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Project Abstract

The Structural Design of" Halhul Hotel"

working team:
hala al-sadehfidaatwanNora amrowafaal azzeh
Palestine Polytechnic University
Supervisor:
ENG: InasShwiki

Theidea of this project revolves around the architectural and Structural design of "
HalhulHotel" in thecity of Halhul, which was selected after a study set of different
architectural projects.

Thehotel consists of twelve floors. The ground floor includesthe reception and
restaurant management, and thefirst floor includes a dining hall and hotel rooms,

.and therest of thefloorsinclude the same services.

The project will provide an acceptable solution for both sides ar chitectural and
structural , sothat it istaking into account the functional and aesthetic purposes,
provide comfort , ease and speed of use, the project will include the well-known
structural elements as slabs, beams, columns, foundations ... etc.

The project designed based on the Code ACI 381 - 11, several programs used for,
such as: AutoCAD 2010, Office 2007, ETABS 2013, SAFE 12, BEAMD, references
and several projects referred, eventually a structural details, load analysis and
elements design offered for these units, added to the ar chitect design.

God grants success.
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Chapter Four : Structural Analysis& Design

I ntroduction

Design method and requirements

Factored Loads

Slab Thickness Calculations

L oad Calculations

Design Of Topping

¢ YDesign Of Rib (01)
¢ ADesign Of Beam (25) In Basement Floor
Design of column
Design of solid slab of the stair roof 1
Design of stair
Design of isolated footing
Design of basement wall
Design of wall footing
Mat foundation
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List of Abbreviations
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of oneleg of aclosed 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 sted!.

DL = dead |oads.

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.

L n = length of clear span in long direction of two- way construction, measured
face-to-face of supportsin slabs without beams and face to face of beam or other

supportsin other cases.

- LL =liveloads.

- Lw = length of wall.

- M = bending moment.

- Mu = factored moment at section.

- Mn = nominal moment.

- Pn = nominal axial load.
- Pu = factored axial |oad

- S = Spacing of shear or in direction parallel to longitudina reinforcement.

- V¢ = nominal shear strength provided by concrete.

X1



- Vn = nominal shear stress.

- Vs=nominal shear strength provided by shear reinforcement.
- Vu = factored shear force at section.

- Wc = weight of concrete. (Kg/mgd).

- W = width of beam or rib.

- Wu = factored load per unit area.

- @ = strength reduction factor.

- & = compression strain of concrete = 0.003mm/mm.
- & = strain of tension steel.

- §= strain of compression steel.

p =ratioof steel area.
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Chapter Four

Structural Analysis & Design
Contents

4.1 Introduction.

4.2 Design method and requirements.

4.3 Factored loads .

4.4 Determination of thickness.

4.5 Load calculation.

4.6 Design of topping.

4.7 Design of one way rib (23) in the basement floor .
4.8 Design of beam ( 25) in the ground floor slab.
4.9 Design of column (64).

4.10 Design of solid slab of the stair roof 1.

4.11 Design of solid slab of the stair roof 1.

4.12 Design of stair 1.
4.13 Design of stair 2.
4.14 Design of isolated footing .

4.15 Design of wall footing (W1).
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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, al of design calculation for al structural members would be made upon

the structural system which was chosen in the previous chapter.

So, in this project, there are three types of slabs: one way solid slab, one way ribbed
dlab, two way ribbed slab. They would be analyzed and designed by using finite element method
of design, with aid of a computer programs called "SAFE " and "BEAMD" to find the interna

forces, deflections and moments for ribbed slabs and beams.
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-318-11code.

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).
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4.3 Factored loads

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

qu=1.2D.L+1.6L.L.

4.4 Slabs thickness calculation

Determination of Thickness for One Way Ribbed Slab:
According to ACI-Code-318-11, the minimum thickness of nonprestressed beams or

one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5 =5/18.5 = 0.2703m =27.03 cm

The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21

=4.87/21 =0.232 m =23.2cm
Select Slab thickness h= 32cm with block 24 cm & Topping 8cm

4.5 Load Calculations

One way ribbed slab:

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

caculated as follows:
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Fig. (27) One way rib slab
Calculation of the total dead load for one way rib slab is shown in the following table:

Table (5) Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation

1 Rib 0.12*0.24*24= 0.691KN/m

2 Top Slab 0.08*0.52*24 = 1.00 KN/m.

3 Plaster 0.03*0.52*23 = 0.3588 KN/m.
4 Block 0.4*0.24*10= 0.96 KN/m

) Sand Fill 0.07*0.52*17= 0.619KN/m

6 Tile 0.03*0.52*23 = 0.36 KN/m

7 Mortar 0.03*0.52*23 = 0.3588 KN/m.

4.34 KN/m

Nominal Total Dead load 4.34KN/m of rib
Nomina Total live load =2*0.52=1.04KN/m of rib

4.6 Design Of Topping
Dead load of topping
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Tiles 0.03* 23=0.69 KN/m?

Mortar 0.03 * 23=0.69K N/m?

Sand 0.07 * 17=1.19KN/m?

Slab 0.08* 24=1.92  KN/m?

.Dead Load =4.49K N/m?

Live Load =2 KN/m?,

W,=1.2DL +16LL =1.2* 449+ 1.6 *2 = 8.588KN/m?. (Total Factored Load)

M,=f*5 =042 f'= i = 04224 =22 103 = 22 KN.m
M, =0.55 =
oM, =1.211
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.
For the shrinkage and temperature reinforcement :-
p =0.0018
=p=h=h
#0f 8 = ’L—“ = =286 — Spacing(S) = —— = 0.349m = 349 mm.
<380 (1”“) 25*%C, < 380 (1”“)

280 280

=380+ (~—) 25* 20<380% (%)

—380*(,_,1:“ ) — 25*2o<380*(f”“ )

420

=330 mm. < 380mm.
<3*h=3*80=240mm........... controlled.
<450 mm

~Use ®8 @ 20 Cm in both directions.

4.7Design Of Rib (R23) In Basement Floor .

Material :
concrete B300 fc' = 24N/mm?
Reinforcement Steel fy = 420 N/mm?

