0101 — Myp = 4.93 KN.m/rib
Cpp = 0.0141 — My, = 1.98 KN.m/rib

Mapos = 12.16 + 4.16 = 16.32 KN.m /rib

M, pos = 4.56 + 1.86 = 6.42 KN.m/rib

Mapos = 12.6 + 4.22 = 16.82 KN.m/rib

Mp,pos = 4.93 + 1.98 = 6.91 KN.m/rib
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Note : Negative Moments at discontinuous edges = %x positive moment

Fig.(4-7) Moment Diagram

4.5.3: Shear Coefficients:

Panel 1: m;=0.703
W, = 0.908
W, = 0.092

Panel 2: m, =0.718
W, = 0.899
W, = 0.101
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4.5.4: Design Rib For Flexure:

4.5.4.1 Design of Rib (negative moment in short direction continues edge)
Mu=29.0 KN.m

Assume bar diameter 14 for main negative moment reinforcement.

d = h- cover ~dggirrups — 2 = 260 — 20 — 8 — = = 225 mm

fy 420
0.85*f. 0.85 * 24
Mu 29.0 * 10°

R = - = 530M
DT PbdZ 0.9 * 120 * 2252 pa

1 2R, *m 1 2 % 5.30 * 20.59
p=—(1- [1- = (1- [1- = 0.01490
m £, 20.59 420

As = p*b*d = 0.0149 * 120 * 225 = 402.1 mm?
*CheCk fOf Asy min:

Asmin = 025 * \ﬁ__f—é * bw* d

y
A= 0.25 % + 120* 225=78.73 mm?.
1.4 1.4
Asmin = — *Dw *d=—— % 120 * 225 = 90 mm? ... contral
fy 420

A5:4021 > Asmin:90mm2
Use 2@ 16 with A, = 402.12mm?
As prov=402.12mm?> A 1eq=402.1mm?

Check for Strain:
16
d=260—20—8—7=222mm

As*fy _ 402.12+420

a= r = 69mm
0.85%f.*b 0.85%24%120
= 0.85
-2 = 81.17
o085 o085 o mm

222-81.17_

€= 0.003* 2¢ = 0.003* 22222117 0,0053> 0.005
c 81.17

~use2 @16
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4.5.4.2 Design of Rib (positive moment in short direction)
Mu= 16.32 KN.m

Assume bar diameter ®14 for main positive moment reinforcement.

d = h- Cover dgirups — = = 260 — 20 — 8 — - = 225 mm

£, 2
M= 085+f, 085+24 °
Mu 16.32 * 10°

R. = = = 0.6889 M
N T PbdZ 0.9 * 520 * 2252 pa

1 2R, *m 1 2 % 0.6889 x20.59
p=—(1- [1- = (1- [1- = 0.0016687
m 3 20.59 420

As = p*b*d = 0.0016687* 520 * 225 = 195.24mm?
*Check for As, min:

Asmin = 025 * @ * bw*d

y

Asmin= 0.25 % « 120* 225=78.73 mm?.

1.4 1.4
Agmin = — *by *d=—— * 120 * 225 = 90 mm? .... contral
fy 420

A= 195.24 mm*> A

Sy min

=90 mmZ.... Ok

Use 2@ 12 with A, = 226.16 mm?
As proy = 226.16mm? > A 1oq = 195.24mm?

Check for Strain:
12
d=260—20—8—7=226mm

As*fy _ 226.16%420

a= r = 8.95 mm
085*fc>l<b 0.85%24%520
B = 0.85
_a _8.95_1053
€= 085 o085 ~oomm

226-10.53_
10,53

€= 0.003* ? = 0.003* 0.0613> 0.005

~use 2 12 for two panels
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4.5.4.3: Design of Rib in short direction (negative moment discontinuous edge)
Mu=5.6KN.m

Assume bar diameter ®14 for main negative moment reinforcement.

d = h- Cover dgirups — = = 260 — 20 — 8 — - = 225 mm

£, 420 2059
M= 085+f, 085+24
Mu 5.9 x 10°

R. = _ —1.08 M
N PbdZ 0.9 x 120 * 2252 pa

1 2R, *m 1 2% 1.08 *20.59
p=—>0- [1- = 1- [1- = 0.00264
m fy 20.59 420

As = p*b*d = 0.00264 * 120 * 225 = 71.37 mm?
*Check for As, min:

Asmin = 025 * \/ff_é * bwd

y

Asmin= 0.25 % « 120* 225 =78.73 mm?.

1.4 1.4
Agmin = — *by *d=—— * 120 * 225 = 90 mm? .... contral
fy 420

A= 7137 mm?<A

— 2
s,mm'_go mm

Use A = 90 mm?

Sy min

Use 2 @10 with A; = 157.1 mm?
As prov = 157.1mm? > Ag 1¢q = 71.37mm?

* Check for Strain:
10

d=260—20—8—7=227mm

Agxfy, _ 157.1%420

T 0.85+f/+b 0.85+24%120 26.95 mm
B= 0.85
I _26.95_311
=085 T 085 mm ]
&= 0.003* L= = 0.003* 2222252 _0 022> 0.005
c 26.95

~use 2 10 for two panels
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4.5.4.4: Design of Rib in long direction (positive moment discontinuous edge)
Mu= 6.91KN.m

Assume bar diameter ®14 for main positive moment reinforcement.
d = h- Cover dgirups — = = 260 — 20 — 8 — - = 225 mm

£, 420

= = = 20.59
0.85xf. 0.85 %24

R - Mu 6.91 = 10° 029 M
N7 PhdZ 095202252 o0 P4

1 2R, *m 1 2% 0.29 *20.59
p=—>0- [1- = 1- [1- = 0.000695
m fy 20.59 420

As = p*b*d = 0.000695*520 * 225 = 81.37 mm?
*Check for As, min:

m

Asmin = 025 * @ * bw* d

y
24

Asmin= 0.25 g + 120* 225 =78.73 mm?.
1.4 1.4

Agmin = — *by *d=—— * 120 * 225 = 90 mm? .... contral
fy 420

A=81.37 mm2<As’ min = 90 mm?

Use A =90 mm?

Sy min

Use 2 @10 with A; = 157.1 mm?
As prov = 157.1mm? > Ag 1¢q = 81.37mm?

