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Abstract

The structural design of Halhul secondary School

Structural design is the most important design needed for the building after architectural
design, because Distribution of columns, calculation of loads, maintenance of durability in the
best economic way, and the highest levels of safety and safety rest are the responsibility of the
structural engineer.

The idea of the project is structural design of a School That consists of four floors, the
Bacement floor, ground floor, first floor ,and second floor, each containing a classrooms also
contain laboratories and rooms, for administration and stores and health facilities ,sport hall
and computer halls and other facilities that carefully designed to provide convenience, ease
and speed for users to access it.

Where the project structurally analyzed, and the loads analyzed and calculated and designed
in accordance with the Jordanian code to determine live loads, and earthquake loads.

Also We used (ACI1-318-08) code and structural designing programs such as , ATIR,
AutoCAD

The project contains: columns, beams, slabs, foundation ,shear walls and other structural

element with farms.

God grants success
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List of abbreviation:

LL = live loads.

DL = dead loads

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.

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.
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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.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Pn=nominal axial load.

Pu=factored axial load.

S = Spacing of shear 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.

Woc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

g = compression strain of concrete = 0.003.

&s = strain of tension steel.

s = strain of compression steel.

p = ratio of steel area.
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Chapter four

Structural Analysis and Design

1-4 Introduction

2-4 Design method and requirements

3-4 Slab Thickness

4-4 Design of Topping .

5-4 Load calculations for one-way Ribbed slab.
6-4 Sample Design of one-way Ribbed slab (Rib 9) in Ground Floor .
7-4 Sample Design of Beam (Beam 12).

8-4 Sample Desgin of Two way Ribbed Slab
9-4 Sample Desgin of Column (C12)

10-4 Sample Design of Isolated footing

11-4 Sample Design of strip footing

12-4 Sample Design of shear wall (S.W6)

13-4 Sample Design of Basement Wall

14-4 Sample Design of Stairs
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1-4 Introduction:

Reinforced concrete (RC) is a composite material in which concrete's relatively low tensile
strength and ductility are counteracted by the inclusion of reinforcement having higher tensile
strength and/or ductility. There are several examples of RC structures such as: bridges,
buildings, retaining walls, tunnels, and many others.

Concrete is a construction material composed of cement (commonly Portland cement) as well
as other cementations materials such as fly ash and slag cement, aggregate (generally a coarse
aggregate such as gravel, limestone, or granite, plus a fine aggregate such as sand), water, and
chemical admixtures.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

Structural concrete can be classified into:

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m3
e Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
e Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3

In This Project, there’s two types of slabs: one way ribbed slabs and two way ribbed slab . they
had designed by using engineering software such as Atire and safe in order to calculate the
internal forces, deflections, and than hand calculatione made to find the required steel for
some members.

This chapter presents a sample calculation related to one of the preceding members contained
in this project. All of structural members designed according to the design code (ACI- 318-08).
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2-4 Design method and requirements:

The design strength provided by a member is calculated in accordance with the

requirements and assumptions of ACI_code (318-08).

2-4-1 Strength design method:

e In Strength design method which formally called ultimate strength design method, the
service loads are increased by factors to obtain the load at which failure is considered to be

occurring.
This load called factored load or factored service load. The structure or structural

element is then proportioned such that the strength is reached when factored load is
acting. The computation of this strength takes into account the nonlinear stress-strain

behavior of concrete.

e The strength design method is expressed by the following ,

Strength provided 2 strength required to carry factored loads .

e Materials:-
1. Concrete: B300 ..... fc' =30 * 0.8 = 24N/mm?(Mpa)

2. Reinforcement steel : The specified yield strength of the reinforcement

fy = 420N /mm?(Mpa)

2-4-2 Factored loads :
The factored loads for members in our project are determined by:

Wu =1.2DL + 1.6LLACI — code — 318 — 08.
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Table 1-4: - Minimum Thickness of Non-prestressed Beam or One-Way Slabs Unless
Deflection calculated. (ACI 318-08).

Minimum thickness (h)

Member Simply supported One end Both end Cantilever
Continuous continuous

solid one way L/20 L/24 L /28 L /10

slabs

Beams or ribbed L/16 L/18.5 L /21 L/8

one way slabs

Table (1-4): Check of Minimum Thickness of Structural Member

e For Ribs: -
hminfor (one end continuous) =L/18.5=6300/18.5=340.5mm ------ control

e For Beams: -
h min for (one end continuous) =L/18.5= 6000/18.5 = 324.3mm .
h min for (both end continuous) =L/21=5500/21 = 261.9mm.

27 cm block + 8 cm topping = 35cm.

34



Statically System For Topping:-
Consider the topping as strip of (1m) width, and span of mold length with both end fixed in
the ribs.

Wu

- 40 cm
Fig 1-4: Topping Load.

Load Calculations: -

Dead Load:

1  Tiles 0.03*23*1 =0.69 KN/m

2 Mortar 0.03*22*1 =0.66 KN/m

3 Sand 0.07*17*1=1.19 KN/m

4  Topping 0.08*27*1=2.16 KN/m

5 | partiton 2.30*1 = 2.30 KN/m

Sum=7 KN/m
Table (2-4): Dead Load Calculation of Topping.

Live Load: -
LL =5 KN/m2

LL =5 KN/m2x1m=5 KN/m

Factored Load: -

Wu=1.2x7 + 1.6x5=16.40 KN/m
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Check the strength condition for plain concrete, @Mn > Mu , where @ = 0.55-for plain concrete
Mn=0.42 1 ,/fc' Sm
b.h? 1000.802

— 3
6 6 = 1066666.67mm

Sm =

@Mn = 0.55*%0.42*1*\/24 *1066666.67 * 1076=1.207 KN.m

WU.L2 16.4.0.042
Mu = T " = 0.218 KN.m

gMn>> Mu ok
No reinforcement is required by analysis. According to ACI (318-08 ), provide Asmin for slabs
as shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACI (318-08)

As = pXbxhtopping =0.0018 x1000x80 = 144 mm?2/m

Step (s) is the smallest of:

1. 3h=3x80 =240 mm control ACI(318-08)

2. 450mm.

3. s =380 (Zfis")—z.scc

= 380 (;8“ > —~2.5%20=330mm  ACI(318-08)

3*420
Take g 8 @ 150 mm in both direction, S =150 mm< Smax = 240 mm .

5-4 Design of One Way Rib Slab

Requirements for Ribbed Slab Floor According to ACI- (318-08):

DW > 100 c.uiieiieiiiiniiniieenecneineeaceecnsensencascnses ACI ( 318-08)
Select bw=12 cm.

B < 3.5%BW eeeeneeeeeeeeeeeeeeeeeeeeeeeeeeaens ACI (318-08)

36



Select h=35cm<3.5%12=49 cm .

> L1/12250M0M «ovvenneeeeeeeeeeeeeeeeneeenninees ACI ( 318-08)
Select tf=8cm.

Material:-

e concrete B300 Fc' =24 N/mmz2
e Reinforcement Steel fy =420 N/mm2

Section:-

B =520 mm

Bw= 120 mm

h= 350 mm

t=80 mm
d=350-20-10-12/2= 314mm

N NI NI NN

Statically system and Dimensions:-

Fig 2-4: One Way Rib Slab (Rib 9) in ground floor .
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Load Calculation: -

| Jiles 3 cm

(N Bortart? cn

\Coarse Saxd £l 7 e

LR Concrete Topping 8 cm
| Canrete Block

LR Concrete Kb

| Plaster

Typical Section In Ribbed Slab

Fig 3-4: Typical Section in Ribbed slab

Dead Load:-

1 Tiles 0.03*23*0.52 =0.359 KN/m
2 Mortar 0.03*22*0.52 =0.343 KN/m
3 Sand 0.07*17*0.52 = 0.619 KN/m
4  Topping 0.08*27*0.52 =1.123 KN/m
5 RC-Rib 0.25*27*0.12=0.81 KN/m
6 Block 0.27*10*0.4 =1.08 KN/m
7  Plaster 0.03*22*0.52 =0.343 KN/m
8 | partitons 2.3*0.52=1.196 KN/m

sum 5.873 KN/m

Table (3-4): Dead Load Calculation of(Rib 15)
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Dead Load /rib = 5.873 KN/m
Live Load: -
Live load =5 KN/mZ.

Live load /rib =5 KN/m?2 x 0.52m = 2.6 KN/m.

% Effective Flange Width ( bg ): ACI(318-08)

bg =L/4=215/4=53.75cm.

bp=12+16t=12 + 16 (8) = 140 cm.
bE = be < center to center spacing between adjacent beams = 52 cm.

bg For T-section = 52cm.

% bg For T- section is the smallest of the following: -

Control

By using ATIR Program we get the envelope momemt and shear force diagram as the follows:-

S
1 2 3
TV 1 Al T— V1 2 ! TV
19w [ A J i - JE— J 14 1
0.6 5.6 0.8 15 0.6
| | |
I | I 63 | 22 I |
I 52 I 1
8
35
12
load group no. 1
Dead load - Service Units:kN,meter
5.87 5.87
6.3 2.2

39




Live load - Service Load factors: 1.20,1.20/1.60,0,00

— o

Figure (4-4) : loadings of Rib (9).