41



Section :-
b=12cm bf=52cm
h=32cm Tf=8 cm

Figure (28): Rib geometry
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Figure (29) : loading of Rib (FF-R30)

Figure (31) : Shear Envelop of rib (FF-R30)
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@Design of flexure of rib(R23):-

Design of positive moment of rib (23)

1) Maximum positive moment Mu =26.8 KN.m.

Assume $12 for main positive reinforecement .

d=320-20-10-12/2=284 mm .

check if a>hf

Mnf =0.85 fc' b hf (d— hf /2) =0.85*24 *520 * 80 (284 — (80/2)) =207.06KN..m .
Mn=Mu/tp =26.8/0.9=29.77 KN.m .

Mnf>>Mu/p ~ (a<hf)

So the section will be designed as rectangular section with b = 520 mm .

T 420

=——= =20.6.
085 £ nesezq
M. 2977105
R, = "? = — 3 =71MPa
bed 520« (2B4)
_ 1 ZeRpem
p=—(1- 1 =" )
1 Ze0.71+20.6
=— 1-— 1——— =0.0017.
20.6 420

—As= p* b*d=0.0017* 520 *284 = 251.1mm?

Check for As_ min

r

L

1
ﬂs:m’rz =025
()

sh,*+d = F sh,*d ... (ACI-10.5.1)

= 0-25% +120%264 = 4‘7’:‘ =120 = 264
=92.38mm?’< 105.6mm?° ............. Larger value is control.
—>Aspin = 105.6 MM <AS.eq =191.984mm”.
~ As=191.984mm?,
2 ©12=226.08Mm*>Aseq = 191.984mm*. OK.
s Use2 P12,
— Check for strain:- (g, = 0.005)

Tension = Compression
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As*fy =0.85* f/*b* a
226.08*420 = 0.85* 24* 520* a

a=8.95mm.
c =2 =2"-105mm.
fli  DES
£, = —"* 0.003
= 204198« 0,003 = 0.0750> 0.005 ~th=0.9........... OK

10.5

1) Maximum positive moment MU =26.8 KN.m.

iy 420

m=——:= =20.6
085 ) 0524
M. 297.109
R,=—2== - =0.71MPa
Bed 520« (28432
_ _l - - ZeRpem
p=—(1 1 e )
1 2+0.71+20.6
= — — —— =0.00172.
20.6 G20

—As= p* b*d=0.0017* 520 * 284 =254.01mm?>.

Check for As_min

I
HS””-H =025 —= ﬂw # = 4 * bw s=d . (ACI-1051)
fy) Iy

2025224120 4264 = 2121204264
=92.38 mm?<105.6mm?® ............. Larger value is control.
— ASmin = 105.6 MMP<Ase; =149.2mn’,
~ As=149.2mm?.
2 ©12=226.08Mm*>Aseq = 149.2mm*. OK.
s Use2 @12
— Check for strain:- (g, = 0.005)
Tension = Compression
As* fy =0.85* f'*b* a
226.08*420=0.85* 24* 520 * a

a=8.95mm.
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_ o _ BY95
fi;  nas

=10.5mm.

c

£, =25% 0,003

'

_ 264-105

= * 0.003 =0.0750> 0.005 «p =0.9........... OK

10.5

Design of negative moment of rib (23)
Negative Moment Mu ©= - 27.4KN.m

£ 420

- g R =20.6.
085 /¢ 0.B5«24
R = My - 30.4+10% ~0.73MPa
o e 520e (2843F
p= 2 (1 _ 1= Z2eRpm }
m .|'_1.r
=1 1= 1 2-[‘.!.7-’.:%-Ei|.[-] ~ 0.0017 .
20.6 420

—As= p* b*d=0.0017* 520 *284 251.1mm?.

Check for As_ min

r

L

1
HS:‘IIJ'T! =025
()

sh,*+d = % sh,*d ... (ACI-10.5.1)

=025 1205264 = 11 4120« 264
G20 G20

=92.38 mm®< 105.6mm> ............. Larger value is control.
—>Aspin = 105.6 MM’<AS.q =251.1mn’.
~ As=251.1mm?,
2 ®14=307.72mm*>As.q = 251.1mm*. OK.
s Use2 @14 .

eDesign of shear of rib (23)
The maximum shear force at the distance d from the face of support .
Vu= 30.4 KN.

i

(=]

(*)ch(p* *bw*d
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=0.75* i * 0.12* 0.284 *10° = 20.87KN.

a

1.1* pV.=1.1* 20.87 =22.96 KN.
— Check for Cases:-
Case3: ® Ve<Vu<®d Ve + ® Vsmin
22.96< 30.4 <31.48

® Vsmin > 0.75 (;) *pw*d =0 .75*(;)*0.12*0.284*1000:8.52 KN. (control)
V24 V24

*pw*d =0.75*
16 16

®dvsmin =8.52 KN.

> 0.75(

*0.12* 0.284* 1000 = 7.27 KN .

Take Av =2 ® 8 =100.48
Av/s= Vdify*d

100.48/ s= 6.2 *10"3/284* 420> $=1933.105 mm
S < d/2=132mm

< 600 m.

~Use ® 8 @ 12.5cmclc

Minimum shear reinforcement is required except for concrete joist construction , so shear

reinforcement for 1m from the face of support is provided .

4.8Design Of Beam (25 ) Inbasement Floor :

D=52.4 L=27.1
Material :-
concrete B300 Fc' =24MPa

Reinforcement Steel fy = 420MPa
Section :-

Rectangular section B=80cm h=32cm
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Figure (34) : Beam Geometry.

Figure (36) : Moment Envelop for Beam (BF-B03)
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Figure (37) : Shear Envelop for Beam

@Design of flexure of beam (25) :-

Design of positive moment of beam(25)

1) Maximum positive moment Mu =567.1 KN.m

by =80Cm. , h=32Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
= 320 - 40 -10 - ——=257.5mm.

