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Abstract

Structural Design for ""Hebron Hospital™

The idea of this project can be summarized by preparing Hebron Hospital

which consists of all facilities that should be available in any Hospital.

The project is consists of six floors, and the total area of the building is
11709 meter square, the design of the project is based on the multiplicity of
spatial cluster and distributed consistently aesthetically and functional .

We used ACI-318 code and structural designing programs such, ATIR,
AutoCAD (2014), SP column, Microsoft Office, Etabs 2016, Safe 2016. and we
studied some old graduation projects, and the project will include detailed
structural study of identified and analysis of the construction elements and the
expected various loads, and then the structural design of elements and the

preparation of shop drawings based on the prepared design

God grants success
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

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

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

C,= compression resultant of compression steel.

DL = dead loads.

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

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.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Wc = weight of concrete.

W = width of beam or rib.
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Wu = factored load per unit area.
@ = strength reduction factor.

€. = compression strain of concrete = 0.003.

€ = strain of tension steel.
€= strain of compression steel.

p =ratio of steel area
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1) AutoCAD (2014) for Drawings Structural and Architectural.
2) For Text Edition) Microsoft Office (2010.
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4) Atir 12.
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CHAPTER FOUR

Structural Analysis and Design

4-1 Introduction.

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

4-5 Design of One Way Rib Slab.
4-6 Design of One Way solid Slab
4-7 Design of Beam.

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:

This chapter contains the structural analysis and design of some elements of
Hebron Hospital.

The structural design of the project is the most important thing to be done,
through design we determine the amount of reinforcement in each part of the project

to be realized all the conditions of construction and safety.

As we mentioned before, ACI 318m-14, and some engineering program were
used in the design of the structures like: Atir, Safe,and Etabs to find the internal
forces, deflection and moments, and then hand calculation were done to find the

required reinforcement for the structures.

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_08).

v’ Strength design method:-

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

This load called factored load or factored service load. The structure or structural
element is then proportioned such that the strength is reached when factored load is
acting. The computation of this strength takes into account the nonlinear stress-strain
behavior of concrete.

The strength design method is expressed by the following,

Strength provided = strength required to carry factored loads.

s NOTE:-
The statically calculation and the key plans dependent on the architectural
plans.

v Factored L oads:
The factored loads on which the structural analysis and design is based for our project

members, is determined as follows:

.= 1.2DL + 1.6L ACI 318M-14
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4-3 Determination of Thickness:

4.3.1 Determination of Thickness for One Way Rib Slab:

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 overall depth must satisfy ACI 318M-14:

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

s Simly dmmar] | i e e ]

supported continuous continuous

solid one way
slabs

ribbed one

Beams or
way slabs

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

The maximum span for one - end continuous is L=5.5m

L 5.5
45 = 88 = 0.30m Aci-318-11

The maximum span for two - end continuous is L= 5.9 m

L _59_ .2
21 21 oM

Deflection is ok because one —end continuous span gives deflection value less than

L/240.So0 Selected h=32cm

Select 24 cm block + 8 cm topping =32 cm
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4-4 Design of Topping:

P Material:-

%+ Concrete:-B350
fc'= 35N /mm?*(MPa) For circular section

but for rectangular section ( fc' =35*0.8 = 28MPa).

% Reinforcement steel:-
The specified yield strength of the reinforcement {fy = 420 N/mm?(MPa)}.

Density Calculation
1 Tiles 23 23x0.03=0.69 KN/m
2 Mortar 22 22x0.03=0.66 KN/m
3 Coarse Sand 17 17x0.07=1.19 KN/m
4 Topping 25 25x0.08=2 KN/m
5 Partition 1.5%x1=1.5 KN/m
6.04 KN/m

Table (4-2) : Calculation of the total dead load for topping

o

Halew Bach | ETom] -

Figure (4-1): Toping of slab

P Design of Topping for Ribbed Slab as a Plain Concrete Section :-
qu=(1.2 *6.04) + (1.6 * 5*1) =15.248 KN/m

-> For a one meter strip g, = 15.248 KN/m
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Assume slab fixed at supported points (ribs):

2 2
MU= qul _1524804

= 0.2KN.m /m of strip width

12 12
vy = G | _15.248° 0.4 — 3.05kN
2
P Design of shear:
Used Y =220 Mpa & TC%- 2ampa

fvc =0.75 " /24~ é— 1000 “~ 80 = 49 KN >> 3.05 kN

No shear reinforcement is required.

P Design of Moment:

1000+80° ,

Mn=042 /24’ 10° =2.1%Nm

f " Mn=0.55*%2.19=1.207/KN.m
f - Mn=1.207kNm>Mu=0.16kNm

No structural reinforcement is required.
The strength of plain concrete section > loaded section.

The plain concrete section is safe; however, minimum reinforcement for shrinkage

and temperature to control the cracks should be used.
r =0.0018 ,ACI-318-11
As=r * b* h=0.0018* 1000 * 80 = 144 mm?/ m

P Use @8 @15cm
As=3351mm?/m =As= 144mm?m OK Y
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4-5 Design of One Way Rib Slab:

P Material:-

%+ Concrete:-B350
fc'= 35N /mm?*(MPa) For circular section

but for rectangular section ( fc' =35*0.8 = 28MPa).

+» Reinforcement steel:-

The specified yield strength of the reinforcement {fy = 420 N/mm2(MPa)}.

Figure (4-2) : Rib R-5 Location

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

design is calculated as follows:

Geomatry Un&smetercm

ad a4 . Lt} . 33 . -k}

Figure (4-3) : Geometry of rib R-5
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Loading

THIII

L lowd - Saricm Lead fuctore: §.20.1 B0 80000

[CCCEC L L [T ITEIT]

Figure (4-4) : Loading of rib R-5(KN/m)

MomentiShear Envelops (Factorsd) Unite:kN. meter

Imrm s 103

Figure (4-5) : Moment and Shear Envelop for rib R-5

Tabel (4-3) shows the Calculation of the total dead load for one way rib slab is:-

ﬂ ‘ Parts of Rib Density Calculation

1 Tiles 23 0.03*23*0.52 = 0.359 KN/m
2 Mortar 22 0.03*22*0.52 = 0.343 KN/m
3 Sand 17 0.07*17*0.52 = 0.619 KN/m
4 Topping 25 0.08*%25*0.25 = 1.04 KN/m
5 Rib 25 0.20*25*0.12 = 0.6 KN/m
6 Block 10 0.2*10*0.4 = 0.8 KN/m
7 Plaster 22 0.03*22*0.52 = 0.343 KN/m
8 partition 1.5*.52 =0.78 KN/m

4.884 KN/m

Table (4-3) : Calculation of the total dead load for one way rib slab.