Moments: spans 1to 2

43,
A
e T
,f’ ~
1,25 I
F— ! —
I ~ : 1 T
[= f I f f
~ 1.19
S - P
'\-u._\_\_\_\_\_\_-\__ __'_'_,.:-"_FFFF-FF
N
36.5
2.52 . 3.78 | 2.2

Figure (5-4) : Moment Diagram For Simply Supported Rib.
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Shear

421
376
_:—'_'-.-H-
_--""_F'--F-F--‘--
! __'____'___--" 1 ! |
I — I T
_— s
- _‘-'_'_'_'_,_—"
on g 252 — 274
28.6 319

Reactions
Factored

| ! ! | ! ! |

| 1 1 | 1 1 ]
DeadR 17.91 46.52 -4.53
LiveR 10.68 27.46 -6.95
MaxR 28.59 73.98 -0.25
MinR 17.81 51.5 -11.48
Service
DeadR 14.93 38.77 -3.77
LiveR 6.67 17.16 -4.35
MaxR 21.6 55.93 -1.1
MinR 14.86 41.88 -8.12

Figure (6-4) : Shear Diagram for rib
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Moment Design for (Rib 9):-

Design of Positive Moment for (Rib) :-
( Mu=36.5 KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups - dz—b = 350-20-10-12/2= 314 mm.

Check if a>hf to determine whether the section will act as rectangular or T- section.

Mnf = 0.85.fc'. be. hf. (d - g)

80
= 0.85.24.520.80. (314- - 7) x107% =232.52 KN.m

Mu _ 365

Mn> o o0 = 40.55 KN.m the section will be designed as rectangular section
with be =520 mm.
R MU _ 36.5.10° 078 M

"= %bdZ” 095203142 °TP%

fy 420

m=0.85fc 08524 -0°

_ 1 1 1 2.m.Rn _ 1 1 1 2.20.6.0.78_0 0019
P=m 220 |~ 206" 420

ASyeq = p-b.d=0.0019x520x314 = 310.23 mm?

Check for As min: -

_ _
= 35 (w)(@)  ACI (318-19) 105.1

24
T 4(420)

Asmin

(120)(314) = 109.87 mm?
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_ o1t
Asmin - (fy) (bW) (d)

= —J;) (120)(314) = 125.6 mm?  ....control
Asyeq =310.23 mm?* > Asp, = 109.87 mm? ... OK

Use 2916 JASprovided y — 402.12 mmz >Asrequired = 310.23 mmz

S = 120—40—io—<2*16> =28mm >dj, =16 > 25mm .... OK

Check for strain:-

__Asfy _ 40212420
470.85.b.fc 08552024 ~Ooomm
_a_1592_
=81 085 O/emm
314-18.72

£ = 0.003 (=) = 0.003 ( )=0.047 >0005 ...OK

18.72

Design of Negative Moment for (Rib 9):
(Mu =-43 KN.m)

Assume bar diameter @ 12 for main positive reinforcement

d =h- cover - dstirrups - dz—b = 350-20-10-12/2= 314 mm.

R — Mu 43.10° 103 M
=0 b.d? 091203142 pa.
420
m 1y = 20.6

~0.85.fc 0.85.24
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_1(,_|,_zmRn\_ 1 | 2206403
P=m 220 |~ 206" 420
ASpeq = p-b.d=0.0107x120x314 = 403.17 mm?

Check for As min:-
_ i
Asmin = 3 (bw)(d)  ACI (318-08)
_ V24 _ 2
= 1 (120)(314) = 109.87 mm
1.4
ASpin = @(bw)(d)
= %(120)(314) =125.6 mm?  ....control
AS;eq = 40317 mm? > Asy, =109.87.... OK
Use 2 @ 18, ASprovided » = 508.93 mm? >As equirea = 403.17 mm? ... OK

= 120—40—10—(2*1*’) =24mm >d, =18 > 25mm .... OK

Check for strain:-

__Asfy _ 50893420
470.85.bfc 08512024 =00 mm
_a 8731 _
€=B1 " 085 ~ofmm
314-102.71

£, = 0.003 (?) = 0.003( ) =0.0061 > 0005 ...OK

102.71
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Shear Design for (Rib 9):-

Vu at distance d from support= 37.6 KN

Shear strength V¢, provided by concrete for the joints may be taken 10% greater than for
beams.
This is mainly due to the interaction between the slab and closely spaced ribs ACI (813-08).

1.1 1.1 ,
ove =0.75 x——./fc"bw.d = —— V24.120.314 » 10~ = 33.84 KN

0.5 4 Vc =0.5x33.84 =16.92 KN
050 Ve<Vu< @ Ve

Vu> @ Ve

for shear design, shear reinforcement is required (4, ) :
Vs min = %w/fc’ .bw.d 2% bw.d

Vg min = 1—16\/24 .120.314 %103 = 11.53 KN

1
Vsmin =73 -120.314 1073 = 12.56 KN

gVc<Vu <g (Vc+Vsmin)  Case I11
33.84<37.6<43.26

For shear design, minimum shear reinforcement is required ( 4, ), Reinforcement.
Use stirrups (2 leg stirrups) @ 10@150 mm, Av = 2 x78.5= 157.1 m?

1 bws
AvmhlzigiC’;;'Z

W=

1 120s
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1 120s

157.1 = -
3 420

S max— §= 157

=1.64m

S max —»<600mm

_2x78.5

Av = = 1047. i
\" 015 047.19 mm2/m strip

Material:-

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

Section:-

v B=60cm

v" h=35cm

v" Assume bar diameter @ 25 for main reinforcement.
v' d=350-40-10-25/2= 287.5mm.
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Fig( 7-4): Beam 19 for ground plan

By using ATIR Program we get the envelope momemt and shear force diagram as the follows:-

Geometry Units:meter,cm

1 2 3 4 5
A o, B & A e B gy -
]: A 141 A @ 141 A 1qd ﬁ a1 1
0.%5 3.67 0.6 34 |0.6l 34 0.6 34 10.6l 34 0 6]
‘ 4.1 4. s 4. 4. o 4. b
} } } } {
6 7 8 9 10
— A i A % A i A i A
~L A a1 A_] 141 ﬁ a1 ﬁ a1t A :j
0.6 34 0.6 3.4 0.6 34 0.6 4.7 0.6 314 ) 0.6
S o l o o
‘ 4 4. ; 4 53 l 3.74 ;
I T | 1
35
60.
A-A
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Loading

load group no. 1
Dead load - Service Units:kN,meter

2{.7 287 28.7 2:1.7 2:1.7

i& . . Y.US .

287 2J.7 2«1.7 334 334
564 564 54 5 s 5 a
P 2 Py 53 374

Live load - Service Load factors: 1.20,1.20/1.60,0.00

L s | | 138 | | 138 | L s | L s |

Loading
| I | 4 \ ‘ 17.8 | ] 17.8
Y 11’8 l y 1%’8 X i 14’8 X Y X X X 3
4. 4. 4. 53 3.74

Figure (8-4) : loadings of Beam (19).
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 10

= 4708
e -85.4 924 903 -89.4 -94.9 827
0 /\12; AR 21 . /1a ] AN3
‘ and ?n. 1 1 ?1. +
0720.88 "6 "0 ) ‘1/ ‘3\/ 53s "6.6&/'
w ‘“\/ o.s“éHkQ/o.sLSJ‘}( .&H 0/96 5 /
sse 535 60.6
774
1222
[164 246 | 22 18| 2 2. |2 2|2 2|2 2|2 2 |18 22| 265 265|224 |
I 1 T 1 1 ! T T T T T T T | T ] ] ] 1 ]1.5|
Shear
-206.3
1522 -183.9
4339 oas 122%0 4, 1281?03 286, 1303, -12a208 107.4

AA/,f4
103.2% 6 [/1 [7/ I/"o Engi%ALz/ L/1o1.3

773 %94 M5 11589 7

o

1769 162.8
1993 185.2

Figure (9-4) : Moment & Shear Diagram for Beam 29
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Load Calculations: -

Dead Load Calculations for Beam (B19): - The distributed Dead and Live loads acting upon
B12 can be defined from the support reactions of the Rib 9 and Rib 10.

17.37

FromRib9 DL = o2 = 33.4 KN/m

LL=22=17.8.KN/m
0.52

14.93

FromRib10 DL = o5z = 28.71 KN/m

LL =% = 12.83 KN/m
0.52

Moment Design for (B 19):
Design of Negative Moment for (B 19) :

( Mu=-170.8 KN.m)

R — Mu 170.8 = 10° 382 M
=0 b.d?  0.9600287.52 O pa.
fy 420
m=0.85fc 08524 -0°
A, |, _zmRa\_ 1 | 2206382
P=m 220 |~ 206" 420

ASyeq = p-b.d=0.0103x600x287.5 = 1778.17 mm?

