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Abstract

The aim of this project is to design the structural elements of the
building. These buildings consist of concrete and steel works that

contains slabs, beams, columns, foundations and walls.

First, the project consists of three floors, the first floor is ground floor
with area of (207.85 square meters), and the second floor, which is(
207.85 square meters) and the third floor is a Roof floor an area (89

\%




square meters), Where The Villa contain facilities that is designed to
suit the needs of the Villa according to the appropriate modern
requirements.

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

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

The computer programs that has been used in designing the project are
AutoCAD 2016, Atir 12, ETABS 2015, office 2007 and others.

God grants success.
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

e A =area of non-prestressed compression reinforcement.

e Ag=gross area of section.

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

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

o b =width of compression face of member.

e bw = web width« or diameter of circular section.

e C.=compression resultant of concrete section.

e C.= compression resultant of compression steel.

e DL =dead loads.

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

e Ec=modulus of elasticity of concrete.

e f.’ = compression strength of concrete .

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

e h=overall thickness of member.

e 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.

o Lw = length of wall.

o M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn = nominal axial load.

e Pu = factored axial load.

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

e \VVc = nominal shear strength provided by concrete.

e \/n = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

e Wc = weight of concrete.

Xl




o W = width of beam or rib.
e Wu = factored load per unit area.

o @ = strength reduction factor.

e £c = compression strain of concrete = 0.003.
e €= strain of tension steel.
o €= strain of compression steel.

® P =ratio of steel area.
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height, m (ft)

450(1500)

300(1000)

150(500)
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| PACPOA(

p = ce. cq. qs. iw

Where:

p: design wind pressure (psf or KN/m2)
ce: combined height (ft or m)

cq: pressure coefficient of structure.

gs: The pressure manifesting on the surface of a building due to a mass of

air with density moving at a velocity is given by Bernoulli’s equation

iw: Importance Factor.

* Note That UBC = Uniform Building Code.

gradient wind 100

gradient wind 100

gradient wind 100
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4-1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining

walls, tunnels and others.

Reinforced concrete is logical union of two materials: plain concrete, which
possesses high compressive strength but little tensile strength, and steel bars

embedded in the concrete, which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water,
and frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete,
building codes and specifications that give design procedures are continually

changing to reflect latest knowledge.
Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/ma3.
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4-2 Design Method and Requirements:

The design strength provided by a member is calculated in accordance with the

requirements and assumptions of ACI_code (318_08).

> 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.
NOTE:

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

e Code:

ACI 2008
UBC

e Material:
Concrete -B300
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fc'=30N /mm?(MPa) For rectangular section

but For circular section ( fc'=30*0.8 = 24MPa).

Reinforcement steel:

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

» Factored loads:

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

Wu=12DL+16 L. ACIl-code-318-08 (9.2.1).

4.3 Check of Minimum Thickness of Structural Member:

Table (4-1) : Minimum Thickness of Non prestressed Beam or One-Way Slabs

Unless Deflections are Calculated. (ACI 318M-11).

Minimum thickness ( h)
Simply One end Both end
Member supported continuous continuous Cantilever
solid one way
L/20 L/24 L/28 L/10
slabs
Beams or
ribbed one
way siabs L/16 L/18.5 L/21 L/8

41




Table (4.1): Check of Minimum Thickness of

Structural Member.

e ForRib:
hminfor (Simply supported)=L/16=440/16=27.5cm

hminfor (one end continuous)=L/18.5=330/18.5=17.84cm
hminfor (both end continuous)=L/21=476/21=22.67cm
hminfor (both end continuous)=L/21=387/21=18.43cm
hminfor (both end continuous)=L/21=457/21=21.76cm
hminfor (Cantilever)=L/8=180/8=22.5cm

Take h =28 cm

20 cm block + 8 cm topping = 28cm

e For Beam:

hminfor(one end continuous)=L/18.5=90/18.5=4.9cm
hminfor(both end continuous)=L/21=385/21=18.33cm
hminfor(both end continuous)=L/21=165/21=7.86cm
hminfor(both end continuous)=L/21=488/21=23.24cm
hminfor(both end continuous)=L/21=83/21=3.95cm

hminfor (Cantilever)=L/8=155/8=19.4cm
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Take h =28 cm

4.4 Design of Topping:

» Statically System For Topping :

Consider the topping as strip of (1m) width, and span of mold length with both end

fixed in the ribs.

> Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end

fixed in the ribs.

Wu

- - 40 cm -

Fig 4.1: Topping Load.
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v Load Calculations:-
Dead Load:-

0.03*23*1 = 0.69 KN/m

0.02*22*1 = 0.44 KN/m

0.07*17*1 = 1.19 KN/m

0.08*25*1 = 2.0 KN/m

Table (4_2): Dead Load Calculation of Topping.

Live Load :-
L. =2 KN/m?
L. =2 KN/m?x1m=2KN/m

Factored Load :-
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Wy = 1.2 x6.52 + 1.6%2 =11.024 KN/m

Check the strength condition for plain concrete, gM,, > M,, where g = 0.55

Mn =042 /7 Sm(ACI 22.5.1, equation 22-2) S, = 22 = 109080 _

1066666.67 mm?