Nominal Total Dead Load:
D.L. tota = 0.359+0.343+ 0.619 + 1.04 + 0.6 + 0.8+ 0.343 + 0.78 = 4.884 KN/m of rib
And we take DL=5KN/m of rib
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L.L. tora= 5 * 0.52= 2.6KN/m of rib

P Design of shear for rib R-5:

Categories for shear design:

P Vu=26.9KN
Use @8 with two legs

d=320-40-8-4=268

Region Il

L1 Ve=1.1f @ b, d

=11 0.7% ? 120" 268=21.663KI

Vs, min = % A24° 120" 268 =9.85KN

Vs, min :%' 120~ 288 =11.5KN OK v

Vc=31.03
F Vc<Vu £ F (Vc+Vs, min)
23.2<26.1<31.8

Minimum shear reinforcement is provided with
Smax=d/2 or Smax=600m
Smax=150mm

P Design of Max Negative Moment for (Rib) :

Mu =-15.5 kN.m
The section will be designed as a rectangular section with b,,= 120 mm

Assume bar diameter @12 for main negative reinforcement.
d =320 - 40 — 10-6= 264mm
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14
psmine L omd) > As mins - OWE)  Ac318.05

4(fy) (fy)
24 _ )
As, min = 4(420) (120)(264) =99.3mm

1.4
As, min =E(120)(264) =113.6mm? control

o fy _ 420 _
0.85fC  0.85(24)

S Mu__ 155*10°
Fbd? (0.9)(120)(264)>

P> 2] * * o) po 2] * * o)
F =1 o 2rmrkn O 1 1_\/1_ 2%20.6*1.77 O_ 1 o4
é fy p 20.6§ 420 2

=1.77 Mpa

As = 0.0044(120) (384) = 150mm?

As, min = 150 mm? control

# of bars = A/ Agpar = 150/78.5=1.9  * Note Agio= 78.5mm?
»  Select bottom bars 2 @10

Total AS (rovidey=157 mm*>150mm?

* Check Strain for the magnitude of under strength factor @:

Tension = Compression

157 420=085 24 120 a

a=269m
_a _269__
Y =085 o085 >omm
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e, = 284 - 3184 003 = 0.023
31.6

e, =0.023>0.005 ok

* Usually , no reinforcement less than 2F 10 can be used .So ,for all spans with

negative moments equal or less than Mu=15.5 KN.m , use2F 10 for each rib
support.

P Design of Positive Moment for (Rib):
Effective Flange width ( b ) , ACI-318-14

bE For T- section is the smallest of the following:
be =(3200) / 4 =800 mm
b. =120 + 16 (80) = 1400mm
b =520 mm.....cccoees control

Use My max positive for span 1 =22.7 KN.m

Determine whether the rib will act as rectangular or T — section:

For hf=0.08m
Assume bar diameter main positive reinforcement.

d =320 - 20 — 10-6= 284mm

@*Mn =0.9*0.85* fc*b*hf* (d- hf/2)
= 0.9*0.85*24*0.52*0.08*(0.284-0.08/2)=186.3KN.m

@*Mn= 186.3 KN.m>> M, = 22.7 KN.m

The section will be designed as a rectangular section with b, = 520mm
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14
s min = € o) soa€mir-— (W) ACi-315.05

4(fy) (fy)

J2a
4(420)

As, min= (120)(284) =99.3mnT

As, min =%(120 )(284) =113 .6mm? control

o fy _ 420 _
0.85fC  0.85(24)

S Mu_ 22.7*10°
Fbd? (0.9)(520)(284)°

po o) * * o) P> 2] * * 0
c 1B [ 2rmrRi O 1 1_\/_ 2*20.6%0.6 0_ 401
mé fy & 20.6§ 420 p

= 0.6Mpa

As = 0.001(520) (284) = 150mm?
As, min = 150mm? control
# of bars = A/ A =150/78.5=1.9  * Note Agio= 78.5mm?

> Select bottom bars 2 @10 Total AS (provide=157 mm*>150m

* Check Strain for the magnitude of under strength factor &:

Tension = Compression
A~ fy=085 f."b" a

157 420=0.85" 24" 520 a

a=6.2mm
_oa 6.2 = 5 3
Y =085 o085 /MmN
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_284-173,

S

0.003 =0.126

e, =0.113 > 0.005 ok

* Usually , no reinforcement less than 2F 10 can be used .So ,for all spans with
positive moments equal or less than Mu=22.7 KN.m , use2F 10 for each rib
span.

4-6 Design of One Way solid Slab

P Material:-

% Concrete:-B350
fc'=35N /mm?(MPa) For circular section

but for rectangular section ( fc' =35*0.8 = 28MPa).

% Reinforcement steel:-
The specified yield strength of the reinforcement {fy = 420 N/mmz2(MPa)}.

- Slab Thickness Calculation:-

The overall depth must satisfy ACI Table (9.5.a):
Min h ( deflection requirement ) :-

-For One end continous:-

L - 4.4 = 0.18
24 24

For One way solid slab,will use thickness of slab 20 cm.
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- Load Calculation:-

No. Partsof Landing | Calculation

1 R.C 25*0.20*1=5 Kn/m
2 Plaster 22*0.02*1= 0.44Kn/m
Sum 5.44Kn/m

Table (4-4): Dead Load Calculation of one way Solid slab.
Live load =5 KN/m

Figure (4-6) : Shear and Moment Envelope Diagram of the solid slab

45



P Design of Shear:
Vu=29.1Kn

Assume bar diameter g 10 for main reinforcement

d =h- cover —52*-' =200 — 20 —g =175 mm

Ve== fc'b,d == -v24x1000 175 = 142.9 Kn

a

®* V-0.75* 142.9 = 107.175Kn> Vu = 29.1Kn

No shear reinforcement are required

P Design of Bending Moment :
(Mu=28.8Kn.m)

Assume bar diameter g 12 for main reinforcement
—_ dy 12
d =h- cover =5 = 200 =20 =5 = 174 mm

My __ 2aBx10°

" ghdE T DOx1000%175E = 1.045 Mpa
¢ 420
m= 2 = =206
l].F!.'-'nfl_ NE5x24
1 2mR 1 2x20.6x1.045
p=— 1— 1-"70 = 17— 1 -2 = 0.00255
m 420 20.6 G20

Asreq = p.b.d = 0.00255x1000x174 = 444.6 mm?