Check for As min:-

ASpin = jg)(bw)(d) ACI (318-08)
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V24
T 4(420)

(600)(287.5) = 503 mm?

ASpin = (5 (bW) ()

= —(41;,) (600)(287.5) = 575mm? .... Control

ASyeq = 177817 mm? > Asy, =575 ... OK

Check for strain:-

As.fy _ 1781.3 .420

_ - = 61.2
470.85b.fc 0.85.60024 mm
_a _612__
€=B1 085 ‘ToCmm
£, = 0.003 (?) =0.003 (287751%) =0.0089 > 0.005 ...OK

Check spacing:-

s = 600—(2+40)—(2%10)—(7+18) _

. 62.3mm > 25mm
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Design of Positive Moment for (B 19):

( Mu=-122.5 KN.m)

3
d= 7 287.5=123.2mm

N w

Cax =

a= By *xC=0.85%x123.2 =104.7 mm

104.7

M, max = 0.85 x 24 x 104.7 * 600 x (287. 5— ) «107% = 301.35 KN.m

@M, max = 0.82 %301.35 = 247.11 KN.m

DMy max > Mu

> Design as singly rectangular section :

o My 1225.10°
=0 b.d? 0960028752 - pa.
fy 420
m=0.85fc 08524 -0°
A, |, zmRa\_ 1 | 2206274
P=m 220 |~ 206" 420

ASreq = p.b.d=0.0071x600%287.5 = 1227.6mm?

Check for As min:-

ASpin = ;/(;_cyl)(bw)(d) ACI(318-08)

24
T 4(420)

(600)(287.5) = 503 mm?

1.4
Asmin - @(bw)(d)
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= —(41;,) (600)(287.5) = 575 mm?  .... Control

AS,eq = 12276 mm? > Asyyy, =575.... OK

Use 5 @ 18, ASprovided » = 1272. 3 mm? >AS equirea = 1227.6 mm?

Check for strain:-

As.fy  1272.3 .420

= = — 43.66
470.85.b.fc 0.85.600.24 m
_a_4366__
“=B1 085 >o0mm
287.5-51.36

g = 0.003 (=5) = 0.003 )=0.0137 > 0.005

51.36

Check spacing:-

g = 600-(2:40)-(2:10)~(5+18)

. =82mm > 25mm

Shear Design for (B 19): -
Vu,max =183.9 KN.

d=350-40-10-18/2= 291mm
v, =2/’ .b.d =<V24.600.291. 10~ = 142.56 KN
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Check for section dimensions :

Vu 183.9
Vi=——Vc=

—142.56 = 102.64 KN
9 0.75

2 2
Vsmar =3/fc’.b.d = §\/24.600.291. 1073 = 570.24 KN

Vs < Vsmax so the section is large enough.

Check for the case of shear:
Vs min = %w/fc’ .b.d OR % b.d which is larger

Vs min = 7o VZ4 .600. 291 %1073 = 53.46 KN
Vs min =§ .600.291 =103 = 58.20 KN ...... control

@(Vsmin +Vc ) = 0.75(53.46 +142.56) =147.02 KN

D Ve<Vu<d Ve + D Vsmin
106.92 < 183.9 < 147.02 ...... not satisfied.
Cases 1&2& 3 is not suitable.

Case 4 :-
Vs’ =§. V24 .600.291 1073 = 285.12 KN

@(Vsmin +Vc) <Vu< @(Vs'+Vc)
147.02 < 183.9 < 320.76
Shear reinforcement is required

Use 4 leg @ 10
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Av =314.15 mm?

Vu 183.9

Vs = 7—Vc= 075 —142.56 = 102.64 KN

g Avfyd _ 314.15.420.291

=374.07
v, 102.64 + 103 mm
d 291
Smax < E= 2— =145 mm

Or Sjax <600 mm
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8-4 Design of Two way ribbed slab:

LL= 5 KN/m? fc=24 Mpa  fy=420 Mpa
Determination of thickness:-
1- Minimum thickness (deflection required ):

Assume h=35cm
Check for the min , thichkness of the slab :

For the B(60*52):
I,1 = b.h%/12==60.(52)3/12= 703040 cm*

92,

For the B(80*52): 35
I, = b.n%12==80.(52)%/12= 937386.6 cm*

slab section for exterior beam:

bf= 0.2*2+0.12=0.52 m

yC = (416*31+324*13.5) / (416+324) = 23.34 cm

Lip = b.n%/3={(52.(11.66)3/ 3 - 2*20/ .(3.6)3) + 12*23.34 /3} = 77713.8 cm*

short direction L=5.75m:

. L
I.rlb*(5+bw)
Is = ——2—= (77138 *5.75/2 + 60 ) / 52 = 93966.45 cn’
Lribs(5+bw)
Is = — b—= (177138 *5.75/2 + 80 ) / 52 = 123856.4 cm’
long t direction L=7.35m:
Lribs(5+bw)
Is = T: (77713.8 *7.35/2 + 60 ) /52 = 95162 cm*
Lribs(5+bw)
Is = ——2—= (777138 *7.35/2 + 80 ) / 52 = 125051.96 cm’
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al =Ib/Is =937386.6 /123856.4= 7.56
a2 = Ib/Is =703040 /95162=7.38

a3 =Ib/Is =703040 /93966.45= 7.48

al = Ib/Is =937386.6 /125051.96 = 7.49

o fm = Y (Ib/Is)/n = (7.56+7.38+7.48+7.49)/4 = 7.5 > 2

B = Ln,long/Ln,short 7.35/5.75 = 1.278

420
_In(0.8+225)  7350(0.8+7,.0)

14007 — 14007 _
h= 36198  36+(9:1278) 170.2 mm > 9mm...... ok
First trial thichkness h =350 mm >170.2 mm ....... ok

Take slab thichkness h slab = 350 mm , 80 mm — topping & 270 mm concrete Block

2-Load calculation:

Parts of Rib Density Calculation
RC Rib 25 25 *0.12*0.27* (0.52+0.4)= 0.745
Topping 25 25*0.08*0.52*0.52 = 0.541 KN
Plaster 22 22*0.02*0.52*0.52=0.119 KN
Block 9 9*0.4*0.4*0.27= 0.39 KN
Sand 17 17*0.07*0.52*0.52= 0.322KN
Tile 23 23*0.03*0.52*0.52 = 0.187KN
Mortar 22 22*0.03*0.52*0.52 =0.178 KN
partition - 2.3*0.52*0.52 =0.622 KN

y=3.1 KN

Table(4-4) : Calculation of the total dead load for Two way rib slab.
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Dead Load of slab:

31

DL=———=115KN/m?
0.52%0.52

WD = 1.2*11.5= 13.78 KN/m?

Live load of slab =5 KN/m?
WL =1.6*5 =8 KN/m?

W total =13.78+8 = 21.78 KN/m?

4-Moment calculation:

Ma = Ca*W*La?& Mb = Cb*W*Lb?
B =5.75/7.35=0.78.......... Casel

for positive moment:

Dead Load :

Ca=0.056

Cb=0.023

At m=0.8

Ca=0.061 Atm=0.75
Cb=0.019

CaD=0.08  Atm=0.78
Cb D =0.0214
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Live Load:

Ca =0.056 Atm=0.8
Cb =0.023
Ca =0.061

At m=0.75
Cb =0.019
Ca L=0.058

At m=0.78
Cb L=0.0214

MaD = CaD*WD*La? = 0.058*13.78*5.75%= 26.4 KN.m
MaL = CaL*WL*La? = 0.058*8*5.75?= 15.34 KN.m
MbD = CbD*WD*Lb? = 0.0214*13.78*7.35%=15.93 KN.m
MbL = CbL*WL*Lb? = 0.0214*8*7.35?= 9.25 KN.m

Ma(+) = MaD +MaL = 26.4+15.34=41.74 KN.m
Mb(+) =MbD+MbL = 15.93 + 9.25 = 25.18 KN.m

Moment of rib:

Ma(+)=41.74*0.52= 21.7 KN.m / rib
Mb(+)= 25.18 * 0.52=13.1 KN.m / rib

For Discontinous edges:

Ma=1/3 *21.7=7.23 1 KN.m / rib
Mb=1/3* 13.1=4.36 KN.m / rib
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5- Slab Reinforcement:

Design for Mu=21.7 KN.m / rib
Assume ¢ps=10 & ¢p=12

d= 350-20-10-12/2=314 mm
Mn=Mu / ¢ =21.7 / 0.9=24.1 KN.m

_ M, _ 241-10°
" bxd?2 520+ (314)2

R, = 0.47 MPa

fy _ 420
m= - =
0.85 f.  0.85+24

p=(1- \/1—7 2*’;%) =2 (1 = J 1- —2*0'::;20'6>: 0.001132

As=p b xd =0.001132*520*314= 184.8 mm?

=20.6 MPa

Check for As,,;,:

fe
ASmin 4\/;) * by, * d =24« 120 * 314 = 109.8 mm?

