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Abstract

Structural Design For " Modern Model School " In the UAE The aim
of this project is to design the structural elements of all buildings.
These buildings consist of concrete and steel works that contains

.slabs, beams, columns and foundations walls

The project consists of one concrete building. This concrete
building consists of a two-story. The building contain facilities
that is designed to suit the needs of the students according to the

.appropriate modern requirements

Moreover, the designing of the project consists of many stages,
which is represented by examining the architectural sketches,
choosing different kinds of structural elements such as columns,
beams and slabs that is not in contraction with the architectural
design. After that comes the stage of designing the structural
elements by using computer programs and then displaying the
.results as executive sketches

There are many codes used in this project. Jordanian Building
Code is used to determine live loads. Uniform Building Code
(UBC-97) is used to determine seismic loads. In Addition, the
American Concrete Institute’s code (ACI 318-14) is used for
.Structural analysis and designing sections

The computer programs that has been used in designing the project are
AutoCAD 2018, Atir 2018, ETABS 2016, office 2016 and others.

God grants success
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A = 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.

C. = 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.
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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.

e LL = live loads.

Lw = length of wall.

¢ M = bending moment.

e Mu = factored moment at section.

¢ Mn = nominal moment.

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.

¢ \/n = nominal shear stress.

¢ \/s = nominal shear strength provided by shear reinforcement.

e VVu = factored shear force at section.

Woc = weight of concrete.

o W = width of beam or rib.

o Wu = factored load per unit area.
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o @ = strength reduction factor.

e g = compression strain of concrete = 0.003.
e g = strain of tension steel.

e £;=strain of compression steel.

e p =ratio of steel area
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Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Design Method and Requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4-6 Design of Beam.

4 -7 Design of Column.

4-8 Design of Footing.

4-9 Design of One Way Solid Slab.
4-10 Design of Stairs.

4-11 Design of Shear Wall.
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4-1 Introduction

4.1 Introduction

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

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

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

So, in this project, there are Two types of slabs: One way solid slab, one way ribbed slab.
They would be analyzed and designed by using finite element method of design, with aid of a
computer program called "ATIR- Soft ware " to find the internal forces, deflections and moments
for ribbed slabs and by using the previous program and Etabs, Safe, to find the internal forces,
deflections and moments for the all structural element in order to design it. And programs to find
the internal forces, deflections and moments for One way solid slab, and then handle calculation
would be made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its cross —
sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated
in accordance with the requirements and assumptions of ACI-318-14 code.

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318 _14).

4-2-1 Strength design method: -

In ultimate strength design method, the service loads are increased by factors to obtain the load
at which failure is considered to be occurring.

34



Chapter Four Structural Analysis and Design

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.

The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.

4-2-2 NOTE:-

The statically calculation and the key plans dependent on the architectural plans.

e Code: -
ACIl 2014
UBC 97

o Material: -
Concrete: - B300
fc' = 30N/mm?(MPa) For circular section
but for rectangular section (fc' = 30 * 0.8 = 24MPa).

Reinforcement steel :-

The specified yield strength of the reinforcement {fy = 420 N/mmz2 (MPa)}.

4-2-3Factored loads :-

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

Wu=12DL+16 L, ACI-code-318-14
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4.3 Check of Minimum Thickness of Structural Member.

Table 4-1 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs Unless Deflections are
Calculated. (ACI 318M-14).

Table (4.1): Check of Minimum Thickness of Structural Member.

For Beam :-

hminfor(one end continuous)=L/18.5=5.4/18.5=29.2cm
hminfor(both end continuous)=L/21=7.2/21=34cm
hminfor(Simply supported)=L/16=5.6/16=35cm

Take h=35cm (27 cm block + 8 cm topping )

.Fig 4.1: Beams and Ribs.
4.4 Design of Topping.

4-4-1 Statically System For Topping :-
Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the

ribs. w, = 1.2D + 1.6L
/]
40cm
. A . wi® Wi
Fig 4.2: Topping Load. 1= v
wi?

24
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4-4-21 oad Calculations:-

4-4-2-1 Dead Load :-
Table (4.2): Dead Load Calculation of Topping.

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07*17*1 = 1.19 KN/m

0.08*25*1 = 2.0 KN/m

2*1=1KN/m

4-4-2-2 Live Load :-
L. =5 KN/m?

LL =5 KN/m2x1m=5KN/m
4-4-2-3 Factored Load :-
Wy = 1.2 x6.54 + 1.6%5 =15.35 KN/m
Check the strength condition for plain concrete, @M, > My, where g = 0.55

Mn=0.42 A \/ﬁ Sm (ACI 22.5.1, equation 22-2)

__b.h? _ 1000%.807
Sm=—2=

. = 1066666.67 mm?*

@M, =0.55%0.42x1x+/24 x1066666.67 x107° = 1.21 KN.m
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_ Wyl?  1535x42

My =
12 12

= 0.2KN.m (negative moment)

_ Wyl? _ 15.35x42

My
24 24

0.097 KN.m (positive moment)

oMp>>My= 1.21 >> 0.2KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin for slabs as
shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACl17.122.1
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h=3%80 =240 mm control ACI 1054

2. 450mm.