As min =0.0018*1000*200 = 360mm?
As req=444.6mm*>A ;in360 mm?

Asreq=444.6mme......... is control

*Check for Spacing :-
S =3h =3*300 =900 mm

220y _2.5%20 =330
5* 420

S = 380%(
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S =450 mm
S=330mm ......... is control

> Use #12@ 20 mm A provided= 565 MM?>A required= 444.6mm?

*Check for strain:-

A T 4
- s = S65x420 =11.63 mm
0.85h [ OLES= 100024
c=2 =1 — 1368 mm
B; 085
£, =0003 =X =0003 == =0.035>0005 OKY

13.68

lateral or Secondary Reinforcement of Solid slab :-
A, req= Asmin =0.0018*1000*200 = 360 mm?*

> Use g10 @ 200 mm ,As provided= 395 MM*>A required= 360 mm?

4-7 Design of Beam

p Material:-

«» Concrete:-B350
fc'= 35N /mm?(MPa) For circular section

but for rectangular section ( fc' =35*0.8 = 28MPa).

¢ Reinforcement steel:-
The specified yield strength of the reinforcement {fy = 420 N/mmz2(MPa)}.

The distributed Dead and Live loads acting upon the Beam B-20can be defined from
the support reactions of the rib R-2.

By using ATIR program we get the envelope moment and shear diagram as the
follows:-
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Figure (4-7) : Geometry of Beam B-37
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Figure (4-8) : Moment and Shear envelop for Beam B-37

Assume bar diameter @18 for main reinforcement.

Selected dropped beam

b, =40cm, h =32cm

d=320-40- 8- %=262mm

P Design of shear for Beam:

ACI - 318 - Categories for shear design:

Vu critical =233.4 KN

48




Ve = =Vicby, d

1

Ve = ;\/ﬂ*400*262

Vc= 85.5KN.

@*Vc= 0.75*85.5=64.125 KN

1
Vemin = E\/E_bv. d

1
Vomin = T V24 % 400 * 262

Vemin = 32.088KN
i = = b d
V:—.,rn:r: 3 ey
Vomin = 5 * 400 x 262 = 34.93KN ... control.

O(ve + vgy <Vy = B(Veyys max)
0.75(85.5+192.47) <233.4 <0.75(85.5+342.27)
208.7<233.4<320.82

shear reinforcement are required.
Use 2 leg @ 10

Av =157.1 mm?2.

2334

Vs=Vn-VC= F=i 85.5=225.7KN

o = Avfyd _157.1+420 262

Ve 22571000 /o->9mm

d
Simax = Z OT Sinax = 300 mm

S _d_262_655
max = = —— = 65.5mm
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S max <300 mm ...control

»> Select @10 @ 4cm (2 Legs) or @10 @ 16 cm (4 Legs).
Let S2=251=160mm < S max =222mm

_ Aufyd 157 420 * 262
s 160

Vs =107.97 KN

Vn=Vs + Vc
=107.97+85.5 = 193.4KN

Vu=@Vn = 0.75(193.4) =145.05KN <V critical=233.4

P Design of Beam of negative moment :

Mu =-76.m at support (2).
Mn= Mu/0.9

=76/0.9 =84.44 KN.m

fy 420
m=——~— =—=20.6
0.85* fc 0.85*24

_ Mn _ 84.44*10°
bd? ~ (400)(262)2

As, min = V24
4(420)

Rn = 3.07 Mpa

(400)(262) = 305 .60 mm?

As, min :%(400)(262) = 349 .33mm? ~ control
x 0 e * * fo)
r :Lél_ 1 - 2mkn = 1 1 - \/1_ 2*3.07 20.5i:0.0078
m fy 5 20.5 420 P

As = 0.0078 (400) (262) =817.44mm? > As, min = 349.33mm?

# of bars = Ag/ Aspar = 817.44\254.5= 3.6 * Note Agig = 254.5 mm?

> Select bar 4 @ 18 Total AS provide) =1017.9 mm?> 817.44mm?
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* Check strain for the magnitude of under strength factor @&:

Tension = Compression

1017.9” 420=0.85" 24" 400" a

a=52.39mm
. 5239 62,23
=085 085 mm
262- 62.23,
=272 297 0.003=0.0096
s 62.23 OKvY

e, =0.0096 >0.005

*Check for bar distance:

S_400- 2" 40-2"°8-4"18

3 =77.3mm>18mm OKY’
Mu =-71KN.m at support (3).
Mn= Mu/0.9
=71/0.9 =78.88 KN.m
m = L - _ 420 =20.6
0.85* fc 0.85*24
AS, min= V24

120 )(400)(262) 305.60 mm?

As, min :%(400)(262) = 349.33mm? ~ control

_ Mn _ 78.88 *10°
Rn = > = >
bd (400)(262)

e 0 & * * 0
=L§ 2mkn 0. 1 3 \/ 2*2.87 *20 .6 % 0.0074
m P 20.6§ 420 ;

(%]

= 2.87 Mpa

As = 0.0074 (400) (262) =775.52mm?> Asmin = 349.33mm?
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# of bars = As / Aspbar = 775.52\254.5= 3.04 * Note Agig = 254.5 mm?

> Select bar 4 @18 Total As providey =1017.9 mm®> 775.52mm?