Crnax == * d =2 * 257.5= 110.36mm.

fi1= 085 -0.007 (£,

Bmax = B1* Crmax = 0.878 * 110.36=96.89mm .
M =0.85* f!*b*a* (d-)

G96.89
2

=0.85* 24*96.89* 800* (257.5- ) * 10°=330.56Kn.m .

—PpMnma = 0.82* 330.56= 271.1KN.m . * Note: €s=0.004 — ¢ =0.82
—OMnma =271.1KN.m< Mu =567.1 KN.m .

~doubly reinforced concrete section so h( beam) must be increased.

Try h=50 cm
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d =500 - 40 -10 - ——=437.5mm.
Crnax == * d == * 437.5= 187.5 mm.
1= 0.85 -0.007 (f,'_ s,
amax = f31* Crmax = 0.878 * 187.5=164.6mm .
Mnins = 0.85* f/*b*a* (d-7)
= 0.85 * 24*164.6* 800* (437.5- " ) * 10°
= 954.16 KN.m .
—HMnimax = 0.82%954.16= 782.4 KN.m . * Note: €s= 0.004 — b = 0.82
M =782.4KN.m> Mu = 567.1 KN.m .

~Singly reinforced concrete section.

Maximum positive moment Mu ) =567.1KN.m

m= 20 _ 206,

" ossf! T ossxz4

1 ZmR 1 2+20.6+4.11
p== 1— 1= - 1 4 g _2nfedl

m 420 20.6 420

= 0.011.

As=p.b.d =0.011 x800x437.5=3850mm?>.
CheCk fOf As’min.

Asmin =0.25—2%p, . d =2p,.d
Iy Iy

Asmin =0 .25%800 % 437.5 = 1020.6 mm2

Asmin =£ 800 x 437.5 = 1166.6 mm* Control .
420

Asmin=1020.6mm?< A=3850 mm?
Usel6g18Bottom. As,provided =4072 mm2>As,required =3850 mmz2. Ok

Check spacing :

BO0=40:2=20=(16+18)
15

S=

=275mm=>d,=18>25.. ........... OK
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Check for strain:

Asfy _ 3850x420

= ;= = 99.08 mm
0.85b f DBES=B00=24
i 99,08
c=—=——=1128mm
Hy  0.874

2) Positive moment Mu ™ =209 KN.m.

I 420
ms 3 = =20.6
0.RS 0.B5x24
1 2R 1 2+20.6+1.51
p=— 1— 1-="2 =— 1— 1-=""""" =0.0037.
m 420 2.6 420

As=p.b.d = 0.0037x800x437.5 = 1295 mm?®,
CheCk fOI’ Asymin.

1.4
Iy

Agmin =0.25 ;”‘ b,.d =2h,.d
¥

VZi
420

As’min =0.25 800 % 437.5 =1020.6 m?nz

Agmin :L:] 800 x 437.5 = 1166.6 mm* Control.

42

Asmin=1166.6 mm?’< As =1295 mm®

~Use6 g18Bottom. As,provided =1527 mm2>As,required =1295 mm2.

Check spacing :
G = BTG ;“ U80) — 1184 mm>d, =18 >25 ... oo,
Check for strain:

_ Asfy 1527420

= 39.3 mm

Toasb ! T 085x800x24
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i q

C=—= =44.75 mm

H 0878

3) Positive moment Mu ) =82.7KN.m

I 420
=1 = =206
0851 D.85x24
1 Zm.R L 2:20.6%.6
p=— 1— 1200 = 1 125
m 420 20.8 420

As=p.b.d = 0.0014x800x437.5 = 490 mm?.
CheCk fOI’ Asmin.

Asm.n—025 b d= —4faw.d

Asmin =0. 25ﬂ 800 x 437.5 = 1020.6 mm*

Asmin = 800 % 4375 = 1166.6 mm? Control.
Aslmin=1166.6 mm > As =490 mm

=0.0014.

~Use 2 g18Bottom. As,provided =509 mm2>As,required = 490mma2.

Check spacing :

B =q(e 2= 0= (4 14)
3

S=

Check for strain:

Ag f 509x420
a=—+X. = =13.1mm

I.fl.l'-i.'-'n'Jj,_f' D.BEXB00%24

i

c=—= L =149 mm
By 0878

Design of negative momentof beam (25)
Negative moment Mu © = 580.1KN.m.

52

=664mm=>d,=18=>25..................
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Iy 420
M= = ; =]
0851 LES=24

=206.

p=—l 1— 1_2mBa _ 1 4 220642

m 420 206 420

As= p.b.d = 0.011x800x437.5 =3850 mm-.

CheCk fOf As’min.
As’min 2025 A bw d E Ebw d

fy fy
Asrin=0.25222800 x 437.5 = 1020.6mm?

Agmin =7 800 x 437.5 = 1166.6mm? Control.

420
Asmin= 11666 mm?< A = 3850mm?’
Use 16918top .

As,provided= 4072 mm2>As,required = 3850 mm2.

Check spacing :
S= T e = 275>d, =18 > 25 .. e
Check for strain:
A ; !
_ Mty = 072X420  _ 1547 mm

[LBESH T DESxB00x24
=2 =127 11925 mm

Hy 0&7A

Negative moment Mu ©=140.1

M, 140.1 x 10°

Rn = Ghdz ~ 09x 800 x 437 52

=10ZMpa

53
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Iy _ 40 _ 906,

T ossf! T nssx24

pzi 1— 1-2mRn _ 1 4 4 _2206102

420 20.6 420

As = p.b.d = 0.0024x800%437.5 =840 mm>.

Check for A min.

As’min :ﬂ 2 5

Fep d>Yb, d
Iy fy

vid
420

As min =£ 800 x 437.5 = 1166. 6 mm* Control.
4210

Asmin =0.25— 800 x 437.5 = 1020. 6mm*

Asmin= 1166.6 mm?< A = 840mm?

As,provided= 4069.44mm2>As,required = 1161mmz2,

Check spacing :

_ B00=40+2=20=(16x18)

=0.0025Mpa.