Asmin — ;_: % bw * d= % * 120 % 314 = 125. 6 M2 --veeeeereesemseeneeenns ContrOI

AS > Asmin
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Check for strain :

_ Assfy _  226%420
" 0.85%fcxb  0.85%x24%520

C =8.95/0.85 =10.54 mm

d-c 314-10.54
E = —~ *0.003 = ~—osa

=8.95 mm

*0.003 = 0.0864 > 0.005....... ok

Design of Mu=13.1 KN.m / rib :

$s=10, d=12 & d =314 mm
Mn=Mu / ¢ =13.1/0.9= 14.56 KN.m

M, _ 14.56x10°
™ bxd?2  520% (314)2

As=p* b xd =0.000681 *520*314=111.2 mm? < As,;n = 125.6 mm?

=0.284 MPa

Select 2 10 with As = 157.1mm?

Check for strain :

d= 350-20-10-10/2=315 mm

_ Asxfy _ 157.1x420
T 0.85%fcxb  0.85%24%520

C=6.22/0.85=7.32 mm

d—c 315-7.32
& = 7*0.003 = 732

=6.22 mm

*(0.003 = 0. 126 > 0.005....... ok

61



7-Check for shear :
At p=0.78 m...... Wa=0.742, Wb= 0.27

Max shear coffecient will be in the short direction for the slab :
The total load on the panel = 5.75 *7.35*21.78=920.5 KN

The load per rib at face of the long beam is :
0.742*920.5*0.52 / (2*7.35)= 24.16 KN

The shear critical section is at distance d from the beam face:
Vud= Vu face — Wu*bf*d = 24.16- 21.78*0.52*0.314=20.6 KN

The strength of rib in the slab is :

fe
Vc=1.1* Q * bw * d*10°—> 1.1*\/%_4 * 120 * 314*10° = 33.84 KN
¢Ve=0.75%33.84 = 25.4 KN

Yo ¢pVe =25.4/2 =12.7 KN < Vud= 20.6 KN < pVc=25.4 KN

No need for shear reinforcement (exception for joist constructions )

The shear in the slab can be calculated using tributary area for shear (as simply supported 1m
strip):

Vud = 21.78*0.52(2.875-0.314)

Vud=29 KN
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Design the rib for shear assuming that the critical shear in the rib is : Vud=29KN
¢dVe=25.4 KN < Vud=29KN
Vs,min = a) —-v24 * 120 * 314*10° = 11.54 KN

=b) 2> *314* 10° = 12.56 KN ....... control

¢Ve =254 KN <Vud = 29KN < ¢p(Ve+Vs,min)=34.8 KN

Provide minimum shear reinforcement

Avmin _ bw _ 120 _ 0.0952

s 3fy 3(420)

1571 — 0. 0925 ....... S =1658mm

s max <d/2 & <600mm
s max =314/2= 157mm < 600mm

a\ ‘
w
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8-4 Design of Column (C12) in Basement floor:

Materials:
fc' =24 MPa
Fy = 420 MPa
Pp=1301.88 KN & PL=202.72 KN
Pu = 1.2(1301.88) + 1.6(202.72) = 1886.608 KN

Assume rectangular section and (pg= 0.01)

bPn.max = Pu = $0.8[0.85fc (1 —p ) + (p, *fy)]
¢ = 0.65 — for tied column.
1886.608*10% = 0.65*0.8[0.85*24(1 — 0.01) + (0.01*420)]
Ag= 148716 mm?
Ag=b? —b=1/148716 =385.6 mm
Use 600*400 mm

Check for slenderness :

K+lu M1
7534 -12 (E) <40

Lu: Actual unsupported (unbraced) length =3.3m
r: radiusof gyration of its cross section = 0.3 h

K =1.0 for columns in non sway frame
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About x-axis: h=04m
1+3.3

About y-axis: b=0.6 m
1+3.3

0.3+0.6

Minimum Eccentricity :

ey=Mux/pu=0

=1833<22 .....

Long column about x- axis

....short column about y- axis

min ey = 15+0.03*h = 15+ 0.03*400= 27 mm

ey =0.027 m

Magnification Factor:

m—>1and<14

1-075+Pc
Cm = 0.6+0.4( M1/ M2) > 0.4
=0.6+04(1)=1>04
Pcr = m?*El / (Klu?)
El = 0.4 * Ec*Ig /(1+Bd)

Sns =

Ec= 4750 vfc’' = 4750 v24 = 23270 Mpa
Bd= 12Dl — 12(130188) _ 5 gog _ 1

pu 1886.608

Ig = b*h3 / 12 = 0.6*0.43 / 12 = 0.0032 m*
El= 0.4 *23270*0.0032 / (1+0.828) = 16.3 MN. m?
Pcr = m2*16.3/ (1 * 3.32) = 14.77 MN

Sns = 1886

1-075:14.77

<14...0K

_l __ —12>1....0K
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Nominal axial strength in ey direction ................. Pny
ey = e min *Sns = 0.027*1.2 = 0.0324 m
ey /h=0.0324/0.6 = 0.054

_ 600-2%40-2%10-25 _
V=" —-=079
From the interaction chart:

For Y=0.75 ....... PR = 2.09 Ksi

For Y=0.9......... QK_? = 2.1 Ksi

By interpolation:
(0.0-0.75) / (2.1-2.09) = (0.9- 0.79) / (2.1 -X)

X= 2 = 2092 Ksi
&

Pny = 22922498 = 0.772%(1000/ 145) = 5.324 MN

Asreg=p g * A8 = 0.01 *400*600 = 2400 mm?

Design of ties :

The spacing of ties shall not exceed the smallest of :
1) 48*ds =48*10 =480 mm
2) 16*db=16*18 =288 mm.......... control

3) Least column dimension =400 mm
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4- 10 Design of Isolated Footing (F2):

e Service Dead load = 1038.64 KN
e Service Live load = 276.96 KN
e Service surcharge = 5 KN/m?
e Allowable soil pressure (qa) = 400 KN/m?
e Soil Density = 17 KN/m?
f., =24 Mpa,f, =420 Mpa.

Assume thickness of footing = 50 cm

e Weight of footing = 0.5*25 = 12.5 KN/m?

e Weight of soil = 1*17 = 17 KN/m?

e Total load on footing = 12.5+17+5 = 34.5 KN/m?
e Net soil pressure = 400 — 34.5 = 365.5 KN/m?

Pn 1038.64+276.96
A= = =3.6m?
qanet 365.5

A=L2>L=189m .......... take L = 1.9m

o Pu=(1.2*1038.64) + (1.6*276.96) = 1689.5 KN

1689.5
u= = 468 KN/m?
1.9+1.9

Design of One Way Shear :
Vu @ distance d from the face of support :
Assume ¢20 — d =500 — 75 - 20 = 405 mm

Vu = qu*b[(L/2) — (a/2) - d] = 468*1.9[(1.9/2) — (0.4/2) — 0.405] =306.77 KN
OVe = 0 x % x \[fo xbxd=0.75 x % X V24 x 1900 x 405*103 =471.22 KN

@V =471.22KkN >V, =306.77KkN ... ... ...... Safe
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D)

Design of Two Way Shear :

Let Vu= @V, (¢ = 0.75)
VU = 468*[1.9%1.9 — (0.6+0.405) (0.40+0.405)]
Vu = 1310.85 KN

p=0 ) = 600/400 = 15, bo=2(0.6+0.405) +2(0.40+0.405) = 3.62 m

as = 40, interior column

b. = Perimeter of critical section taken at (d/2) from the loaded area

pve="2 (1+ —) VZa*bo*d*10° = 2094.8 KN

075 as*d
12

0.7
3 *\/24-*b0*d*10'3 =1795.6 KN .evvivrinnrnnnnnns Control

@Vce = + 2) V24*bo*d*102 = 2906.7 KN

@Vc =

®Ve=1795.6>Vu=1310.85 KN ........... Ok

Design for flexure in long direction :

Use steel bars @20
B=19m , h=05m ,d=0.405m
Mu = 468*1.9*0.65*(0.65/2) = 187.84 KN.m

R, = M, 187.84 x 10° 0.66 MP
T ObdZ 0.9 x 1900 x 4052 _ - a
I
0.85%x24
_1(,_ |, zmR.)_ 1 | _2%20.6x0.66
P~ 420 | 206 420
= 0.0031
As = 0.0031*1900%405 = 2385.45 MM? vevveverevnne, control



As,min = 0.0018*1900*500 = 1710 mm?

# of 320 = 23:15;’5 =7.59 — Take 8¢20

_ 1900—(75%2)—(8%20)
7

S =227.1 mm (should be smaller than the smallest of):

. 3h =3*500 = 1500 mm
450 mMm ...eeenninnnnnn.. control

Design for flexure in Short direction

Mu = 468*1.9*0.75*(0.75/2) =250.08 KN.m

ro— Mu _ 250.08 x 10° — 0.89 MP
n = 3bdZ 0.9 x 1900 x 4052 - a
__ 20
Mm=085x24 “
_Af | zmR,)_ 1 | _2X20.6x0.89
P~ 220 | 206 420
= 0.0042

As = 0.0042*1900*405 = 3231.9 mm?