* Check strain for the magnitude of under strength factor@d:
Tension = Compression

A fy=085" f."b a

1017.9” 420=0.85" 24" 400" a

a=52.39mm

y_ 4 _5239_
T085 o085 L oecmm

. _262-6223,
=T 6223

e, =0.0096 >0.005 OKY

0.003=0.0096

*Check for bar distance:

_400- 2" 40- 2" 8- 3718
2

S =124mm>18mm OKY’

Mu =-178.5KN.m at support (4).
Mn= Mu/0.9

=178.5/0.9 =198.33 KN.m

-y 4—20:20.6
0.85* fc  0.85*24
min =_V24 (400)(262) = 305.60 mm?
4(420)

A's min 2%(400)(262) = 349.33mm? ~ control

_ Mn _198.33*10°
bd? ~ (400 )(262)2

Rn = 7.22 Mpa
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2 0 2 * * 0
c = 1® . fpo2mn O 1 & \/1_ 2*7.22*20.60_
m fy 5 20.6 420 &

As = 0.022 (400) (262) =2305.6mm?> Asmin = 349.33mm?
# of bars = As / Aspar = 2305.6\490.9= 4.69 * Note Aggs = 490.9 mm?

> Select bar 5 @ 25 Total AS (providey =2454.4 mm?> 2305.6mm?®

* Check strain for the magnitude of under strength factor @&:
Tension = Compression
A" fy=085" f."b a

1017.9” 420=0.85" 24" 400" a

a=>52.39mm
_.a _5239_ .
085 085 ooeomm
e, - 262-62.23. 13- 0.0096
62.23

e, =0.0096 >0.005 OKY’

*Check for bar distance:

_ 400- 2" 40- 2" 8-5° 25
4

S =54.75mm>25mm OKVY’

P Design of positive moment :

Mu =70.3KN.m at support (2).
Mn= Mu/0.9

=70.3/0.9=78.11 KN.m

fy 420
m=— 9 =——_=206
0.85* fc'  0.85*24
As, min=_Y24 (400)(262) = 305.60 mm?
4(420)
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As, min :%(400)(262) = 349.33mm? ~ control

Mn 78.11*10°
Rn = 2 = 2
bd (400 )(262)

52
rziél- 1_2mkn
m \ fy

As = 0.0073 (400) (262) =765.04mm*> Asmin = 349.33mm?

= 2.844 Mpa

e * * 0
_ 1 . \/1_ 2*2.84 20'6j20.0073
20 .6§ 420 5

Q1O

# of bars = A/ Agpar = 765.04\254.5= 3.00 * Note Agis = 254.5 mm?

> Select bar 3 @ 18 Total AS (providey =763.4 mm*> 349.33mm’

* Check strain for the magnitude of under strength factor @&:
Tension = Compression
A" fy=085" f."b a

1017.9” 420=0.85" 24" 400" a
a=52.39mm

o = 262- 62.23,
° 62.23
e, =0.0096 >0.005 OKY

0.003=0.0096

*Check for bar distance:

_400- 2" 40- 2" 8- 3718
2

S =125mm>25mm OKY

Mu =63.3KN.m at support (3).
Mn= Mu/0.9

=63.3/0.9 =70.33 KN.m
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fy B 420
0.85* fc  0.85*24

mn— \/_

=20.6

(400)(262) =305.60 mm?

As, min :%(400)(262) = 349.33mm? ~ contro

* 6
RN = |\/|I’]2 _ 70.33 *10 _ = 2.55Mpa
bd?  (400)(262)

2 0 2 * * 0
> | k 9. 1 gl' \/1_ 2*2.55 20.6::00065
5 20.6 420 p

3|+

As = 0.0065 (400) (262) =681.2mm?> Asmin = 349.33mm?

# of bars = As / Asbar = 681.2\254.5= 2.67 * Note Agig = 254.5 mm?

>  Select bar 3@18 Total AS provide) =763.4 mm?> 349.33mm’

* Check strain for the magnitude of under strength factor @:
Tension = Compression

A~ fy=085" f."b a

1017.9" 420=0.85" 24" 400" a

a=52.39mm

a _5239_ .
~085 o085 L oecmm

o = 262- 62.23,
° 62.23
e, =0.0096 >0.005

0.003=0.0096

oKV’
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*Check for bar distance:

82400_2 40_22 §-3 18:125mm>25mm OKY

P Mu =188.1KN.m at support (4).
Mn= Mu/0.9

=63.1/0.9 =209 KN.m

_ fy B 420
"~ 085*fc  0.85*24

ASs, min= V24
442

=20.6

)(400)(262) 305.60mm?

As, min :%(400)(262) = 349.33mm? ~ control

* 6
Rn= M o 209710° 7 61 mpa
bd >~ (400)(262)

& 0 5 8] * * 0
_Lé mkn 0. 1 1_\/1_ 2*7.61*20. 6: 0 024
m g 20.6 é 2
As = 0.024 (400) (262) =2515.2mm?> Asmin = 349.33mm?
# of bars = As / Aspar = 2515.2\490.9= 5.00 * Note Aapzs = 490.9 mm?

> Select bar 5 @ 25 Total AS (providey =2454.4mm?> 349.33mm?

* Check strain for the magnitude of under strength factor @:

Tension = Compression
A fy=085" f."b a

1017.9” 420=0.85" 24" 400" a
a=52.39mm
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a 5239

= _0.85 _—0.85 =62.23mm

o = 262- 62.23,
° 62.23
e, =0.0096 >0.005 OKY

0.003=0.0096

*Check for bar distance:

_400- 2" 40-2"8-5"25
4

S =44.75mm> 25mm

4-8 Design of Stair

b Material:-

s+ Concrete:-B300
fc'= 30N /mm?(MPa) For circular section

but for rectangular section ( f¢'=30*0.8 = 24MPa).

+» Reinforcement steel:-

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

SW

A-120 =

&.21 — 1.58 —'

Figure (4-9) : Stair Plan

P Design of Flight :-

- Determination of Thickness:-
hmin = L/20 = 4.21/28 = 21 cm

Take h=25cm
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The Stair Slope by :-

6 = tan*(15/ 30)= 26.

