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Abstract
Structural Design for Hotel In Halhul

The structural design of the projects comes after the architectural design, where it is
concerned with the design of all the structural elements of the building, from slabs, beams,
columns, foundations, walls and stairs and showing their details and structural plans with the best
quality and the lowest economic cost possible.

In this project, we will design the hotel located in Halhoul on the main street from the
northern western side, this building is located on a land area of (9698) m? and in this land there's
a slope of 5.5 m, and the area of the hotel mentioned reaches (17264) m?, where it consists of A
floors and Roof. It is the two floors of the settlement that contain garages, and the ground floor
that contains the reception, meetings and administration in addition to the health units, while the
first floor contains a breakfast lounge, gym and health units, as for the second, third, fourth ,fifth
floors and roof contain rooms that accommodate a person, two or more in addition to the Health
units.

The building is characterized by containing architectural retreats in the floor area, and the
building contains corridors that ensure horizontal movement at the same level, and also contains
three electric elevator in addition to the stairs responsible for the vertical movement in the
building.

The project will include a complete structural study to define the structural system and
analyze the vertical and horizontal forces and distribute them over the structural elements, and
analyze these elements and then design them according to the American code ((ACI 318-11).

The earthquake resistant design will be taken into consideration due to the importance of the
building, its height and its large size. It is worth mentioning that the Jordanian code will be used
in calculating the loads on the structural elements, but for the structural analysis and design,
reference will be the American code (ACI 318-11).

Some of the construction programs will be used to complete this work, such as :
(ETABS, SAFE, ATIR, SP COLUMN, Microsoft office )

In addition to the manual solution for some structural elements.

God willing
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List of Abbreviations

1. a =depth of compressive stress .

2. Ac = area of concrete section resisting shear transfer.

3. As = area of non-prestressed tension reinforcement.

4. As' = area of non-prestressed compression reinforcement.
5. Ag = gross area of section.

6. AV = area of shear reinforcement within a distance (S).

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

9. b, = perimeter.

10. b, = web width, or diameter of circular section.

11. C = resultant compression force in concrete .

12. C =concrete cover .

13. C. = compression resultant of concrete section.

14. Cs = compression resultant of compression steel.

15. DL = dead loads.

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




17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30

31

32

33

EC = modulus of elasticity of concrete.

Es = modulus of elasticity of steel.

f.' = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.

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

measured face-to-face of supports in slabs without beams and face to face of beam or

other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn= nominal moment.

Pn = nominal axial load.

Pu = factored axial load.

. S = Spacing of shear in direction parallel to longitudinal reinforcement.
. T=resultant tension force in steel .

. VC = nominal shear strength provided by concrete.

. VN = nominal shear stress.

XI




34. /s = nominal shear strength provided by shear reinforcement.
35. VU = factored shear force at section.

36. Wc = weight of concrete.

37. W = width of beam or rib.

38. WU = factored load per unit area.

39. @ = strength reduction factor.

40. p= ratio of steel area.

41. g; = compression strain of concrete = 0.003.

42. g = strain of tension steel.

43. &, = strain of compression steel.
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Chapter Four: Structural Analysis And Design

4-1 Introduction.

4-2 Design Method and Requirements.
4-3 Determination of Slab Thickness.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab (R2).
4-6 Design of Beam ( B3).

4-7 Design of Basement Wall.
4-8 Design of Stair.
4-9 Design of Isolated Footing.

4-10 Design of Column.
4-11 Design of Shear Wall.

4-12 Design of one Way Solid Slab.

Page | 35




4-1 Introduction :

Reinforced concrete : concrete in which steel is embedded in such a manner that the two

materials act together in resisting forces.

> The reinforcing steel such as rods, bars or mesh absorbs the tensile , shear, and

sometimes the compressive stresses in a concrete structure .

Plain concrete does not easily withstand tensile and shear stresses caused by wind,
earthquakes, vibrations, and other forces and is therefore unsuitable in most structural
applications.

In reinforced concrete, the tensile strength of steel and the compressive strength of
concrete work together to allow the member to sustain these stresses over considerable

span.

In this project, we will adopt reinforced concrete in the construction of structural

elements such as columns, slabs and foundations.

A concrete slab is a common structural element of modern buildings, consisting of a flat,

horizontal surface made of cast concrete.

The type of slabs:

1
2
3.
4

Solid slab.
Ribbed slab.
Flat slab.
Waffle slab.

In this project, we will design two types of slabs that are ribbed slab and flat slab.

In this Chapter, we will show the design procedure for several structural members of our
project, so we will discuss the steps that we followed to design the Ribs, beams, slabs.
This chapter presents a sample calculation related to one of the preceding members
contained in this project. All of structural members will be designed according to the
design code (ACI —318-code).
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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_11).

v" Strength design method :

It is based on the ultimate strength of the structural members assuming a failure condition,
whether due to the crushing of concrete or due to the yield of reinforced steel bars. Although
there is additional strength in the bar after yielding due to Strain Hardening, this additional
strength in the bar is not considered in the analysis or design of the reinforced concrete members.
In the strength design method, actual loads or working loads are multiplied by load factor to
obtain the ultimate design loads. The load factor represents a high percentage of factor for safety

required in the design.

The most important principle to be adopted in the design process is:

e Strength provided > strength required to carry factored loads.

The statically calculation and the key plans dependent on the architectural plans that
we will to use it from (Code : UBC ACI 2011).

v Materials :

1. Concrete : B300 .... f,, =30 * 0.8 = 24 N/mm? ( MPa).
2. Reinforcement Steel : The specified yield strength of the reinforcement
(fy =420 N/mm?*(MPa)).

v Factored loads :

service loads increased by some factor of safety or overload factor are called factored loads.
The factored loads for members in our project are determined by :
Wu = 1.2D; + 1.6L; ACI — code —318—-11(9.2.1).
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4-3 Determination of Slab Thickness :

Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless Deflections are
calculated. (ACI 318M-11).

