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Abstract

The Structural design of Al-Watan Hotel - Halhoul

work team :-

Majdi Maher Abu gosh Mutasem Manar Qafeshah
Nemer Jihad Shakarneh

Supervisor :-

Eng. Hamdi Idais

2024 — 2025

This study was prepared as an introduction to the graduation project, and it is an introduction to the
structural design project for Al-Watan Hotel - Halhoul. The idea of the project is summarized in the
structural design of the Al-Watan Hotel in the city of Halhoul, including all the facilities required by any
tourist hotel. The primary goal of the project is to make the structural design for all the structural
elements that the project contains, from foundations, walls, columns, bridges, slabs, and many other

structural elements in the Building.

The hotel building consists of 7 floors, one basement floor (parking), a ground floor consists of
reception and multi-use halls, a first floor consisting of a sport hall and some shops, an internet hall and
a lounge, a second, third and fourth floor consisting of bedrooms, and a fifth floor consisting of dining
halls and a café.

For structural analysis and design, we will use the American code ( ACI_318_14) with the aid of some
computer programs such as : AutoCAD , ATIR, Microsoft Office, and for loads and forces we will use

the Jordanian Code.

The project will include a detailed structural study of deﬁning and analyzing the structural elements and

the various loads expected and preparing the executive plans for all structural elements of the ho

v
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LIST OF ABBREVIATIONS

» Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

* As'= area of non-prestressed compression reinforcement.

e Ag = gross area of section.

e Av = area of shear reinforcement within a distance (S).

» At = area of one leg of a closed stirrup resisting tension within a (S).

* b = width of compression face of member.

* bw = web width, or diameter of circular section.

« Cc = compression resultant of concrete section.

« Cs = compression resultant of compression steel.

* DL = dead loads.

e d = distance from extreme compression fiber to centroid of tension reinforcement.
* Ec = modulus of elasticity of concrete.

« fc' = compression strength of concrete.

« fy = specified yield strength of non-prestressed reinforcement.

 h = overall thickness of member.

» Ln = length of clear span in long direction of two- way construction measured face-
to face of supports in slabs without beams and face to face of beam or other supports
in other cases.

e LL = live loads.

e Lw = length of wall.

¢ M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

« Pn = nominal axial load.

e Pu = factored axial load

* S = Spacing of shear in direction parallel to longitudinal reinforcement.

* Ve = nominal shear strength provided by concrete.

¢ Vn = nominal shear stress.

* Vs = nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.



* We = weight of concrete.

¢ W = width of beam or rib.

* Wu = factored load per unit area.

» @ = strength reduction factor.

¢ = compression strain of concrete = 0.003.
« gs = strain of tension steel.

* ¢s = strain of compression steel.

 p = ratio of steel area
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Frames 3.5.9

Figure 1:Frame deformation due to seismic loads

Frame structures are constructions having a blend of columns, beams & slabs to bear the adjacent and gravity loads. These
structures are generally used to overcome the large moments emerging owing to the applied loading.

the structural frame must be able to withstand not only the gravity loads but also the loads imposed in a few vital cases during its
life span such as the cases of earthquakes.

The figure below shows the deformation of a frame due to seismic action:
In a quick look to the difference between:

1- FRAMES WHERE NO SEISMIC DESIGN IS REQUIRED:

w



The following frame is composed of two columns and one beam and it bears only gravity loads
1.e. no seismic loading is applied.

The following figure shows the concrete deformations and cracks. They are presented in a very

diagonal shear

diagonal shear
“tensilecracks  Cracks cracks  tansile cracks
due to bending tensile cracks due to bending
due to bending t

diogonal shoar
diagonal shear
cracks

tensile cracks

% lensile cracks
i "9 due (o bending

Fiotire 2:-Frame<c withniit eciemir decion

Figure 3:Cracks in frames without seismic design

large scale so as to thoroughly comprehend the way the members behave. In reality they are so small that they are not
visible to the human eye, that they are not visible to the human eye
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The tensile stresses applied to some areas of concrete cause the formation of cracks; therefore
in those areas the necessary reinforcement is placed. When the cracks are perpendicular to the
axis of the member, longitudinal reinforcement is placed

i.e., rebars that prevent the expansion of the hairline cracking.

When the cracks are diagonal, transverse reinforcement i.e. stirrups is placed to control them In the case where the

starterbars

beam stimups. beam upper rebars additional rebars in beam support
\
fffff N ——— — —
\ S
beam lower rebars short beam rebars
column stirups
%

Figure 4:Frame with seismic design

frame is subjected to gravity loads only and seismic forces are not supposed to be applied to it, the diagonal cracking
could be controlled with the use of diagonal reinforcement.

2- FRAMES WHERE SEISMIC DESIGN IS REQUIRED

The following frame is exactly the same with the frame mentioned above. Both frames will behave in exactly the same
way through their lifetime except in those few seconds during an earthquake. An earthquake ground motion causes
horizontal displacements that in their turn cause horizontal inertia forces, forces created by the sudden change in the
kinetic state of the body.

[



Horizontal seis

)
H
normal fle diagonal
cracks due 1o due o shear
bendeg

e

During the seismic action, the applied horizontal forces constantly shift direction. This results in a continuous change in
the frame’s behavior, consequently the tensile stresses and thus the inclined cracking appears in different positions

directions. This

position-direction alteration is the reason why earthquake design and reinforcement detailing are so critical in areas with

high seismic activity.

Fundamental rules in the reinforcement of antiseismic structural systems:
The following needs — rules regarding the proper placement of reinforcement, derive from the behavior of structures:

Figure 5:deformation in siesmic designed frames
40



- Columns:
(o) Rebars must be symmetrically placed around the perimeter of the cross-section since the tensile forces and
therefore the inclined cracking constantly changes direction.
(B) There must be enough, high-strength and properly anchored stirrups. This reinforcement protects the
member from the large diagonal cracks of alternating direction, caused by the diagonal stressing or otherwise

called shear.



CHAPTER 4

STRUCTURAL ANALYSIS AND DESIGN (By Calculations)

4

4.1 Introduction

4.2 Factored load

4.3 Determination of slab thickness

4.4 Design of topping

4.5 Design of one-way ribbed slab (Rib 1)
4.6 Design of Beam B-B-29

4.7 Design of Two-way ribbed slab (1% Floor)
4.8 Design of stair

4.9 Design of column

4.10 Design of shear wall

4.11 design of basement wall

4.12 design of footing
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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.

A bond forms between the steel and the concrete, and stresses can be transferred between both components.
The design strength provided by a member flexure, and load, and shear is taken as the nominal strength

calculated in accordance with the requirements and assumptions of ACI-code.

NOTE:
B300, {fc'z 24 MPa for rectangular and L section}. *Concrete

B350, {fc'= 28 MPa for columns and frame structural systems}.

*The specified yield strength of the reinforcement {fy =420MPa}.

4.2 Factored load

The structure may be exposed to different loads such as dead and live loads. The value of the load depends
on the structure type and the intended use. The factored loads on which the structural analysis and design is

based for our project members, is determined as follows:
qu=1.2DL+ 1.6L

ACI-318— 14 (9.2.1)

w



4.3 Determination of slab thickness

4.3.1 Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-14, the minimum thickness of no prestressed beams or one-way slabs unless

deflections are computed as follow:

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported continuous continuous | Cantilever

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

Solid one-
way slabs 20 24 “28 é10

Beams or
ribbed one- éMne éM8.5 er21

way slabs
Motes:
Values given shall be used directly for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified
as follows:
a) For lightweight concrete having equilibrium density, we. in the range of
1440 to 1840 ka/m*~, the values shallqbe multiplied by [1.65 — D.0003w ) but

not less than 1.09, o
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + £,/700).