3. 5=380(%%) - 2.5C; = 380 (7o | — 2.5 + 20 = 330mm
[ 5420

Take g 8 @ 200 mm in both direction, S =200 mm < Smax = 240 mm ... OK

4.5 Design of One Way Rib Slab

4-5-1 Requirements For Ribbed Slab Floor According to ACI- (318-08) .

bW > 10CM. ... ACI(8.13.2)

Select bw=12 cm

N 3.5%5BW oo ACI(8.13.2)

Select h=35cm<3.5*12=42cm

(> L/ 12250MM .o ACI(8.13.6.1)

Select tf=8cm
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4-5-2 Material :-

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

4-5-3 Section :-

B =520 mm

Bw=120 mm

h=350 mm

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

Uil

TE L

L=
e >
= "Jlr $ L
; = 5
© Bz g =
L
L
L
L
J
L
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4-5-4Statically System and Dimensions:-

1 2 3
]:: : ol : b ; :]
p IR 1, C
A A A
‘ 0.6 1.95 | 08 | 3.63 | 08 | 227 ‘ 0.6 |
‘ ' 2.65 ' ' 4.43 ' ' 2.97 ‘ '
f o2, f 1 1
35. II
12.
A-A
Fig 4.4: Geometry of Rib (R2).
oaa group no. 1
Dead load - Service Units:kN,meter
6.00 6.00 6.p0
265 4.43 297
Live load - Service Load factors: 1.20,1.20/1.60,0.00
Lopoof [ [ [ ] el [ ) e | ]
265 4.43 297
Fig 4.5: Loading of Rib (R2).
Moments: spans 1to 3
16.5 -17.4
9.5 9.6
72 -8.
| 1-57|0.SB ) | 1.44 |
I | 1 I 097| 1
1 1 1 ! Il 1 1 1 |
~J 073l 7 ' T Tg73' U
28 0.72 3.3
53 71
12.7
0.93 1.72 | 2.21 | 2.22 | 1.78 . 119 |
I T 1 1 1 1 1
Shear
-25.9
-21.3
-17.8
-13.2 -12.7
5.8
T T T : T
4.
10.9
175 14.7
25.6 227

Fig 4.6: Shear and Moment Envelope Diagram of Rib (R2).
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4-5-5 Load Calculation:-

4-5-5-1 Dead Load :-

0.03*23*0.52 = 0.36 KN/m/rib

0.03*22*0.52 = 0.34KN/m/rib

0.07*17*0.52 = 0.62 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.27*25*0.12= 0.81 KN/m/rib

0.27*15*0.4 = 1.62 KN/m/rib

0.02*22*.52= 0.23/rib

2*0.52=1.04

Table(4-3): Dead Load Calculation of Rib (R 2).

e Dead Load/rib=6 KN/m

4-5-5-2 Live Load:-
Live load =5 KN/M?
Live load /rib = 5 KN/m? x 0.52m = 2.6 KN/m.
4-5-5-3 Effective Flange Width ( bg) :- ACI-318-11 (8.10.2)
bg For T- section is the smallest of the following:-
by =L /4=380/4=95cm
by =12+ 16t=12 + 16 (8) = 140 cm
bg= be < center to center spacing between adjacent beams = 520 mm. Control

by For T-section =52 cm.
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4-5-6 Moment Design for (R 2):-

4-5-6-1 Design of Positive Moment for (Rib 2):-(Mu=12.7 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d =h- cover - dstirrups_? =350—-20—-10— - = 314 mm
Check if a > hr to determine whether the section will act as rectangular or T- section.

Mur =0.85. f7. b. hy. (d — L)

80

:0.85><24><520><80><(314— :

) x 1076 = 232.53 KN. m

Mns > % = %: 14.11 KN.m , the section will be designed as rectangular section with

be =520 mm.

My, 12.7x10°
T @bd2  0.9x520x3142

= 0.275 Mpa

Rn

420
m= 2 = = 20.6
0.85f,  0.85x24

p:1<1 _ |1 _ZmEn ) :L<1 _J1 _ 2X206X0.275 > = 0.00065924
m 420 20.6 420

Asreq = p.b.d = 0.00065924 x520x314 = 107.64 mm?

Check for As min:-

. _Afc’ _
Asmin T (bw)(d) ACI-318 (10.5.1)

V24
4(420)

in =%
Asmin =5 (bw)(d)

Asmin = (120)(314) = 109.877mm?