Element Simply One end Both ends | Cantilever
supported | continuous | continuous
One-way
solid slabs /20 /24 /28 [/10
Element Simply One end Both ends Cantilever
supported continuous continuous
One-way
ribbed slabs /16 1/18.5 /21 I/8

Table (4.1): Minimum Thickness of Non-prestressed Beam or One-Way Slabs.

For Ribs:

h,ninfor (one end continuous) = L/18.5 = 5.1/18.5 = 27.57cm.
h,ninfor (both end continuous) = L/21 = 5.24/21 = 24.95cm.

hninfor (simply supported) = L/16 = 4.29/16 = 26.81cm.

Take h =32cm.

24 cm block + 8 cm topping = 32cm.

For Beams: -

hninfor (one end continuous) = L/18.5 = 6.45/18.5 = 34.86cm .

hninfor (both end continuous) = L/21 = 4.22/21= 20.9cm.

hninfor (simply supported) = L/16 = 5.82/21=27.7 cm.

Take h,,;, = 40cm.
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For flat slab:
Hmin = L/30 = 8.36/30 = 27.87cm
Take h = 30cm.

4-4 Design of Topping:

Statically System For Topping:-

Topping in one way 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.

Wu

- 40 cm

fig 4.1:Statically System of topping.
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» Load calculation:

v" Dead load:
Topping Dead Load
parts of topping Sxyx1 KN/m
Titles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Sand 0.07x17x1 1.19
Topping 0.08x25x1 2
Portions 2.38x1 2.38
SUM 6.92
Table (4.2): Dead Load Calculation of Topping.
v" Live load:
L. =2 KN/m?.

L, =2 KN/m?x1m = 2 KN/m.

v" Total factored load :

Wu=1.2x6.92 + 1.6x2 = 11.504KN/m.

_ Wul?  11.504,0.47
12 12

M, = 0.153 KN.m.

@M, > M,: strength condition, where @ = 0.55 for plain concrete.

Mn=0.42 A \/f; Sm (ACI 22.5.1, Equation 22-2)
Where Sy, for rectangular section of the slab:

_ b.h? _1000.80?

Sm G G = 1066666.67 mm?>

DM, = 0.55%0.42x1x/24 x106666.67 x10~6 =1.207KN.m > 0.153

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin for slabs as
shrinkage and temperature reinforcement.
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Pshrinkage = 0.0018 (ACI7.12.2.1)
As=p x b x t=0.0018 x1000 x 80 = 144 mm?*/m.
Step (s) is the smallest of :

1. 3h=3x80=240 mm (control ACI 10.5.4)
2. 450mm.

280 280

3. $=380(%%) - 2.5¢, = 380 <Zm> —25.20=330mm (ACI 10.6.4)
3

fs

Take 48 @150 mm in both direction, S = 150 MM < Sypax =240 mm ... OK

4-5 Design of one way rib slab (R2) :

Requirements for Ribbed Slab Floor According to ACI- (318 - 11).

P bw>10Cm. ... ACI code, section (8.13)

Select bw =12 cm.
P h<3.5XDW i ACI code, section (8.13)

3.5%12=49 cm >. Select h=32cm
P TE>Ln/122>250mm ..o ACI code, section (8.13)

Select Tf = 8cm.

= Material:-

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

= Section:-

B =520 mm.

Bw =120 mm.

h =320 mm.

t=80 mm.

d =h - Cc—dp/2 — Stirrups = 320-20-(12/2)-10-= 284 mm.

Uy u vl
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e Statically System and Dimensions :

= = ==
™
&
{EEEE
— —
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L8

O AT .

Fig 4.2: One Way Rib Slab (R2).

e Load Calculation: -

JNEIBIL BRI
Typical Section In Ribbed Slab
Fig 4.3 : Typical section in Ribbed Slab.
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Dead Load Calculation:

One Way Rib. Dead Load
NO. ':2'::':‘; Sxyx1 | KN/m/rib

1- Titles [0.03*23*0.52 0.359
2- Morter [0.03*22*0.52 0.343
3- Sand [0.07*17*0.52 0.619
4- Topping [0.08*25%0.52 1.040
5- R.C. Rib. [0.24*25%0.12 0.720
6- Block |0.24*10*0.4 0.960
7- plaster [0.02*22*0.52 0.229
8- Partions | 2.38*0.52 1.238

sum 5.507

Table (4.3): Dead Load Calculation of Rib (R2).

Dead Load /rib = 5.507 KN/m.

Live Load: -
Live load = 2 KN/m?.

Live load /rib = 2 KN/m? x 0.52m = 1.04 KN/m.

> Effective Flange Width ( Pe):- ACI-318-11 (8.10.2).

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

b, =L/4=270/4=67.5cm.
b, = by + 16hf = 12 + 16 (8) = 140 cm.

b, = be < center to center spacing between adjacent beams = 52 cm.

So take bg For T-section = 52cm.

(Control)
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v we get the envelope moment and shear force diagram using ATIR Program as the

follows :

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

Moments: spans 1to 4

-234
-18.6
186 A\ .38 432 15
-:;Z\//
0.9
= = | |
LI T
gl /
Y 5
18.1
107, 25 | 302 302 | 158 193 | s 22 g0 |
I T T T I T I T 1
Shear
-24.5
-21.3
o -19.2
15.7 18.8 -16.8 148
-1141
Lz / 1 1 1 1 / 1 1
T T T T T T T Ll
'7’/3.7
9.4 9.4
154 ~
20.5 7 214
26.1 26.7
Reactions
Factored
|— I -1 I (T | |
[ 1 (P | AN R |
DeadR 6.62 37.69 30.04 33.57 15.2
LiveR 2.74 9.76 9.48 9.88 3.99
MaxR 9.36 47.44 39.52 43.45 19.19
MinR 5.55 40.94 31.25 352 15.04
Service
DeadR 5.52 N4 25.03 27.98 12.67
LiveR 1.7 6.1 5.93 6.18 2.49
MaxR 7.23 375 30.96 34.15 15.16
MinR 4.85 33.4 25.79 28.99 12.56

fig 4.4: Moment and Shear Envelope Diagram of Rib (R2).
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v Moment Design for (R2):-

» Design of Positive Moment for (Rib 2) : ( Mu=22.2KN.m)
Assuming bar diameter g 12 for main positive reinforcement:
d = h- cover - dyimps — =2 = 320 — 20 — 10 — - = 284 mm.