As,min = 0.0018*1900*500 = 1710mm?

32319

#of 20 = 3 10.28— Take 10020

S =227.1 mm < Smax =450 mm ........... ok
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Load calculation :

The total service Loads :
Dead load = 22.5 KN/m
Live load =5 KN/m

» For 0.6 mslide use width 1.7 m
» Assume h =250 mm

Pu = (1.2 *22.5) + (1.6*5) = 20.58
d = 250-75-12 = 163 mm

1.7
Vus= quilG-;—d)
= 20.58 *1(0.85 - 0.125 - 0.163) =11.56 KN/m

‘/E* b*d

bVe=¢* =

=0.75* ? *1000 * 163 * 10°=99.81 KN > Vu=11.56 KN........ ok

so depth is enough

_ b h b/z‘h/z
Mu = 20.58*1 * (E _E) * (T)
Mu =20.58 * 1 *0.725 * (0.725/2) = 5.40 KN.m

Rn = Mu/¢bd? = (5.40 *10) / (0.9%1000*1632) =0.22 MPa
420

m= 08504 = 20.6 MPa
_ l _ _ 2xRy*xm — L _ _ 2x0.22%20.6 —
p=1 (1 R ) L (1 J 1 2022206 ) 0.0007
As = 0.0007*1000*163 = 114.1 mm?
AS,min = 0.0018*1000*%163 =293.4 mm-.......... control
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12-4 Design of Shear wall (S.W6) :

Shear Forces (KN) Bending Moment (KN.m)

v" Material and Sections:-

= concrete B300 Fc' =24 MPa

= Reinforcement Steel Fy =420 MPa

= Shear Wall Thickness h=25cm

= Shear Wall Width Lw=6.6m

= Shear Wall Height Hw=99m
Design of Horizontal Reinforcement:-

Y Fx =Vu=705.5 KN

The critical Section is the smaller of:
l7w= 5.75/2=2.875 m........ control

"7‘”: 9.9/2=4.95m

Story Hight( Hw) =3.3 m
D=0.8*Lw =0.8*6.6 =5.28 m
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5
DVimax = Qg\/f_c,hd

=0.75+%0.83 * V24 * 250 * 5280 * 1073 = 4025.4 KN >V, = 625.5KN

V . is the smallest of :

control

1- V. =2/f.'hd = 2V24 + 250 + 5280 + 10~ = 1077.7 KN

N,d
2—V,.=0.25/f./hd + 4" =0.25v24 %250 5280 * 1073 + 0 = 1616.67 KN

Ly
L (0.1/77 +0.2 %)
J— — w
3— vV, =|0.05/Ff, + L hd
vV, 2

— Mu = 2934.17+705.5%(3.3-2.875) = 3234 KN.m

M, 1, _ 3234 575 _
=V, 2 7055 2 08

V. = [0.05v24 + 270120 550 . 5280 « 10-2 = 2500.3 KN

Vc=1077.7 KN

@ *vc + Qvs = vu
@ * vs=vu-9 * vc
Vs=vu/@ — vc

Vs=705.5/0.75 -1077.7 = - 137.03 KN..... No need reinforcement
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Minumum shear reinforcement is required :

Min (Avh/sh)=0.0025*h = 0.0025*250= 0.625

Avh=2*7*10%/4= 157 mm2
157/sh=0.75

Sh=157/0.625= 251.2
- Maximum spacing is the least of :

Lw/5 =5750/5 = 1150 mm
3*h = 3*250 = 750 mm
Select sh=25¢m < S max= 75¢m

Design of Vertical Reinforcement:
2% =((0.0025+0.5( 2.5- 1o)*( 222 - 0.0025))*h

o= w
_ 99y 157
=((0.0025+0.5( 2.5 - 5.75)*( 50.250 0.0025))*250
=0.626

Select @10 ,two with layers
Sr= 210,626

S,=250.79 mm

Maximum spacing is the least of :

’?‘” = 5750/3= 1917 mm

3*h = 3*250 = 750 mm
450 mm ....... Control
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Design of Bending Moment:-

(5750) 2 +79 = 6065. 6mm?
= * * = .
st = 150 mm
A 6065.6 420
w=( “)f—y,=( ) = 0.073
L) f.  \5750+250) 24
P,
a= -=0
Lyhf.

C_ w+a _ 0.073+0 — 0.084
I, 2w+0.858;, 2%0.073+0.85+0.85

Pu ya- 5y
Astfy lw
=0.9[0.5 * 6065.6 * 420 * 5750(1 + 0)(1 — 0.084)]10~° = 6038.08 KN.m
5421.94 KN.m >

OM,, = 0 |0.545f,L, (1 +
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13-4 Design of Basement wall :-

Backfill weight = 18 KN/ m3 wall height =3.3 m
Angle of friction =35 weight of surcharge hs = 5 KN/m?
fc' =24 MPa fy = 420 Mpa

Co=1-sin 35 =0.426
hs = (Ws/W) = (5/18) = 0.278m
Po = Co * W* h= 18 * 0.426* 3.3= 25.30 KN/m

Ho="00 = 28052 — 41 74 KN

Ps =18 *0.426 * 0.278 = 2.13 KN/m? .
Hs = Ps*h=2.13*3.3 =7.029 KN .

Reactions:

Mu =1.6%(Ho*h / 7.5)+1.6%(Hs*h / 8) = 1.6 * (41.74*3.3 / 7.5) + 1.6* (7.029 * 3.3/ 8)
= 34.01 KN.m
41.74 7.029 34.01

1 pxHo  Hsy Mu_ o _ 3401 _
Rb = 1.6%( 32 +20) - 75 = L6* (= + =) - == 17.56 KN
Ra =1.6*(Ho+Hs) — Rb = 1.6%(41.74+7.029) — 17.56 = 60.47 KN

Max moment where Vu=0:

17.56 — 1.6*0.5*25.30 / 3.3 X2- 1.6*2.13 *X=0
6.13X%+3.408X -2530 =0 ....X=18m

Positive Moment :
Mmax= 25.30*1.65 — 1.6*(0.5%25.30 / 3.3 » 1.82*1.8/3.3+2.13*« 1. 82/2)
=25.50 KN.m

Negative Moment:

Assume Wall thickness = 25 cm with 40 cm cover and 20 mm diameter bar used in
reinforcement

For Atir programme Mu negative = 58.2 KN.m

d=250-40-202=200mm  .......... Take @ = 0.9 for flexure

_ Mu _ 582+10"6
@b+d?  0.9¥1000+200 2

Rn =1.61 Mpa
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m =420/ (0.85 * 24 )=20.6

1 2mR, \ _
p—;(l— 1- 420)—0.00399

As=p*b*d= 0.00399* 1000*200 = 798 mm?2

As min for vertical =0.0015* b * h =375 mm2

With As = 807.1 mm2 > As req = 798 mm?2

For Positive Moment :

Assume Wall thickness = 25 cm with 40 cm cover and 12 mm diameter bar used in
reinforcement :
d=250-40-12/2=204 mm  .......... Take @ = 0.9 for flexure

Mu _ 25.50%«10"6

Rn = =
¢bxd%2  0.9¥1000%204 2

=0.68 Mpa

m = 420/ (0.85 * 24 )=20.6

p= %(1 - |1 —%) =0.0016
As=p*b*d= 0.0016* 1000*204 = 326.4 mm2
As min for vertical =0.0012 * b * h =300 mm2

With As = 565 mm2 > As req = 326.4 mm2

As min for Horizontal =0.002 * b * h =500 mm2
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14-4 Design of Stairs:

Material :-
concrete B300
Reinforcement Steel

1- Design of Flight :-

Fc' = 24 N/mm?
Fy =420 N/mm?

hmin =L /20 =4.45 /20 =0.22 m =20.2 cm

Take h=25cm

2- Load calculation :-

Parts of Flight Density(KN/m?3) Calculation
23*0.03*1*((0.15+0. 35)/0.3)
1 Tiles 23 =1.15 KN/m
22*0.02*1*((0.15+0. 3)/0.3 )=
2 Mortar 22 0.6 KN/m
(25/0.3)*((0.15*0.3)/2) =
3 Stair 25 1.875 KN/m
25*0.25*1 / c0s26.56° = 6.99
4 R.C 25 KN/m
22%0.03*1 / c0s26.56° = 0.738
5 Plaster 22 KN/m

Table (5-4)

Sum

11.413 KN/m

: Dead load calculation for flight for 1 m strip
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Density(KN/m?3) Calculation

1 Tiles 23 23*0.03*1= 0.69 KN/m
2 Mortar )25 22*0.03*1=0.66 KN/m
4 R.C 25 25*0.25*1=6.25 KN/m
5 Plaster 22 22*0.03*1= 0.66 KN/m