Asmin = (120)(314) = 125.6mm? controls

ASreq= 107.64 mm? < Aspin= 125.6 mm?  OK
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Use 2 g 10, As,provided = 157.078mm2 > As,required 125.6 mmz2 .... Ok

_ 120-40-20—(2x10)
- 1

S

=40mm > d, =10 > 25 mm OK

Check for strain:-

As, 157.078%420
a=—2Y = = 6.21915 mm
0.85b f  0.85x520x24
a 6.21915
C=—= = 7.31664mm
B, 0.85

314-7.31664
7.31664

&, = 0.003 (=%) = 0.003 ( ) = 0.125747 > 0.005 0k

4-5-6-2 Design of Negative Moment for (Rib 2):- (Mu=-17.4 KN.m)

Assume bar diameter g 12 for main Negative reinforcement
dp 12
d :h' cover - dstirrups—7 =350—-20—-10— 7 =314 mm

My 17.4x10°
T @bd2 ~ 0.9x120x3142

Rn = 1.63 Mpa
fy 420

= - = = 20.6
0.85f]  0.85x24

m

420 " 206 420

p:%<1_ 1_m>_L<1_\/1_M >=0.00410923323

Asreq = p.b.d = 0.00410923323 x120x314 = 154.84 mm?

Check for As min:-

Asmin Ve (bw)(d) ACI-318 (10.5.1)
4(fy)
Asmin = V24 (120)(314) = 109.877mm?

4(420)
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in =%
Asmin = ) (bw)(d)

Asmin = (120)(314) = 125.6mm?  controls
ASreq = 154.84 mm? > Aspin= 125.6 mm?

Use 2 g 14 , As,provided = 308 mm2 > As,required = 154.84 mmz2 ... Ok

S— 120—40—210—(z><14) =32mm>d,=14>25 mm OK

Check for strain:-

_ Asfy _ 307.72x420

= - = =12.18 mm
0.85b f!  0.85x520x24

a 12.18
c=—=——=14.33mm
B,  0.85
314-14.33
14.33

e, = 0.003 (=5) = 0.003 ( ) = 0.0627 > 0.005 0k

4-5-6-3 Shear Design for (R 2):-

Vu at distance d from support =17.8 KN

Shear strength V., provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8).

Vo= A\/f byd = =24 x 120 X 314 X 1073 = 33.842 KN

g V¢ =0.75%x33.842 =25.382 KN
0.5 9 V. =0.5%x25.382 =12.69 KN
Check for items:

1. Vu<058V;
17.8 > 12.69 ( Not Ok )

2. 058Ve<Vu<OVe. . Case (I1) for shear design.
12.69 < 17.8 < 25.4 ( Ok ), minimum shear reinforcement is required.
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Smax IS the min of :

<4 % = 157 mm OR Smax < 600 mm

Smax — 2

Smax =157 mm  control.

By using @8 double legs stirrups, Ay = 100.6 mm?
E,Ay 420 * 100.6 * 314

bs = ~ T 157+ 1000

=84.5KN

Use 2leg $8 @ 100 mm

for all spans 2 leg 8 @ 100 mm will be used for stirrups.

4.6 Design of Beam

4-6-1 Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
4-6-2 Section :-

= B =800mm
= h=350 mm
= d=350-40-10-20/2= 290 mm

4-6-3 Statically System and Dimensions:-

Fig 4.7: Geometry of Beam (B16).
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Dead load - Service Units:kN,meter

48.7 48.7 48.7 48.7

5:te 581 58 58

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

A 273 A ) O A O 1) I A A A T I

5.76 5.81 58 58

Fig 4.8: Loads Distribution of Beam (B 16).

_379. -381.5
-336. -338.7 2872 3412 337.2
-251. 2511
. A-5821 ‘ | A | 1.5%_
! ! ! &9 : ' 223 !

‘ oz hag 53 i
M ' 7 721 298
176.7 1747
284.4 2889
| 23 3.46 | 3.2 . 281 | 261 3.19 | 3.48 . 232 |

T T T T T T T 1
Shear
-358.3
3289
-296.2
2439 -276.5 ‘ 2423
H
2405 0 ‘ ’ 2432
) sopg 2100 2055 | 08.
- 360.3

Fig 4.9: Shear and Moment Envelope Diagram of Beam (B 16).

4-6-4 |_oad Calculations:-

4-6-4-1 Dead Load Calculations for Beam (B 16 ):-

The distributed Dead and Live loads acting upon B 16 can be defined from the support reactions of
the R2.

Self weight of beam =6.75 KN
DL7otal = ( 25.35/ 0.52 ) + 6.75 = 48.75+6.75 =55.5 KN/m
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4-6-4-2 Live Load calculations for Beam (B 16):-

The maximum support reaction from Live Loads for R2 upon B 16 is 11.36 KN The
distributed Live Load from the Rib2on B 16 .

LL =11.36/0.52 = 22 KN/m

Reactions
Factored

i Ht t Ht H
DeadR  150.46 439.91 359.76 441.2 151.8
LiveR 90. 247.22 231.88 247.94 90.53
MaxR 240.45 687.14 591.64 689.14 242.33
MinR 139.44 534.41 432.56 535.3 140.95
Service
DeadR  125.38 366.59 299.8 367.67 126.5
LiveR 56.25 154.52 144.93 154.96 56.58
MaxR 181.63 521.11 444,72 522.63 183.08
MinR 118.49 425.66 345.3 426.48 119.72

Fig 4.10: Reactions of Beam (B 16).