Ok

OK

=10.026 > 0.005

) = =27.5>d,=18=25...................
Check for strain:
_ As.j’_}..f = 1161420 ag g oy
I!.HEhj‘r NE5=H00D=24
= = 2988 _ 44 7 mm
By Da7d
d—c 337.5—-44.7
£,=0003 =0.003

44.7
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eDesign of shear:-
1) Vu=536.2KN .

1
0|0VC=dJ*T* bw*d

=0.75* = *08 0.4375* 10° = 214.3 KN.

— Check for cases:-
3-Case3:hV< Vy < Ve + PVSnmin

OVSmin > = fi*by*d= E\/24* 0.8 *0.4375* 10° =80.1KN.

16

> (b * Py * d= 22 0.8* 0.3375* 10°= 87.5KN.......... Control.

‘L'qJVSmin = 87.5KN.
Ve + BVSpin = 214.3+87.5=301.8 KN.
-V + VSmin< Vy < Cch+(,— « i *by*d)

0.75

=301.8<536.2< 214.3+ (—*v24 * 0.8* 0.4375*10°)

232.84<308.4<6429............. ok

shear reinforcement are required .
As=226.08 .

Ve= V- V=202 2113 459 oK N

0.75 0.7°

~Use2leg @ 12 @ 120 mm.
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4.9 Design Of Column

Select column (C1) for design in 2nd floor.
Pu=397.512KN .

Pureq = 397.512/0.65 = 611.56 KN .

User =rg=1%

Pn=0.8* Ag{0.85* fc'+r g( fy—0.85fc')}
.61=0.8* Ag[0.85* 24+ 0.01* (420 0.85* 24)]
Ag = 0.0313m?

Use 0.4 x 0.2 cm with Ag = 0.08 m2 > Agreq = 0.0313m?

- Check Slenderness Effect

e In 0.2m-Dirction

MU gy oML ACI - (10.12.2)
M2

r

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration=0.3 h = \/%

Lu=30m

M1UM2 =1

K=1, According to ACI 318-11 (10.10.6.3) The effective length factor, k, shall be permitted to
be taken as 1.0.
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In X-Direction

@ < 34—12E ............... ACI —(10.12.2)
r M2

1x3.0

0.3x0.3
. LongColoumn in  x:dirction

=50> 22

In Y -Direction

Hu < 34—12m ............... ACl —(10.12.2)

r M2

1x3.0 _ 95599

0.3x0.5

~.long Coulmn in: y:dirction

El =04 Ecly ACI318 — 2002 Eq.10 —15
=0 AT g q.

Ec =4700 fc' =4700v24 = 23025.20 Mpa
_12DL 1234178

Pa P, ~ 1089.75 38
bx h* 05x0.3%
lg = 12 = 12 = 0.001125mm"4.
gt 0.4 X 23025.20 x 0.001125 _ 751 Wi
1+ .38
n?El  3.14%* x751
=823 KN

For = T2 = % 3.0)2

8., =— = =122>1 ok

I Bu— L1OB%.75
075 P 0.75%8.23 %1000
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e =15+0.03x h=15+0.03x 300 = 24mm = 0.024m
e=e, xd_=0.024x2.61=0.063m
e 0.063

=0.21
h 03

From Interaction Diagram
fP, 1089.75>< 145
A, 0.3x0.5 1000

My =0.01

=1.053Ksi

A, =1 x A, =0.01x 500 x 300 = 1500 mm*"
. use8f 20

@Design of reinforcement:-

S <16 db (longitudonal bar diameter)...........cccuc..... ACl - 7.10.5.2
S < 48dt (tie bar diameter).

S < Least dimension.

spacing <16xd, =16x2=32cm

spacing <48xd, =48x1.0=48cm

spacing <least.dim.=30cm

“Use 10 220

k)

Figure (38) : Columns Section
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4.10 Design Of Solid Slab Of The Stair Roof (1)
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Figure (39) : Solid Slabl Plane
hmin=1/20 = 3000/20 = 150 mm , takeh=20cm..
Assume bar diameter ® 12 for main reinforcement.

d=h-20-db/2=200-20—-12/2=174mm .

Table (7) Calculation of the total dead load for solid slab of stair roof 1.

No. Material W = quality density * h
KN/ m?
1 Tiles 22* 0.03=0.66
2 Mortar 22* 0.02=0.44
3 Sand 16* 0.07 =112
4 Reinforced concrete solid slab 25*02=5
5 Plaster 22*0.02=0.44
6 | Partitions2 KN/ m° 2
9.66 KN/m?

Dead |0ad=9.66 KN/m?
Liveload = 2 KN/m?
Dead load for 1 m strip of slab DL =9.66 * 1 =9.66 KN/m .
Liveloadfor 1mstripof dabLL =2* 1 =2 KN/m
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@Design of reinforcement:-
W= (1.2¥9.66)+(1.6*2) = 14.79 KN/m
Mu=(W_*1%)/8 = 14.79 * 3%/8 = 16.6 KN.m

me_Y___40 .56
0.85fc  0.85(24)

~Mn  16.6*(10)°
~ bd 2 (0.9)(1000 )(174 )2

* *
r :i[l— | 2mRn J 1 [1_\/1_ 2*20.6 0.61]:0_00147

= 0.61 Mpa

m fy | 20.6 420

As = 0.00147* (1000)* (174) = 255.78 mm>
As min =0.0018* b*h = 0.0018* 1000 * 200 = 360 mm?

As>Asmin
Used12 then
n=As/As® 12=360/255.78 =15
~Take 2 12 /m  with As 226.2mm? m stripor ®12 @ 200 mm
Step (s) isthe smallest of :
1. 3* h=3*200=600mm.
2. 450 mm.

280
3. S5=380(— ) = 380 ) =380 but

(2/3)* 420

280
$<=300 (— ) =300 ) =300 - Control .