* Check for Strain:

10
d=260—20—8—7=227mm
Ag*fy _ 157.1%420

= —= = 6.22 mm
0.85*f b 0.85%x24%520
B= 0.85
a 6.22 73
o085 o085 MmN

227-7.3

€=0.003* % = 0.003* 3 =0.09> 0.005

~use 2 @10 for two panels
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4.5.4.5: Negative Moment of Rib in long direction take From cantilever:

Table 4.3: Dead load calculation for cantilever rib

Dead load from: O * y*b KN/m/rib
Tiles 0.03*23*0.52 0.359
Mortar 0.02*22*0.52 0.229
Coarse sand 0.07*17*0.52 0.619
Topping 0.09*25*0.52 1.17
RC rib 0.17*25*0.12 0.51
Hollow block 0.17*10*0.4 0.68
Plaster 0.02*22*0.52 0.229
Partition 1.5*0.52 0.78
> 4.804
Dead load for each rib =4.804 KN/m/rib
Live load for each rib =0.52*4=2.08 KN/m/rib
Wu =1.2*4.804+1.6*2.08=9.09 KN/m/rib
Load of RC wall act at edge of cantilever rib=25*0.2*3=15 KN/m
wl? 9.09 * 22
My max = T+ Pl = T-l_ 15 %2 % 0.52 = 33.78KN.m/rib

Assume bar diameter ®14 for main negative moment reinforcement.

d = h- Cover dgirups — £ = 260 — 20 — 8 — - = 225 mm

£, 2
M= 085+f, 085+24 °
Mu 33.78 * 10°

R. = = =617 M
N DbdZ 0.9 x 120 * 2252 pa

2R, *m 1 2%20.52 % 6.17
fy 20.59 420

= 0.01796

As = p*b*d = 0.01796 * 120 * 225 = 484.97 mm?
Check for As, min:

Asmin = 025 * @ * bw* d

y
Asmin= 0.25 % + 120* 225 =78.73 mm2
Asmin = 14 *Dy ""dzﬂ * 120 * 225 = 90 mm? .... contral
fy 420

A= 484.97 mm2> A =90 mm?.... Ok

Sy min
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Use 2 @ 18 with A, = 508.94 mm?
As prov = 508.94mm? > Ag req = 484.97mm?

Check for Strain:
18
d=260—20—8—7=223mm

As*fy  _ 508.94x420

= = = 69.85mm
0.85%f b 0.85%24%120
B = 0.85
a 69.85
c=——=——=82.18mm
085  0.85 -
£5= 0.003* =~ = 0.003* % = 0.00514> 0.005

~use2 @18

4.5.4.6: Design of Rib in long direction (Negative moment discontinuous edge)
Mu= 2.3KN.m

Assume bar diameter 10 for main negative moment reinforcement.

d = h- cover ~dggirrups — 2 = 260 — 20 — 8 — = = 227 mm

£, 420
0.85+f, 0.85+24
Mu 2.3 % 10°

R = _ = 0413 M
DT PhdZ 0.9 * 120 * 2272 pa

1 2R, * m 1 2 % 0.413 % 20.59
p=—(1- [1- — (1- [1- = 0.001
m 3 20.59 420

As = p*b*d = 0.001 * 120 * 227 = 27.24 mm?
CheCk fOI’ Asy min:

Asmin = 025 * \{c_f—(’: * bw* d

y
24

Asmin= 0.25 V2% « 120% 227 =79.43 mn

1.4 1.4
Asmin = — *by *d=—— * 120 * 227 = 90.8 mm? .... contral

fy 420
A=27.24 mmP<A_ . =90.8 mm?
Use A, .= 90.8 mm?
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Use 2 @10 with A, = 157.1 mm?

As provided = 157.1mm?* > As req — 32.55mm?

Check for Strain:

Agxfy, _ 157.1%420

" 0.85¢f/xb 0.85%24%120 CERCR
B= 085
a 2695
Czﬁzﬁz31.7mm
&= 0.003* == 0.003* “—== = 0.018 >0.005

~use 2 @10 for two panels
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4.5.5: Design For Shear:

The maximum shear coefficient will be in the short direction for the slab with boundary
condition as in case 6:

Wa= 0.908

o The total load on the panel being (9.2 * 6.47 * 14.29 = 850.6 KN)

e The load per rib at face of the long beam is (0.908 *850.6 *0.52 / (2 * 9.2)= 21.83 KN
The shear critical section is at distance d from the beam face:

Vud = Vi ace — Wy * b * d = 21.83 — (14.29 % 0.52 * 0.225 ) = 20.15kN

The shear strength of rib in the slab is:
1 1
Ve=Tlxzx JExby xd = L1x = V24 % 120 * 225 * 1073 = 24.25kN

@V, = 0.75 * 24.25 = 18.18kN
@V, = 18.18kN < V,, = 21.83kN

Vs, min :iG* £ *b,*d = iﬁ* 24 *120%225*103 = 8.27 KN

1 1

Vs min =§ *p,,*d = § *120*225*103 = 9 KN... control

1 1
SOV = =% 0.75 + 24.25 = 18.18kN < Vyq = 20.15kN < OV + Vs min) = 2493 kN

Provide minimum shear reinforcement
Use 208 for the stripe Ay 95 = 2 * 50.25 = 100.5 mm?
Ay 208 B 1b, B 120

= = =0.0952 - s=1055.25mm
s 3f, 3%420

d
Smax < 5 < 600 mm

225
Smax S =~ = 112.5 < 600 mm

Use 208 @ 10 cm c/c for the distance of 1m from the face of suppurt,

and 208 @ 30 cm ¢/c in the middle space . Note that the shearforce at

1 m from the face of supportis Vy ;e 1m = 14.29 * 0.52 x (3.23 — 1) = 16.17kN < @V,
= 18.18kN

so no shear reinforcmant is required for middle Space.
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4.6 : Design of beam (B10 , 80*60 cm) :

Fig.(4-8) Load Acting On B10

4.6.1 Load calculation of beam (B10) :
service LL from the slab ( panal 1)
I, =2%3.2=64kN/m

service LL from the slab ( panal 2)
,=2%33=66KkN/m
service DL from the slab ( panal 1)
g =9.23 3.2 =29.9kN/m
service DL from the slab ( panal 2)
lg = 9.23 % 3.3 = 30.55 kN/m
weight of the beam

from Atir program the minimum thicnees of beam to limit the deflection to (L/360) is57cm . take
Nbeam =60 cm .
=0.6*0.8%x25=12kN/m
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Table 4.4 : Weight of the matrails acting directly on the beam:

Matrial Y w=yx*V

Tiles 23 23*0.03*0.8=0..552
Mortar 22 22 *0. 02 *0.8=0.352

Sand 17 17 *0.07 *0.8 = 0..952
Plaster 22 22 *0.02*(0.8+2*0.34) =0.651

Total dead load kKN/m 2.507 kN/m

Weight of RC wall on the beam:

= 0.2*3 *25=15kN/m.

service LL act @ the beam.
=2%(08—0.2)=12kN/m

service DL from cantilever:

lq=2+%4.8/0.52 = 18.46 kN/m

Weight of RC wall on the edege of contelever=15 KN/m
18.47+15=33.46 KN/m

service LL from cantilever:

IL=2%4=4kN/m

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

Beam (B10)
1 2
T A—‘ T A—‘
A - A
0.4 7.2 0.4 75 0.2
| ‘ | 7.6 } ‘ | 7.8 }‘}
[ I 1
60.
80.
A—A

Fig.(4 —9) Geometry Of Beam (B10)
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Dead load - Service