Sum 8.26 KN/m

Table (6-4): Dead load calculation for Landing

Live Load For Stairs For 1m Strip = 4*1 =4 KN/m
Factored Load For Flight :-Wu = (1.2 x11.413) + (1.6x4) = 20.1 KN/m

For landing : Wu = (1.2*8.26)+(1.6*4) = 16.3 KN/m
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Design of flight :

KN/m

LLLLLVLL LV VLLLLLLL L

Y MB =0 — Ay(4.45) = 20.1*3.3%(3.3/2) > Ay = 246 KN T
Y Fy=0-20.1*3.3=24.6 + By > By =41.7 KN T

x 417
3.3 41.7+24.6

-Mu(max) = (41.7*2.07)-( 20.1*2.07*(2.07/2))
= 43.3 KN.m
-Assume $p14 — d =250-20-14/2 =223 mm

— X=2.07m

Check for shear :-

PV =¢*‘/E*bw*d

6

=0.75* ? *1000 * 223 * 107 = 136.56 KN,
Vu(max) =41.7<0.5¢Ve = 68.3 KN ........... Thickness is OK.
M,, = Mu /= 43.3/0.9 = 48.07 KN.m .

fy 420

m= r = =20.6
0.85f. 0.85%24
_ M, _ 4807+10°
Rn

T bed® 1000+ (223)2 0.97 MPa
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_ 2*Ry*xm )

1
p=—(1- 7,

<1 — |J1- M>: 0.00267
206 420

> As=p* bw *d
=0.00267 * 1000 *223 =528 mm?2..........
- As(min) =0.0018*1000*250 = 450 mm?

n= =528/154=3.43 ...... use 4

As ([)14

s=1/3.43=0.29m

Step (s) is the smallest of :
3h =3*250 = 700 mm

450 mm

380 (228") 2.5%20=330 mm .......... control

Take 4 14 @250 mm with area = 616 mm?

4- Design of Landing :-

WR=Rs1/B=24.6/ 2.3 = 10.7 KN/m

R1=R2 = (10.7+16.31)*4.4*2.2 /4.4= 59.42 KN

27.01+4.4%
Mu(max) = W.L?%/8 = —s - 65.36 KN.m
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Check for shear :

Vu(max)=59.42 KN ........ $pVe=136.56 KN

Vu<0.5¢pVe =683 KN ........... Thickness is OK
+10©

R Mo 053610 = 1.46 MPa.

"7 phxd2 ~ 1000%0.9+ (223)2

1 2*%Rp*
p=—(1- /1—Tm)

= L(l — 1= M) =0.00361
20.6 420

—As = p * bw *d = 0.00361 * 1000 *223= 803.13 mm?
— As(min) = 0.0018*1000*250 = 450 mm?

_ 803.13

n= =5.23 ...... use 6
154

s=1/5.23=0.191 m
Take 6 14 @ 200 mm with area = 924 mm?

Temperature & shrinkage :
As(min) = 450 mm?

Take 3¢14 300 mm with AS= 462 mm?