&8

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

hmin for one-end continuous = L/18.5

5.15
hmin = 185 =27.84 —take24+8=32cm

The maximum span length for both ends continuous (for ribs):

hmin for both-end continuous = L/21

4.55
hmin = >1 =21.67 —take24+8=32cm

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

] .05
hmin = 185 = 27.3 cm

IaN



Load calculations:

One-way ribbed slab:

|

8 D

[ LI T T T T T J Tef—— 3cm-Ties

2 cm - Mortar

7 cm - Sand

8cm

2 cm - Plaster

T12em 1

40 cm T 12cm 1

Select Slab thickness h = 32¢m with block 24 cm & Topping 8 cm.

Figure 4-1: Rib Section

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

in the following table:

Table 4. 1: Calculation of the total dead load for one-way rib slab.

Parts of Rib Density Calculation

RC. Rib 25 0.24%0.12*25 =0.72
Top Slab 25 0.08%0.52*25 =1.04
Plaster 22 0.02%0.52*22 = 0.229
Block 10 0.4%0.24%10 =0.96
Sand Fill 16 0.07%0.52*16 = 0.582
Tile 22 0.03%0.52*22 = 0.343
Mortar 22 0.02%0.52*22 = 0.229
partition - 2.00%0.52 =1.04

(6)]



Nominal Total Dead Load = 5.06 KN/m of rib
Nominal Total Live Load (halls & entrance) = 5%0.52 =2.60 KN/m of rib

Nominal Total Live Load (bedrooms =2%*0.52 =1.04 KN/m of rib

Tiles 3 cm
Mortar 3 cm

Coarse Sand flf 7 om

R concrete Topping 8 cin

Concrete Mock

R Concrete rib

Plaster 3 cm

TYFICAL SECTION IN RIBBED SLAB

4.3.1 Determination of Thickness for One-Way Ribbed Slab:
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RIB 1
.f:i; 7N 7N 7N

477 ! 455 ! 515 !

| BEAM B,B29 |
: ; ;

508 ! 5.03

4.4 Topping Design.

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.

Dead Load calculations:

Table 4. 2: Calculation of the total dead load on topping

No. Material Calculation
1 Tile 0.03%*22%1=0.66 KN/m
2 mortar 0.02*22*1= 0.44 KN/m
3 Coarse sand 0.07*16*1=1.12 KN/m
4 topping 0.08*25*1 = 2.0 KN/m
5 Interior partitions 2.0 *1 =2.0 KN/m
Sum 6.22 KN/m

Wu=12DL+1.6LL
=1.2%*6.22+ 1.6 * 4=13.864KN/m?. (Total Factored Load)

Analysis of topping

N



W, =13.864 kN/m

%lllllll

0.4 m

Design Strength of topping

WyXL  13.864X0.4
- Vu= ‘; = 2 =2.77 kN
_ WyxL?  13.864%0.42

- Mu= =0.18 kN.m
12 12

For Plain concrete section with “b =1 m' & h= &cm of slab "

2
OMn = 0.6 x 0.42 x VFC x %

1000x802

®OMn = 0.6 x 0.42 x V24’ x =132 kN.m>Mu — SAFE

Plain Concrete Section is SAFE #..

But According to ACI , Asmin shall be provided for slabs as shrinkage and temperature reinforcement.
P shrinkage = 0.0018 According to ACI

Minimum (AS) = P shrinkage X Ag

=0.0018 xb xh

=0.0018 x 100 * 8

=1.44 cm*m

Step (s) is the smallest of :

1. 3h = 3x80 =240 mm « controlled

2. 450 mm.

(00]



280 280

= — — = —_— * =
3.8 =380(3) ~ 2.5Cc 380%*420) 2.5%20 = 330mm
280, 280 \ _
But S <300(:>)=300 (2*420) 300mm

Take S=200mm < Smax=240mm

Select Mesh 38@200mm in both directions. ..

Provided As = (mx8%/4)*(100/20) = 2.5 cm?*/m > min As = 1.44 cm?*/m
4.5 Design of one-way Ribbed slab
Rib1:
Material:

concrete B300 Fc¢' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Section: -

b =12 cm b= 52 cm

h=32cm Ti= 8 cm
Rib:1 Code: ACI318
Project: Wattan Hotel Oroject WattanHotelProject Page: 1
Designed by: MutasemMajdiNimer Date: 01/06/24

Geometry Units:meter,cm

B30 B29 B28 B27
1 2 3
A A A
.48 4.04 A 345 L 12 4.25 06,
r T T T T T T 1
I

4.77 , 455 , 5.15 ,
T 1

(o]



Figure 4-2: Rib 1 geometry.

Loading
load group no. 1
Dead load - Service Units:kN,meter
5.06 5.06 5.06
4.77 4.55 5.15
Live load - Service Load factors: 1.20,1.20/1.60,0.00

Lo o) J ] J [ bl [ )] ] ] e |

4.77 4.55 5.15

Figure 4-3: loading of rib (1)

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

Moments: gpans 1to 3

24,
! 2.15 ' 2,62 ! 2.28 ; 2.28 ! 3.09 ' 2.08 !
Figure 4-4: Moment Envelop of rib (1)
Rib:1 Code: ACI318
Project: \Wattan Hotel Oroject WattanHotelProject Paga: 2
Dasigned by: MutasemMajdiNimer Date: 01/06/24
Moment/Shear Envelope (Factored) Units:kN,meter
—Shear
-29.3
-25.8
213 -22.2
-16.7 | %
- I 4 4 4 I
T T Ll T T LI |
15.4 16.5
20.8 24.6 225
316
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Figure 4-5: Shear Envelop of rib (1)

ction:

Factored
H —t+— f i f —

DeadR 1n.78 30.5 32.86 1271
LiveR B.97 23.42 24.55 9.5
MaxR 20.78 53.92 57.4 2.2
MinR 10.9 27.98 30.82 11.83
Service
DeadR 9.83 25.42 27.38 10.59
LiveR 5.61 14.64 15.34 5.94
MaxR 15.43 40.05 42.72 16.53
MinR 9.27 23.84 26.11 101

Figure 4-6 : Reactions of rib (1)

4.5.1 Design of flexure: -
Design of Positive moment of rib (RIB 1):

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
12
=320-20-10 -5 284 mm.

1) Maximum positive moment MU =24 KN.m

Mn =Mu /p =24/0.9 =26.67 KN.m

= L 20 _5058m
0.85f] 0.85%24

My, 26.67+10°

D R = = oo = 0.6359 MPa

_i _ _Z*Rn*m _ 1 _ _2*0.6359*20.58 _
p==(1 /1 ) 20.58(1 J1 e >0.00154

> As=p *b*d=0,00154 * 520 * 284=227.43 mm>.

_ xd > Zxb,+d

Asmin = rfy) * Dy, E ............ (ACI-IO.S.I)
=2 1204284 > %4120 « 284
4%420 420



=99.38mm?*< 113.6 mm? ............. Larger value is control.
—ASmin = 113.6 mm?<Asyeq = 227.43 mm?.