Units:kN,meter

e T T e =

29.
33.4 33.4
T P R T N
VvV vV e v v v VY v v v v/
1Z.U 1IZ.U
3.75 O.%?S 3.8 3.9 (1%5 3.65
Live load - Service
[ BH] I =0 | | I I 0 I I BB
3.75 8. 38 S9 19285 3.65
] 1
Fig.(4 — 10) Load On Beam (B10)
Moments
-723.8
-630.4 -627.5
| 21,1.97 }
— é‘ i i |
37, } 1.7 | 1.66 M
363.6 419.4
1 3.42 } 4.18 ‘ 4.29 } 3.51 \
Shear
-476.2
-406.2
-182.9209:3
f i
193.4162'6
420.6
490.6
Reactions
Factored
H H H
DeadR 161.24 804.99 175.17
LiveR 32.16 161.84 34.15
Max R 193.4 966.82 209.32
Min R 152.97 883.42 167.98
Service
DeadR 134.37 670.82 145.98
LiveR 20.1 101.15 21.34
Max R 154.47 771.97 167.32
Min R 129.2 719.84 141.48

Fig.(4 — 11) Moment And Shear Diagram of beam (B10)
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4.6.2: Design Of Beam For Flexure:

4.6.2.1: Design of positive moment for beam (B10):

Mu=419.4 KN.m for span 2

Assume @ 20 will be used

d= h- cover - d simps — 2= 600 — 40 - 10 - 2= 540 mm.
C=2d =2 540 =231.43 mm

B = 0.85
a= B * c=0.85 * 231.43 = 196.7

Mn max = 0.85* f *a*b * (d -g) =0.85 *24*196.71 *800*(540 -196.71 /2 )* 10~
=1417.83 KN.m
@ =0.82

Mu=419.4 <O mn__ = 0.82x1417.83 = 1162.62 KN.m

Design the section as singly reinforced concrete section.

£, 420
m = = = 20.59
0.85%f, 0.85 24
Mu 419.4 * 106

R. = — = 1998 M
N T DbdZ 0.9 800 * 5402 pa

1 2R, *m 1 2 % 1.998 * 20.59
p=—(1- [1- = (1- [1- = 0.005015
m 3 20.59 420

As = p*b*d = 0.005015* 800 * 540 = 2166.53 mm?
CheCk fOI’ As’ min:

smin = 025 * \/];_f_(,: * bw* d

y

Asmin= 025 % + 800* 540 =1259.74 mm?>.

Asmin = 14 *Dwy "‘dzﬂ * 800 * 540 = 1440 mm? .... contral
fy 420

A=2166.53 mm2> A = 1440 mm?

'Sy min

Use 720 with A; = 2199. 15 mm?
As prov = 2199.15mm? > A 1oq = 2166.53 mm?

Check for Strain:
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As*fy _2199.15%420

= —= = 56.6 mm
0.85xf,*b 0.85%24*800
_a_ 56,6 66.6
c= 5= 085~ °¢ mm

£= 0.003* (=5) = 0.003* (*-2>%)= 0.0213> 0.005

800 —-40%2—-10%x2—7 %20
Sp = = 93.33mm > 25mm > 1.5db = 30mm

6
Use 7@ 20

4.6.2.2: Design of positive moment for beam (B10):

Mu= 363.6KN.m for span 1

Assume @20 will be used

d= h- cover — d imps — 2= 600 — 40 — 10 - 2= 540 mm.
C= %d = %* 344 = 147.42 mm

B = 0.85

a=B *c=0.85*231.43 = 196.7

Mn max = 0.85* f *a*b * (d -g) =0.85 *24*196.71 *800*(540 -196.71 /2 )x 10~

=1417.83 KN.m
@ =0.82

Mu=363.6 <® mn_ =0.82x1417.83 = 1162.62 KN.m

Design the section as singly reinforced concrete section.

£, 420
0.85+f, 0.85 *24
Mu 363.6 * 10°

R. = _ —1732 M
N T DbdZ 0.9 * 800 * 5402 pa

L[ 2Reem 1 | 2er732e2089
P= 5 2059¢ 420 -

As = p*b*d = 0.004315* 800 * 540 = 1864.3 mm?
Check for As, min:

smin = 0.25 * @ * bw* d

y

Asmin= 0.25 Y2% « 800* 540 =1259.74 mm?.

2
420
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1.4 1.4
Agmin = — *bw *d==— * 800 * 540 = 1440 mm? .... contral
fy 420

A=1864.3 mm2> A = 1440 mm?

Sy min

Use 620 with A; = 1884.95mm?
As prov = 1884.95mm? > Ag ;oq = 1864.3 mm?

Check for Strain:

Ag*f, _1884.95%420

= —= = 41.23mm
0.85%f,*xb 0.85%24x800
a 41.23 485
‘T8 085 o0

£= 0.003* (=5 = 0.003* (** %)= 0.0304> 0.005

800 —40%x2—-10%x2—6%*20
Sp = = 116 mm > 25 mm > 1.5db = 30mm

5
Use 620

4.6.2.3: Design of negative moment for beam (B10):

Mu=-630.4 KN.m
dy 20
d= h- cover — d stirrups — 7= 600-40-10 - 7= 540 mm.
C= §d = 3* 344 = 147.42 mm
B = 0.85
a=p *c=0.85*231.43=196.7

Mn max = 0.85* f *a*b * (d -g) =0.85 *24*196.71 *800*(540 -196.71/2 )= 1076
=1417.83 KN.m
@ =0.82

Mu= 630.4 <® mn_ =0.82x1417.83 = 1162.62 KN.m

Design the section as singly reinforced concrete section.

£y 420
0.85+f. 0.85 * 24
Mu 630.4 = 10°

R. = _ = 3.003 M
DT DbdZ 0.9 800 * 5402 pa

1 2R, *m 1 2 % 3.003 * 20.59
p=—(1- [1- = (1- [1- = 0.00777
m 3 20.59 420

As = p*b*d = 0.00777* 800 * 540 = 3356.93 mm?
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CheCk fOI‘ Asy min:

Asmin = 025 * @ * bw* d

y
Asmin= 0.25 % + 800* 540 =1259.74 mm?.
1.4 1.4
Asmin = — *Dw *d=—— * 800 * 540 = 1440 mm? ... contral
fy 420

A= 3356.93 mm?2> A = 1440 mm?

Sy min

Use 1120 with A; = 3455.75mm?
As prov = 3455.75mm?* > Ag req = 3356.93 mm?

Check for Strain:

Ag*fy _3455.75%420

= —= = 88.93mm
0.85xf.*b 0.85%x24+800
_a 88.93 P
“TBT0gs o oomm

540-104.63
104.63

£s= 0.003* (?) = 0.003* ( )= 0.0125> 0.005

800 —40*2—10%x2—11 %20

Sb =
10
Use 11@20

=48 mm > 25 mm > 1.5db = 30mm
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4.6.3: Design of shear for Beam (B10):

ACI 318 —Categories for shear design: critical section at distance d= 344mm from the face of
support.

VU critical = 420.6 KN at support.

Ve :% * [f *bw *d- 24 *800*540*103= 352.73 KN

Check for section dimension:

VS— Yu _\je= @ -352.73 = 208.1KN

Vs max = 5 * VI *bwrd =3 2 %\[24 *800*540*103 = 1411 KN

Find the maximum stirrups spacing:

V=2 * Jf *bu*d =5 *V2& *800*540%10° =705.45 KN

V<V then

Srmax< 600mm or  Spax< 5= =270 mm

Check for VSmin:

Vs m.n— £ *bw*d =— *x/_ 4 *800*540*103=132.3 KN

Vs m.n— *pw*d == *800*540*10 =144 KN... control

Vs min =144KN< V5= 208.1KN < I/ =705.45 KN
case VI — Stirrups are required

Use stirrups 2U — shape (4 legs stirrups) 10
With Av =4*785 = 314mm?.