4-6-5 Moment Design for (B 16 ):-

4-6-5-1 Flexural Design of Positive Moment for (B 16 ):-(Mu=288.9 KN.m)

Determine of Mn max
d =450 — 40 -10 — 20\2 = 390 mm

3 3
c= ;d = ;* 390 = 167.142 mm

a=B.c=0.85%167.142 = 142.07 mm

142.07

Mnmax = 0.85+ f¢ * a*b*(d - g ) = 0.85*24*142.07*600*(390 - T) *10%= 554.66 KN.m
@ Mnmax = 0.82* 554.66 =454.82 KN.m >288.9 KN.m

Design as singly reinforcement

M, 2889 x10°
" @bd? 0.9 x 600 x 3902

Rn = 3.52Mpa
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fy 420
0.85f,  0.85x24

p=1<1_ 1_%>=L<1—\/1—M>=0.009265
m 420 20.6 420

As =p.b.d = 0.009265x600%x390 = 2168.04 mm2

= 20.6

Check for Asmin :-

o * 600 * 390 = 682.357 mm?

ASmin = ;/(f_) (bW) (d) =

ASmin = Gy )(b )(d) = * 600+ 390=780 mm?  Controls

As,req =2168.04 mm > As min = 780 mm

Use 6 @ 22 Bottom, Asprovided = 2280.79 mm?2 > As.required = 2168.04 mm? ... Ok

Check spacing :-

600—40%2—22—(6%22)
5

S=

=732mm >d, =22 >25mm OK

Check for strain:-

Asfy _ 2168.04x420
0.85b !~ 0.85x600x24

=744mm

=2 = ﬂ_87522mm
B, 085

390-87.522
87.522

e, = 0.003 (=%) = 0.003 ( ) =0..0103 > 0.005 0k

4-6-5-2 Flexural Design of Negative Moment for (B 12 ):-(Mu=-381.5KN.m)

R — M, _ 3815x10° L645M
"= 0bdZ T 09 x 600 x 3902 pa

fy 420
0.85f!  0.85x24

p=1<1_ 1_%>=L<1_\/1_M>=o.01251
m 420 20.6 420

As=p.b.d=0.01251 x600%x390 = 2927.34 mm?

= 20.6
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Check for As,min :-
! V24
ASmin = g (bw)(d) = azo 600 * 390 = 682.358 mm?
e - 14 - 2
ASmin = TS (bw)(d) = = 600 * 390= 780 mm Controls

Asmin= 780 mm? < As = 2927.34 mm?

Use 69 25 Top , Asprovided = 2945.24 mm? > As.required = 2927.34 mm? ... Ok

Check spacing :-

_ 600-40%2—-20—(6X25) _
= - =

S

70mm > d, = 25> 25mm  OK

Check for strain:-

Asf 2945.24 X420
=—2 = = 101.062 mm
0.85b f 0.85X600x24
a 101.062
c=—= = 118.897 mm
B, 0.85

390-118.897
118.897

e, = 0.003 (=%) = 0.003 ( ) = 0.006840 > 0.005 0k

4-6-6 Shear Design for (B 16 ):- (Vu=-308 KN)

o Ve=z\fc'b,d == =VZ&+600+390 x 107 = 191.06 KN

o ®V,=0.75*191.06=143.3 KN
e 05dV,=71.63 KN

Check the items:

1. Vu <0.50¢Vc
308 > 71.63 ( Not Ok)

2. 0.5PVc < Vu < @Vc
71.63 <308 >143.3 (NotOk)

3. 0.50Vec<Vu< @(Ve+Vgnmin)
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Vs.min is the max of :

e Vsmin > (3)*bw*d = (;)*600*390*10° = 78KN  Controls

e Vsmin > (Vlf—?) *bw* d = (%_“) * 600 * 390*10°3 = 71.65 KN

0.50Vec<Vu< 0(Ve+ Vgnin)

71.63 < 308 > 201.8 (NotOk)

4. @(Vc+ Vgpmin) <Vu<30@Vc
201.8 < 308 <429.9 ( Ok)

Smax IS the min of ;

d 390

~ = = =195mm ....control OR Smax = 600mm
V. = b V. = 308 143.3 = 267.37 KN

ST g ¢~ 0.75 e

2 S*Vs 195 % 267.37 10 = 3083 5
= = * = .
VT Fywd 420%390 mm

Use 4 leg @ 10, Av = 4 * 78,5 = 314.16 mm?

Av*Fyxd 314.16%420%390 _
S = = %1073 = 192.46 mm
Vs 267.37

Use (4 leg stirrups ) @ 10@15mm

50



Chapter Four Structural Analysis and Design

4.7 Design of Column (108)

4-7-1 Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

4-7-2 Load Calculation:- (From Column Group C2)

4-7-2-1 Service Load:- from B 16

Dead Load =366.59 KN —
Live Load = 154.52 KN

4-7-2-2 Factored Load:-
Pu=1.2%x( 366.59)+ 1.6x(154.52)= 687.15 KN 0.04

0.45

0.50

Fig 4.11: Column Section

4-7-3 Dimensions of Column:-

Assume p, = 0.01 and Designed for 4 floors
@* Pn=0.65 < 0.8 x Ag {0.85 fc'(1 = p ) + p, * Fy}
4 * 687.15 * 103=0.65 x 0.8 x Ag {0.85 *24 (1 — 0.01) + 0.01 * 420}

Ag=216666.035 mm2
Assume Rec Section

b=500mm , h=45 cm

4-7-4 Check Slenderness Parameter:-

felu <34-12 M1 <40
T M2~

Lu: Actual unsupported (Unbraced) length.
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K: effective length factor.