~ As =227.43 mm*.

2 14 =307.88 mm>>Aseq = 227.43mm?> OK.

~ Use 2 ®14

— Check for strain:-(gg = 0.005)

Tension = Compression

As*fy=085*f/*b*a

307.88* 420 =10.85*24 * 120 * a

a=>52.82 mm.

f! =24 MPa< 28 MPa— 3, = 0.85

c=2=2282_ ¢ 14 mm.
B, 0.85

e, = 5% 0.003
C

_ 284-62.14
62.14

*0.003=0.0107>0.005 - ¢=0.9... OK!
1) Maximum negative moment MU© = 14.1 KN.m

M,, = Mu /¢ =14.1/0.9 = 15.67 KN.m

0.85f!  0.85%24

M, _ 15.67x10°
bxd? 120+ (284)2

“1_ ’ _2Rprm 1 |, _ 2+16252058) _
p m(l 1 5, )20.58<1 Jl T ) 0.00402

—As=p *b*d=0.00402 * 120 * 284= 137 mm?.

R, =1.62 MPa




A 1.4

V22 1204284 > 24120 %284
0 420

4x42 -

xd = —*b,*xd............

(ACI-10.5.1)

=99.38 mm?><113.6 mm?............. Larger value is control.

—ASmin = 113.6 mm? <Asyeq = 137 mm?.
s~ As =137 mm®.
2 ®14 =308 mm*>Asreq =137 mm* OK.

~ Use2 ®14

— Check for strain:-(gg = 0.005)
Tension = Compression
As*fy=085*f/*b*a
137*420=0.85*24 * 120 * a
a=23.50 mm.

f! =24 MPa< 28 MPa— 3, = 0.85

a _ 2350 _
c= B 085 27.65 mm.

d—c
£, = — *0.003
c
_ 284-27.65

27.65

4.5.2 Design of shear of rib (RIB 1):

*0.003 =0.0278 > 0.005 -~ =09 ...

OK!



1) Vu =22.5 KN.

d=320-20—10-12=283

2
I
Vc=1.1T*bw*d

=1.1%* v2i 0.12* 0.283 *10° = 30.50 KN.

6

GV =0.75 *30.50=22.87 KN.

—Check for Cases: -

1-Case 1: Vyu< %

25 < 22;”— 11.44 KN

Case (1) is NOT satisfied .

2- Case 2: ¢12/c <Vu<odVe

11.44 <22.5<22.87

» - Case (2) is satisfied — Case 2
» Minimum shear Reinforcement is Required.

Try @ 8 With 2 Legs with As =100.53 mm?
(Av min/S) > (1/3)*(120/420)* 10° =9.52%10°.......... Controlled

>(1/16)(( \/ﬁ * 120)/420))= 8.75*107,
S=100.53*10%/ (9.52*10°)=1.056 m=1056 mm
S max < (285/2) =142.5mm ...... Controlled
S max < 600mm

S=1056mm> 142.5 mm Not Ok

ol



Take S = 100 mm.

» Use @ 8 With 2 Legs /100mm.

4.6 Design of Beam B -29 (100/32)

Material: -

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

B =100 cm

h=32cm '"choose h=32"



According to ACI-Code-318-14, the minimum thickness of no prestressed beams or one-way slabs unless

deflections are computed as follow:
hmin for one end cont. = L/18.5
=508/18.5=27.45 cm.

—Select Total depth of beam h=32cm

Geometry Units:meter,cm
C75 cT9 caz
1 2
A ) Al
0.35 4.7 0.4 4.66 p.35
T T T T T 1
| 5.08 ) 5.03 )
T T 1
32
100.
AA

Figure 4-7: Beam Geometry.

Loading
load group no. 1
Dead load - Service Units:kM,meter
s Mi
B 2
5.08 5.03
Live load - Service Load factors: 1.20,1.20/1.60,0.00

HEEENEEENEEENESREN

Figure 4-8: Load of Beam
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Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 2
-333.1
-269.1 -269.5
1.59/1,61 |
[ - i II I o |
'\\ 1.bs'|1.|')5 /
35. T
212.4 208.7
| 203 | 3.05 | 3.02 | 201 |
U T T T 1
Figure 4-9: Moment Envelop for Beam
Moment/Shear Envelope (Factored) Units:kN,meter
_Shear
-330.5
-279.4
-207.7
-158.2

328.5

{ 1+
162. L/
210.5
2774

Figure 4-10: Shear Envelop

4.6.1: Design of flexure: -

Design of Positive moment: -

Maximum positive moment MU® = 212.4 KN.m
Assume (18 mm =>» As for one bar is 254.34 mm?
d=320-20- 10 - - = 281 mm

Mn =Mu /p=212.4/0.9 =236 KN.m .

fy
0.85fcr

=20.58

—m-=

for Beam



M, _ 236+10°
bxd%2 1000+ (281)2

~1n-= _ Z*Rprm
- [1-2em

_ 1 (1_\/1_2*2.99*20.58>=0.00773
20.58 420

As=p * b *d =0.00773*1000*281=2172.58 mm?*

R, =2.99 Mpa

As.. .. = \/ﬁ *bhxd >1;4*b*d
4 (fy) - f
V24 1.4
>
4‘*420>|<1000>|<281 _420*1000*281

=819.4 mm? <936 mm? .... Larger value is CONTROL
As=2172.58 mm?

Use @18.... As=254.34 mm?

#of bars= (2172.58 /254.34) = 8.5

=~ Use 9 ®18...As=2290 > 2172.58 mm?

— Check for straineg > 0.005)

Tension = Compression

As*fy=085*f/*b*a

2290* 420 =0.85 * 24 * 1000 * a

a=47.15 mm.

f; =24 MPa< 28 MPa— f3; = 0.85

a _ 47.15

5 085 55.5 mm.

CcC =

g, = % 0.003
c



_ 281-55.5
55.5

*0.003=0.012>0.005 - ¢=0.9... OK!

Maximum negative moment Mu © = 269.5 KN.m
Mn = Mu /p=269.5 /0.9=299.44 KN.m .

Assume $p22 mm =» As for one bar is 379.94 mm?

d=1320-20— 10-% = 279 mm

—m=-—22_=20.58
0.85Fc

My _ 299.44x10°
bxd%2  1000% (279)2

=1 - |1 -2Fm
-t [1-Em

_ 1 <1 B \/1 B 2*3.85*20.58)2 0.01024

R, =3.85 MPa

420

As=p * b *d =0.01024*1000%*279=2856.48 mm>

As,. =£*b*d zﬂ*b*d
4 () fy

V24 1.4
_ >
2 420 * 1000 * 279 > 220 * 1000 = 279

=813mm? < 930mm? .... Larger value is CONTROL
As=2856.48 mm?

Use @ 22.... As=379.94 mm?

#of bars= (2856.48 /379.94) =7.5

- Use 8 @ 22...As=3039.52 > 2856.48 mm?

— Check for strain:-(g; > 0.005)

(o))
(o]



Tension = Compression
As*fy=085*f/ *b*a

3039.52 * 420 = 0.85 * 24 * 1000 * a
a=62.58 mm.

f! =24 MPa< 28 MPa— 3, = 0.85

_279-73.6

=———7%0.003 =0.0084 > 0.005 - =009 ...

73.6

4.6.2 Design of shear: -

1) Vu=279.4 KN.
e
@ch@*g*b*d

*1000* 279 * 10 = 170.85 kN.