= Check if a > hs to determine whether the section will act as rectangular or T- section.
M = 0.85. £ be. by (d — L),

:0.85><24><520><80><(284——)><10 6 = 207.1 KN. m.

M, > % = %: 24.67 KN.m , the section will be designed as rectangular section with
be =520 mm.

6
Ry= % = 22219 _ (588 Mpa.

@bd2 ~ 0.9x520x2842

fy 420
0.85f)  0.85x24

p=1<1_ 1_M> =L<1_\/1_w> = 1.421x 1073,
m 420 20.6 420

= 20.6

m =

Asreq = p.b.d =1.421 x 1073 x520x284 = 209.868 mm°.

= Check for As min: -

As min = \/_ V24
" 4(420)
As min -@(bw)(d) Agmin = %(120)(284) —~113.6mm? controls.

ASreq = 209.868 mm? > Asyip= 113.6 mm? OK.

Use 2 4] 12 y AS provided = 22608mm2 > AS required = 209868 mm2 Ok

120-40—20—(2x12)
1

S=

=36mm>d, =12 > 25 mm. OK.
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= Check for strain:-

Asfy _ 226.08x420

~0.85b 71 = 085x520x24 8.95 mm.
=<2 = E = 10.53 mm.
—0.003 (d _ C) = 0.003 (284 _ 10'53) = 0.0779 > 0.005 0k
ES = U. c = V. 1053 = U. . .

» Design of Positive Moment for (Rib2) : ( Mu = 5.3KN.m)
Assume bar diameter g 12 for main positive reinforcement.
d = h - cover - dyimps— 2 = 320 — 20 — 10 — — = 284 mm.

= Check if a > hsto determine whether the section will act as rectangular or T- section.
My = 0.85. f¢. b hs. (d— ).

:0.85><24><520><80><(284——)><10 6 = 207.1 KN. m.

My > % = gz 5.88 KN.m , the section will be designed as rectangular section with
be =520 mm.

_ My __ 53x10%
Rn = @bd? ~ 0.9x520x2842 0.14 Mpa.
420
m=-—2_— = 20.6.

0.85f] ~ 0.85x24

p= l<1 -J1- —Z'm'R"> = L<1 = J1 - —2’(20'6*0'“) =3.355 x 1074,
m 420 20.6 420

Asreq = p.b.d =3.355 X 107* x 520 x 284 = 49.54 mm?,

= Check for As min :

Asmln— Agmin = 24 (120)(284) = 99.38mm?.
4(420)
AsMin ——(bW)(d) AgMin = —(120)(284) 113.6mm?controls.

(1y)

ASreq = 49.54 mm® < Aspip= 113.6 mm* ‘OK.

USG 2 4] 10 1 provided = 1571 mm2>Ag'required: 1136 mmZOk
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120-40-20—(2x10)

S= - =40mm >d, =10 > 25 mm. OK

= Check for strain :

- As_fy, — 157.1x420 — 622 mm.

0.85b fc 0.85X520%x24
c=2 =52 _7318mm.

B, 0.85

~0.003 (d _ C) = 0.003 (284 _ 7'318) = 0.113 > 0.005
SS = U. c = U. 7318 = U. . .

» Design of Negative Moment for(R2):-(Mu=-15.6 KN.m).
Assume bar diameter g 12 for main negative reinforcement

d = h- cover - dyimps— 2 = 320 — 20 — 10 — = = 284 mm.

_ My __ 156x10°
Rn= @bd? ~ 0.9x120x2842 1.79Mpa.
420
fy = 20.6.

T 0.85f/  0.85x24

p=1<1_ 1_M>_ <1_J1_M>=4.47x10—3.
m 420 20.6 420

Asreq = p.b.d =4.47 x 1073x120x284 = 152.33 mm’.

= Check for As min:-

. 24
AcMin = AgMin = 120)(284) = 99.38mm?.
S (fy) S 242 0)( )(284) =
Agmin ——(bW)(d) Agmin = —(120)(284) 113.6mmZcontrols.

(1y)

ASreq = 152.33 mm? >Aspip= 113.6 mm? OK.

Use 2 8 10 ,As provided=_157 MM?* > As required = 152.33_mm? Ok

120-40—-20—(2x10)
1

S=

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

Ok
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= Check for strain:-

_ As_fy - 157x420 = 26.936 mm.
0.85b fc 0.85X120%x24
=2 =28%3% _ 31 69 mm.
B, 0.85
= 0.003 (d _ C) = 0.0 (284 _ 3169) = 0.02388 > 0.005 0k
ES = U. c = U. 3169 = U. . .

v Shear Design for (R2):-

V, at distance d from support = 21.1 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, 8.13.8).

V== fibyd = =24 x 120 x 284 X 1073 = 30.6 KN.

gV = 0.75%30.6 = 22.95 KN.
0.59V.=0.5%22.95=11.48 KN.
050V< Vi< 8V

V<o V.

min shear reinforcement is required.

Use stirrups (2 leg stirrups) 8 8@150 mm, A, = 2 x50.24 = 100.5 mm?.

1 by,S 1 by,s
AV = — [Fr2wS 5 1OwS
mn = 46 fe fyt = 3 fyt

1005=2v222% ¢ =1.149m.

16 420
1005=12% _, ¢ = 1.055m.
3 420

S max—»i2 = 142mm.

S max — <600mm.

Take (2 leg stirrups) 2 8 @ 150 mm.

_ 2X50.3
V" o015

= 670.67 mm*/Mgyip
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4-6 Design of beam (B3) :

= Material :
> concrete B300

> Reinforcement Steel

= Section:-

e B=80cm.
e h=32cm.

Fc' = 24 N/mm?

fy = 420 N/mm?