Apfye*d _314%420%540%1073
Vs 208.1

S=342.37 < Smax=270mm

Sreq = =139.59 mm

Take 2Ushape (4 legs stirrups ) @10 @ 200mm<Sreq< Smax
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4.7: Design of Column C2

Design a tied column (C2) in Ground Floors Which Have the following loads:
Pp = 4500 KN PL=675KN ( Fc =24 MPA , Fy = 420 MPa)

4.7.1: Determine Dimension Of Column
Pu=12DL+1.6 LL=1.2(4500)+ 1.6 (675) = 6480 KN

A
Assume: 001 < pg=—=< 008, pg=002 »»» Ay= pyAg = 0024,
g

Select Column Dimension:
OPymax = B, = 00.8[085Fc(A;— Ag )+ A ;] . © = 0.65 — For Tied Column
6480 X 103 = 0.65 X 0.8 {0.85 * 24(Ag — 0.02Ag) + 0.02Ag X 420}

6480 X 10° 438380.282 mm?2 >»>» A =h#*b
= — = . = k
97 052 x 284 mm g

We Will Use Rectangular Section With: b =40cm ,h =90 cm

y
4.7.2 Check Slenderness: , [
KL M1 |
— < 34—12(—) < 40 ' g
T M?2 N o &
X ! X
Lu=33-06=27m o
! <
M1/M2 =1.0 (Braced Frame with Mmin) !
. \ 4
K = 1.0 (For column in nonsway frames) :
y
900 mm .
KL, . .
— < 34—-12%1.0=22 < 40 Fig. (4-12) Column Section
r

KL, 1.0 x2.7

-~ = 03 %04 = 22.5 > 22 — Long Column for bending about x — axis

KL, 1.0 x2.7

= =10 < 22 — Short Column for bending about y — axis
ry 0.3 x0.9
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4.7.3 Calculate the minimum eccentricity and minimum moment and Compute El:

emin = (154 0.03h) = 15 + 0.03 * 400 = 27 mm
Mypin = Pu % ey, = 6480 x 0.027 = 174.96 KN.m

E; = 4700/fc = 470024 = 23025.2 MPa
bh® 900 x 400

I = = 4.8 x 10° mm?
9= 12 12 mm
1.2 DL 1.2 x 4500 0,833
Bans = 1.2DL + 1.6LL ~ 6480
0.4E.I, 0.4 x 23025.2 x 4.8 x 10°
I= = = 24118.1 KN. m?
1+ Buns 1+ 0.833

4.7.4 Calculate the moment magnifier factor:

m2El w2 % 24118.1
T (KLw? (1.0 x 2.7)2

P. = 32652.42 KN

M1
Cn=0.6+ 0.4m =06+04x1.0=1.0

Cm 1.0
Bns = — P = —gago— = 1.36 > 10
0.75P, 0.75%X32652.42

The magnified eccentricity and moment:
e = enpin X Ops = 27 X 1.36 = 36.72 mm
M, = §,;M, = 1.36 x 174.96 = 238 KN.m

4.7.5 Select Reinforcement:

At = pgly

From Prokon 2.6.1 Software ,We Have Interaction Diagram :
pg = 0.0355 = 3.55%

Age = pgAy = 0.0355 X 400 x 900 = 12780 mm?

Take 26025 With As ~ 12780 mm?
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Column design chart (Y-Y)

9000

8000

7000

6000

5000

4000

3000 3

~ 2000

£ 1000 - o/wgo oﬁo oﬁo /ow = ”7§ Dj%g
E g— 8 &8 =& 8 & g8 s-% s—75 3
S-WDUD

2000

3000

-4000

-5000

6000 el

Bending moment (kNm)

Fig. (4-13) Interaction Diagram

4.7.6 Design of Ties:

Use @ with spacing of ties shall not exceed the smallest of:

1.48 times the tie diameter ,48d; = 48 X 10 = 480mm

2.16 times the Longitudinal bar diameter,16d;, = 16 X 25 = 400mm
3. The least dimension Of column = 400mm — Control

Used10 @ 200 mm

oB10B20
40 [=232
N / / 22;

N 210820 - 12
E— [=174 5
W 3244,

K - ° 18| 12118 82 82
I 32
22

N

26025

Fig. (4-14) Column Detail
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4.8: Check of Punching Shear In Flat Plate:

Checking two way shear (punching shear) at an interior column in flat

plate
Flat plate thickness hs,2=350 mm

Column diminution is ( 90*105 cm)

From the safe program the service load act at the column are:

Loads: Dead load =964.53 KN
Live lode =354.22 KN
Area load: Dead load =12.75 KN/m

Live load =5KN/m

Factored Area load act at the column
Wu=12DL+1.6LL=1.2%*12.75+1.6*5=23.3 KN/m
Factored load act at the column

Wu =1.2*%964.53 +1.6*354.22 =1724.18 KN

The punching shear is critical on a rectangular section located at distance d/2 from the face of the
column.

Assume @20 be used in flat plate in two direction
davd =h- cover — dp= 350 -20-20 =310 mm

V., at the critical perimeter for two way shear
Vy=1724.18 -23.3 (1.21*1.36) = 1685.84 KN

Compute @V, for critical section ‘

200
1210

Ve =51+ )VF bod 1050

V== “b—od + 2)J/F byd

Ve = 31 bod 1360
bo=2(1,21+1.36)=5.14 m Fig. (4-15) Column Critical Section
p=r = 1.168

as; = 40 — Interior column
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2
1.167

=(1+—)= 04523

1 (40*0,310

12 5.14

§=0.3333 ... Control

+ 2)= 0.3677

Therefore the smallest value of V. is
1
V.= 5\/24 * 5140 % 310 * 1073 = 2602.01KN

OV, =0.75 *2602.01 =1951.51 KN
DV, =1951.51 KN > V,;=1685.84KN

The flat plate thickness is adequate enough, and no shear reinforcement required.
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4.9 Design of Isolated Footing (F2):

Determine the base area and overall thickness for a spread footing with the following

Condition, and design the footing:
Total Service Load Pn =5646.2 KN
Total Factored Load Pu = 7340 KN

Service Surcharge = 5 KN/m?

Surcharge

5 KN/m? \

\Hn

w7

* 1000 mm

Allowable soil pressure ga = 500 KN/m?
Soil Density = 18 KN/m?®

Concrete Density = 25 KN/m?® E
Fc =24 MPa, Fy=420 Mpa

e

Concrete Cover = 75 mm

hj'ba\l‘mg

Diameter Of bar = 20 mm

4.9.1 Calculate the weight of footing, soil, and the surcharge floor load:

b 'W@,W/

Fig. (4-16) Isolated Footing

Assume Thickness of Footing = 100 cm
Wiooting = 1.0 X 25 = 25 KN/m?
Weoiy = 1.0 X 18 = 18 KN /m?

Total Surcharge load = 18 + 25+ 5 = 48 KN /m?

Net soil pressure , qq e = 500 — 48 = 452 KN /m?