—0.75* Y%
6

— Check For Cases:

Casel:

Ve
VU.S (bT .

279.4 < ”Zi 85.42 kN

Case (1) is NOT satisfied..

Case 2:

dVe

T < Vu S(I)Vc

OK!

o



85.42 <279.4 <170.85

~ Case (2) is NOT satisfied

3- Case 3:

_(ch< Vu < (bvc + (bVS min

0.75
16

b VSmin > % F7 % by * d="225424 % 1.0 0.279 * 10° = 64.07 KN.

> %*bw*d= 0'775”‘1.0”‘0.279”‘103269.75kN .... CONTROL.

J-(l)VS min = 69.75 kN.
GVe+ OVS min. = 170.85 + 69.75 = 240.6 kN
q)Vc< Vu< (bvc + (bVS min

=~ Case (3) is NOT satisfied

4- Case 4:
_@(Vc +VS min) < Vu S q)(Vc + VS ')
Vs' = TJf7*by*d=1V2E* 1.0 %0.279 * 10° = 455.61 KN.

0.75(227.8+93) < 279.4< 0.75 (227.8 + 455.61)

240.6 <279.4 <512.56
. . Av, Vs
~ Case (4) is satisfied — ( 5 )= o) "
Vs =( %u - Vo)
Vs=222 _227.8 = 144.7 kN

0.75

Try4®10=4*78.5 =314.16 mm>

—



4x78.5  144.7 x 10°

S (420+279) s =254.28 mm

279

s< —
- 2

=139.5mm .... CONTROL

N

<600 mm.

~ Used4leg ® 10 @ 100 mm (4Leg).

4.7  Design of Two way ribbed slab (1% Floor ) : -

(o)}
N
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Assume the thickness for the shown ribbed slab 2=32 cm.

v All Exterior and Interior beams have rectangular sections of 80 cm width _

depth:

i s52em i

b =2 = 897 _ 5986666.67 cm?
12 12

v Slab section for Exterior beam:
The moment of inertia for the ribbed slab is the sum of
section ribs within a distance (1/2 + bw)
bf = 52 cm was defined as in one-way ribbed slab

moment of inertia of T-

design (bf = be)

_ 40x8*4+32%x12%16 — 10,55
YOS T A0«8+432+12 0

63



_ 40 * 52 * 10.55% — 40 = 25.53 + 12 * 21.453 .
Irib = 3 = 59609 cm

v" Short direction: 1=7.68m = 768 cm

Inb(l +bw) 59609 (@+ 12) \

Is = — 45394546
s bF ) cm
v Long direction: 1=10.81m = 1081 cm
l 1081

Irib ( + bw ) 59609 (T +12 ) \
Is = - — 633345.63
s bf =5 cm

e Slab section for Interior beam:

v" Short direction: 1=7.68m = 768 cm

Irib (lrlght + llezft 4 bw) 59609 (320 330)
Is = = 21459240 cm*
bf 52

v Long direction: 1=10.81m = 1081 cm
3
I flat slab (lrlght lleft+b ) 100 * 32 (0+623 +60)

12

S ¥ ) 055876.92 cm
FLAT
= Ib SLAB
ar= E; Wi Bo7 1‘-7_
o f1 |
Ib 2286666.67 |
afl=—= ——=1.11 1

Ib 2286666.67

af2=— = 2220007 _ 5 04 “Q
Is 453945.46 —

Ib _ 2286666.67
af3=—= ————=3.61 T of3
Is 633345.63 B

Is 2055876.92

Ib  2286666.67 . o =
aff=— = ————— = 5.04

Is 453945.46

saf  1.1145.04+3.61+5.04
afm=— = =3.70> 2.0

4 4

For slabs with afm>2.0 then thickness >90 mm.

420
_in (0'8+1400) _ 1080008+ = 2442cm < 32 cm
36+98 364+9x1.406 '

_Inlong _ 10.80

B Inshort  7.68 =1.406




First trial thickness .h=32 cm>24.42 cm — O.K.

Take slab thicknes So h s1ab=32 ¢m, 8cm-topping, 24 cm concrete block

Table 4. 3: Calculation of the total dead load on topping

No. Material Calculation
1 Tiles 0.03%22%0.52*%0.52= 0.18 KN/m
2 mortar 0.02%22%0.52%0.52= 0.12 KN/m
3 Coarse sand 0.07*16*0.52%0.52= 0.3 KN/m
4 Reinforced Concrete 0.08*%25*%0.52%0.52= 0.54 KN/m
Topping
5 Reinforced Concrete 0.12%0.24%25%(0.52+0.40) = 0.66
Rib KN/m
6 Concrete Block 10%0.24%0.4%0.4 = 0.38
6 Palster 22%0.02%0.52*%0.52 = 0.12
5 Interior 2.0 ¥0.52*%0.52 = 0.406 KN/m
partitions
Sum 2.71 KN/m

Dead Load of slab :

2.71
DL =
0.52x0.52

=10 kN/m?2

Wp= 1.2 DL =1.2*10 = 12 kN/m?

(6)]



Live Load of slab :

LL=2 kN/m?

W= 1.6 LL =1.6*2 = 3.20 kN/m?

W= 1243.20 = 15.20 kN/m?. (Total Factored Load)
Moments calculations:

Ma=Cawl’a and Mb =Cb wl’b

All negative and positive coefficients are shown on the slab plane Negative moments at Discontinuous

1 o
edges (5 xpositive moments ):

_In;short _ 7.68

= =0.71—case9
Inlong 10.80
| B.G7 m———=-
b 0o
i i Cbh.neg=0.011 i i
i | | Ca,D=0.033 o
' [Z] cb.D=0.006 [ %!
9 3| caL=0050 || ! |
R 3
| ¢| coL=0.011 | S| 1 1
| O (@] | |
R B,G8 |
Note that all moments Ma and Mb are for 1 m strip. For one rib (moment x bf')
Ma,neg,rib = Ca wl’ah/ = 0.081x15.20x10.80°x0.52 = 74.68 kN.m
Mb,neg, rib = Cb wl’bh/=0.011x15.20x7.68%x0.52 = 5.13 kN.m
MaD,positive,rib = Ca wl’ah/ = 0.033x15.20x10.80°x0.52 = 30.42
76.5 kN.m

MalL,positive,rib = Ca wi’ahf = 0.050x15.20x10.80°x0.52 = 46.10

(o)}
»



MbD, positive,rib = Cb wi’bh/ = 0.006x15.20x7.68°x0.52 = 2.80
7.93 kN.m

MDL, positive,rib = Cb wl’bhf=0.011x15.20x7.68*x0.52 = 5.13

-5.13
- |

-74.68 -74.68

(

76.5+

1/3x78.5 = -25.51

1 - Moment Diagram for Two Way Ribbed Slab

Slab reinforcement:

The design can be done directly for the negative moment or through section analysis with assumed bar

diameter and step.
Design for negative moment Mu=-74.68 KN.m/rib
Mn = Mu /d= 74.68 /0.9= 82.98 KN.m .

Assume $22 mm = As for one bar is 379.94 mm?

d=320-20—8-22—2=279mm

—m=-L2_=20.58
0.85Fc

M, _ 82.98+10°

T bed? 120+ (2797 8.88 MPa

Ry

N



=L - [1-—Z2Rum
—- 12

:;<1 _ Jl _ M>: 003112
20.58 420

As=p *b*d=0.03112*120*279=1041.90 mm?