R: radius of gyration = \/'IA\: ~03h . For rectangular section

Lu=3.65m
M1/M2 =1
K=1 for braced frame.

e about X-axis (b= 0.5m)

felu <34 —12 M1 <40
T M2

1 x3.65 =24.33 > 22
03x05

Column Is Long About X-axis

e about Y-axis (h=0.45m)

@<34—12ﬂ <40
r M2 —
1 x 3.65

Column Is Long About Y-axis

4-7-5 Minimum Eccentricity:-

_ _ Mux 0
ex=ey=-—p—=
minex =miney =154+ 0.03 X h = 154 0.03 X 450 = 28.5mm = 0.0285m
ex = ey = 0.0285m

4-7-6 Magnification Factor:-

Cm
6ns = pPu_ > 1.0and < 1.4

0.75P,
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c —06+O4<M1)>O4
Cm=06+04+1=1>04

m2EIl
P, = TNz
(KLu)
E.l,
El = 0.4
1+ B4

E, = 4700y/fc’ = 4700 x \/28 = 24870.06Mpa
_12DL 1.2+ (366.59)

_ =064<1
d Pu 687.15 0.6% <
- b X h3 _ 0.5 x 0453 = 0.003797 4
£l = 0.4 x 24870.06 x 0.003797 — 23.03 MN.m?
= 1+0.64 T "
7'[2 * 2303
_ = 17.06213MN

For = (1 * 3.65)2

1
687.15
0.75%17062.13

Sps = = 1.05 > 1.0and < 1.4

4-7-7 Interaction Diagram:-
Assumepg = 0.01

ex = ey = eNSnyin

ex_0.0285_0057
b 05
ey_0.0285_00633
h o 045
y_500—2*40—2*10—20_076
b 500 -
)/_4—50—2*4-0—2*10—20_0511
h 450 -

14
Forﬁ = 0.511 and pg = 0.025

Ast=p, X A, = 0.025 x 450 X 500 = 5625 mm?
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Select 20020 with As = 6283.185mm? > Ay, = 5625 mm?

4-7-8 Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing <16 Xd, =16x2.0=32 cm
spacing <48 X dg =48 X 1.0 =48 cm

spacing < least dim =45 cm

Usep10@20 cm

10 7 20020
10

37 37

10 42

0.45

24 24

42 27

0.50

Fig 4.12: Column Reinforcement
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4 .8 Design of Isolated footing.(F2).

4-8-1 Some informations :
Soil density =17KN/m? soil depth= 1.6 m Allowable soil pressure =350 KN/m?

concrete B350 Fc' = 28 N/mm? Fy = 420 N/mm?

4-8-2 Design of Bearing Pressure:
Assume footing to be about (50cm) thick

A) Weight of the soil over the footing =17*1 =17 KN/m?
B) Weight of footing= 0.65*25=16.25 KN/m?
Net allowable bearing capacity ( ob aitowabt)=350-17-16.25=316.75 KN/m?

4-8-3 Load Calculations :- ( From column 108 )

e PD=366.59 + (25*0.5%.45*%4.2 ) =390.225 KN =) 4*390.225 = 1560.9 KN
e PL=15452 KN E—) 4*154.52 = 618.08KN
e Pn=1560.9 + 618.08 = 2178.98 KN

e Factored load
Pu =1.2*Pd+1.6*PI ) Pu=1.2%1560.9 +1.6*618.08 = 2862.01KN

obu <1.4* &b allowabl

by = 2 = 220202 <1 4%316.75 / o
Areq req e p108200m L cUect e sivo0cm
Areq=6.454m° e | P gl l| s e i W
Area= a*a ....a:\/Areq mmmw%{‘ | ‘ ’ ‘ ’ ‘ ’ ‘ | §f
O ===z === [ 11] i>=ssvz=ae )
a=2.54 ..... selected a=2.8m ﬁﬂw SR e
factor bearing presser :- Siors i T ‘
Obu= 22822202 =365.05 KN/m? T e b

Fig 4.13: Foot Section.
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4-8-4 Design of one way shear :

No ,shear reinforcement is required if (d*vc> vu)
Vu:factored shera force at the critical section at
adistance d from the face of column.

Assume h= 65cm , bar diameter @14 for main
reinforcement and 7.5 cover .

d=650—-75-14 =561 mm

B—a
2

Vi = 365.05(

Vu=qu< —d)*L

- 0.561) * 2.8 = 602.04KN

]

Z

Inclined crack

Critical section for
one-way shear

—

d

_—
E

N

One-way shear.