4.9.2 Required Size Of Footing:
P, 5646.2
qa,net 452

A= =125m?, A= 17

»>» L= +vA=+V125= 355m

P, = 7340 KN
_ P 7340 582.54 KN /m?2
W= A7 e T 2% /m
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4.9.3 One Way Shear (Beam Shear):

Vu at distance d from the face of support: I y
Critical section for
L a 3.55 04 one-way shear ‘\\I/
v, = qub(————d) — 582.5 X 3.55 X (————d)
2 2 2 2 04m
Let V.= 0V, (6 =075) I/ |
1 1 1.0m 3.55m
V, = —Jfcbyd = —V2& x 3550 x d |/
6 6 Tributary area for
458.75 x 3.55 (3.55 0.4 d) 1@ 3550 x d one-shear 7
X ——=—d| == X X
0.75 2 2 6 /
»>» d=0.675m
d |
- 1.575 m -
h=675+75+20 =770 mm Fig. (4-17) Critical Section for One Way
Take h =800 mm
Then , d =800—75—20 =705mm

4.9.4 Two Way Shear (Punching Shear):

Vu at distance d/2 from the face of support:

Let V, = @V, (@ =0.75)

V, = 582.5 X (3.55 x 3.55 — (1.0 + 0.705) (0.4 + 0.705)) 4
V, = 6243.5 KN &

A )
. Ve e
LTI Ty ///K
400 ) shear // /
b, = 2(1.0 + 0.705) + 2(0.4 + 0.705) = 5.62m

Fig. (4-18) Critical Section for Two Way

Critical

shear /

perimeter

as = 40 — interior column

1 2 1 2
V. = 3(1 +E)\/ﬁbod = E( + E)Jﬂx 5620 X 705 x 1073 = 5823.1 KN

@V, = 0.75 x 5823.1 = 43674 KN < V, =6403.0KN — NotOK

Try h=1000mm |, Then d =905mm
V, = 582.5 % (3.55 x 3.55 — (1.0 + 0.905) (0.4 + 0.905)) =5892.85 KN
b, = 2(1.0 + 0.905) + 2(0.4 + 0.905) = 6.42m

1 2 1 2
Ve = €(1+E)VFCbOd =g< +E>V24X6920 X 705 x 1073 = 8539.1 KN

@V, = 0.75 x 8539.1 = 6404.3 KN > V, =5892.85KN — OK
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Fig. (4-19) Critical Section for Moment

4.9.5 Design For Flexure In Long Direction: l/
. Critical section
Take Steel Bars of Diameter 20 for moment \l/
B =3.55m, h=1.0m, d = 1000 -75—20/2 = 915 mm
1.5752
2

Mu = 582.5 X 3.55 X = 2564.81 KN. M
oo Mu _ 256481x10°
"= Bbdz T 09x3550 x9152 ¢ Tributary area
Fy 420

m = = = 20.6
0.85fc  0.85x 24
1 2mRn\ 1 2 x 20.6 X 0.959

p=—(1- |1- - 1- [1- = 0.00234
m fy |~ 206 420

As = pbd = 0.00234 x 3550 x 915 = 7604.2 mm?
ASpin = 0.0018bh = 0.0018 x 3550 X 1000 = 6390 mm?
As > Aspin SO, Take As = 7604.2 mm?
Use 24020

4.9.6 Design For Flexure In Short Direction: l\

Take Steel Bars of Diameter 20

I_ 1275m
=

" /
Tributary area Critical section

d=1000 -75 - 20 - 20/2 = 895 mm for moment for moment
2
Mu = 582.5 X 3.55 X — = 1680.8 KN
R — Mu _ 1680.8 x 10° — 0.65675 MP
"= 9bdZ T 0.9 x 3550 x 8952 @
Fy 420
m= = = 20.6 ] .- .
0.85fc 0.85x24 Fig. (4-20) Critical Section for Moment
1 2mRn 1 2 X 20.6 X 0.657
p=—1- [1-— = 1-— — = 0.0016
m fy 20.6 420

As = pbd = 0.00163550 x 895 = 5083.6 mm?

As, = 0.0018bh = 0.0018 x 3550 X 1000 = 6390 mm?
As < Aspin So,  Take Asy, = As = 6390 mm?
Use 21020
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4.9.7 Footing Details:

s\ o P s .
Q Q< | 035 |
i
g 8 3.40 <K
? | 24220 L=4.10 o |l
| : ¥ |l
2 8| 8 | ﬁ Q L
bt o) -— k <
| -8 |
w | S
N | |
| 0.35 |
St e z
01  1.58 040 158 04
0.1 3.55 01
375
Fig. (4-21) Footing 2 Plan
0.00
-1.00 el ile | il v le @l d
H 220@17.5
-2.00 T 14.5
20 L oRe

Fig. (4-22) Footing 2 Elevation
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4.10 Design Basement Wall:

Design the basement Wall Which have the following condition :

Fc =24 MPa

Fy = 420 MPa
Backfill Density = 18KN/m?

Surcharge Load =5 KN/m?

i

Wall Thickness = 30 cm

Co =1-singp =1 —sin37 = 0.398

4070

L7

4.10.1 Load Calculations: =

P, = due to soil Pressure Fig. (4-23) Basement Wall Condition
P1 = CO X h X YS
= 0.398 X 5.675 x 18 = 40.65 KN /m? <

P, = due to Surcharge Load

P, = Cp X Surcharge Load

= 0.398 X 5 = 1.98KN /m?

565

L 5

Fig. (4-24) Static System
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From Atir We have the moment and shear diagram:

Moments: spans 1to 1

146.6

2.55 3.12

Shear
-69.7-70.5
|
121.4
132.
Reactions
Factored
L |
| ]
DeadR 0. 0.
LiveR 132.02 70.51
Max R 132.02 70.51
Min R 132.02 70.51
Service
DeadR 0. 0.
LiveR 8251 44.07
Max R 82.51 44.07
Min R 82.51 44.07

Fig. (4-25) Moment and Shear Diagram for Basement
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4.10.2 Design of Bending Moment:

My=146.6 KN.m
Assume bar $20 will be used
d=300-75-20/2 =215 mm

*1Nn6
R, = 1466710 =3.52MPa .

" 0.9*1000*215°

__ W
0.85x fc'

420
0.85x 24

1 2mRn * *
p=—1-[1- -1 1_\/1_2 20597352 | _ 0.009276
m f, 20.59 420

Asreq = 0.009276 *1000*215 =1994.31 mm?

=20.59

As min=0.0015bh ..., (9>16)
=0.0015*300*1000=450 mm?

Asnin= 0.25 g « 1000* 215=626.95 mm?.
1.4 1.4

Asmin = — *bw *d=—— * 1000 * 215 = 716.67mm? .... contral
fy 420

As req >As min
Use ¢ 20 @ 15cm

As prov =% * 314.16 = 2094.4 mm? >As req =1994.31 mm?

Check for spacing
3h=3*300=900mm
S=450

S=115 mm< 450

As*fy _ 2094.4x420

a= , = 43.12 mm
0.85%f/+b 0.85+24+1000
B= 0.85
a 43.12
c=——=——=>50.73mm
0.85 0.85
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&= 0.003* 2=¢ = 0.003* 222=2273_ 5 00971> 0.005
c 50.73

for horizontal bar (p =0.002 )

for horizontal bars use the half of the As min. in each side
As =0.5* 0.002*1000*300=600 mm?