Check foe As,min

‘/7 bw * d >1'4 bx*d
= * DW * > — % px
4 (fy) fy

4
* 120 % 279 >

025 420 — 420

* 120 * 279

=97.63mm?*< 111.60mm? .... Larger value is CONTROL
As=1041.90mm?

Use @ 28.... As=615.75 mm?

~ Use 2 @ 28...As=1231.50 > 1041.90 mm? 20.K

— Check for strain:-(gg = 0.005)

Tension = Compression

As*fy=085*f/ *b*a

1231.50 *420=0.85*24 * 120 * a

a=211.28 mm.

f; =24 MPa< 28 MPa— f3; = 0.85

a 211.28

c=—= =248.57 mm.
B1 085

g, =% 0.003
c

_279-248.57
248.57

*0.003 =0.00037 <0.005 . ¢p=0.65...

(00]



compression-controlled
Design for positive moment Mu= +76.50 KN.m/rib
Mn = Mu /p= 76.50 /0.9= 85 KN.m .

Assume $p25 mm =>» As for one bar is 490.87 mm?

d=320-20—8 - 22—5 = 279.50 mm

—m=-22_=20.58
0.85Fc

M, _ 85x10°
bxd%  520% (279.5)2

1 2%Rp*
p=—01- /1—Tm)

_ 1 <1 B \/1 B 2*2.10*20.58)2 0.0053
20.58 420

As=p * b *d =0.0053*520*279.50=770.30 mm?

R, =2.10 MPa

~ Use 2 @ 25...As=981.75 > 770.30 mm’> 20.K

Design for negative moment Mu=-25.51 KN.m/rib
Mn = Mu /p=25.51/0.9=28.34 KN.m .

Assume ¢14 mm =>» As for one bar is 154 mm?

d=320-20—8-12—4=285mm

—m=-22_=20.58
0.85Fc
106
R, =~ =220 — 3 03MPa

© bxd? 120+ (279)2

(e)]
(o]



=L - [1-—Z2Rum
-t [1-Em,

_1 <1 _ J 1 w>: 0.00786

20.58 420

As=p *b*d =0.03112*120%*285=268.79 mm?>

=~ Use 2 @ 14...As=308 > 268.79 mm? 20.K

4.8 Design of Stair (Stair#4)



Material :-

/ >
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|
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od
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Fig 4.8: Stair Plan.
[]  concrete B300 Fc' = 28 N/mm?

[l Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-
v" Determination of Thickness:-

hmin = L/20
hmin=3.0/20=15cm
Take h=20cm

The Stair Slope by 6 = tan™(17.33 / 30) = 30.01°

Suppoerting systems of one fight.

—



Fig 4.9 : Stair Section.

Dead Load For Flight For 1m Strip:-

Table (4.6 ): Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip =5%1 =5 KN/m

v" System of Flight:-




Fig 4.10: Statically System and Loads Distribution of Flight.

Factored Load For Flight :-

Wy = 1.2 x10.89 + 1.6x5 =21.07 KN/m

Fig 4.11: Statically System and Loads Distribution of Flight.




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

_Moments: spans 1to 3

| 0.7 | 175

215 ! 0.25 !

Fig 4.12: Shear and Moment Envelope Diagram of Flight.

v" Design of Shear for Flight :- (Vu=46.50 KN)

Assume bar diameter g 14 for main

® Vc=0.75* 141.25 = 105.94 KN >Vu =46.50 KN...... No shear reinforcement are required

d =h- cover - ‘12—” =200 -20 x% =173mm

~N
H



Vc—1

7 _1 =
—gx,/fc bwd =5 X V28 x 1000 x 173 = 141.25kn

® V=0.75* 141.25 =105.94 KN >Vu =46.50 KN...... No shear reinforcement are required

v" Design of Bending Moment for Flight :- (Mu=55 KN.m)

pp o MW@ Uss090 o
e d® 1000w1732 oo MPe

fy 420

M= 0857 085%24 209

p=L(1- [1-Zrm
! | 2%2.04%2059 0.00512
B 20.59( 420 )= 0.

Asreq = p.b.d = 0.00512 x1000x173 = 885.76 mm?/m

As min=0.0018*1000*200 = 360 mmé&/m ASreq =
885.76 mm? > Asmin=360 mm%/m

Check for Spacing :-

S =3h =3*200 = 600 mm

S = 380 % 5 * 2.5%20 = 330
S =450 mm
S=330 mm ......... is control

Use g16 @ 200 mm , As provided= 1005 mm? >As, required = 993.02 mm?... Ok
Check for strain:-

1 2Rn*m
p=—(- 1_F—y)

) = 0.00512

1 " 2% 2.04%20.59
( 420

Asreq = p.b.d = 0.00512 x1000x173 = 885.76 mm?/m



Asmin=0.0018*1000*200 = 360 mm?/m Asreq = 885.76

mm? > Asmin=360 mm?/m

Check for Spacing :-

S =3h =3*200 = 600 mm

S = 380 * * 25%20 = 330

%*420

S =450 mm

S=330 mm ......... is control

Use 916 @ 200 mm , As, provided= 1005 mm? >As, required = 993.02 mm?2... Ok

Check for strain:-

As. 1005 .420
= ATy _ ~20.70 mm
0.85bxfc 0.85x1000x24
a 2070
=—=——=2435mm
B1 085

-C 173 — 24.34

£s-0003 = (£5) = 0.003 (2222%) = 0,018 > 0.005 ... Ok

Lateral or Secondary Reinforcement For Flight :-
As reg= Asmin =0.0018*1000*320 = 576 mm
Use g14@ 200 mm ,As,provided= 770 mm2>As,required= 576mm?2... Ok

N
»



1- Design of Middle Landing :-

v' Determination of Thickness:-

hmin = L/20
hmin =3.20/20 =16 cm
Take h=20cm

v" Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table (4.7 ): Dead Load Calculation of Middle Landing.

Live Load For Landing =5*1 =5 KN/m
Factored Load For Landing :-

Wy =1.2 x6.8 + 1.6%5 = 16.16 KN/m

Factored Load From Flight :-

w 51-
WLA] = AL _ 3277 34 51 KN/M

L 1.5

v" System of Landing:-

~
N



34.51KN/m 3451 KN /m

16.16 KIN / m

T Il

15 /’ 0.2 7; 15

77.62 kN/m 77.62 kN/m

/ 3.2 ,/

Fig 4.13: Statically System and Loads Distribution 0f Middle Landing.

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

Moments: span1tol



v" Design of Shear:- (Vu=68.85KN)
Assume bar diameter g 14 for main reinforcement

d =h- cover -db/2 = 200 — 20 —14/2 =173 mm

ve == \[fc’bwd = vc = = V28 x 1000 x 173 = 336.81

6

®* V:=0.75* 336.81 = 275.11Kn> Vu = 68.85KN.........c.ccveuneeee. No shear reinforcement are required
Design of Bending Moment :- (Mu=59.4KN.m)

d =h- cover -db/2 =320 — 20 —14/2 =173 mm

R MW 594090 20 M
" pwdZ T 1000w1732 o0 MPe

_fy 420
©0.85fc’ 0.85%28

m =17.64

1 2Rn*m
p—a(l‘jl‘F—y)

1 ) ) 2*2.20*17.64_000502
- ( 420 )=0.