Load Calculation:-

Figure (4-10) : Stair Section

No. | Parts of Flight Calculation

1 | Tiles 23*0.03*1*((0.35+0.150)/0.3 ) =
1.15Kn/m

2 Mortar 22*0.03*1*((0.3+0.15)/0.3 ) = 0.99Kn/m

3 Stair 25*%0.5*0.15*1 = 1.88Kn/m

4 R.C 25*0.25*1 / c0s26.56° = 5.59Kn/m

5 | Plaster 22*0.02*1 / c0s26.56° = 0.49Kn/m

Sum 10.1Kn/m

Table (4-5) : Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip =5*1 =5 Kn/m

Factored Load For Flight :-

Wy =1.2 x10.10 + 1.6x5 =20.12Kn/m
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HSarviecs Live Lamd =

1 ) O O 1 O A

EForvuos Dend Load = 1O, L0

LIV LE T LT JT

DL=21.05
[1.=10.425

DL=21.05
LL=10_.425

- 1,35 —= - 4.20 - ~— 1.35
-
Figure (4-11) : Statically System and Loads Distribution of Flight
Moments: span 1 to 1|
| 100.3 2] |

hear

Figure (4-12) : Shear and Moment Envelope Diagram of Flight

P Design of Shear for Flight :-
Vu=41.95 Kn
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Assume bar diameter g 14 for main reinforcement
d =h- cover *52"-' =250-20 *1—; =223 mm
Ve :g fe'b,d== §\/24 « 1000 * 223 = 182.1 Kn

® V.-0.75*182.1 = 136.6 KN >Vu =41.95Kn

No shear reinforcement are required

P Design of Bending Moment for Flight

Mu=100.3Kn.m
My 1003x10%
Rn= phd? T 09x1000x223% 2.24 Mpa
; 42

m= L = __ =206

0.B5 ) 0.85x24

i,z _1 ,_ j_zmeam _
= m 1 1 420 0.6 1 1 0 0.00567

A req = p.b.d = 0.00567 x1000x223 = 1264.41 mm*/m

Aqmin= 0.0018*1000*250 = 450mm*/m
ASreq = 1264.41 mm*>A; in=450mm?/m

* Check for Spacing :-
S =3h =3*250 =750 mm

2

S = 380% () — 2.5*20 = 330
3+ 420

S =450 mm

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

> USG ﬂ16 @ 150 mm ,Asvprovided: 134041 mm2>A5’required: 126441mm2

*Check for strain:-

_ Asfy  134041x420
T085h [ 0BSX1000%24

=27.59 mm
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a _ 2759

C=—=——=3246mm

Hy 085

=

£, =0.003

=0.003

223=32.46
32.46

=0.018 = 0.005

Lateral or Secondary Reinforcement For Flight :-

Asreq= Asmin =0.0018*1000*250 = 450mm?

OKv

> USG ﬂlO@ 150mm ,Aslprovided: 523 mm2>As‘required: 450mm2

Design of Middle Landing :-

= Determination of Thickness:-

hmin = L/20

hmin=2.8/20 = 14 cm

Take h=25cm

-Load Calculation:-

Dead Load For Solid Landing For 1m Strip:-

1 | Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.03*1=0.66Kn/m
4 R.C 25*0.25*%1=6.25Kn/m
5 Plaster 22*0.02*1= 0.44Kn/m

Sum

8.04Kn/m

Table (4-6): Dead Load Calculation of Middle Landing.

Live Load For Landing = 5*1 =5 Kn/m
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Reaction From Flight:-

DL =21.05Kn/m
LL =10.425Kn/m

Total Dead Load = 8.04 + 21.05 = 29.09Kn/m
Total Live Load =5 + 10.425 = 15.425 Kn/m
Factored Load For Landing :-

Wy = 1.2 x29.09 + 1.6x15.425=59.59Kn/m

Hervuca Lbivre Lomd = 10.425

k!

Serviaos Desd Losd = 2105

| et o P e wle e Rt b
Servuace Live Load = 5

| S | 1V N A V| O |
Servace Dead Load = B.04

L 4 2 0 1 1 1 L

L 1.30

Figure (4-13) : Statically System and Loads Distribution 0Of Middle Landing.

Momen§: span 1 to 1|

=] (|

58.39

Figure (4-14) : Moment Envelope Diagram of Middle Landing
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Shear

-65.5

[655

Figure (4-15) : Shear Envelope Diagram of Middle Landing.

P Design of Shear:-

Vu=65.5Kn
Assume bar diameter g 14 for main reinforcement
d =h- cover —Ez'i' =250-20 —% = 223 mm
Ve :g fcb,d== g 24 % 1000 = 223 = 182.1 Kn

®* V:-0.75* 182.1 = 136.6Kn> Vu = 65.5K

No shear reinforcement are required

P Design of Bending Moment :-
Mu=58.39Kn.m

Assume bar diameter g 14 for main reinforcement

g 14
d =h- cover —‘—z'i' =250 —20 —— =223 mm

_ My _ 5839x10%
Rn= ghdZ ~ powio00wz2IE 1.31Mpa

" ;
m=—2, = —1706
085 T 085x24
— i . . 2.!1"!.]?;! — 1 . . 2 20.6x1.31 —

p= m 1 1 420 20.6 1 1 420 0.00323

Asreq = p.b.d = 0.00323x1000%223 = 720.29 mm?
As min =0.0018*1000*250 = 450mm?
Asreq=T720.29 mmP......... is control

*Check for Spacing :-
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S =3h =3*250 =750 mm

280

= * _ *90) =
S =380 (,_;*42“) 2.5*20 =330

S =450 mm

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

> Use g14@ 150mm ,As,provided= 1026 mm2>As,required= 720.29 mm2

*Check for strain:-

_ Asfy  _ 1026x420
Tossh g T 085x1000x24

=21.14 mm

i 21.14
c=—=

= = 24.87 mm
B .85

£, =0.003 == =0.003 == =0.024 >0.005 okv’

lateral or Secondary Reinforcement For Landing :-

Asreq= Asmin =0.0018*1000*250 = 450 mm?
» Use g10 @ 150 mm ,As,provided= 523 mm2>As,required= 450 mmz2

P Design of Main Landing :-

- Determination of Thickness:-
hmin = L/20= 2.8 /20 = 14 cm

Take h =25 cm

- Dead Load For middle Landing For 1m Strip:-

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

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

4 R.C 25*%0.25*1=6.25 Kn/m

5 Plaster 22*0.02*1= 0.44Kn/m
Sum 8.04 Kn/m

Table (4-7 ): Dead Load Calculation of Main Landing.
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-Load Calculation:-
Dead Load For Landing For 1m Strip =8.04 KN/m

LiveLoad For Landing For 1m Strip = 5*1 =5 KN/m
Factored Load For Landing :-
Wy = 1.2 x8.04 + 1.6x5 =17.65KN/m

Servuce Live Load = O
! I P T T T T
Serviice U cead Load = 8.04

VI '

...............