Use ¢p12@25cm for horizontal bar and

Use ¢12@25cm for vertical in outer side to hold the horizontal bares

012@25em | | @12(@25 em

012G

Fig. (4-26) Basement Wall Detailing
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4.11 Design of Strip Footing (F2):

Design a wall footing, which have the following condition:
Service Dead Load = 58 KN

Service Live Load = 15 KN

Holding Tank

Service Surcharge = 5 KN/m?
Allowable soil pressure ga = 500 KN/m?
Soil Density = 18 KN/m?®

Concrete Density = 25 KN/m?

Fc =24 MPa, Fy=420 Mpa

Concrete Cover = 75 mm

Diameter Of bar = 20 mm

Fig. (4-27) Location of Strip

4.11.1 Calculate the weight of footing, soil, and the surcharge floor load:

Assume Thickness of Footing = 30 cm

Wrooting = 0.3 X 25 = 7.5 KN/m?

Wsoir = 1.7 %18 = 30.6 KN

Total Surcharge load = 7.5+ 5 + 30.6 = 43.1 KN /m?
Net soil pressure , qqner = 500 — 43.1 = 456.9 KN /m?

4.11.2 Required Size Of Footing:

P, 58+15
A= = = 0.16 m? Per meter Length Of Wall
Janet 456.9
A=bx1 >»>» b=0.16m. Takeb = 0.8 m

4.11.3 Pressure act at the base:
P, = 1.2DL+1.6LL =1.2x58+ 1.6 x15 =94 KN/m

Py
A

SR s kny/m?
Q= 7= gg~ H75KN/m
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4.11.4 One Way Shear (Beam Shear):

Vu at distance d from the face of support:

V= g b(é—f— d) — 1175 X 1.0 X (%—E—d)
R V) 2 2

Let V, = @V, (®=0.75)

1 1
VC: g bewd: EV24 X 1000 x d

117.5x1.0 (0'8 03 d) L 28 x1000xd  »» d =004
T (222 4 = = X X -
0.75 2 2 6 "

h=44+75+4+20=99mm
Take h =300 mm

20
Then , d=300—75—7=215mm

4.11.6 Design for Flexure:

Take Steel Bars of Diameter 20
2

Mu = 117.5 x 1.0 X = 3.7KN.M
. Mu 3.7 x 106 0,09 1P
"= 0bdZ T 09 x1000 x 2152 @
Fy 420 Yok
M= 085fc 085x24
1 2mRn 1 2 % 20.6 x 0.09
p=—[1- |1- - 1- |1- = 0.000215
m Fy 20.6 420

As = pbd = 0.000215 x 1000 X 215 = 46.23 mm?
AS,m = 0.0018bh = 0.0018 x 1000 x 300 = 540 mm?
Aspin > As  So, Take As = 540 mm?

Use $12@20cm

Step(S) Smallest Of:

3h = 3(300) = 900mm

400 mm — Control
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4.11.7 Select the minimum (temperature ) reinforcement:
ASpin = 0.0018bh = 0.0018 x 1000 X 300 = 540 mm?

The maximum spacing is 5Sh = 1500mm or 450mm

Provide §12@20cm For Shrinkage Reinforcement

SN YN,
QRN
KRR
VAHEAY
SAN

146
7

012@20 em

£

0,50,30,25

0.8

Fig. (4-28) Detailing of Strip
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4.12 Design of Stairs:
4.12.1 Determination of Slab Thickness

L=13+27+13=53m.

HE e
&

h req = 5.3/20=0.265m g
Use h =250 mm

raa
2998

for stair and landing
0 = tan(15 / 27) = 29.05°

hy

1Ina iren I8

[

4.12.2 Load Calculations at section (A-A):
4.12.2.1 Flight Load Calculation:
Dead Load:

Quality

Dead load from: Densit

Fig. (4-29) Plan of Stair

W  KN/m

Tiles 27 27 0,10 & e 0.03x1=1.41
—) * 0. *1 =1.
( 0.27 )
0.15+0.27
mortar 22 (—) x0.02x1=0.684
0.27
Stair steps 25 25 (0'15*0'27) 1=1.875
* *1 = 1.
: 0-27 25%0 %5 1
Reinforcement Concrete 25 fortEvr o =17.15
zzc°%233051
* *
Plaster 22 - —-0.7
cos 29.05 e
Y 11.87

Table (4-5) Load on Flight

4.12.2.2 Load on landing:

Dead Load:
Tiles 27 23*0.03=0.69
mortar |22 22*0.02=0.44
Reinforcement concrete 25 25*0.25=6.25
(solid slab)
Plaster 22 22*0.03=0.66
y 1 8.04

Table (4-6) Load on Landing
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Live load:

Live load for stairs =3 KN/ m2,
Factored load flight

qu=1.2*11.87 + 1.6*3=19.04 KN/ m?.

Factored load landing
qu =1.2*8.04+ 1.6 *3 = 14.45KN/ m?,

Because the load on the landing is carried into two direction only half the load will be considered

in each direction = 14.45/2=7.22 KN/ m?.

Loading
Dead load - Service Units:kN,meter
11.8
8.04 8.04
13 ‘ 2.7 1.3
I

Live load - Service

AN R N S A A
5.3

Fig. (4-30) Load on Flight

1.3 x7.22
Ry =7.22%1.3+19.04 « 2.7 + — = 35.09

4.16.3 Check for Shear strength:

= Assume @ 14 for main reinforcement:-

So, d = 250-20 -14/2 = 223 mm

V4 at distance from face = 35.09 — 7.22(0.1 + 0.223) = 32.76KN
Vu =32.76 KN.

WCZM#
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_ 0.75%/24*1000%223*E -3
6

=182.08KN

Yo

1
U, =32.76 < >* 136.56 = 68.28KN
No shear Reinforcement is required. So the depth of the stair is OK.

4.12.4 Design of Bending Moment:

5.3 1.3+ 2.7 72
M, = 35.09 * - - 7.22 x 1.3 % (T) — 19.04 *

= 56.86 Kn.m

Mu = 56.86 KN.m

Assume @ 14 for main reinforcement.

d=223 mm.

Mn =Mu/0.9=56.86/0.9 =63.18 KN.m/m.

g, - M0
b-d

_ 63.18*10°
" 1000*223

__ Wy
0.85x fc'

=1.27MPa .

420
m =————
0.85%x24

* *
pzl 1 1 2MR, 1 1_\/1_M —0.0031243
m f | 20588 420

ASreq: pbd = 0.0031243 * 1000 * 223 = 696.72 mm?

=20.59

As,;, =0.0018*b*h = 0.0018*1000* 250 — 450mm?

As,,, = 450mm? < AS ., = 696.72mm?

Use @ 14
Agprs  153.9
S = = = 0.221
A, 696.72 m

use $14@200 mm
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Step (s) is the smallest of :
1. 3h=3*250= 750 mm
2. 450 mm

3.s=3mW§%—25Q

N

280
=380 3 —2.5%20 =330 mm

S=200 mm < Smax =300 mm ...