Asreq = p.b.d = 0.0055 x1000x173 = 951.5 mm#m
Asmin=0.0018*1000*200 = 360 mm?*/m

ASreq = 951.5 mm? > Agmin=360 mm?m ....OK

Check for Spacing:-

S =3h =3*200 =600 mm

S = 380 * 5 x* 2.5%20 = 330
S =450 mm
S=330mm ......... is control

Use 816@ 200 mm ,As provided= 1005 mm?>As required= 993.02mm?... Ok
Check for strain:-

N
(o]



As.fy _ 1005x420

a= 0.85.b.fc  0.85x1000+28 17.73
a 17.73 _
Cc = E = m =20.86

es = 0.003(£9=0.003 (*2-227%)= 0.02> 0.005.... OK

Lateral or Secondary Reinforcement For Flight :-
AS,req: As,min =0.0018*1000*200 = 576 mm

Use ¢14@ 200 mm ,As,provided= 770 mm2>As,required= 576mm?2... Ok

1- Design of Middle Landing :-

v' Determination of Thickness:-

hmin = L/20
hmin=3.20/20 =16 cm
Take h=20cm

v" Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table (4.7 ): Dead Load Calculation of Middle Landing.

(0]
o



Live Load For Landing =5*1 =5 KN/m
Factored Load For Landing :-
WU =1.2 x6.8 + 1.6x5 = 16.16 KN/m
Factored Load From Flight :-

WFL1 — 30.33

WIAl = — =——= 20.22kn/m
L 15

34.51KN/m 3451 KN /m

16.16 KIN / m

i

15 /’ 0.2 # 15 J/\

77.62 kN/m 77.62 kN/m

/ 3.2 ,/

Ty

Fig 4.13: Statically System and Loads Distribution 0f Middle Landing.



v" Design of Shear:- (Vu=68.85KN)
Assume bar diameter g 14 for main reinforcement

d =h- cover -db/2 = 200 — 20 —14/2 =173 mm

ve == \[fc’bwd = vc = = V28 x 1000 x 173 = 336.81

6

®* V:=0.75* 336.81 = 275.11Kn> Vu = 68.85KN.........c.ccveuneeee. No shear reinforcement are required
Design of Bending Moment :- (Mu=59.4KN.m)

d =h- cover -db/2 =320 — 20 —14/2 =173 mm

R MW 594090 20 M
" pwdZ T 1000w1732 o0 MPe

_fy 420
©0.85fc’ 0.85%28

m =17.64

1 2Rn*m
p—a(l‘jl‘p—y)

1 ) ) 2*2.20*17.64_000502
- ( 420 )=0.

Asreq = p.b.d = 0.0055 x1000x173 = 951.5 mm#m
Asmin=0.0018*1000*200 = 360 mm?*/m

ASreq = 951.5 mm? > Agmin=360 mm?m ....OK

Check for Spacing:-

S =3h =3*200 =600 mm

S = 380 * 5 x* 2.5%20 = 330
S =450 mm
S=330mm ......... is control

Use 816@ 200 mm ,As provided= 1005 mm?>As required= 993.02mm?... Ok
Check for strain:-



Asfy _  1005x420

T 0.85.b.fc 0.85¢1000+28 17.73
a 1773
=—="—-=20.
C=517 085 0.86
173-17.73

es = 0.003(=5)=0.003 ( )=0.02> 0.005.... OK

17.73

Lateral or Secondary Reinforcement For Flight :-

As,req: As,min =0.0018*1000*200 = 576 mm

Use g14@ 200 mm ,As, provided= 770 mm2>As, required= 576mm?2...

Ok



4.9 Design of column C 75

Material :

- Fc’=28 MPa,

- Fy=420 MPa

- Cc=5cm

- vy concrete =25 kN/m?

Load Calculation :

- Dead Load =3910.3 KN
- Live Load = 1465.3 KN

Factored Load :
- Pu=1.2x3910.3 + 1.6x1465.3 =7036.84 KN ~7040 KN

Dimensions of Column :

Assume pg = 0.01

@*Pn = 0.65x0.8xAg {0.85Fc'(1-pg) + pg * Fy}
7040x103 = 0.65x0.8xAg {0.85x28(1-0.01) + 0.01 * 420}
Ag = 487661.61 mm?

Assume Square Section

b =698.32 mm & h=698.32 mm

select b=700 mm

Check Slenderness Parameter:

klu< 34 —12 M1 <40
r M2~

Lu: Actual unsupported (Unbraced) length.

(o)



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 = \/% ~03h......ooooii For Square/rectangular

section
Lu=355-0.7=2.85m

M1/M2 =1 - braced frame with Muin
K=1 for braced frame.

eabout X & Y Axis (b =700 mm)

klu< 34 —-12 M1 <40
r M2 —

1x3.91

——— =18.62 < 22
0.3 0.7 8.62<

Column Is Short

Minimum Eccentricity :

Mux
ex =ey=——=
Y Pu
€ min = 15+0.03 xh = 15+0.03x700 =57 mm = 0.057 m
M min = Pu (15+0.03h ) = 7040x10‘3(1 5+0.03*700) = 253.44 KN.m

Magnification Factor:

Cm

ons :—P >1.0and <14
1 u

"~ 0.75pc
Cm=0.6+ 0.4(%) > 0.4

Cm=0.6+0.4x1=1=>04



Ec = 4700x,/fc’ = 4700xVv28 = 24870.6 Mpa

_12DL 1.2+ (3910.3) _

Be = —> oo 067 <1
_bxh_070x070°
9= =7 12 TUem
_ 0.4x248706x002 _
- 1+0.67 - $m
, 2x119.14 601 KN
cr = ———————— = .
(3.91)?
c
Sns = "}D >1.0and < 1.4
| Pu_
0.75pc
Sns = L =114>1.0and <14
s—1_ 7040 = 1. >1.0and <1.
0.75x76910

Interaction Diagram :

ex = emin xons = 0.057x1.14 = 0.065m

ex_o.065_009
h 070

y _700—2*50—2*10—25_079
h 700 o

(00}
»



R=-4-60-0.9

4.0
a5 elh = 0.1
Pl
Py = 0.05 Ny
a0 1111 ! 4
pg = 0.04 ™~ S | |efh=02
LLiL] N ¢
— X N N
pg = 0.08
2507 ¥ AN J
=002 "5 >
z []]]] LN b
e 20pg = 00177 = ™ S
il h, i
] A = =05
15 =051, L
A 14 |
A0 - ]
| | Comp. Cont. Limit” |} ] L
= ~
10FEHE R AT ReEERRERPESCN
TFTT1 = = L H
Tang. Cont. Limi = [ =
= il N
05 Er -
ZaBEcaNns-
[A T P A pd
Il P rd
0 01 0.2 03 04 05 0.6 0.7 08 08
'::;”.ks\
Fig. A-9c

diagram for ygular tied column with bars in four faces: . = 4000 psi and y = 0.90.