Tributary area for
one-way shear

Figure (4-14): one way shear (beam
shear for isolated footing)

1 1
@.Vec = Q).g*,/fc’ * b, *d =0.75 i V28 * 2800 * 561 * 1073 = 1038.99 KN

@.Vc =1038.99 KN > Vu = 755.36KN....... Safe

4-8-5 Design of two way shear (punching shear):

Vu= Pu-FRy
FRb = qu* area of critical section

Vu= 2862.01-(365.05*1.011*1.061) = 2469.95 KN

,3 __ Column Length _ 500
€7 ColumnWidth ~ 450

=1.11
bo= 2*(561+450) + 2* (561+500) = 4144 mm

o= 40 for interior column

9.Ve = ¢%(1 +é) £ b, d

Tributary area for
two-way shear

Critical section
for two-way shear ~—

d_de

o + d_ "

Two-wav shear.

P*Ve >vu. Figure (4-15): Tow- way shear (punching shear)

D*VC =0.75% ( <) (1%)‘/ fc *bo*xd ... where (= )(1+—-) =047




Chapter Four Structural Analysis and Design

D*Ve=0.75% ( —)* (“S*d +2) Jfc *bo*d ... where (Z)*( (=) +2) = 0.55
O*Ve=0.75% (5) +/fc’ *bo*d o Where (5)=0333 ... Control

d*Ve=0.3*+/28  * 4144 * 561 * 10° = 3690.48 KN
dVce =3690.48 > Vu=1361.58 KN..... ok

The thick of footing = 65 cm

4-8-6 Design of Bending Moment :-

Critical section at the face of column

FR= gy + (£2)+ L = 36505 « (222

) «2.8 = 1175.46 KN

Mu = g B *x*%=36505%28*1175+ ~2° = 7056 KN.m
My __ 705.6% 106 _
fn = @bd? ~ 0.9+2800%5612 0.889 Mpa
fy 420

= 17.65

T 0.85f!  0.85x28

o= 1(1 _ |1 _2mRn ) =t <1 _J1 _ 2x17.65 x0889 ) = 0.0021594
m 420 17.65 420

As, req = p.b.d = 0.0021594 x2800x561 = 3392.014 mm?

Asmin=0.0018 * 2800 * 650 = 3276 mm?

As,req > As,min Ok — Asﬁreq = 3392014 mm2 ........... is control

4-8-7 Check for Spacing :-

S =3h=3*50 =150 mm........... is control

S = 380 * (ZZBO()) —2.5%75 = 192.5 mm
3

S =450 mm

Use 24’@14’ in BOth DII‘eC'[IOI’] , As| provided = 369451 mm2 > As| required =3392014
mm?
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4-8-8 Check for Strain:-

__Afy 369451420 .
4T 085+bxf’ 085x2800+x28 <M
_ :;1_23.3_274

©= B, 085 /MM

d—c 561 — 274
& = 0.003|—— | = 0.003(——==————] = 0.058 > 0.005...... OK
c 27.4

0,10

L1735

T
5
}5

315 .B.E

T

220
0.45
L _J
4
o
265

DAA14 L= 315

g L
B 2
115 0.50 ) 115
iy
5
P 73
@14 1=315 . BB
263 —
g o
=
0.19 280 0.10

F oundoTtion

Fig 4.16: Foot Reinforcement Details .

58



Chapter Four Structural Analysis and Design

4.9 Design of One Way Solid Slab:

4-9-1Calculate the minimum thickness slab :-

Table 4-111111 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs Unless
Deflections are Calculated. (ACI 318M-14).

Table (4.4): Check of Minimum Thickness
Lmin = L/20 = 4.1/20 = 20.5 cm " Simply supported "
4-9-2 Load Calculations :-

4-9-2-1 Dead load for solid slab for 1m strip:-

0.21*25*1 = 5.25 KN/m

22*0.02*1=0.44KN/m

Table (4.5): Dead load for solid slab for 1m strip

4-9-2-2 Live load for solid slab for 1m strip = 1*2 = 2 KN/m
Factored load for solid slab :-

Wy =1.2*5.69 + 1.6 * 2 =10.03 KN/m
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Structural Analysis and Design

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 1

| 2,05 19.3

2.05

-16.5

-189

189 16.5

Fig 4.17: Moment & Shear diagram for solid slab .

4-9-3 Design of Shear :- (Vu=16.5 KN)
Assume bar diameter @12 for main reinforcement
d:h—cover-% :210—20-12—2 =184 mm

1

1
Vc=—*\/fc’*bw*d=€* 24 % 1000 * 184 * 1073 = 150.25 KN

6
@Vc = 0.75%150.24 = 112.68 KN > V, = 16.5KN

No shear reinforcement are required

4-9-4 Design of Bending Moment :- (19.3 KN.m)

Assume bar diameter @12 for main reinforcement
d:h—cover-% =210720-12—2 =184 mm

M, _ 19.3x10°
@bd2 ~ 0.9%41000%1742

420
m= 2 — = 20.6
0.85f¢ 0.85%x24

Rn =

= 0.708 Mpa

o= l<1 _ [ _2mRn ) _ 1 (1 _\/1 _ 2X20.6 X0.708
m 420 206 420

As req = p.b.d = 0.001716x1000x184 = 315.75 mm?
60
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Chapter Four Structural Analysis and Design