Assume bar diameter g 18 for main reinforcement
e d=320-40-8-18/2 =263 mm

= Load calculation:

Dead Load:
Beam(80*32) Dead Load
NO. ;2:,,?: S*y*B KN/m
1- Titles 0.03x23x0.8 0.552
2- Morter | 0.03x22x0.8 0.528
3- Sand 0.07x17x0.8 0.952
4- R.C. 0.32x25x0.8 6.400
Beam
5- partions | 2.38x0.8 1.904
6- plaster | 0.02x22x0.8 0.352
Sum 10.688
Table (4.4): Dead Load Calculation of beam (B3).
Dead load:
From Rib(2):

DL =(25.03/ 0.52) = 48.13 KN / m.
Self-weight of beam =10.688 KN / m.

DL =48.13+10.688 = 58.823KN / m.
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Live load:
From Rib(2):

LL =5.93/0.52= 11.4 KN/m.

LL=2x0.8 = 1.6 KN/m.
LL =11.4+1.6 = 13 KN/m.
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v we get the envelope moment and shear force diagram using ATIR Program as the

follows:-
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 3
-208.9
4725 -174.8 4558
1247 -126.6
1 1171.36 : j 1 1
| | 1 | 0.99] |
|t el I |
! I Al
Y 0.78 /
23, 081 l 17.
%3 8.7
1425
o 266 |2 | a4 1% |
| I I I I | |
Shear
-249.6
2124 766 -214.1
= 120,

|

I
1239

161.4 L~ 163.7
201.2
2344
Reactions
Factored
H HH H H
DeadR  120.53 370.48 31343 86.37
LiveR 4087 113.51 101.8 33.67
MaxR  161.41 483.99 41523 120,04
MinR 11518 42043 346.88 78.15
Service
DeadR  100.44 308.73 261.19 71.97
LiveR 2555 70.95 63.62 21.04
MaxR  125.99 379.68 324.82 93.02
MinR 974 339.95 2821 66.84

fig 4.5: Moment and Shear Envelope Diagram of Beam(B3).
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The width of the beam3 can be defined from the maximum factored moment.

The maximum factored moment in beam 3 Mu=-174.8KN.m .

c=2d =2.263 = 112.71mm.

a=B.c=0.85x%x112.71 = 95.8 mm.

Mnmax = 0.85% f{ x ax b (d - % ) = 0.85x24x95.8x800x(263-95.8/2) x10°° = 336.3 KN.m.

@ Mnmax = 0.82 x 420.37 = 336.3 KN.m > 174.8KN.m.

Design as singly reinforcement :

M, __  174.8x10°

Rn = =
@bd? 0.9%X800x2632

= 3.5Mpa.

fy 420
0.85f]  0.85x24

p=1<1 _ 1 _%> =L<1 -1 _M> = 0.0092.
m 420 20.6 420

= 20.6.

As=p.b.d=0.0092 x 800 x 263 = 1935.7 mm>.

Check for Agmin :
ASmin = RACH (b )(d) = 24 Y27 _*800*263 = 613.54 mm?
4(fy) 4*420
ASpin = ( w)(d) = *800*263 701.33 mm? Controls.
(fy)
=1935.7 mm?

Use 8 g 18 Bottom, As provided. = 2035.8mm?> > A required = 1935.7mm°... Ok

Check spacing:-

800—40X2—8x2—(8x18)
7

S= =80mm>d, =20>25  OK
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Check for strain:-

_ Asfy _ 2035.8x420

T085b S  0.85x800x24 52.39 mm.
c=2=2%_ g1 64mm.
B, 085
= 0.003 (d _ C) = 0.003 (263 _ 6164) = 0.0098 > 0.005 0k
& = U c = V. 61.64 = U. . .
Design of beam 3 for shear :
— V,=212.1 KN,
Ve=zy/fc'by d == =V24 x 800 X 263 X 10 — 3 = 171.79 KN.

O V.= 0.75x171.79 = 128.84 KN.
Check for section dimension:

Vs=(Vw/®) -Vc = (212.1/0.75)-171.79 = 111.01 KN.

2 2
Vs,max = Zfeb, d = (g)Jﬁsoo X 263 X 10 — 3 = 687.16 KN.

Vs < Vs,max.......... the section is large enough.
® Vsmin > 0.75 (%) x bw x d =0 .75 x (%)XBOOXZ63><10"°’ = 52.6KN Controls.

4 fc! 4
) x bw x d = 0.75%( ) x 800 x 263 x 107 = 48.32 KN.

® Vsmin >0.75 (
16 16

® Ve + @ Vsmin =128.84 + 52.6 = 181.44 KN

vy = 2\/fc’b, d=v24 X 800 X 263 X 10 — 3 = 343.58KN.
OV, + Vgminy = 0.75(171.79+70.13) = 181.44 KN.
O(ve + vy) = 0.75(171.79+343.58) = 386.53 KN,
DV + Vsmin) < vy < O(vc + vyr).
181.44 < 212.1 < 386.53,
— CASE 4.
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Shear reinforcement are required:

Use 4 leg @ 8
Av = 312 mm?
Vs=V -V, = % —-171.79 =111.01KN.
A d 201.1 x420 % 263
5= Uiyst = 11101 x1000 _ 200mm
Smax = g = Zzﬁ = 131.5mm control

or Smax < 600 mm

Use 4 leg® 8 @100mm.

Page | 54




4-7 Design Of Basement Wall :

= Material :
> concrete B300 Fc' = 24 N/mm?
> @soil =30

> v sit = 18 KN/m?

”  Reinforcement Steel fy = 420 N/mm?

= Section:- LL- akN/m?
0.25 m “ »
e b=100cm.
e h=30cm h=295m |
e c=5cm.
Assume bar diameter g 12 for main reinforcement
e (d=300-50-12 =238 mm ’
1. System and Loads:
k,=1—sin@® =05
0.25m|— — — — — — — — - -€q———— —_—— -
| ]
| E
ofo L 6.15 KN/m
2.95 | " <
l -
| 42,56 KN/m

0.5x18x3.075 , KoxLlL
=27.68kN/m- _ps5xa

=2 kN/m?