R-4-60-0.75
4.0
1= 4 ksl n
f, = B0 ksi
=075 h
XX
35 elh = 0.1 b
XX
3
pg= 0.05 {'
30
pg=004 ~ T
P S A
pg=0.03 ™
— #|
G s NEEEN :
= N
o= 0.02 7 -aih = 0.3
- < ]
B L] EhN <
lfl 20Fp = 001 A
Y- 0N o/h = 0.4 =
3 1
3 =T 11
5 Y _EF N elh =05
- f, = 0.57, T N N ]
A s s
.l th = 0.74]
AT N
1.0 Comp. G‘on ] Ilinii \ Y a
Zali B u
=
I = o ]
Tens. Cont. Limit ~
= = A
o5 E AT =
H [ [z P 7 =1 A
= A 7 e
=1 P S
7
1] 01 0.2 0.3 0.4 05 0.6 07 0.8 0.8 1.0
M i
bh?
Fig. A-0b
Nondi ional i jon diagram lar for tied column with bars in four faces: f1. = 4000 psi and ¥ = 0.75.
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Beams Geametry| Loads Design |Detai| | Lai,-aut| Barschedule‘

SEe2=8

Top Cover
Astop =

As bot =
Bot Cover
ajd
Asibd 0

A=
Cc74
6. T

| )
9 6.97* ———=

Moments:
6. LA
3% 9%
.00% 0.34% 0.43%

-?5_6/\:?.1
1 II . |

'13

-135.5

'34'|n.as

Beams ‘ Geometry ‘ Loads Design ‘Detai\ ‘ Layaul| Barschedule‘

SEene 3= a=

As: cm2
Top Cover | " [

6.

As top =
*=minimum

As bot = 6.63

29.46(22.10)

Bot Cover __\J_
ajd 0%
As/bd 0.00%

MPa Vu/bd=

0.59

6.
18% 17%
1.13% 0.83%

1

 0.93 0.93

-194.9 /" 1943

S1I70.74 -
I

- PR
7 0.990.99

As/bd

Avfs(mm)
Av{,min=

Stirrups

Current parameters
‘onc= B300 fwv= 420

0.83% 0.837

099 1.01

[Right click = addI. options]

Redistribution: No Supn.Mom:Face Min As:max [i>nn




From the interaction diagram chart :

From chart A9-b for -=0.75 9 pg = 0.01
From chart A9-c for :=0.90 & pg = 0.01
Then for = = 0.79 2 pg = 0.01

Select reinforcement

Ast = pg x Ag = 0.01 x 700x700 = 4900 mm?

Select 1225 with As = 5890.44 > Ast req = 4900 mm?

Design of the Stirrups :

The spacing of ties shall not exceed the smallest of :
Spacing <16 x dpb=16x 2.5 =40 cm
Spacing <48 x ds=48 x 10 =48 cm

Spacing < 40 cm Use O10@20 cm .



12025

gig@zZ0
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70
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Column C75 reinforcement detail.

4.10 Design of shear wall




>N

T=30cm

FC’ =35 MPa

365738
3768333

447105

46.1618

58.7057




FV =420 MPa
Lw=<hw — d =0.8*Lw =3.94 m
Mul = 1634 — 279x4.925/2 =947 Kn/m

1.1Design of Horizontal Reinforcement :

Vu max = 297 kN
Shear Strength of Concrete is the smallest of :

1- Ve ==x/fc’ xbxd == x V35 x 300 x 3940 = 1165.5 kN control

2 _yc = yfelxbxd  Nuxd _  me. 3003240 _ 17482
4 4 Lw 4

2Nu

Jrem | Lw({fel hxd V35 = 4.925(v35 +0 300x3940

3—ch< > + (M_é"h)>x o =< . + ﬁ(_4.925 ) X o = 5093 kN
297 2

Vu 2

Vc =1165.5 kN — @Vc > Vu=297

Horizontal reinforcement is not required.

Avh
Tmln = 0.0025 x 300 = 0.75

Avh : For 2 layers of Horizontal Reinforcement Select @10 :
Avh =2 *79 = 158 mm?

Avh 0.75 - S 158 210.6
—_— . e d = — = .
s "*4=9.75 mm
Smax= tw _ 158 _ 985mm
5 0.75

= 3h =900 mm << control

~ Select P10 @ 200mm at each side

S=200 mm <Smax =900mm .. (ok)



(1.2) Design of uniform distributed vertical reinforcement

hw Avh
Avv =(0.0025+ 0.5 (2.5 ——) X (—— 0.0025) xhxs
Lw sxh

Avv
T: <0.0025+0.5 (2.5—

24.32) ( 2x79
X

1925 200x300—0.0025))x300=0.7

Avh 0.7 - S 1>8 225.7
—_— . e d = — = .
S req 0.7 mm

~ Select 910 (@ 200 mm at each sid .

Part of moment that resisted through (Awv):

Asy = Z72:4925_ 3890 75 mm?
200

Muv = 0.9 (0.5xAsvx Fyxlwx (1 S ))

2xlw
z 1 _ 1 — 0.04
w 54 0.85xR1x fc'xlwxh 54 0.85x0.85x35x4925x300
Asvx fy 3890.75x420

0.04
Muv = 0.9 <O.5x3890.75 x 420 x 4925 x (1 - T)) = 3549.2kNm > Mu = 1634 kNm

Boundary element is not required

Design of Vertical Reinforcement:-

4.11 Design of Basement wall



shown Where

- Fc¢’=24 MPa,

-  Fy =420 MPa

- © 14mm

- Cc=5cm

- vy concrete =25 kN/m?

- p=tan (2/3 x40)=0.50

DL=32KkN/m
Nu=1.2x 32=38.40 kN
ol I LL= SkN/ne
0} 4
o
E 3
S~
S
*
Il \
; 5 —\
] Edmaeed I | 1§
s ‘/_> 4 o —~ S
5 I ] g
%%%\C =3
o\ /**k/“ / ’
gﬂ { A }6{ Tezd * e=0357x17x 4.07 k= 0.357 x5
=25.94 kN/n¥ = 1.785 kN/n¥

1.1 System and Loads:

H= 391+E 4.07m

ko = 1—sin@® = 1-sin (40) = 0.357

€0 = ko X y X h = 0.357x17x 4.07= 25.94
Eo = ep x h/2 = 25. 94xﬂ_ 5280—

ko x LL =0.357 x5 = 1.785 kN/m?
— 1.785 x 3.86 = 6.90 KN/m

factored loads (q,) = 1.6 X E

=1.6 x1.785 = 2.86 kN/m

©



= 1.6 X 25.94 = 41.50 kN /m @ (1)

@ ()

2.86 kN fm

44.36 kN /m

417 e

Vu

+34.50 _,.x

¥x= 2.37m

Vu
TEnax)

Mu mar)

ZMRA =0

2 2
2.86x4.17%x0.5 + 41.50x§x

— Byx4.17 =0

— By=63.65kN — Ay=34.80kN

1.2 Determine the required reinforcement of basement wall = h=30cm.

d=300-50-14 =236 mm

44.36 — 2.86

) =7 417

x (4.17 — 0.236) + 2.86 = 42.57 kN /m?

0.236
Vitmay = —63.65 + 42.57 X 0.236 + (44.36 — 42.57) X —— = 53.40 kN

1
@ xVc=0.75 ng V24 x 1000 x 236 = 144.52 kN

@ xXVc=14452kN » Vu=5340kN ; Ok

Vu

-63.65

Mu




Design bending moment:

Mumax at Vu =0

YFy = 34.80— 2.86*X — % «X2=0—>x=237Tm

41.50
Qui2) = 417 X 2.37 = 23.58 kN/m

Make Section at (x) = (4.17-2.37) =1.80 m :

Mty = 63.65% 1.80 — (44.36- 23.58) *20 « 2 2358 150 - 53 93 kN.m

2

MU max(@ zero shear = 53.93 kN.m

420
0.85x24

20.59
= Mn =53.93/0.9=59.92 KN.m

Mn __ 59.92x10°

= Kn= =
bxd? 1000x2362

= 1.076 Mpa

> p= ——x(1— \/1 — 2220591078y — 0.00263
20.59 420

= AS req = 0.00263x1000x236 = 620.68 mm?
= AS min = 0.0012x1000x300 = 360 mm?