Check step (s):
S=5h = 1250 mm
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	bE For T-section = 52cm.
	8-4 Design of Two way ribbed slab:
	LL=5    KN/,𝐦-𝟐.          fc=24 Mpa       fy=420 Mpa
	Determination of thickness:-
	1- Minimum thickness (deflection required ):
	Assume h= 35 cm
	Check for the min , thichkness of the slab :
	For the B(60*52):
	,𝑰-𝒃𝟏. = b.h3/12= = 60.(52)3/12= 703040 cm4
	For the B(80*52):
	,𝑰-𝒃𝟐. = b.h3/12= = 80.(52)3/12= 937386.6 cm4
	slab section for exterior beam:
	bf= 0.2*2+0.12=0.52 m
	yc = (416*31+324*13.5) / (416+324) = 23.34 cm
	,𝐈-𝐫𝐢𝐛 .= b.h3/3= {(52.(11.66)3 / 3 – 2*20 / .(3.6)3 ) + 12*23.34 /3} = 77713.8 cm4
	short direction  L= 5.75 m :
	𝑰𝒔=,𝑰.𝒓𝒊𝒃∗(,𝑳-𝟐.+𝒃𝒘)-𝒃𝒇.= (77713.8 *5.75/2 + 60  ) / 52 = 93966.45 cm4
	𝑰𝒔=,𝑰.𝒓𝒊𝒃∗(,𝑳-𝟐.+𝒃𝒘)-𝒃𝒇.= (77713.8 *5.75/2 + 80  ) / 52 = 123856.4 cm4
	long t direction  L= 7.35 m:
	𝑰𝒔=,𝑰.𝒓𝒊𝒃∗(,𝑳-𝟐.+𝒃𝒘)-𝒃𝒇.= (77713.8 *7.35/2 + 60  ) / 52 = 95162 cm4
	𝑰𝒔=,𝑰.𝒓𝒊𝒃∗(,𝑳-𝟐.+𝒃𝒘)-𝒃𝒇.= (77713.8 *7.35/2 + 80  ) / 52 = 125051.96 cm4
	- α1 = Ib/Is = 937386.6 /123856.4= 7.56
	- α2 = Ib/Is = 703040 /95162= 7.38
	- α3 = Ib/Is =703040 /93966.45= 7.48
	- α1 = Ib/Is = 937386.6 /125051.96 = 7.49
	- α fm = ∑(Ib/Is)/n = (7.56+7.38+7.48+7.49)/4 = 7.5 > 2
	β = Ln,long/Ln,short 7.35/5.75 = 1.278
	h= ,𝐥𝐧⁡(𝟎.𝟖+,𝒇𝒚-𝟏𝟒𝟎𝟎.)-𝟑𝟔+𝟗𝜷. = ,𝟕𝟑𝟓𝟎⁡(𝟎.𝟖+,𝟒𝟐𝟎-𝟏𝟒𝟎𝟎.)-𝟑𝟔+(𝟗∗𝟏.𝟐𝟕𝟖). = 170.2 mm > 9mm…… ok
	First trial thichkness h = 350 mm >170.2 mm ……. ok
	Take slab thichkness h slab = 350 mm , 80 mm – topping & 270 mm concrete Block
	2-Load calculation:
	 Dead Load of slab:
	DL = ,𝟑.𝟏-𝟎.𝟓𝟐∗𝟎.𝟓𝟐. = 11.5 KN/m2
	WD = 1.2*11.5= 13.78 KN/m2
	 Live load of slab  = 5 KN/m2
	WL = 1.6*5 = 8 KN/m2
	W total  = 13.78+8 = 21.78  KN/m2
	4-Moment calculation:
	Ma = Ca*W*La2&      Mb = Cb*W*Lb2
	β = 5.75/7.35 = 0.78………. Case I
	for positive moment:
	Dead Load :
	Ca= 0.056
	Cb=0.023
	Ca=0.061
	Cb=0.019
	Ca D =0.058
	Cb D =0.0214
	Live Load:
	Ca =0.056
	Cb =0.023
	Ca =0.061
	Cb =0.019
	Ca L=0.058
	Cb L= 0.0214
	 MaD = CaD*WD*La2 =  0.058*13.78*5.752= 26.4 KN.m
	 MaL = CaL*WL*La2  =  0.058*8*5.752 =   15.34 KN.m
	 MbD = CbD*WD*Lb2 =  0.0214*13.78*7.352 = 15.93 KN.m
	 MbL = CbL*WL*Lb2 =  0.0214*8*7.352= 9.25 KN.m
	 Ma(+) = MaD +MaL =  26.4+15.34= 41.74 KN.m
	 Mb(+) =MbD+MbL = 15.93 + 9.25 = 25.18 KN.m
	Moment of rib:
	 Ma(+)=41.74*0.52= 21.7 KN.m / rib
	 Mb(+)= 25.18 * 0.52=13.1 KN.m / rib
	For Discontinous edges:
	Ma=1/3 *21.7= 7.23 1 KN.m / rib
	Mb= 1/3* 13.1= 4.36 KN.m / rib
	5- Slab Reinforcement:
	Design for Mu= 21.7 KN.m / rib
	Assume фs=10 & ф=12
	d= 350-20-10-12/2=314 mm
	Mn=Mu / ф =21.7 / 0.9= 24.1 KN.m
	,𝑹-𝒏. = ,,𝑴-𝒏.-𝒃∗,𝒅-𝟐.. = ,𝟐𝟒.𝟏∗,𝟏𝟎-𝟔.-𝟓𝟐𝟎∗ ,(𝟑𝟏𝟒)-𝟐.. = 0.47 MPa
	𝒎 = ,,𝒇-𝒚.-𝟎.𝟖𝟓 ,𝒇-𝒄-′.. = ,𝟒𝟐𝟎-𝟎.𝟖𝟓∗𝟐𝟒. = 20.6 MPa
	𝝆 = ,𝟏-𝒎.(𝟏− ,𝟏−,𝟐∗,𝑹-𝒏.∗𝒎-,𝒇-𝒚... ) = ,𝟏-𝟐𝟎.𝟔.,𝟏− ,𝟏−,𝟐∗𝟎.𝟒𝟕∗𝟐𝟎.𝟔-𝟒𝟐𝟎...= 0.001132
	As = 𝝆∗𝒃∗𝒅 = 0.001132*520*314= 184.8 mm2
	Check for ,𝑨𝒔-𝒎𝒊𝒏.:
	,𝑨𝒔-𝒎𝒊𝒏.= ,,,𝒇-𝒄-′..-𝟒 ,(𝒇-𝒚.).∗,𝒃-𝒘.∗𝒅  =,,,𝟐𝟒.-𝟒,𝟒𝟐𝟎...∗𝟏𝟐𝟎∗𝟑𝟏𝟒=𝟏𝟎𝟗.𝟖 mm2
	,𝑨𝒔-𝒎𝒊𝒏.= ,𝟏.𝟒-,𝒇-𝒚..∗,𝒃-𝒘.∗𝒅= ,𝟏.𝟒-𝟒𝟐𝟎.∗𝟏𝟐𝟎∗𝟑𝟏𝟒 = 𝟏𝟐𝟓.𝟔 mm2 ………………………. control
	𝑨𝑺>,𝑨𝒔-𝒎𝒊𝒏.
	Select  2 ф12 with As = 226 mm2 > 184.8 mm2
	Check for strain :
	a = ,𝑨𝒔∗𝒇𝒚-𝟎.𝟖𝟓∗𝒇𝒄∗𝒃. = ,𝟐𝟐𝟔∗𝟒𝟐𝟎-𝟎.𝟖𝟓∗𝟐𝟒∗𝟓𝟐𝟎. = 8.95 mm
	C = 8.95/0.85 = 10.54 mm
	,𝜺-𝒔.=,𝒅−𝒄-𝒄. * 0.003 = ,𝟑𝟏𝟒−𝟏𝟎.𝟓𝟒-𝟏𝟎.𝟓𝟒. * 0.003 = 0.0864 > 0.005…….ok
	6- Design of Mu= 13.1 KN.m / rib :
	фs=10 , ф=12  & d = 314 mm
	Mn=Mu / ф =13.1 / 0.9= 14.56 KN.m
	,𝑹-𝒏. = ,,𝑴-𝒏.-𝒃∗,𝒅-𝟐.. = ,𝟏𝟒.𝟓𝟔∗,𝟏𝟎-𝟔.-𝟓𝟐𝟎∗ ,(𝟑𝟏𝟒)-𝟐.. = 0.284 MPa
	𝝆 = ,𝟏-𝒎.(𝟏− ,𝟏−,𝟐∗,𝑹-𝒏.∗𝒎-,𝒇-𝒚... ) = ,𝟏-𝟐𝟎.𝟔.,𝟏− ,𝟏−,𝟐∗𝟎.𝟐𝟖𝟒∗𝟐𝟎.𝟔-𝟒𝟐𝟎...= 0.000681
	As = 𝝆∗𝒃∗𝒅 = 0.000681 *520*314= 111.2  mm2 < ,𝑨𝒔-𝒎𝒊𝒏. = 125.6 mm2
	Select 2 ф10 with As = 157.1mm2
	Check for strain :
	d= 350-20-10-10/2=315 mm
	a = ,𝑨𝒔∗𝒇𝒚-𝟎.𝟖𝟓∗𝒇𝒄∗𝒃. = ,𝟏𝟓𝟕.𝟏∗𝟒𝟐𝟎-𝟎.𝟖𝟓∗𝟐𝟒∗𝟓𝟐𝟎. = 6.22 mm
	C = 6.22 /0.85 = 7.32 mm
	,𝜺-𝒔.=,𝒅−𝒄-𝒄. * 0.003 = ,𝟑𝟏𝟓−𝟕.𝟑𝟐-𝟕.𝟑𝟐. * 0.003 = 0. 126 > 0.005…….ok
	7-Check for shear :
	At  β=0.78 m…… Wa= 0.742, Wb= 0.27
	Max shear coffecient will be in the short direction for the slab :
	The total load on the panel = 5.75 *7.35*21.78=920.5 KN
	The load per rib at face of the long beam is :
	0.742*920.5*0.52 / (2*7.35)= 24.16 KN
	The shear critical section is at distance d from the beam face:
	Vud= Vu face – Wu*bf*d = 24.16- 21.78*0.52*0.314=20.6 KN
	The strength of rib in the slab is :
	Vc = 1.1* ,,,𝒇-𝒄-′..-𝟔. * bw * d*10-3( 1.1*,,𝟐𝟒.-𝟔. * 120 * 314*10-3 = 33.84 KN
	фVc = 0.75*33.84 = 25.4 KN
	½ фVc = 25.4 / 2 = 12.7 KN < Vud= 20.6 KN < фVc= 25.4 KN
	No need for shear reinforcement (exception for joist constructions )
	The shear in the slab can be calculated using tributary area for shear (as simply supported 1m strip):
	Vud = 21.78*0.52(2.875-0.314)
	Vud= 29 KN
	Design the rib for shear assuming that the critical shear in the rib is : Vud= 29KN
	фVc= 25.4 KN < Vud= 29KN
	Vs,min = a) ,𝟏-𝟏𝟔.,𝟐𝟒.∗𝟏𝟐𝟎∗𝟑𝟏𝟒*10-3 = 11.54 KN
	= b) ,𝟏𝟐𝟎-𝟑. * 314 * 10-3 = 12.56 KN ……..control
	фVc = 25.4 KN < Vud = 29KN < ф(Vc+Vs,min)= 34.8 KN