FIG 4.6 ; forces on wall
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quz
Sy

qul___ 475KN/m
— =T

MRa=0 .
¥ }\
3.0752 2 o y
3.2 x +443 % 0.5 x 3.0752 X = = 3.075xBy ——— 305m ———%
2 3 o
284 ~d=0.238~
~ By=503kN & Ay =27.6kN .
276 KN 503 kN

2. Design of Shear Force:
d=0-5-1.2 =23.8cm

47.5-3.2
3.075

qul = x 2.84 +3.2=44.02 kN/m

Vu = ‘”iﬂ x 0.238 —50.3 = 39.4 kN

@ x Vc= 0.75 x % x /24 x 1000 x 238 = 145,75 kN> Vu

~h = 30cm is correct.

3. Design of Bending Moment:
Mumaxat Vu=0

276-32x 2232 X2 g Ly —17m
Section at (x) = 1.7 m:

3.075 2

qu2 =22 x 1.7 +3.2=27.7kN/m
2 +10.8 1 372
Mu max = 50.3 x 1.37 — 27.7 * 1737 (L1, 21981377 30 5 KN.m
—m= 0;‘52:’24 = 20.6

— Mn=30.5/0.9=33.9kN.m

_ Mn _ 33.9x10°
bxd?2 100042382

_ 1 , _ 2+10.6%20.6 y _
= P =X (1- |1 0 ) =0.0015

— Asreq=p*b*d = 0.0015 % 1000 * 238 = 357 mm?

— kn = 0.6 MPa
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— As (min) = 0.0012 x b x h = 0.0012 x 1000 x 300 = 360mm’ > Asreq

~Select 5@10/1m with As = 392.7 mm?/m > Asreq ... (Tension Face )
Design of Compression face:
— As = As (min) = 360 mm?
~Select 5@10/1m with As = 392.7 mm?/m ... (Compresion Face )

Design of Horizontal Reinforcement:

— As = As (min) = 0.001 x 1000 x 300 = 300 mm? /m for one layer
~Select @10/20cm

510 /1m

FIG 4.7 : reinforcement of the wall
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4-8 Design of Stair :

Material :

fc'=24MPa , fy=400MPa , C=20mm , @=12mm Live load (L) :
4.25kN/m?

- Densities in KN/m?®

y concrete = 25 vy sand = 16 Y mortar = 22
y tiles =23 y plaster = 22

0.2

:: ...................
‘ / p<q|
2.6 @ | | (2
\
Q |
0.2 77— 12— 3.6 #—1.2—7

Section (B-B)

Section (A-A) ?T
7cm Snad 2cm Mortar ——— 4cm Tiles o l,,,,iil: s
| =i
| e : =
” 7 \‘\‘”////f’ —
F = ?;L”m - ~
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SOLUTION:
1. DESIGN OF FLIGHT :

1.1 Determination of flight thickness :

h > minimum h

h (min) = L/20 = 440/20 = 22cm

~Select h = 23cm. e

3.60m

STRUCTURAL SYSTEM OF

Angle (a): tan(a) =17.3/30 — o=30°

1.2 Loads calculation :

Flight Dead Loads

Flight =(0.23 x 25 x 1)/ cos(30) = 6.64kN/m

Plaster = (0.03 x 22 x 1)/ cos(30) = 0.76kN/m

Hor.Mortar =0.03x22x1 = 0.66 kN/m

Ver.Mortar = 0.03><22x(%) = 0.38kN/m

Hor Tiles = 0.04x23x(2) = 1.0 kN/m

Ver.Tiles = 0.03><23x(%) = 0.40kN/m

Triangle =0.5x0.173%25 = 2.16kN/m

Sum= 12.04kN/m

Table(4.5) : Load Calculation of Stair

Factored Loads :
qu=1.2x12.04 + 1.6 x 4.00 = 20.85 KN/m
Au=20.85 x 3.6/2 =37.53 kN
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1.3 Analysis :

shear digram

3.80m

"!1||1‘ffiz;~§i

_ao0cm

Moment digram

1.80%

Vu max = 37.53%c0s30 = 32.5kNMu max = ( 32.5%2.2 ) — (20'85XT) = 48.789kN/m

1.4 Design :
1.4.1 Design of Shear Force :
d =230-20-(12/2) = 204 mm

@xVc =0.75 x %x Fc' x bw x d
= 0.75x gxm x 1000 x 204
= 124.92kN> Vu max = 32.5kN

~No Shear Reinforcement is Required#

1.4.2 Design of Bending Moment :

Fy 420
= - = = 20.6
0.85xFc’ ~ 0.85x24

Mu/9 _
bxdz

48.789 x10°/0.9

— kn =
1000x2042

= 1.3 MPa

Note :If (@xVc) less than
(Vu) then, (h) must be
increased, and load must
be recalculated.
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2xKN*m

)= A a- [1- 2%1.3%20.6
Fy

20.6 420

— p=-x(1- [1- ) = 0.0032

— Asreq=p*bx*d= 0.003629 * 1000 * 174 = 653 mm?

— As min = 0.0018 x 1000 x 230 = 414 mm?

122 100 . .
=2« —— =754 mm*> As req .... For Main Reinforcement

~Select @12 /15 with As = T

» Design of Secondary Reinforcement for Flight :

For secondary Reinforcement select @12 /25 with As = 452.39 mm? > As min

— Check Spacing :

25cm >Smin=25+12=3.7cmor2x(1.2) =24 cm... ok
25cm <Smax=3x23=66cm Or 45cm ... ok

— Check Strain:
C=T
0.85xfc’xaxb = Asxfy

0.85x24xax1000 = 754 x400

a=1478 mm — X=a/f=14.78/0.85=17.4 mm

gy = 2%~ 0.003 =

0.003%204

—0.003

~ & = 0.035>0.005 ....0=0.9 (OK)

2. DESIGN OF LANDING :
Landing slab is divided into two slab regions:
Slab (2) that present a support of flight (b=1m)
Slab (3) should be not affected by the flight, and it is away from the joint of flight.

e Determination of Landing thickness :