~ Select 5@14/1m with As =621 mm? /m > Asreq ...

(Tension Face )

Design of Compression face:

— As = As (min) = 360 mm?
. Select 5010/1m with As =392.7 mm?/m ...

(Compression Face ) Design of Horizontal Reinforcement:

— As = As (min) = 0.001 *1000*300 = 300 mm? /m for one layer

~ Select 5310@20cm

Reinforcement As Shown

@14@20

. 210@20

[ | || | i 3 | ] | ] I\ | ]




4.12 Design of the Isolated square footing , Given that :

Fc’ =28 MPa

Fy = 420 MPa

PD =3910.3kN

PL =1465.3 kN

y concrete = 25 KN/m3
v soil = 17 kN/m3
oallow = 400 kKN/m?
use ® 20 mm

clear cover =5 cm

PL =39103 KN
F‘D'Z 1465.3 kN

LL=10 kN/m?

wevsvslllisesese.

Pl
| ) w/ 7<
NA
Ol= M)CJ
= . /_‘I\_ _]/"_\C

1- Determination of footing dimensions a*b (Design of soil ) :

obu < 1.4 o b(allow . net)

e Assume h=80cm
e For 1 m? under the footing:
Weight of soil =17 x 0.40 = 6.80 kN/m?
Weight of footing = 25 x 1.0 = 25 kN/m?
Life Load = 10 kN/m?
e Net allowable bearing pressure (ob(allow) ) =400 —6.80 —25—10 =359.20 kN/m?
e 0 bu(allow.net)=1.4 o b(allow.net)= 1.4* 359.20=502.88 KN/m?

o obu=Py <o bu(allow . net) , where: Pu=1.2*39103 + 1.6¥1465.30 = 7036.84 kN

98



o_ 7036.84

=3.74 —
502.88

Selecta=3.80m

Bearing Pressure

7036.84

cbu = —————
3.80x3.80

=487.32

Kn/m? <502.88 kN/m? ....

Safe

0.8

0.8

1- Determination of footing depth (h) :

1.1 Design of one way shear iny direction ( Long) :

Select the maximum sectional area for maximum Vu
e d=h—-cover—9=1000—-50—-20=930 mm

Sl

a5

(o}
O



0.23 0.57

*6&;&;&&&iiiiiT-i&i&L&iii;iiii&ii‘iéiiéiiii%i-

Allowsble bearing capacity of soil o b =400 kN /n¥

e Vu atdistance d from the face of column on (both) direction (max' values):
Vu= FRB = obu X 0.57 X b
= 487.32 x 0.57 x 3.80= 1055.54 kN

. @ * Vc = 0.75 *%*,/fc’*b*d
1
= 0.75 * g* V28 %3800 * 930 = 2337.52 kKN > Vu = 1055.54 kN

So, Thickness (h) = 100 cm is Ok for one way shear

RN
o
o



12 Design of two way shear 08
(Punching):

d =930 mm

3.5
0.6
2.66

b, =4 x ((930/2)*2 + 800 ) = 6920 mm 2,66

Bc = (0.8/0.8) = 1.0

as =40 (interior column) 3.8

Vu ((y) direction) = Pu — FRB
=7036.84 — (487.32 *1.73*1.73) = 5578.35 kn/m

T IEEIEEREEEEIEEREE RN RERRIEEEERRRE IR RIRERE]

Allowable bearing capacityofsoil ¢ b =400kN/m*
FRE

1. @Vc—075><2+(3i —) x \/fc¢' x bo x d

—075><2+( iz)xx/ 8 X 6920 x 930 =12770.25 kN

2.0V = 075 * (2 +2) x Jfc' +d
=0.75* (‘“’*930 +2) % V28 * 930= 15698.30 kN

6920
3.0Vc =0.75 *4*‘/_* bo *d

=0.75 * 4% %* 6920 * 930 = 8513.50 kN [ cont.

OxVc =8513.50 kN >Vu=5578.35kN .... (-~ h=100cm is O.K)

RN
(@)
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1- Design of Reinforcement :
1.1 Design of Reinforcement in X&Y- Direction :
Mu = 487.32 *1.50%3.80%(1.50/2) = 2083.28 kN.m

_fy 420
~ 0.85fc’  0.85%28

m 17

— Mn = 2083.28/0.9=2314.75 kN.m

Mu/@  2083.28/0.90
— Rn = = =0.70 M
n= 4 38009302 0.70 Mpa

0)

3.8

RN
o
N




_ 1 1 1 2Rn+m 1 1 1 2x0.7+17.65 — 0.001702

— Asreq =p * b * d = 0.001702x 3800 * 930 = 60.15 cm?
— As (min) = 0.0018*b*h = 0.0018*3800 * 1000 = 68.40 cm?

~ Select 22020 with As = 69.08 cm2 > As req ... (0k)

S __ 3800-2%50-22x20

71 =1552cm ... O.K

1- Design of Connection :

1.1 Design of bearing pressure at section of column :
@ x Pnb =0.65 % 0.85 x fc' x A1 > Pu
=0.65 % 0.85 x 28 x 800 x 800 = 9900.80 kN > Pu = 7036.80 kN
~ Load transfer column and footing can be done through concrete alone
So We Need A min' dowels
Design of Dowels:
As min for dowels = 0.005 x A1 =0.005 x 800 x 800 = 3200 mm?
Asreq > As min --- As req controlled

~ Select 12020 with As = 3768 mm?2 > As req = 3200 mm? ... (ok)

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

Minimum (Lsc) =300mm

Ls creq =0.071 x fy x db=0.071 x 420 x 20 = 596.40 mm

= Select Lsc =1m =1000mm > Lscreq =596.40 mm

RN
o
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1.3 Design of compression development length (Ldc) :

*Ldc = 0. 24%* db = 0.24 *%* 20 = 381 < cont.

2- Ldc=10.043 x fy xdb =0.043 x 420 x 20 =361.20 mm
~ Ldc req =381 .... Take = Ldc =400 mm'

2.1 Available Ldc = 1000 — 50 — 20 — 20 = 910 mm > Ldc req = 400 mm .. ok

3- Design of tension development length of footings reinforcement ( Ldt) :

» For X&Y- direction :

e Since we have a footing , it must satisfy two conditions to be considered under category A

, otherwise it will considered as category B :

1- Clear lateral spacing = 3%""(2%50)—(22%20) = 15.50 mm > 2db = 40mm ii

21
2- Clear cover =50 mm >1db =20 mm u
= Category A

e Design of tension development length (Ldt):

_12 [y  otxge _ 12 420 1x1 _
° Ldt,req—zs* fc'*—x >|<db—25*\/ﬁ*—1 *x20 = 761.98 mm

3800-800

e Ldt,available = 50 = 1450 mm > Ldt,req ....(0.k)

o
SN
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CHAPTER 5

Conclusion & Recommendation

daaall 5.1
gl 5.2

el el 5.3
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