	Provide minimum shear reinforcement
	Select  2 ф10   for with As = 157.1mm2
	,,𝐀𝐯 𝐦𝐢𝐧 -𝐬..= ,,𝐛𝐰-𝟑 𝐟𝐲 ..= ,,𝟏𝟐𝟎-𝟑(𝟒𝟐𝟎)..=𝟎.𝟎𝟗𝟓𝟐
	,𝟏𝟓𝟕.𝟏 -𝒔.=𝟎.𝟎𝟗𝟐𝟓……. s = 1658mm
	s max ≤ d/2 & ≤ 600mm
	s max =314/2= 157mm < 600mm
	select 2 ф10 @15 cm  with As = 1571mm2
	& 2 ф10 @30 cm for middle space for the distance at 1 m from the face of support
	8-4 Design of Column (C12) in Basement floor:
	Materials:
	 𝑓c′ = 24 MPa
	 Fy = 420 MPa
	PD = 1301.88 KN     &   PL = 202.72 KN
	Pu = 1.2(1301.88) + 1.6(202.72) = 1886.608 KN
	 Assume rectangular section and (,(-𝒈.= 0.01)
	 фPn.max = Pu = ф0.8(0.85𝑓c′(1 – ,(-𝒈.) + (,(-𝒈.*fy)(
	 ф = 0.65 → for tied column.
	 1886.608*103 = 0.65*0.8(0.85*24(1 – 0.01) + (0.01*420)(
	Ag= 148716 mm2
	 Ag = b2   → b = ,𝟏𝟒𝟖𝟕𝟏𝟔. = 385.6 mm
	Use  600*400  mm
	 Check for slenderness :
	,𝑲∗𝒍𝒖 -𝒓. ≤ 34 -12 ( ,𝑴𝟏-𝑴𝟐.) ≤ 40
	,𝟏∗𝟑.𝟑-𝟎.𝟑∗𝟎.𝟒. = 27.5 > 22  ………Long  column about x- axis
	,𝟏∗𝟑.𝟑-𝟎.𝟑∗𝟎.𝟔. = 18.33 < 22  ………short  column about y- axis
	 Minimum Eccentricity :
	ey= Mux / pu = 0
	min ey = 15+0.03*h = 15+ 0.03*400= 27 mm
	ey = 0.027 m
	 Magnification Factor:
	Sns = ,,𝑪𝒎-𝟏−,,𝒑𝒖-𝟎.𝟕𝟓∗𝑷𝒄... .≥ 1 and ≤ 1.4
	Cm  = 0.6+0.4( M1/ M2) ≥ 0.4
	= 0.6+0.4 (1) = 1 > 0.4
	Pcr = ,𝛑-𝟐.*EI / (,𝑲𝒍𝒖-𝟐.)
	EI = 0.4 * Ec*Ig /(1+Bd)
	Ec= 4750 ,𝐟𝐜′. = 4750 ,𝟐𝟒. = 23270 Mpa
	Bd= ,,𝟏.𝟐 𝑫𝒍-𝒑𝒖.. = ,,𝟏.𝟐 (𝟏𝟑𝟎𝟏.𝟖𝟖)-𝟏𝟖𝟖𝟔.𝟔𝟎𝟖.. = 0.828 < 1
	Ig = b*,𝒉-𝟑. / 12 = 0.6*,𝟎.𝟒-𝟑. / 12 = 0.0032 ,𝒎-𝟒.
	EI= 0.4 *23270*0.0032 / (1+0.828) = 16.3 MN. ,𝒎-𝟐.
	Pcr = ,𝛑-𝟐.*16.3 / (,𝟏∗𝟑.𝟑-𝟐.) = 14.77 MN
	Sns = ,,𝟏-𝟏−,,𝟏.𝟖𝟖𝟔-𝟎.𝟕𝟓∗𝟏𝟒.𝟕𝟕... .= 1.2 >1 ….. OK
	< 1.4 …OK
	Nominal axial strength in ey direction …………….. Pny
	ey = e min *Sns = 0.027*1.2 = 0.0324 m
	ey / h = 0.0324 / 0.6 = 0.054
	Ɣ = ,,𝟔𝟎𝟎−𝟐∗𝟒𝟎−𝟐∗𝟏𝟎−𝟐𝟓-𝟔𝟎𝟎.. = 0.79
	From the interaction chart:
	For Ɣ=0.75 ……. .,,∅𝐩𝐧𝐲-𝐀𝐠.. = 2.09 Ksi
	For Ɣ= 0.9……...,   ,∅𝐩𝐧𝐲-𝐀𝐠 .. = 2.1 Ksi
	By interpolation:
	(0.0-0.75) / (2.1-2.09) = (0.9- 0.79) / (2.1 –X)
	X= ,   ,∅𝐩𝐧𝐲-𝐀𝐠 .. = 2.092 Ksi
	Pny = ,,𝟐.𝟎𝟗𝟐∗𝟎.𝟒∗𝟎.𝟔-𝟎.𝟔𝟓.. = 0.772*(1000/ 145) = 5.324 MN
	As req= ,(-𝒈.∗𝐀𝐠 = 0.01 *400*600 = 2400 mm2
	Select 12 ∅ 18 with As = 3048 mm2
	Design of ties :
	The spacing of ties shall not exceed the smallest of :
	1) 48*ds = 48*10 = 480 mm
	2)   16*db = 16*18 = 288 mm……….control
	3) Least column  dimension = 400 mm
	Use  ф10@20cm
	фVc = ф * ,,,𝒇-𝒄-′..-𝟔. * b*d
	= 0.75 * ,,𝟐𝟒.-𝟔. *1000 * 163  * 10-3 = 99.81  KN > Vu = 11.56 KN…….. ok
	so depth is enough
	Design Flexuer :
	Mu = 20.58*1 * ( ,𝒃-𝟐.−,𝒉-𝟐. )∗ (,,𝒃-𝟐.−,𝒉-𝟐.-𝟐.)
	Mu = 20.58 * 1 * 0.725 * (0.725/2) = 5.40 KN.m
	Rn = Mu/фbd2 = (5.40 *106) / (0.9*1000*1632)  = 0.22 MPa
	m = ,𝟒𝟐𝟎-𝟎.𝟖𝟓∗𝟐𝟒.  = 20.6 MPa
	𝝆 = ,𝟏-𝒎.,𝟏− ,𝟏−,𝟐∗,𝑹-𝒏.∗𝒎-,𝒇-𝒚... .   =  ,𝟏-𝟐𝟎.𝟔.,𝟏− ,𝟏−,𝟐∗𝟎.𝟐𝟐∗𝟐𝟎.𝟔-𝟒𝟐𝟎...= 0.0007
	As = 0.0007*1000*163 = 114.1 mm2
	As,min = 0.0018*1000*163  = 293.4 mm2……….control
	select ∅ 12 @ 20cm
	,𝒍𝒘-𝟐.= 5.75 / 2 =2.875 m…….. control
	Story Hight( Hw) = 3.3 m
	D= 0.8*Lw = 0.8*6.6 = 5.28 m
	,𝑽- 𝒄. is the smallest of :
	,𝐀-𝐬𝐭.=,,𝟓𝟕𝟓𝟎-𝟏𝟓𝟎..∗𝟐∗𝟕𝟗=𝟔𝟎𝟔𝟓.𝟔,𝐦𝐦-𝟐.
	𝐰=,,,𝑨-𝒔𝒕.-,𝑳-𝒘.𝒉..,,𝒇-𝒚.-,𝒇-𝒄.′.=,,𝟔𝟎𝟔𝟓.𝟔-𝟓𝟕𝟓𝟎∗𝟐𝟓𝟎..,𝟒𝟐𝟎-𝟐𝟒.=𝟎.𝟎𝟕𝟑
	14-4 Design of Stairs:
	∑ MB = 0 ( Ay(4.45) = 20.1*3.3*(3.3/2) ( Ay = 24.6 KN (
	∑ Fy = 0 (20.1*3.3 = 24.6 + By ( By = 41.7  KN (
	,𝒙-𝟑.𝟑. = ,𝟒𝟏.𝟕-𝟒𝟏.𝟕+𝟐𝟒.𝟔. (  x = 2.07 m
	-Mu(max) = (41.7*2.07)-( 20.1*2.07*(2.07/2))
	= 43.3 KN.m
	-Assume  ф14  (  d = 250-20-14/2  = 223 mm
	Check for shear :-
	фVc    = ф * ,,,𝒇-𝒄-′..-𝟔. * bw * d
	= 0.75 * ,,𝟐𝟒.-𝟔. *1000 * 223 * 10-3 = 136.56  KN.
	Vu(max) = 41.7< 0.5фVc = 68.3 KN  ………..Thickness is OK.
	,𝑴-𝒏. = Mu /ф= 43.3 / 0.9 = 48.07 KN.m .
	𝒎 = ,,𝒇-𝒚.-𝟎.𝟖𝟓 ,𝒇-𝒄-′.. = ,𝟒𝟐𝟎-𝟎.𝟖𝟓∗𝟐𝟒. = 20.6
	,𝑹-𝒏. = ,,𝑴-𝒏.-𝒃∗,𝒅-𝟐.. = ,𝟒𝟖.𝟎𝟕∗,𝟏𝟎-𝟔.-𝟏𝟎𝟎𝟎∗ ,(𝟐𝟐𝟑)-𝟐..  = 0.97  MPa
	𝝆 = ,𝟏-𝒎.(𝟏− ,𝟏−,𝟐∗,𝑹-𝒏.∗𝒎-,𝒇-𝒚... )
	= ,𝟏-𝟐𝟎.𝟔.,𝟏− ,𝟏−,𝟐∗𝟎𝟗𝟕∗𝟐𝟎.𝟔-𝟒𝟐𝟎...= 0.00267
	( As = 𝝆 * bw *d
	= 0.00267 * 1000 *223 = 528   mm2.………control
	( As(min) = 0.0018*1000*250 = 450 mm2
	n= ,𝑨𝒔-𝑨𝒔ф𝟏𝟒.= 528/154 = 3.43 ……use 4
	s= 1/3.43 = 0.29 m
	Step (s) is the smallest of :
	1- 3h = 3*250 = 700 mm
	2- 450 mm
	3- 380 (,𝟐𝟖𝟎-,𝟐-𝟑.∗𝟒𝟐𝟎.) – 2.5*20 = 330 mm ……….control
	Take 4 ф14  @250 mm    with area = 616 mm2
	4- Design of Landing :-
	WR=Rs1/B= 24.6/ 2.3 = 10.7 KN/m
	R1=R2 = (10.7+16.31)*4.4*2.2 /4.4= 59.42 KN
	Mu(max) = W.L2/8  = ,𝟐𝟕.𝟎𝟏∗,𝟒.𝟒-𝟐.-𝟖. = 65.36 KN.m
	Check for shear :
	Vu(max)=59.42 KN      ……..  фVc= 136.56  KN
	Vu < 0.5фVc = 68.3 KN  ………..Thickness is OK
	,𝑹-𝒏. = ,,𝑴-𝒏.-𝒃∗,𝒅-𝟐.. = ,𝟔𝟓.𝟑𝟔∗,𝟏𝟎-𝟔.-𝟏𝟎𝟎𝟎∗𝟎.𝟗∗ ,(𝟐𝟐𝟑)-𝟐.. = 1.46 MPa.
	𝝆 = ,𝟏-𝒎.(𝟏− ,𝟏−,𝟐∗,𝑹-𝒏.∗𝒎-,𝒇-𝒚... )
	= ,𝟏-𝟐𝟎.𝟔.,𝟏− ,𝟏−,𝟐∗𝟏.𝟒𝟔∗𝟐𝟎.𝟔-𝟒𝟐𝟎... = 0.00361
	→As = 𝝆 * bw *d = 0.00361 * 1000 *223= 803.13   mm2………..control
	( As(min) = 0.0018*1000*250 = 450 mm2
	n= ,𝟖𝟎𝟑.𝟏𝟑-𝟏𝟓𝟒. = 5.23 …… use 6
	s= 1/5.23= 0.191 m
	Take 6 ф14  @ 200 mm    with area = 924 mm2
	Temperature & shrinkage :
	As(min) = 450 mm2
	Take 3ф14 300 mm with AS= 462 mm2
	Check  step (s):
	1- S= 5h = 1250 mm
	2- S= 450 mm ................... control
	S= 200 mm < s max = 450 mm ................. ok