Limitation of deflection: Structural system of landing

h > minimum h -

2.80m




h (min) = L/20 = 280/20 = 14 cm

~Selecth =20 cm.

e Loads calculation :

Landing Dead Loads

Tiles = 0.043 x 23 x 1= 0.69kN/m

Mortar = 0.02 x22x1 = 0.44 kKN/m

Sand = 0.07x16x1 = 1.12 kN/m

Slab =0.2 x 25 x 1 = 5kN/m

Plaster = 0.02x22x1= 0.44kN/m

Sum = 7.69kN/m

Table(4.6) : Dead Load Calculation of Landing

2.1 Design of Slab (2):

Factored Loads :

qu=12D+16L
=1.2x7.69+1.6x4.0

=15.63kN/m

Slab 2 carries ( dead load & live load of landing + support reaction resulted from the

flight)

gu = 15.63 + Support reaction of flight = 15.63 + 37.53 = 53.16kN/m

— Analysis :

1 | ‘qu =‘ 53..16 k‘N/rrI | ‘

2.80m

74.424 kN 74.424 kN

’ . 59.86 kN

59.86 kN~

@x\c =0.75* g*m * 1000 * 174
= 106.55kN > Vu max = 59.86kN

~No Shear Reinforcement is Required#

d= 200 — 20-(12/2) = 174 mm
Vumax= 74.424 — (53.16x0.274) = 59.86kN

53.16%2.82

Mu max = =52.1kN.m
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— Bending Moment Design :

(Mu max=52.1kN.m)

- m =206
%106

- kn = 2200 _ 1912 MPa
1000174

1 2%1.912%20.6 \ _
- p—m*(l-\/l—T)—OOOL]-?g
- Asreq= 0.00479 * 1000 * 174 = 833.2mm?

- As min = 0.0018 *1000*200 = 360 mm*

*122 100 ;
T Ty 942.5 mm? > As req .... For Main

~Select @12 /12cmwith As =
Reinforcement

- Check Spacing :
12cm >Smin=25+1.2=3.7cmor 2*(1.2)= 2.4 cm ... ok
12cm <Smax=3*20=60cm Or 45cm ... ok

- Check Strain:
C=T
0.85xfc’xaxb = Asxfy

0.85%x24xax1000 = 1614.3 x 400

a=31.65mm — X=a/f=231.65/0.85=37.24 mm

. = 0.003%159
s 37.24

~ & = 0.0098>0.005 .... 2=10.9 (OK)

—0.003

» Design of Secondary Reinforcement for Landing :
Main Reinforcement of Flight is extended as Secondary Reinforcement for both slab2
and 3 of landing , So Secondary Reinforcement for landing is @12 /15 cm .
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TOP VIEW

>3

Fig 4.8 : Reinforcement of Stair
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4-9 Design of Isolated Footing :

Design the Isolated rectangular footing , Given that :

- Fc¢’=24 MPa , Fy =420 MPa

- PD =5435.6kN , PL = 1645.4kN

- Yconcrete = 25 kN/m3 , Y soil = 18 kN/m3
- Gallow = 450 KN/m?

- use ® 16mm

- clear cover =bcm

- b/a=1.00— b=a— Area=a’

SOLUTION:

1- Determination of footing dimensions a x b ( Design of soil ) :
ooy < 1.4 Op(aiow. net)

*‘ 1.25 |=—

| PL = 1645.4 KN

M=0 P = 5435.6 KN A 1
I b o S o« P
0+8 J

} 4.0 I —1.25

430

e Assume h=80cm
e For 1m? under the footing :
Weight of footing = 25 x 0.8 = 20kN/m?
o Net allowable bearing pressure (op(atiow)) = 450 — 20 = 430kN/m?
®  Opu(alow.nety = 1 .4 Op(aliow. nety = 1.4 x430= 602kN/m?

® Op= Pu/Areq < Opu(allow. nety , Where : Pu=1.2 x5436. 6 + 1.6 x 1645.4 = 9156.56kN

5 91566/ 2= 602— Select a=b = 4.00 m.
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e BearingPressurecbu = Pu/A:

21056:6_ 572.285kN/m?< 602kN/m?

.. (SAFE)

2- Determination of footing depth (h) :
2.1 Design of one way shear:

Select the maximum sectional area for

maximum Vu

e d=h-—cover—0=800-50—-16=734
mm

e Vu at distance d from the face of column :
Vu=FRB=cbux0.641%xb
= 602x 0.641 x 4.00 = 1543.53kN

e @xVc= 075 X%x\/F_c’x bxd
= 0.75 x2x\/24x4000x734 = 1798kN> Vu
~ his ok.

2.2 Design of two way shear (Punching) :

e d=734mm

e b =4x (1250 + 734) = 7936 mm
e Bc=1.0

e s =40 (interior column)

e Vu=Pu-FRB
= 9156.56 — (602x 1.984 x 1.984)
= 6787kN

e

~
h

1.375
~ 0641 — d.0.7344

g

h: 80cm

a=4.0 m

TTHTTTIH ]

FRB

G bu = 602kN/m-

g

—~—u— 1.984 —w=—

Pu- 9156 kN

dsz - 367 l d/2 -367

S
s - / s

/o

1984

|

G bu = 602KN/m?

Page | 66

h = 80cm
L




o x\Vc:
N

— Vc=(2+%)x1—;' X b, X d

= (2 +i) x V2% 7936 x 734
1.0 12
— 14268.34 kN
— Vc=(°(sb—><d+2)x% X b, xd
= (‘“’”34 + 2) x Y22 7936 x 734
7936 12

= 13554 kN

— Vc=4xg X by X d

-4 x %_4 X 7936 x 734= 9512.224kN ... <cont.