Figure (4-16) : Statically System and Loads Distribution of Main Landing.

I Moments: span 1 to ll

Figure (4-17): Shear and Moment Envelope Diagram of Main Landing.
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P Design of Shear:-

Vu=19.39 Kn
Assume bar diameter g 14 for main reinforcement

d =h- cover *52‘—' =250-20 *% =223 mm

vczg fc'b, d == =24 %1000 * 223 = 182.1 Kn

G

@* V.-0.75* 182.2 = 136.6Kn> Vu = 19.39Kn

No shear reinforcement are required

P Design of Bending Moment :-

Mu=17.21Kn.m
Assume bar diameter g 14 for main reinforcement

d =h- cover sz-' =250 — 20 +g =223 mm

My 1721105

" opdZ T poxion0x3zIz 0.39 Mpa
T 420
m= 2 — =206
085 085x24
1 ZmR 1 2w 20.6x%0.74
p=— 1-— 1——" =— 1= 1" =0.0011
m 420 2.6 420

A req = p.b.d = 0.0011x1000%223 = 245.3 mm’
As min =0.0018*1000*250 = 450mm?

As req=245.3mMmM’<Aq miaso mm°........... is control

*Check for Spacing :-
S = 3h = 3*250 =750 mm

280

- * _ *90) =
S=380 (2*42“) 2.5*20 =330
S =450 mm
S=330mm ......... is control

> USG ﬂlZ@ 15 mm ,IA\S":)ro\/ide(_'j= 753 mm2>As’required= 450mm2
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*Check for strain:-

_ Asfy 0 753x420
T085h [ 085x1000x24

= 15.5mm

a __ 2114
C=—=
By 085

=18.23 mm

£, = 0.003 (=) = 0.003 (=—"=) = 0.05 > 0.005 OKY’

18.23

lateral or Secondary Reinforcement For Landing :-

Asreq= Asmin =0.0018*1000*350 = 630 mm?

» Usegl2 @ 150 mm ,As,provided= 785 mm2>As,required= 630 mm?2

_ M
‘I_i {mineis1=16a]"

b 2 L ameens
Fwia@is _..g | ol ]

Jeizeinl-zan) (L7
_CiesoelnLed6l

e | # .'\.
pigg  (Eeizeisi=ie OPLEWI LoBED W
15

(Eelrmlr L4 RS 16
{de1ze)pa=210/

Figure (4-18) : Stair Reinforcement Details

4-9 Design of Column

v (From Column Group G)
- Load Calculation

Dead Load = 2052.12KN
Live Load = 919.56KN
Py =1.2 x2052.12+ 1.6x919.56=3933.84KN
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- Dimensions of Column:-
Assumerg = 0.01
f *Pn=0.65x0.8" Ag{0.85 fc (1- rg)+rg*Fy}
3933.84=0.65*0.8*Ag(0.85*24(1-0.01)+0.01*420)
Ag=310239.74 mm?2
Assume Rectangular Section
h =400mm
b =310239.74 /400 = 695.83 mm
select b =700 mm

*Check Slenderness Parameter:-

Ku g4 10 MLlgy
r M 2

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 = \/; =03 h e, For rectangular section

Lu=4.5-.32=4.18 m
M1/M2 =1
K=1 for braced frame.

- about Y-axis (b= 0.70 m)

KU 34 10ML £ 4o

r M2

1 ,4.18 — 20 <22 v’ Column Is Short About Y-axis
0.3 0.70

- about X-axis (h= 0.40m)

@ <34 lZﬂ ............ ACI- (10122
r M2
ﬁ =34 .8>22 v Column Is Long About X-axis
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- Minimum Eccentricity:-
_ Mux
~ Pu

min ey =15 +0.03" h=15+0.03" 400 =27 mm = 0.027 m
ey =0.027 m

- Magnification Factor:-

__Ccm
de=—p; ° 10
0.75 P,
cm =0.6+0.48M 105 g4
eM 2 g
Cm =0.6+0.4*1=12 0.4
_ pZEl
Pcr_ 2
(KLu)
E.|
El =0.4—29
1+by,

E, = 4700,/ fc’ = 4700 /24 = 23025.2Mpa
_1.2DL _ 1.2*(2052.12)

b, = 0.625 <1
PU 3933 .84
s 13 . 3
|, =2 07 047 4 h0373m?
12 12
o 047230252 0.00373 _, o,
1+0.652
2%20.7
p, =P 7201 _ 11 74mN
(1*4.18)
d_ = L =1.8231.0
© T 3933 84 °
0.75 *11740
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- Interaction Diagram:-

ey=e,, d, =00225"18=0.04m
Y 008 _ g 057

h 07

g _400- 2%40- 2%10- 25 _ -
h 400

From the interaction diagram chart

from chart A9 - a for % =0.6® rg=0.01
from chart A9-b for% =0.75® rg=0.01

then for % =0.68® rg=0.027

Select reinforcement
Ast=rg” Ag =0.027" 400*700 = 7560mm®
Select 16f 25 with As = 7854mm? > Ast = 7560mm? .

P Design of the Stirrups:-

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

spacing £16° d, =16~ 25 =400 mm
spacing £48° d, =48" 10 =480 mm
spacing £ least dim =400 mm

Usef 10 @ 200 mm

Figure (4-19) : Column Reinforcement Details.
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4-10 Design of Shear Wall.

b Material:-

% Concrete:-B300
fc'=30N/mm?(MPa) For circular section

but for rectangular section ( fc' =30*0.8 = 24MPa).