Asmin=0.0018 * 1000 * 210 = 378 mm?> Ag req = 315.75mm?
As=378 mm? ...... control

4-9-5 Check for Spacing :-

S=3h=3*210=630 mm

S =380 * <228;’0> —25%20 =330 MM vrrrrrnnn is control

—x
3

Use@12@25cm. As, provided = 452.39 mm? > As, required =378 mm?2.... OK

4-9-6 Check for Strain :-

__Afy _ 45239.420
4= 085+«bxf, 085+1000%24 - M
_a _9.31_1096

“= B, 085 oMM

d—c 184 — 10.96
& = 0.003 (T) = 0.003 (W) = 0.047 > 0.005...... OK

4-9-7 Secondary Reinforcement For solid slab :-
As,req :As,min =0.0018 * 1000 * 210 = 378 mm2

Use@10@20cm, As, provided = 392.7 mm? > As, required =378 mm?.... OK

Ul
—
Ul

o M
— (a8
Solid Slab | s <
D=21 cm U \%
— o)
N Nb)
<r ~
895 13
Y — — — — — — — — — — — Lt — —
£ £
3 e
J
. @ ol0e20cm ,L=96lcm T.B. ® © =
Ul 931 = = Ul
IS8 IS8
T Q@ #10820cm L=96lcm B.B. al al T
931

ST GI

Fig 4.18: One Way Solid Slab Reinforcement Details .
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4-10 Design of Stair

Fig 4.19: Stair Plan
4-10-1 Material :-

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
4-10-2 Design of Flight :- 8; Q
e} o~
L
4-10-2-1 Determination of thickness :- | o
LI

hmin=L/20=340/20 =17 cm

Take h=20cm

The Stair Slope by 8 = tan™* ( 15/30 ) = 26.57°

L2 e

Fig 4.20: Section of Stair
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4-10-2-2 Load Calculations :-

4-10-2-2-1 Dead Load for Flight For 1m Strip :-
Table (4.6): Dead load Calculation of Flight .

0.03*23*1*((0.3+0.15)/0.3) = 1.04 KN/m

0.03*22*1*((0.3+0.15)/0.3) = 0.99 KN/m

25 * (0.15*0.3
0.3

)*1=1875KN/m

25%0.20%1
c0526.57

= 5.59 KN/m

22%0.03%1
c0526.57

= 0.738 KN/m

4-10-2-2-2 Live Load for Flight For 1m Strip =5*1 = 5 KN/m

e System of Flight:-

D.L= 10.408 KN/m

LL= 5 KEN/m

A A A A

D.L= 17.63 KN
LlL= 85 KN

D.L= 17.69 KN
LL= 8} KN
1.92 3.4 1.0

Fig 4.21: Statically system and load distribution of flight
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*Factored Load for Flight :-

W, =1.2*10.408 + 1.6 * 5 = 20.5 KN/m

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans Tto 1

57.9

2.44 | |

49.3

5.03 4.12

241

Fig 4.22: Moment & Shear diagram for flight .

4-10-2-3 Design of Shear for flight :- (Vu =43.5 KN)

Assume bar diameter @16 for main reinforcement

dp 16
d=h—cover—2—=200—20—7= 172 mm

1 1
@.Vc = (D.g*w/fc’ * b, *d =0.75 i V24 = 1000 * 172 * 1073 = 105.33KN

@Vc = 105.33KN > Vu = 43.5KN ... No shear reinforcement are required.

4-10-2-4 Design of Bending Moment for flight:-( Mu = 39.3 KN )

M, _ 39.3x10°
@bd? 0.9%1000%1722

420
m= 22 = = 20.6
0.85f,  0.85x24

Rn =

= 1.48 Mpa
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p:i<1— 1 _ 2MRn ): 1 (1_\/1_M > = 0.003652
m 420 20.6 420

As, req = p.b.d = 0.003652 x1000x172 = 628.09 mm?/m

As min= 0.0018 * 1000 * 200 = 360 mm? < As, req = 628.09 mm? m
4-10-2-5 Check for Spacing :-

e S=3h=3*200=600mm

e S =380« <228;’0> —25%20 =330 MM vvrrrrnnn is control

—x
3

e S =450mm
USE¢16@25CI’T], AS, provided = 804.25 mmz2 > As, required =628.09 mm?2 .... OK

4-10-2-6 Check for Strain:-

_ Asf, 80425 %420
© 085xbx*f.’ 0.85%1000 24

a = 16.56 mm

a 16.56
C= —=

= 19.4
B, - 085 _ l>48mm

d— C) - (172 —19.48

& = 0.003 (T 1948 ) = 0.023 > 0.005 ....... OK

4-10-2-7 Lateral or Secondary reinforcement for flight :-
As, req » Asmin = 0.0018 * 1000 * 200 = 360 mm?