(2/3)* 420
S =250 mm <smax ok .
->Check for strain ( tension controlled section ) :
a=As*fy /0.85* fc'* b=226.2* 420/ 0.85* 24 * 1000 = 4.65 mm
c=52mm
strain = 0.097 > 0.005 ok .
Shrinkage & temperature reinforcement for one meter strip:
As = 0.0018*1000* 200=360mm?2
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Use ®12@ 25 cm with As =452 mm2>360 mm?2
Top reinforcement :
#Use @10 @ 20 cm in  both direction

@Design of shear :-
Vu max =qu*L/2 =(17.992 * 3.7 )/2= 33.3KN
Vud =29 KN .

075\/_

dVe =

(bw)(d)
0. 75J_4

dVce=

(1000)(174) =1066KN

Vumax< 1/2 dVc=53.3 KN

No Shear reinforcement is required ( The thickness of the slab is adequate enough ) .

» -~ = Solid Slab1
id §la

’ r

s@

TuuRe rcem= L |

4.11 Design Of Solid Slab Of The Stair Roof (2)
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Figure (40) : Solid Slab2 Plane

hmin=1/20=4900/20 = 245 mm , takeh=25cm.

Assume bar diameter @ 12 for main reinforcement.

d=h-20-db/2=250-20-12/2 =224 mm .

Table (8) Calculation of the total dead load for solid slab of stair roof 2.

No. | Material W = quality density * h
KN/ m?

Tiles 22 * 0.03 =0.66
Mortar 22* 0.02=0.44

Sand 16* 0.07=1.12
Reinforced concrete solid slab 25* 0.25=6.25

A W N P
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5 Plaster 22*0.02=0.44
Partitions 2 KN/ m? 2

10.91 KN/m?

Dead |0ad=10.91K N/m?

Liveload = 4 KN/m?

Dead load for 1 m strip of slab DL =10.91* 1 =10.91 KN/m .
Liveload for I1mstripof dabLL =4* 1 =4 KN/m

@Design of reinforcement:-
W= (1.2* 10.91)+(1.6*4) = 19.492 KN/m
Mu=(q.*1%)/8 = 19.492* 4.9%/8 = 58.5KN.m

fy 420

m= = =20.6
0.85fc' 0.85(24)

_Mn _ 58.5*(10)°
~ bd 2 (0.9)(1000 )(224 )2

* *
c_Af; 2w 1 1_\/1_2 20.6*1.3 | _ | 5930
m fy 20.6 420

As = 0.0032 *(1000)* (224) = 714.4 mm?
As min =0.0018*b* h = 0.0018* 1000 * 250 = 450 mm?

Rn =1.3Mpa

As>Asmin
Used12 then
n=As/As® 12=714.4/113.04=6.32
~Take 7 12 /m with As = 791.28mm?% m stripor ®12 @ 150 mm
Step (s) isthe smallest of :
4. 3* h=3*200=600 mm.
5. 450 mm.

280

(2/3)—*420 ) =380 but

280
6. S=380(— ) = 380
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280
$<=300 () =300( ) =300 - Control .

80
(2/3)* 420

S =200 mm <smax ok .

->Check for strain ( tension controlled section ) :

a=As*fy /0.85* fc'* b=615.44* 420/ 0.85* 24 * 1000 = 15.84 mm
c=18.1mm

strain = 0.034> 0.005 ok .

Shrinkage & temperature reinforcement reinforcement for one meter strip:
As = 0.0018* 1000* 250=450 mm*
Use ®12@ 25 cm with As =452.2 mm2>450 mm2

Top reinforcement :
~Use @10 @ 15 cmin both direction

@Design of shear:-
Vu max = q,*L/2 =(19.492*4.9)/2= 47.8 KN
Vud=44.8KN .

®Ve = stj/f_d(bvv)(d)
0.75v24

oVe= = 4 1000)(224) = 137.2KN

Vud< 1/2 ®Vce = 68.6 KN
No Shear reinforcement is required ( The thickness of the slab is adequate enough ) .
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Solid Slab 2
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4.12 Design Of Stair 1
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Figure (41): Stair
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Slope of the stair = tan™15/30 = 26.56

h=(7.1/20)=.355 ........ select h=40cm.

Calculation of the total dead load for stairsis shown in the following table:

Table (9) Calculation of the total dead load for flight of stair roof 1.

No. | Materid Calculations

1 Plastering (0.02* 22* 1)/(cos 26.56)

2 Concrete slab (0.4* 25* 1)/(cos 26.56)

3 Mortor (0.3+0.15)*0.02* 22/(0.3)

4 Stair 0.15*0.3*0.5* 1* 25/(0.3)

5 Tiles (0.35+0.15)* 0.03*27/(0.3)
15.6 KN/m

Factored Total Dead Load = 1.2*15.6 = 18.7KN/m
Liveload = 5KN/m .

Factored liveload =5*1.6 = 8KN/m

1= 18.7 + 8 = 26.7 KN/m.

->Dead load calculation for landing :
Concrete = (25*0.4) = 10KN/m
Plastering = (0.02* 22) = 0.44KN/m?
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Morter = 0.02*22 = 0.44 KN/m

Tiles=0.03*23 = .69KN/m?

Nominal Total Dead Load = 11.57KN/m

Factored Total Dead Load = 1.2* 11.57 = 13.9KN/m
Liveload = 5 KN/m?.

Factored liveload =5*1.6= 8KN/m?

0= 8 + 13.9 = 21.9KN/m?

@Design of flexure of stair :-

M SRR

21.9 KMan |||IIIII|||||||IIIII||||||I|IIII||| 21.9 Klan

IH — 28 - N

/.‘l‘:.

R&A— AT 6 KH

0 o

Lt

£ 1.7 o 1.6 £ -
- -, Fal ~

- Stair reinforcement design of one meter strip for flight S1 :-
RA =((21.9* 1.3* 6.45) + (26.7* 3.6* 4) +(21.9*22* 1.1))/7.1=875KN .
RB=((21.9*1.3)+(26.7*36)+(21.9*22))-87.5=853KN.

- Check for shear strength :

Assume bar diameter @ 14 for main reinforecement .

d=400 -20-14/2 =373 mm .

Vu=875-(21.9* (0.15+0.373) = 76.1 KN .