% Reinforcement steel:-
The specified yield strength of the reinforcement {fy = 420 N/mm?(MPa)}.

Shear Wall Thickness h=30cm
Shear Wall Width Lw=45m
Shear Wall Height Hw=23.5m

P Design of Horizontal Reinforcement:-

A Fx=Vu="700KN

The critical Section is the smaller of:

w 4.5

L =22 =225m
2 2
M:ﬁ:ll?Sm
2~ 2

storyheigh (Hw) = 4.5m........ Control

d=0.8" Lw=0.8"45=3.60m

DVimax =¢§ f.'hd

= 0.75 * 0.83 * V24 % 300 * 3600 =3293.58 KN >V, =700 KN

.. is the smallest of :

1-V =§ f.'hd ==+/24 % 300 * 3600 = 881.82 KN ........ Control

(=]

— . N,d
2—V. =027 f'hd+ = 0.27v24 % 300 * 3600 + 0 = 1428.54 KN

I, 0.1 F+0.2]‘"—”5g
W h

3—V. = 005 f + d

Iw

M, _ L,
)
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21099.6 —16339.4 M, —16339.4
_4  395-34
——=-2.23<0.00........ Neglected

Ve 2 12061 2

3.95 = M,, = 16.881 KN.m
My by _ 1688

Vu =700 KN

@*Vc =0.75*%881.82 = 661.37 KN

Vs,min :%* bw *d = 1£64 *300 * 3600 = 330.68 KN ........... Control

1 1
Vs,min = 5* bw *d = 3 * 300 * 3600 = 360 KN

@ +(Vc + Vs,min) = 0.75*%(661.37 + 330.68) = 744.04 KN

Case 3 :-
P*Vc =661.37 KN <Vu =700 KN < @ *(Vc + Vsmin) = 744.04

Avk  Vimin _ 330.68 % 10

= = =0.2187
S,  Fyxd 4203600

Min (fq-;’- ) =0.0025*h = 0.0025*300 = 0.75 .......... Control

» Select @ 10 in Two Layer

_ Zeqtx 107

Ay = e 157.1 mm2
157.1 0.75

S
5,=150 mm

*Maximum spacing is the least of :
Lw 4500
—=——=900 mm
) 5
3*h = 3*300 = 900mm
450 mm ....... Control

» Use $10/150 mm for two layers
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P Design of Vertical Reinforcement:-

2t =10.0025 + 0.5 2.5 20,0025 ]*150

Sy Lw  Spyxh

Ao — [0.0025 +0.5 25—222 5P 40025 ]*150
Sy 4.5 1501501

Avy _ 0.350

5,

» Select @ 10 in Two Layer

2+71%16°
A —_

vh = =402 mm2
202 5 0.350

M T
§,=401 mm

*Maximum spacing is the least of :

Lw _ 4500

—— =1500 mm
3 3
3*h = 3*300 = 900 mm
450 mm ....... Control

» Use $10/150 mm for two layers

P Design of Bending Moment:-

4500 B "
Aq = o *2%202 =12120 mm
Ay f, 12120 420
W= Ik F T #500+300 24 017
_ A _
R X
C_ W+ = 0.157+0 =
I, 2w+085f 2+%0.157+0.85+0.85 0.152
~ | B, c

=0.9 0.5 * 13860 * 420 * 4500(1 + 0)(1 —0.152) = 10915KN.m
= 10434.3KN.m
» Use $10/150 mm for two layers
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4.12 Design of Basement Wall

P Material:-

% Concrete:-B300
fc'=30N /mm?(MPa) For circular section

but for rectangular section ( fc' =30*0.8 = 24MPa).

% Reinforcement steel:-
The specified yield strength of the reinforcement {fy = 420 N/mm?(MPa)}.

@ = 30°y = 18.00KN/m?

Ko=1=sin® =1-=sin30 =0.50

- Weight of backfill

gl =Koxy=*h
=0.50*18.0*4 =36 KN/m
1 =q1*h=*0.5
= 0.5*%36*4=72KN

- Load from live load:
LL=5KN\m2

g2 =Ko *p
=0.5*5=2.5KN\m

Q2=qg2+*h
=2.5%4=10

Support reaction:
RA=1.6 (5\8*10)+1.6(4\5%72)=102.16 KN
RB=1.6(3\8*10)+1.6(72\5)=29.04 KN

Mu=1.6(72*4\7.50+1.6(10*4\8)=69.44 KN.m

P Design of the shear force:

Assume h =300 mm,
d=300-=20=14 =266 mm
Vmax =102.16 KN
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ff. *b,*d
fVC:%

_f 24 %1000 * 266

fVc =162.9KN

Vu <fVc

No shear Reinforcement is required.

P Design of bending moment:
Mu max =69.44 KN.m

o Mu_6944
"T09 00 " -m
R _Mn*lOF‘_ 77.15 % 10° S 1.09M
N T YL dZ T 1000+2662 0P
__ By w0
M =085+fc 085%24 °
1 2*Rn*m
= — % —_ _—_
1 . 2 % 1.09 * 20.58
= % —_— —
20.58 420
—2.66%10°3

Asreq =pxb*d=2.6610"" %1000 * 266 = 7.076 cm*/m
Asmin =0.0012 b h=0.0012 1000 300 = 3.60cm“/m
Asmin = Asreq

> Select 14@20cm/m

- Vertical reinforcement at compression face:
As req =As min= 3.60 cm*/m

> 10@15cm/m
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- Horizontal reinforcement:
for two layers...As min — 0.002bh =0.002 300 1000 =600 mm?/m.

for one layer ...As req — 600/2 = 300 mm=/m.

Use @10 @20cm, with A orgyided = 395mm#/m ... in both sides.

i

XG0 ¥ { '11
Do ~J

(BN
MRALE AL

Granaa
PR — -~ ey 1
QL0 (TS Foq7 LI

B0 ] L i sl

lmames

Figure (4-20) Basement Wall Reinforcement

4-12 Design of Footing.
v" Design of Isolated Footing (F8):

b Material:-
++ Concrete:-B300

[ 2
fc'=30N/mm*(MPa) oy circular section

but for rectangular section ( '€ = 30™0.8 = 24MPa)
% Reinforcement steel:-
The specified yield strength of the reinforcement {fy = 420 N/mm2(MPa)}.