4.12.5 Secondary reinforcement:

=0.0018xbx h = 0.0018x1000 x 250 = 450mm?

As

 Aggq 1539
Aq 450

Shrinkage

S = 0.342m

Use ®14 @ 300 mm < Smax=300

4.12.6 Design of landing:

)=s00- .
fs S+ 420

= 300 mm ... contral

Considering a 1m length of the landing, the load on the landing is shown in figure the middle 30cm

will carry a fall load, whereas the two 1.3m length on each side will carry half the ultimate load.

Loading

Dead load - Service

Units:kN,meter

8.04
4.02 4.02
1.3 , 03 | 1.3
I I
Live load - Service Load factors: 1.40,1.40/1.70,0.00
A P | ] 3,00 I P A
1.3 , 03 | 1.3
[ [

Fig. (4-31) Load on Landing
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14.45 % 0.3
R =722%13+ — = 11.55 KN

32

2.9 1.3+ 0.3
M, = 11.55 T 7.22 x 1.3 % (T) — 14.45 * =9.08 KNm

Mu =9.08 kN.m

Assume @ 14 for main reinforcement.

Mn =Mu/0.9=9.08/0.9=10.08 KN.m/m.
d = 250-20-14-14/2=209 mm.

_ Mn
" b-d?
*1N6
(= 0080 _ 5 5307MPa .
1000*209
__ Wy
0.85x fc'
m =220 __ 50588
0.85x 24

- Lf, 2R )Ly \/1_2 2059*0.2307 | _ 1 yooees
m f, 20.59 420

AS ., = pbd = 0.000552 * 1000 * 209 = 115.46 mm?
As,,, =0.0018*b*h = 0.0018*1000* 250 = 450cm?

As,, =450 mm? > AS, = 115.46mm?

Use @ 14
Asprs 153.9
A, 450 m

use $14@300 mm
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Step (s) is the smallest of :
1. 3h=3*250= 750 mm
2. 450 mm

3. s=1380(2")-25C

N

280
=380| 3 —2.5%20 =330 mm
420

280
s < 300(

) =300 x| 5 = 300 mm ... contral
S

=% 420
3

S=300 mm = Smax =300 mm ...o0k

W10 LEE G M}j
#ABI0AT0 om

#4820 B

LS54l cm —“Jk—

A4 @d0 135 ~m

s #14930,1305 om

Fig. (4-32) stairs detailing Section
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Appendix (A)
Architectural Drawings

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

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported | continuous | continucus | Cantilever

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

Solid one-
way slabs £/20 /24 £/28 £M0

Beams or

ribbed one-
way slabs £/M16 £M18.5 £/21 £/8

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

(density w, = 2320 k%-'ma} and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural Iiﬁhmreight concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 = D.ﬁﬂﬁwc} but not

less than 1.09. o
b) For f,, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

TABLE 9.5(b) — MAXIMUM PERMISSIBELE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or attached to non- Immediate deflection due to live load L _
structural elements likely to be damaged by £/180°
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
tural elements likely to be damaged by large £/360
deflections
Roof or floor construction supporting or That part of the total deflection occurring after )
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £,/480*
damaged by large deflections the long-term deflection due to all sustained
Roof or floor construction supporting or ;);é’iifﬁg T‘Rg ‘(Q;”ﬁ?‘me deflection due to any
attached to nenstructural elements not likely to £/240%
be damaged by large deflections

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

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

¥ Limit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.

§ Limit shall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.
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TABLE 1

Coefficients for negative moments in slabs’
Ma,neg = Ca,uegWIZ
Mb,neg = Cb,negWI;

where w = total uniform dead plus live load

Ratio Casel | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case 8 | Case9
mel | L] T oot
by
1.00 Canig 0.045 0.050 | 0.075 | 0.071 0.033 | 0.061
7 Chneg 0.045 | 0.076 | 0.050 0.071 | 0.061 | 0.033
0.95 Caneg 0.050 0.055 | 0.079 | 0.075 0.038 | 0.065
" Clineg 0.041 | 0.072 | 0.045 0.067 | 0.056 | 0.029
0.90 Cons 0.055 0.060 | 0.080 | 0.079 0.043 | 0.068
" Gy 0.037 | 0.070 | 0.040 0.062 | 0.052 | 0.025
0.85 Coni 0.060 0.066 | 0.082 | 0.083 0.049 | 0.072
T Chnag 0.031 | 0.065 | 0.034 0.057 | 0.046 | 0.021
0.80 Canes 0.065 0.071 | 0.083 | 0.086 0.055 | 0.075
 Chieg 0.027 | 0.061 0.029 0.051 | 0.041 | 0.017
0.75 Caneg 0.069 0.076 | 0.085 | 0.088 0.061 | 0.078
T g 0.022 | 0.056 | 0.024 0.044 | 0.036 | 0.014
0.70 Coneg 0.074 0.081 | 0.086 | 0.091 0.068 | 0.081
== Ol 0.017 | 0.050 | 0.019 0.038 | 0.029 | 0.011
0.65 Camg 0.077 0.085 | 0.087 | 0.093 0.074 | 0.083
1 Chneg 0.014 | 0.043 | 0.015 0.031 | 0.024 | 0.008
0.60 Cansg 0.081 0.089 | 0.088 | 0.095 0.080 | 0.085
= Chng 0.010 | 0.035 | 0.011 0.024 | 0.018 | 0.006
0.55 Canig 0.084 0.092 | 0.089 | 0.096 0.085 | 0.086
7 Chineg 0.007 | 0.028 | 0.008 0.019 | 0.014 | 0.005
0.50 Cine 0.086 0.094 | 0.090 | 0.097 0.089 | 0.088
" Chiveg 0.006 | 0.022 | 0.006 0.014 | 0.010 | 0.003

@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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TABLE 2
Coefficients for dead load positive moments in slabs”
Ma,pos,di = a.lelg

) where w = total uniform dead load
Mb,po:.dl = Cb.lelb

Ratio Casel | Case2 | Case3 | Cased | Case5 | Case6 | Case7 | Case8 | Case9

IOl gigs

Coar | 0.036 | 0.018 | 0.018 | 0.027 | 0.027 | 0.033 | 0.027 | 0.020 | 0.023
Cpar | 0036 | 0018 | 0.027 | 0.027 | 0.018 | 0.027 | 0.033 | 0.023 | 0.020

3
I
&
ey
!

1.00

Coar | 0040 | 0.020 | 0.021 | 0.030 | 0.028 | 0.036 | 0.031 | 0.022 | 0.024

0.95 Cpar | 0033 | 0.016 | 0025 | 0.024 | 0015 | 0.024 | 0.031 | 0.021 | 0.017

Com | 0045 | 0022 | 0.025 | 0.033 | 0.029 | 0.039 | 0.035 | 0.025 | 0.026

0.90 Cpar | 0.029 | 0.014 | 0024 | 0022 | 0.013 | 0.021 | 0.028 | 0.019 | 0.015

Coar | 0.050 | 0024 | 0.029 | 0.036 | 0.031 | 0.042 | 0.040 | 0.029 | 0.028

e Coar | 0.026 | 0012 [ 0.022 | 0019 | 0.011 | 0.017 | 0.025 | 0.017 | 0.013

Coar | 0056 | 0.026 | 0.034 [ 0.039 | 0.032 | 0045 | 0.045 | 0.032 | 0.029

080 Coar | 0.023 | 0011 | 0.020 | 0.016 | 0.009 | 0.015 | 0.022 | 0.015 | 0.010

Coa | 0061 | 0.028 | 0.040 | 0.043 | 0.033 [ 0.048 | 0.051 | 0.036 [ 0.031
Cpar | 0019 | 0.009 [ 0.018 | 0.013 | 0.007 | 0.012 | 0.020 | 0.013 | 0.007