[ Vc=(0.75/6) *v/24 * 1000*373= 228.42 KN > 76.1 KN ...... ok .
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Vumax =76.1 KN .<1/20 Vc =83.6 KN .
The thickness of the slab is adequate enough .

Mumax = (87.5* 355) - (21.9* 1.3* 29) - (26.7* 2.25* 1.125) = 160.5KN.m.
Mn=Mu/® =845KN.m.
d =400 - 20-14/2 =373 mm
m= fy = 420 =20.6
0.85fc'  0.85(24)

* 6
_Mn 160 5 (10)° o0y
bd 2 (0.9)(1000 )(373 )

* *
c_A(, [ 2mRn ) 1 1_J1_2 20.6*1.282 | _ 4 ooa1s
m fy 20.6 420

A €=0.00315*(1000)* (373) = 1176.6 mm?>.
Asmin =0.0018* b * h=0.0018 * 1000 *250 = 450 mm?.
As=1176.6 mm > >Asmin=450 mm?. ok
Use ®14 then
n=As/As® 14 =1176.6/153.86=7.64 ,
~Take 8914 @ 12.5¢cm clc.
As=1230.88mm?m strip >1176.6 mm2/mstrip. ok
Step (s) isthe smallest of :

1. 3h=3* 400 = 1200 mm

Rn

2. 450 mm
3. &380(@) = 380( === )=380 but
fs (2/3)* 420
S<=300 (@) =300 ( A ) =300 - Control .
fs (2/3)* 420
S =125 mm <smax ok .

Temperature and shrinkage reinforcement :
As=0.0018 * 1000* 400 = 720 mm?.
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n=As/As® 14 =720/ 153.86 = 4.68 ,

4.13 Design Of Stair 2

s=200 mm < smax =450 mm

ok .

s=1/n=0.214.

~Take 5® 14/m with As = 769.3 mm?/m strip or ® 14 @ 200 mm .

Step ( s for shrinkage and temperature reinforcement ) is the smallest of :
1. 5h=5* 400=2000 mm.
2. 450 mm — Control .
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Figure (42): Stair

Slope of the stair = tan™15/30 = 26.56

h=(4.9/20) = .245

sdect h=25cm.

Table (10) Calculation of the total dead load for flight of stair roof 2.

No. Material Cadlculations

1 Plastering (0.02* 22* 1)/(cos 26.56) 0.492
2 Concrete lab (0.25* 25* 1)/(cos 26.56) 6.99
3 Mortor (0.3+0.15)*0.02* 22/(0.3) 0.66
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Factored Total Dead Load = 1.2*11.37 = 13.644KN/m

Liveload = 5BKN/m..
Factored liveload =5*1.6 = 8KN/m
oh= 13.644 + 8 = 21.644KN/m

Stair 0.15*0.3*0.5* 1* 25/(0.3) 1875
Tiles (0.35+0.15)* 0.03*27/(0.3) | 1.35
11.37 KN/m

-> Stair reinforcement Design of one meter strip :- (for flight S1)

21 544 KM/mM

5.9

BB 20322 Kk

A 2022 s
p
- 1.0 - =, - 10 -
-~ - = -

Thevalueof V ma @ the center of support = (21.644*2.7)/2= 29.22 KN .

Check for shear strength :

Assume bar diameter ® 14 for main reinforecement .

d=250-20-7 = 223 mm .

1 Vc=(0.75/6) *v24 * 1000* 223= 136.56 KN >29.22 KN ...... ok .

Vumax = 29.22 KN .< 1/2[ Vc =68.28 KN .
The thickness of the slab is adequate enough .

Mumax =29.22* 2.35—-21.644* 1.35* 1.35/2 = 48.944 KN.m.
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Mn=Mu/® =544 KN.m.
d = 250-20-14/2= 223 mm

me— Y ___40 554
0.85fc  0.85(24)

* 6
_Mn 4894t (10)° g,
bd 2 (0.9)(1000 )(223 )

* *
c_A(, [ _2mRn | 1 1_J1_2 20.6*1.094 | _ 4 10068
m fy 20.6 420

A € =0.00268*(1000)* (223) = 597.1 mm?>.
Asmin=0.0018 * b * h=0.0018 * 1000 *250 = 450 mm?.
As=597.1 mm?>Asmin = 450 mm?=. ok
Use ®14 then
n=As/As® 14 =597.1/153.86=3.88 , s=1n=0.258.
~Take 4914 @ 25cm clc.
As=615.44 mm2/mstrip >597.1 mm2/mstrip. ok
Step (s) isthe smallest of :

4. 3h=3* 250 =750 mm

Rn

5. 450 mm
6 &380(@) = 380(-=————=)=380 but
' fs 7 (2/3)*420 7
S<=300 280 =300 __ 280 =300 - Control
=300 (57) =300 (573y% g0 ) =300 - Control.
S =250 mm <smax ok .

Temperature and shrinkage reinforcement
As=0.0018 * 1000* 250 = 450 mm?.
n=As/As® 14 =450/ 153.86 =2.93, s=1/n=0.372.
~Take 3® 14/mwith As = 461.58 mm?/m strip or ® 14 @ 300 mm .
Step ( s for shrinkage and temperature reinforcement ) is the smallest of :
3. 5h=5* 300 = 1500 mm .

71



4. 450 mm — Control .

s=300 mm < s max = 450 mm ok .

->Design of landing :-

-> Dead load calculation of g2: (for landing)
Concrete = (25*0.25) = 6.25 KN/m

Plastering = (0.02* 22) = 0.44KN/m?

Morter = 0.02*22 = 0.44 KN/m
Tiles=0.03*23 = .69KN/m?

Nominal Total Dead Load = 7.82KN/m
Factored Total Dead Load = 1.2¥7.82 = 9.384KN/m
Liveload = 5 KN/m?.

Factored liveload =5*1.6 = 8KN/m?

0= 8 + 9.384 = 17.384KN/m?.