Use@10@20cm, As, provided = 392.7 mm2 > As, required = 360 mm2 .... OK
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4-10-3 Design of Middle Landing :-

4-10-3-1 Determination of thickness :-
hmin=L/20=200/20=10cm
Take h=20cm

4-10-3-2 Load Calculations :-

4-10-3-2-1 Dead Load for Landing For 1m Strip :-

Table (4.7): Dead load Calculation of Landing :-

0.03*23*1=0.69 KN/m

0.03*22*1 = 0.66 KN/m

25%0.20 1 =5.00 KN/m

22%0.03*1=0.66 KN/m

4-10-3-2-2 Live Load for Landing For 1m Strip = 5*1 = 5 KN/m

4-10-3-2-3 Factored Load for Landing :-

Wy=1.2*%7.01+1.6 *5=16.412 KN/m

Wy 1.2%10.408+ 1.6 %5

W L 2

=10.245 KN/m
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4-10-3-3 System of Landing :-

10.25 KN/m 10.25 KN/m

70.41 KN,/m

2.00 0.20 2.00

Fig 4.23: Statically system and load distribution of middle landing.

oments: spans to
-45.7 -45.7

0.89

! ! o.sa\
\

2.1 21

-66.

66.

Fig 4.24: Moment & Shear diagram envelope diagram of middle landing.
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4-10-3-4 Design of Shear :- (Vu=66 KN)

Assume bar diameter @16 for main reinforcement

dp 16
d=h—cover—2—=200—20—7=172mm

1 1
@.Vec = @.g*,/fc’*bw*d = 0'75*6* V24 * 1000 * 172 * 1073 = 105.33KN

@Vc = 105.33KN > Vu = 66 KN ... No shear reinforcement are required.

4-10-3-5-1 Design of Bending Moment for landing :-( Mu =45.7 KN )

M, 45.7 x 10°
Rn = L =172M
n ®bd? 0.9¥1000%1722 pa
fy 420

= 20.6

m= ; = =
0.85f¢ 0.85%x24

p=l<1 _ [ _zmERa ) _ 1 (1_J1_w ) = 0.004275
m 420 20.6 420

As, req = p.b.d = 0.004275 x1000x172 = 735.28 mm?/m

Asmin=0.0018 * 1000 * 200 = 360 mm? < A, req = 735.28 mm?/m

e Check for Spacing :-

S =3h=3*200 =600 mm

S = 380 * <328;’0> ~2.5%20 =330 MM oo is control
3
S =450 mm

Use@16@25cm, As, provided = 804.25 mm2 > As, required = 735.28 mm?2 .... OK

e 4-10-3-7 Check for Strain:-

_ Asfy 80425 %420
"~ 085%bxf.’ 0.85%1000 24

a = 16.56 mm

a 16.56
C= —=

—19.4
B, ~ o0s5 _ LoA8mm
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—0003(d_c)—0003(172_19'48)—0023>0005 0K
& = 0. —)=0 19.48 = 0. .005 ......

4-10-3-5-2 Design of Bending Moment for landing :-( Mu =22.3 KN )

M, _ 223x10°
@bd2 ~ 0.9+1000%1722

420
m= 2 = = 20.6
0.85f/  0.85x24

p= l<1 — |1 -2 ) == (1 - J1 — e ) = 0.0020368
m 420 20.6 420

As, reqg = p.b.d = 0.0020368 x1000x172 = 350.34 mm?/m

Rn =

= 0.84 Mpa

As,min =0.0018 * 1000 * 200 = 360 mm2 > As, req = 350.34 mm2 /m
AS, required =360 mm?/m
e Check for Spacing :-

S =3h=3*200 =600 mm

S = 380 * (;‘3;’0) —2.5%20 =330 MM e is control
3
S =450 mm

Use@16@30cm, As, provided = 603.19 mm2 > As, required = 360 mm2 .... OK

e 4-10-3-7 Check for Strain:-

As.fy  603.19 %420

_ = = 12.42
0.85+%b+f,' 0.85+ 1000 * 24 mm

a

a 1242
C= —=

— 14.61
B, 085 mm

d— C) ~ 0 (172 —14.61

& = 0.003 (T 1461 ) = 0.032 > 0.005 ...... OK

4-10-3-8 Lateral or Secondary reinforcement for flight :-
As, req , Asmin = 0.0018 * 1000 * 200 = 360 mm?
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Chapter Four

USG¢10@20CI’T], AS, provided = 392.7 mm2 > As, required = 360 mm2 .... OK

_@10820 #0820
\ \
............... "
e14@15 214815 /
210820/
216826/
T,
#1E@25 S16@26 10820,
3.80m /T !
Ty -0
S0t R Q}
L
3.85m /T
0.40m

0-0 2.%5m T

'Dz-"?j whann ] 9.20m
2
S
B.20m | Ai0m /B o ;5&_@ ‘QZ'

am/m S o X B Lg 2.00m /B 0:20m

- Q??v 9 LAED, /.
E50m /B Jo.40m

Fig 4.25: Stair reinforcement details.
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