Load Calculations :- (From Column Group)

Dead Load = 2359.92 KN, Live Load = 1149.48 KN
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Total services load = 2359.92 +1149.48 = 3509.4 KN

Total Factored load = 1.2*2359.92 + 1.6*1149.48=4671.072 KN
Column Dimensions (a*b) = 70*45 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 500 KN/m2

Assume footing to be about (70 cm) thick.

Qattow =500-( 0.7%25)-(0.25*18)-(0.2*25)= 473KN/m?

P Determination of Footing Area:

Assume Square Footing
Select B =2.8m
qu = 4671.072\(2.8*2.8)= 595.8 KN/m?

*Check for one-way shear strength:

Assume h =70 cm.
Assume, ¢$p=16mm , cover=75mm

D=700 - 75-16 =609 mm

Vu=q,,” ggj- a2 L
e2 g

Vu :595.8*2.8*(%- 0.45/2- 0.609) = 944.22KN
f Ve=f .(%* fc'*b, *d)

f .\/czO.?S*%*M *2800*609 =1044.2KN
f\Vc=1044.2 >\u = 944.22
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*Check for two-way shear action):-
Vu=Pu- FR,
FR, =q, *area of critical section

Vu = 4671.072 - 595.8[(0.45 +0.609) * (0.7 + 0.609)] = 4457.33KN

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

leea 0
fV.=f.o m+2+\/fc¢bod

Fv, =f —\/7%d

Where:-

_ ColumnLength(a) 70 155
© " ColumnWidth () 45

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

b, = 2* (.7 +0.609) + 2*(0.45 +0.609) = 4.736m

& s =40 for interior column

v =t 285+ 29%d -ﬂ*a% *«/'24*4736 *609 = 24645 2Kn
cTTEE T, g e

1 &ea, 0 75 ae40*609 o]
fV. =f +2 w/ ¢bd = +22% /24 * 4736 * 609 = 6308 Kn
¢ 12 &b, / e 4736 2

f v, =f —w/ Yo.d= 0;5* 24*4736*609 = 3532Knb control

®dVc =3532 Kn < Vu=4457.33Kn.. not ok
Try h=800 mm

D=709
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b, = 2*(.7+0.709) + 2*(0.45 + 0.709) = 5.136m

VU = 4671.072 - 595.8[(0.45 +0.709) * (0.7 +0.709)] = 3698.11KN

FV, =f —\/7%d—075 24*4736*709= 44598Kn

fVc=4459.8>Vu=3698.11P OK

P Design of Bending Moment:

1) At short dimension column "45cm”
Assume, $p=16mm , cover=75mm

H = 800mm
& a afo ..o ao
Mu=g B ¢ o= 05, - o>
&2 2gy &2 2g
, .8 045 .8 0.45¢
=§>95.8 2.8 8@— 04500 5€é— 280 _ 1151.6kNm
e?2 2 gy ez 2 g

Mn = 1151.6/0.9 = 1279.56 KN.m
d=800- 75-16/2 =717 mm

Mn _1279.56" 10°

= > = - -—=0.88Mpa
b*d 2800° 717
m=_1Y 40 _,55g
0.85fc’ 0.85" 24
" :i(l- 1- 2mRn)
m fy
r= Lo \/1_ 272058 0.88, _ o 10>14
20.58 420

As., =0.00214 ~ 2800 " 717 = 4296 .264 mm ?

As._. =0.0018* 2800 *800 = 4032 mm’
AS,;, =4032mn £ As,, =4296264mn7,,,OK.

> Use 24016 with As =4826.4mm?2As req =4296.264mm?*
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*Check for spacing :

 2800-2 75-24 16

S >3 = 98.5mm
Step "'s" the smallest of

1.450mm  control

2. 3h=3*800=2400mm

$=89.5<450 OkvY’

2) At long dimension column **70cm*

Assume, ¢=16mm , cover=75mm

aB bad aB bo
B B o 0%, o,
Take H = 800mm.Mu = € 20 2
8 0.70 8 0.70¢
?958 28" 3@—-—93 0528 0790 _ o0 saknm
e2 2g
Mn =919.61/0.9 = 1021.797 KN.m
d =800- 75-16/2=717mm
. 6
R = |\/|n2 - 1021.797 1(2) - 0.71Mpa
b*d®  2800° 717
S T P
0.85fc  0.85" 24
" :i(l- 1- 2mRn)
m fy
1 . \/1_ 2 20.58° 0.71, _ o 13175
20.58 420
Si = 0.00172 “ 2800 “~ 717 = 3453 .072 mm*
As,;, =0.0018*2800 *800 = 4032mm®
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As,;, =4032mnt 3 As,, =3453.072mnt

Use 22016 with As =4424.2mm? 2As req =4032mm?,,,,0K .

check for spacing :

 2800-2 75-22 16
5= 21

Step "'s" the smallest of

= 109.5mm

1.450mm  control
2. 3h=3*800=2400mm
S=109.5<450 ,,,, ok.

(4.8.6 ) Design the column —footing joint "dowels":

Pu=4671.072 KN

085 fc Al —

AZ
Where 2 =2

A2 is area lower base
Al is the area of section column
=0.65

P The allowable bearing on the base of the column is
085 fc Al =065 085 24 700 450 10 * =4176.9KN

P The allowable bearing on the footing is

A2_ 28 284 o oo A2
Al 070 045 rJee=<fake 49 =
085 fc Al 2%-0.65%0.85%24*700%450%2*10°=1670.76KN

Al
Pu=6338.612< 7038.85
the dowels is not need.
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The min area of dowels Asmin = 0.005 Ag=0.005 700 450=1575mm2
Select 8@16.

Mash @10&20cm Mesh #10@20cm
A [

; f Hm

1 Hilm
[ = .
| i | “l L] l-;-f . ® l‘l

::.";f.h u

L 23 70 25 L0
k= f
e § |
4

Figure (4-21) : section of the footing
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3) ACI Committee 318 (2014), ACI 318-14: Building Code Requirements for
Structural Concrete and Commentary, American Concrete Institute, ISBN 0-
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