-> Design of S2 :-

TH 3 KRS
21.544 FM/m
17 4 KMan
il il i ol ol ol il ol ol ol ol e o L e ol i g e T e o bl ol ol bl ol
RA =529 KN RB - 7G.8 KM
3 1.6 3 1.8 o 1.6 =
-~ Eal el Pl

WR=29.22/1.6 =183 KN/m.
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RA=((174*16*42)+(21.644* 1.8* 25)+(17.4*16*0.8)+(183* 1.6* 0.8))/5=
529 KN .

RB=((17.4* 1.6) + (21.644* 1.8) + (17.4* 1.6) + (18.3* 1.6)) - 52.9=76.8 KN .

Check for shear strength :

Assume bar diameter @ 14 for main reinforecement .

d=250-20-7 =223 mm .

Vud =524 KN.

1 Vc=(0.75/6) *v24 * 1000* 223= 136.56 KN > 52.4 KN ...... ok .

Vud=524 KN .<1/20 Vc =68.28 KN .

The thickness of the slab is adequate enough .

Mu=(529* 275) - (174* 1.6* 1.95) - (21.644* 1.15* 0.575) =77 KN.m.
Assume bar diameter @ 14 for main reinforcement . d = 223 mm.

me_Y___40 554
0.85fc’  0.85(24)

* 6
- Mn 77 (10) = 1.72 Mpa
bd 2 (0.9)(1000 )(0.223)

* *
r :i(l— L 2mRn] 1 (1_\/1_2 20.6 1.72]:_0043

Rn

m fy | 20.6 420

A €= 0.0043*(1000)* (223) = 955.7mm?>.

Asmin=0.0018* b * h=0.0018 * 1000 *250 = 450 mm?>.
As= 9557 mm?>Asmin = 450 mm?. ok

Use @14 then

n=As/As® 14 =955.7/153.86=6.2 , s=1/n=0.161.
~Take 7914 @ 15¢cm clc.

As=1077.02 mm2/m strip >955.7 mm2 /m strip . ok

Step (s) isthe smallest of :
7. 3h=3* 250 = 750 mm
8. 450 mm
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280
9. $=380(— ) = 380( ) =380 but

280
(2/3)* 420

280
$<=300 (— ) =300 ) =300 - Control .

(2/3)* 420

S =150 mm <smax ok .

Temperature and shrinkage reinforcement :
As=0.0018 * 1000* 250 = 450 mm?.
n=As/As® 14 =450/ 153.86 =2.93, s=1/n=0.372.

~Take 3 ® 14/mwith As = 461.58 mm’/m strip or @ 14 @ 300 mm.
Step ( s— for shrinkage and temperature reinforecement ) is the smallest of :
5. 5h=5* 300 = 1500 mm .
6. 450 mm — Control .

s=300 mm < smax =450 mm ok .

-> Design of S3 :-

18.3 KMN/m
S HIRIRRERRERENERR
17 4 KMim
INRERIIRRRRERRAIS
AN /
RA = 53.6 KN RB =77.5 KN
g 3.4 1 1.6 E
” P -

WR=29.22/1.6=183KN/m.

RA = ((21.644* 3.4* 3.3) + (17.4* 1.6* 0.8) + (18.3* 1.6* 0.8)) / 5=58.6 KN .
RB=((17.4* 1.6) + (21.644* 3.4) + (18.3* 1.6)) —58.6 = 77.9KN. .

Check for shear strength :
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Assume bar diameter @ 14 for main reinforcement .
d=250-20-7 =223 mm .

Vud =53.5KN.

1 Vc=(0.75/6) *v24 * 1000*223=136.56 KN > KN ...... ok .
Vud=535 KN .<1/20 Vc =68.28 KN .

The thickness of the slab is adequate enough .

Mu=(58.6* 2.75)— (21.644 * 2.75* 1.375) =79.4KN.m.
Assume bar diameter @ 14 for main reinforcement . d = 223 mm.

me_Y___40 554
0.85fc’  0.85(24)

* 6
rn=Mn 747 10) 4 774 wpa
bd 2 (0.9)(1000 )(223)

* *
c_A(y fy_2mRn )1 1_\/1_2 20.6*1.774 | _ (o443
m fy 20.6 420

A € =0.00443*(1000)* (223) = 986.93mm?>.
Asmin =0.0018* b* h=0.0018 * 1000 *250 = 450 mm?.
As=986.93 mm?>Asmin = 450 mm?. ok
Use @14 then
n=As/As® 14 =986.93/153.86=6.42 , s=1/n=0.156.
~Take 7914 @ 15¢cm clc.
As=1077.02 mm2/m strip >986.93 mm2 /m strip . ok
Step (s) isthe smallest of :

10. 3h = 3* 250 = 750 mm

11. 450 mm

280
12. 5=380(——) = 380( ) =380 but

(2/3)* 420

280
$<=300 () =300( ) =300 - Control .

(2/3)* 420

S =150 mm <smax ok .
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Temperature and shrinkage reinforcement :
As=0.0018 * 1000* 250 = 450 mm?.
n=As/As® 14 =450/ 153.86 =2.93, s=1/n=0.372.
~Take 3 ® 14/mwith As = 461.58 mm?/m strip or ® 14 @ 300 mm .
Step ( s for shrinkage and temperature reinforcement ) is the smallest of :
7. 5h=5* 300 =1500 mm .
8. 450 mm — Control .

s=300 mm < smax =450 mm ok .

14.14Design Of Isolated Footing

-> Calculate the weight of footing ,soil, and the surcharge floor load :
-Weight of footing (assume h footing = 65cm )

W footing = 24 * 0.65 = 15.6 KN/m?

-Weight of soil :

W soil =1.2* 16 = 19.2 KN/m?

Total surcharge load on foundation :

W= 15.6 + 19.2 + 5 =39.8KN/m?

-Net soil pressure ,ga,net :

Qa,net = 450 — 39.8 = 410.2KN/m?

Required sizes of footing :

A= pn/ga.net = 301.04 + 414 / 357.15 = 2.002 m*
A=1?

L=14m

->Determination the depth of footing based on shear strength:
Pu=1.2*210.38+ 1.6 * 90.66 =397.5 KN .