@xVc =0.75 x 9512.224= 7134.17kN< Vu = 6787kN .... (h is Ok)

3- Design of Reinforcement :
3.1 Design of Reinforcement in X-Direction:

Mu = 602x 1.375 x 4.0 x (1.375/2) = 2276.3125 kN.m

Fy 420

= = 20.59
0.85%xFc’ 0.85%x24

— M=

— Mn =2276.3125/0.9= 2529.24kN.m

Mu/@ _ 2529.24x10°

— kn = bxd2 ~  4000x7342 =1.174 MPa
—)pzix(l- 1_2><1;1;I/><m)
_ 1 (1- \/1 _ 2><1.174><20.59) — 0.00288
20.59 420

~ 125+

h = 80cm

a=4 0O m

G bu = §026N/m?

FRB

— Asreq=p x b xd = 0.00288 x 4000 x 734 = 8457.643mm?

— As (min) = 0.0018 x b x h = 0.0018 x 4000x 800 = 5760mm?

— Asreg> As (min)
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~Select 4316 with As = 8645.663 mm>>Asreq ... (0k)

4- Design of Connection :

4.1 Design of bearing pressure at section of column :
@ x Pnb=0.65%0.85% fc'x Al >Pu
=0.65 x 0.85 x 24 x 1227184.63= 1627247kN> Pu = 9156.56kN

4.2 Design of Dowels :

The dowels will be designed at As min .
As min for dowels = 0.005 x A1 =0.005 x 1227184.63 = 6135.923mm?
Asreq>As min

~Select 10028 with As = 6157.52 mm2>Asreq = 6135.923 mm? ... (ok)

4.3Design of Compression lap splice between steel of column and dowels (Lsc) :

Minimum (Lsc) = 300mm
Lscreq =0.071 x fy x db =0.071 x 400 x 28 = 795.2mm

~Select Lsc= 800mm>Lscreq = 795.2mm

4.4 Design of compression development length (Ldc) :
420

_ fy _ _
o Ldc=0.24 x N x db =0.24 x Nori x 28 =533.383 mm .. <cont.

e Ldc =0.043 x fy x db =0.043 x 420 x 28 = 505.68 mm
~Ldcreq = 533.383 mm
e AvailableLdc=800—50— 16 — 16 = 718mm>Ldc req = 533.383mm .. ok
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43316

o1aty

Fig 4.9 : Reinforcement of Isolated Footing
5- Design of tension development length of footings reinforcement ( Ldt) :
»For X- direction :

1.25
43016

Section A-A

[\ !
[ h = 80¢m

£o Foy
sodededoce l

10028

LA AL L L L L L L

AY

X
\
\

T 43016

a=4 00m

e Since we have a footing , it must satisfy two conditions to be considered under
category A , otherwise it will considered as category B :

4000—(2><i2)—(43><16) = 76.48 mm > 2db = 32mm v/

2- Clear cover=50mm>1db=16 mm v

1- Clearlateralspacing =

= Category A

e Design of tension development length (Ldt):

_12  fy  otxge _12 420 1x1 _
Ldt,req—zsxm,x : xdb-zsxmx x 16 = 658.423 mm

4000—-1250

Ldt, available = -50=1325mm >Ldt, req .... (ok)
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4-10 : Design of Column :

= Material :-

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

¢ |_oad Calculation:- (From Column Group 4)

Service Load:-

Dead Load = 2990.6KN
Live Load =982 KN

Factored Load:-
Pu=1.2x2990.6 + 1.6x982 =5159.92 KN

eDimensions of Column:-

Assumepg = 0.01

$*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
5159.925 = 0.65 x 0.8 x Ag{0.85* 24 (1-0.01) + 0.01* 420}
Ag= 406740 mm2

Assume Rectangular Section

h =600 mm

b = 406740 /600 = 677.9 mm

select b = 650 mm

60

Fig 4.10 : Column section
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e Check Slenderness Parameter:-

m<34—12ﬂs 40
r M2

Lu: Actual unsupported (Unbraced) length.

K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,

shall be permitted to be taken as 1.0.

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

Lu=450-0.25=4.25m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.65 m)

m < 34—12ﬂ <40

r M2
1x4.25 21.8<22
0.3x0.65

Column Is Short About Y-axis

e about X-axis (h=0.600m)

kI—”'<34—12% ............... ACI —(10.12.2)

r

1x4.25
0.3x0.6

=23.61>22

Column Is Long About X-axis
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e Minimum Eccentricity:-

ey = Mux
Pu

miney =15+ 0.03xh =15+ 0.03x 600 = 33mm = 0.033m
ey =0.033m

e Magnification Factor:-
5.——CM __ ~10and<1.4

1_ Pu

0.75P,

Cm=0.6+0.4 M1 =>0.4
M 2

Cm=06+04*1=1=04

B 7°El

“ (KLu)?
E,I
El =04—-%
1+ B,

E, = 4700,/ fc' = 4700 x /24 = 23025Mpa
_1.2DL _1.2*(2990.6)

=0.7<1
Ps Pu 5159.92
3 3
I, = bxh _ 0.65x0.6 0.0117m*
12 12
£y _ 0:4x23025x0.0117 _ oo/ o
1+0.7
2*63.39
=L 2297 _ 34 64KN
(1*4.25)
o 1 —1.25>1.0and <1.4
T, 5159.92 o= =
0.75*34640
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e Interaction Diagram:-

ey =e, x5, =0.033x1.25=0.04125m

ey 004125

h 06

,_650-2740-2*10-25 _
650

From the interaction diagram chart

from chart A9-bfor y =0.75 - pg =0.01
from chart A9-c for y=0.9 - pg =0.01
thenfor » =0.8 > pg =0.01

Select reinforcement

Ast= pg x Ag = 0.01x650*600 = 3900mm?
Select 14 20 with As = 4398.8mm? > Ast.

e Design of the Stirrups:-

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

spacing <16xd, =16x2.0=32cm
spacing <48xd, =48x1.0=48cm
spacing < leastdim =60 cm

UseplO@ 20 cm

60
o
M

o
~J

o

57 =
810 L=166

A 65 , 810 =240

Fig 4.11 : Column Reinforcement Details
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4-11 : Design of Shear Wall :