Coar | 0.068 | 0.030 | 0.046 | 0.046 | 0.035 | 0.051 | 0.058 | 0.040 | 0.033
Coar | 0016 | 0.007 | 0016 [ 0011 | 0.005 [ 0.009 | 0.017 | 0.011 | 0.006

Coar | 0074 | 0032 | 0054 | 0.050 | 0.036 | 0.054 | 0.065 | 0.044 | 0.034
Coar | 0013 | 0.006 | 0.014 | 0.009 | 0.004 | 0.007 | 0.014 | 0.009 [ 0.005

Coar | 0.081 | 0.034 | 0062 | 0053 | 0.037 | 0056 | 0.073 | 0.048 | 0.036
Coar | 0.010 | 0.004 [ 0.011 | 0.007 | 0.003 | 0.006 | 0.012 | 0.007 | 0.004

Coar | 0.088 | 0.035 | 0071 | 0.056 | 0.038 | 0.058 | 0.081 | 0.052 | 0.037

035 " | 0008 | 0003 | 0.009 | 0005 | 0.002 | 0.004 | 0009 | 0.005 | 0.003

Coar | 0.095 | 0.037 | 0.080 | 0.059 | 0.039 | 0.061 | 0.089 | 0.056 | 0.038

030 Cpar | 0.006 | 0.002 | 0.007 | 0.004 | 0.001 | 0.003 | 0.007 | 0.004 | 0.002

@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates

a support at which torsional resistance is negligible.
-
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TABLE 3

where w = total uniform live load

Coefficients for live load positive moments in slabs’
Ma,pas,il = Ca,!!ng

_ 2
My, posit = Couwl;

Ratio Case ] | Case?2 | Case3 | Cased | Case5 | Case6 | Case7 | Case8 | Case9
l, '
S o s o 2 v o o e 3
b
1,00 Con | 0036 | 0.027 | 0.027 | 0032 | 0032 | 0.035 [ 0.032 | 0.028 | 0.030
U Gy | 0036 | 0027 | 0032 | 0032 | 0027 | 0.032 | 0035 | 0030 | 0.028
095 Con | 0.040 | 0.030 | 0.031 | 0.035 | 0.034 | 0.038 | 0.036 | 0.031 | 0.032
Y Gy | 0033 ] 0025 | 0029 | 0029 | 0024 | 0.029 | 0032 | 0027 | 0.025
0.90 Con | 0.045 | 0.034 | 0.035 | 0.039 | 0037 | 0.042 | 0.040 | 0.035 | 0.036
T Cyy | 0029 | 0022 | 0.027 | 0026 | 0.021 | 0025 | 0029 | 0024 | 0.022
085 Cou | 0050 | 0.037 | 0.040 | 0.043 | 0.041 | 0.046 | 0.045 | 0.040 | 0.039
T Cyu | 0.026 | 0.019 | 0.024 | 0023 | 0.019 | 0.022 | 0.026 | 0.022 | 0.020
0.80 Conr | 0.056 | 0.041 | 0.045 | 0.048 | 0.044 | 0.051 | 0.051 | 0.044 | 0.042
U Cyn | 0.023 | 0017 | 0022 | 0.020 | 0016 | 0.019 | 0.023 | 0.019 | 0.017
075 Con | 0061 | 0.045 | 0.051 | 0.052 | 0.047 | 0.055 | 0.056 | 0.049 | 0.046
T G | 0019 | 0014 | 0019 | 0.016 | 0013 | 0.016 | 0.020 | 0.016 | 0.013
070 Con | 0.068 | 0.049 | 0.057 | 0.057 | 0.051 | 0.060 [ 0.063 | 0.054 | 0.050
T Cyu | 0016 | 0012 | 0016 | 0014 | 0011 | 0013 | 0017 | 0.014 | 0.011
d 65 Con | 0074 | 0053 | 0.064 | 0.062 | 0.055 | 0.064 | 0.070 | 0.059 | 0.054
T Gy | 0013 | 0010 | 0014 | 0011 | 0009 | 0010 | 0.014 | 0.011 | 0.009
0.60 Con | 0.081 | 0.058 | 0071 | 0067 | 0.059 | 0.068 | 0077 | 0.065 | 0.059
S Gy | 0.010 | 0.007 | 0.011 | 0009 | 0.007 [ 0008 | 0011 | 0.009 [ 0.007
655 Con | 0.088 | 0.062 | 0.080 | 0072 | 0.063 | 0.073 | 0.085 | 0.070 | 0.063
" Cypn | 0.008 0.006 | 0.009 0.007 | 0.005 0.006 0.009 | 0.007 0.006
050 Con | 0.095 | 0.066 | 0.088 | 0.077 | 0.067 | 0078 | 0.092 | 0.076 | 0.067
7 Gy | 0.006 | 0.004 | 0.007 0.005 0.004 | 0.005 0.007 0.005 | 0.004

4 A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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TABLE 4
Ratio of load W in [, and [} directions for shear in slab and load on supports”

Ratio Casel | Case2 | Case3 | Cased | Case5 | Case6 | Case7 | Case8 | Case9

we LTI D 0| OO | D L3 |

L00 W, | 050 0.50 0.17 0.50 0.83 0.71 0.29 033 0.67
W, | 050 0.50 0.83 0.50 0.17 0.29 0.71 0.67 0.33

W, | 055 0.55 0.20 0.55 0.86 0.75 0.33 0.38 071

0.9 W, | 045 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29

0.90 W, | 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75
T W, | 040 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25

085 W, | 0.6 0.66 0.28 0.66 0.90 0.83 043 0.49 0.79
W, 034 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21

W, | 071 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83

080 1w | 020 | 029 | 067 | 029 | 008 | 014 | 051 | 045 | 017
o7 We | 076 | 076 | 039 | 076 | 094 | 088 | 056 | 061 | 086

Bow | ooa | 024 | 06l | 024 | 006 | 012 | 044 | 039 | 014
aqo We | 081 | 081 | 045 | 081 | 095 | 091 | 062 | 068 | 089

W, | 019 0.19 0.55 0.19 0.05 0.09 0.38 0.32 0.11

0.65 W, | 085 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92
W, | 015 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08

0.60 W, | 089 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94
W, | 011 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06

055 W, | 0592 0.92 0.69 092 0.98 0.96 0.81 0.85 0.95
W, | 008 0.08 0.31 0.08 0.02 0.04 0.19 0.15 0.05

0.50 W, | 094 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97
W, | 006 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03

4 A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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