Determinate ¢, = 397.5/1.5% 1.3 =203.85 KN/ m?
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**Check for one way shear strength

vu-20385 (222 -apr1s — L
1, r= r
f VC :f .(—* fCI * bW * d) Critles! gastion For i i
6 al‘n—'\_w!w .-lll'ltm. ! —-...I !/ E:.:g?:‘l-_;: :'[I::'r'ur
l f/",_{-{-‘
f Vc=0.75* g* 24*1500* d P A
- 4 g 1
f Ve=wu S “\Iji /f"“
d = 561mm, h = 650mm lﬁxjx;-
h = 650mm ij;j_f,
1/_/";}!',

Uno-winy ahasr,

Figure (43): one way shear

->Check for two way shear action

Two way shear (punching shear )

LetVu=+ v,

Vu =203.85(1.5* 1.3— (0.4 +0.5611) * (0.2 + 0.561)) = 153.42 KN .

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

v =f L1+ 2 [t nd
6" b,
1( a '
fv. =f. 2| 2 ol )t 'bd
: 12[b0/d+j ¢ D
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Inclined crack

Tributary area for
two-way shear

Critical section
tor iwo-way shear ™~

f V =f3 v b d Two-wav shear.

Figure (44): Two way shear

Where:-
b — Column Length (a) _ 40
€ Column Width (b) 20

b° = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(d+al)+2(d+a2) = 256550 + 2561550 = 10780

as =40 for interior column

fV, = (1+—j\/ b,d = 075( 2) 24 % 4444 511 = 4171 .9KN

* *
fV, =f —(a d, )w/ bd—075 (43£1+2j*\/ﬂ*4444*511=4588.7KN

O

fV,=f —\[ bd—% A/ 24 * 4444 * 511 = 2781 .3KN
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f V. =2781.3KN .... Control
Vu <f Ve......ok

Design of flexural for isolated footing :-
Mu = 203.85*1.5*1.3% /2 = 258.37kN.m

Mu =258.37KN.m

Rn = Mn  0.2583/0.9
bd®> 1.5x0.561°

oy a0
0.85* fc  0.85* 24

r:l 1- 1_2xmen
m 1"y

Lo 1 1_\/1_2><20.6><.608 _ 00147
20.6 420

=..608 Mpa

20.6

ASge, = *b* d = 0.00147 * 1500 * 561 = 1236.89mm?
ASqrieqe = 0:0018* b* h = 0.0018* 1500 * 650 = 1755mm’

useAs = 1755mm?
Slect f 14

@ =11.39 — usel2bars.
154

ASp e = 1848mm? > 1755mm?.....ok

- Check for strain :-
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A *fy=0.85*fc'*b*a
1848 * 420 = 0.85* 24 * 1500 * a

a = 25.36 mm
ce @236 o9 86amm
b, 0.85
e, = S61 ~ 29.864 , 4 403 - 0533
29.864

e, = 0.0533 > 0.005 —— ok

->Development Length of main Reinforcement for My, :
0.24* 420
0.24fy db=

Ldyreq= T 22
Ld(greq = 0.043xfy < db = 0.043x 420 x 1.4 = 25.28cm
Ldyreq = 25.28cm <Ld(1)req=28.8 cm=>control
Available Ld =(650 - 75 — 2* 14) =547 mm.

14=288cm.

Using hook 216*
Required length of hook 216*f 216* 1.6 = 25.6 cm use 30 cm

Total Length = 547.... use 60 cm >Ldieq= 28.5cm ... ok

9 F'!-" & \VE\VH\VI

req :1_0’5)\’ f_ ktr+ch
® dh

9 420 12108
10 1= v24 25
Lda,ai|ab|e=730 -75=722.5 mm
Ldavailaie= 722.5mm >Id,..; = 345.67mm ok

Id =db

=14 = 345.67 mm

Idruq =
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g B . z | — .'i:lIL.' . _tl]
L?fé//;/:/x b 5{%4// G -3 63 } ‘ e
Vertical Seclion (A-A) foundation 1

- Check transfer of load at base of column:

f.Pn=f .(0.85fc'AQ)
f .Pn=0.65*[0.85* 24* (400* 200)]/ 33132 =14408KN
But Pu=14408<f .Pn=2360.7KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowds:
As = 0.005 * Ag = 0.005 * 400 * 200 = 400 cm?
Use the column bars as a dowels

Sect 4016

min

AsProvided = 800 mm2>AsReq. = 400 mm2

4.15 Design of wall footing

- load calculation :
Thetotal service loads :-
D.l = 22.5kN/m.

L.I =0.0 KN/m.

->For 0.6 meter slide :-
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Usewidth=1.5m.

Assume h = 300mm

.0 =(1.2*22.5+1.6*0.0)/1.5= 18KN/m?
.d= 300-75-12 =213 mm.

Vu= (-5 —d)q
0.3

1.3
Vi G-

— 213 )*18= 6.97KN/m

®Ve= 0'758/1;_(:' (bw)(d)

0.75/24
6

130.44 > 6.97KN/m
So the Depth enough

dVce=

(1000/(213 =130.44KN/m

BIDesign for flexure :-
Mu = 18*(0.60)%2 = 3.24KN.m/m

Ry - Mn _ 3.24*(10)°°
“bd?  (0.9)(1)(0.213)2

* *
c_A(y_ [ 2mRn | _ 1 1_\/1_2 20.6*.080 | _ o 00o
20.6 420

= 0.080 Mpa

As =0.0002* 1000* 213 = 40.7 mm?

AS min = 0.0018* 1000* 213= 383.4 MM*>AS,
Use @ 12 with As=113.04 mm?

50 12=>d 12@ 20 cm c/c.

Transverse direction=>» (0.0018* 1500* 300)= 810mm2 .........
~Use 16@ 20
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4.16 Results Of Mat Foundation

Mmax = 7698.4 kn.m/m
Mmin =-99.1kn.m/m
Vumax = 12853.93 kn/m

Vumin = 8.1kn/m
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Figure (46): Bottom reinforcement plane for mat foundation.
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Figure (47): Top reinforcement plane for mat foundation

Figure (48): Section A-A for mat foundation
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