11805

1337.27

1435.22
19495.4

246476
8957.95

7494.4

Fc = 24 MPa

fy

420 MPa.

h= 30 cm. Shear wall thickness.
Ly = 7.0 m. shear wall width

Hw = 28.0 m. Building height

1- Check max. Shear strength permitted :
5
@Vn = (z)g\/ﬁ hxd

5
@Vn = 0.75 €V24 300 * 5600 = 1073 = 5143.92 KN

@Vn = 5143.92 KN > Vumax = 2830.81 KN
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2- Calculate Shear Strength Provided by concrete Vc :

Critical section shear :

B 29-35m i, (control)
2 2

Ww_ 28 _1am

2 2

Story height = 4.5

d=08xLw=08x7=56m

fc’
Cl: XbXd
Vel= Y20 % 0.3 x 5.6 x 10% = 1371.7 KN.......... Control
Jfxbxd Nyxd
Ver = 4 T2 L,
V24 % 0.3 * 5.6
2 = 7 +0.0 = 2057.6kN
2Ny,
Jfe lW(\/E-l_L*b) bxd
Ves = + = *
2 My _ by 10
Vy 2

Mu = 16035.0 KN.m

V24 7(¥24+0)\ 03x5.6
*

3 =
4 2 16035.0 . Q 10
2830.8 2

= 3073.2kN
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3-Horizontal shear reinforcement:

114 Vu 14
s=—=—Vc
0}
Vs = 2830.81 1371.7 = 2402.71 kN
5= 7075 = '
Avh _ Vs _ 2402.71 — 0.00102
s, Fy.d 420%5.6%103
L (Avh) ~0.00102 0.00408
PE=\Gn) T 025

min
Take pt=0.00408
% Max. spacing is the least of :

S < (%) = %= 1400 mm

S2<3h=3*300=900 mm

450 mm ......... Control

Try 10 (As=79 mm ?) for two layer

. (Avh)
pt= S,.h

<2 * 78.5 % 107
pt =

= 0.00408
0.3*s >

S=128 mm

Use 10 @ 15 cm c/c For Horizontal R.F.
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4. Vertical flexture reinforcement

Use p10@150

Ast = % X 2 % 79.0 = 7373.3 mm?2

Ast fy 7373.3 420
=—==———=0.061
Lw.h' fcr 7000%300° 24

< _ ( w+a )=( 0.06140 )= 0.072

Lw 2w+0.85B 2%0.061+0.85+0.85
Pu [
@Mn = @ x 0.5Axfy.Lw. (1 + Ast_fy) (1-=)

=0.9% 0.5 x7373.3x420x7000 (1+0)(1—0.072) 10" = 9052.52 KN.m
@Mn = 9052.52KN.m > Mu max =8957.95 KN.m ........... ok

-

Figure (4-12): Reinforcement detail for shear (3)
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4-12 Design of one Way Solid Slab :

% Load Calculation:

one way solid slab Dead Load
NO. Part Of Beams d*y KN/mA"2
1- Titles 0.03*23 0.690
2- Morter 0.03%22 0.660
3- Sand 0.07*17 1.190
4- R.C. slab 0.25*25 6.250
5- plaster 0.02*22 0.440
6- partions 2.38 2.380
sumMm 11.610

Table(4.7) : one Way Solid Slab Dead Load
¢+ Dead Load for 1 m strip of slab = 11.61x1 =11.61 KN/m.
+¢ Live Load for 1 m strip of slab = 4 x 1 = 4 KN/m.

Gezometry Unitsmetgr.cm

4
al
= _ ——
055 5.28 0.9
I f = } |
I i
25,
100,
A—A
Loading
load group no. 1
Dead load - Service Units:kN.meter
115
k!
7.
Live load ~ Service "oad factors: 1.20,1.20M1.60,0.00

]

: SR S S A S 0 S A S A | :

m
I
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Moment/Shear Envelope (Factored) Upits;kN.meter
ments: spans 1to 1
i =2k
\ /
\ /
\ j/
55 i2|4.a 35
Shear
" -11.4/
//
/
// :
| L |
/
/
//
77/ 61:7
Readions §
Facté)red
ol 3 ..
e i)
m--ms L
LiyeR 224 us
MasR ™ 7415 1
Mo 47 i
Service |
DeadR._ 08 8.
ekt 9"
MR 544 B4
WoR 483 08
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< Check for shear strength :

Use & 16 for main reinforcement .
d= 250-20-12—6= 222mm
Ve = (%) x /24 x 1000 x 222 x 10 = 181.26 KN.

®=0.75 for shear. dVc =0.75% 181.26 = 135.95 KN/1m strip .
Vimax =61.7 KN/Im strip < ®Vc¢ = 135.95 KN/1mstrip .

The thickness of the slab is adequate enough

< Design for flexural :

Maximum bending moment and steel reinforcement : Mu=124.5 KN.m

R Mu _ 124.5x10° = 281 MPa.
"= ®pd2  0.9x1000x2222
f 420
= =20.6

T 0.85+f,  0.85%24

1 , 2Rpxm . _ 1 2x2.81%20.6 \ _
p —;(1— 1-—- 5 ) —20_6(1—\/1 —T)—O.0072

As=pxbxd =0.0072 x (1000) x (222) = 1598.4 mm?

Asmin = 0.0018 x b x h = 0.0018 x 1000 x 250 = 450 mm?

4 -g80 s=1=1-0125

Use ®16then n=
Asd16 n 8

Take 8®16/m  with As=1608/m strip or ®16@125mm
Step(s) is the smallest of:

(1) 3h=3x250=750 mm (2) 450 mm

(3) $=380 (2

2
§X420

) - 2.5x 20 =330 mm
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280

2
§X420

(3) s<300(

) =300 mm ....control .

S=125mm<S max =300mm ok

As(Temperature and shrinkage ) =0.0018 x b x h = 0.0018 x 1000 x 250 = 450mm?.

As  _ 450 1
= =—=3.98 s=-=—=0.25m
As®12 113, n 398

| —

Take 4®12/m  with As= 452mm?/m strip or ®12@250mm
Step (s-for shrinkage and temperature reinforcement ) is the smallest of:
(1) 5h=5x250=1250mm (2) 450mm ...control

S =250 mM<S =450 mm ... OK
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