@M, =0.55%0.42x1xv/24 x1066666.67 x10~6 =1.21KN.m

_ Wyl?

M, = 0.23 KN.m (negative moment)
Wy, L? ..
M, = Yolu 0.115KN.m (positive moment)

oM, > M= 0.121 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin

for slabs as shrinkage and temperature reinforcement.
Pshrinkage= 0.0018 ACI7.12.2.1
As= pxbxh topping =0.0018 x1000x80 = 144 mm?/m

- Use @8 @ 20 cm in both directions.

As = 201.2mm?/m > 144mm?/m

Step (s) is the smallest of:

1. 3h =3%x80 =240 mm control ACI1 10.5.4
2. 450mm.
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3. $=380(2*) — 2.5C, = 380 (;4‘32"0) — 2.5(20) = 330mm ACI 10.6.4

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

Check of shear strength:

W, * L
V, = “2 = 2.76 KN.m

0.75

@ *Vc = xv24 x1 *80 = 49 KN

49> 2.76

~. No shear reinforcement is required.
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4.5 Design of One Way Rib Slab

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

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

h<3.5%bW oo ACI(8.13.2)
Select h=28cm < 3.5*12=49 cm
> L0/12 > 50MM ..., ACI(8.13.6.1)
Select tf=8cm

+ Material :-
— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?

« Section :-
B =520 mm
Bw= 120 mm
h=280 mm
t= 80 mm

O
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= 0d=350-20-10-12/2= 314 mm

» load Calculation:-

Dead Load:-

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

0.02*22*0.52 = 0.23 KN/m/rib

0.07*17*0.52 = 0.620 KN/m/rib

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

0.20*%25*0.12 = 0.6 KN/m/rib

0.20*10*0.4 = 0.8 KN/m/rib

0.02*%22*.52= 0.23 KN/m/rib

2.3*0.52= 1.14 KN/m/rib

Table (4_3): Dead Load Calculation of Rib4.
Dead Load /rib =5.02 KN/m

Live Load:-

Live load = 2KN/m?

Live load /rib = 2 KN/m?x 0.52m = 1.04 KN/m.
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s Effective Flange Width ( b.):-ACI1-318-11 (8.10.2)
For T- section is the smallest of the following:- b,

be=L /4 =330/ 4 = 82.5cm
=12+16t=12 + 16 (8) = 140 cmb,
= be < center to center spacing between adjacent beams = 52 cm.

Control  For T-sectionb, =52cm

4.6 Design of Rib (R4):

=

Using "Atir" software for the following values of the envelope moment and shear

diagram:
1 pd 3 4 5 [§]
1 2 3 4 5
A . A . A . A . A ]
A A A A A
0.6 2.7 08 3.85 08 3.07 08 3.67 08 15
C 3.4 ‘ 4.65 3.87 | 4.47 EE :
I I I I |
52.
28.
12,
A-A
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load group no. 1
Dead load - Service

Units:kN,meter

5.02 5.02 5.02 5.02 5.02
34 4.65 3.87 4.47 1.9 |
|
Live load - Service Load factors: 1.20,1.20/1.60,0.00
T Toa—V A Y/ S T UToar v R Y/ A oA
3.4 4.65 3.87 4.47 1.9 |
\
Moments: spans 1to 5
-13.7 -13.9
-11.8
-8.5 -8.6
63 /\ 55
| \0' | | |
‘ 1.|382 . ‘ ‘ 1.|292 .
[ 1 1
0.69
0.74 0.75
49
9.1 8.7
| 136 . 204 | 23 233 | 198 193 | 223 | 224 | 19
[ [ [ [ [ [ [ [ [
Shear
- -18. -18.2
i 13.1 154 133
-12.2 ' -10.5 '
L— 1 1 1 1 1 ]
I I I I I I
5.7
9.8 11.2 9.7
13.7 125 146
18.6 :
Reactions
Factored
L— 1 ] 1 1 ] 1 1 1 1 ] 1 ]
1 I | I I | I I I I | I |
DeadR 7.18 27.54 25.71 24.25 25.5
LiveR 2.63 8.14 8.43 8.58 7.32
Max R 9.81 35.67 34.14 32.83 32.82
Min R 6.54 3047 27.97 25.82 28.42
Service
DeadR 5.99 22.95 21.42 20.21 21.25




Moment & Shear Envelop of rib R15.

v Moment Design for (R 4):-

Design of Positive Moment for (Rib4 ):-(Mu=6.2 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h‘ cover - dstirrups_7 - 280 - 20 - 8 - ? - 24‘6 mm

Check if a > h; to determine whether the section will act as rectangular or T-

section.
_ l; hf
Mue =0.85. f¢. be. he. (d — 7)

80

:0.85><24><520><80><(246— )

) x 1076 = 174.82 KN.m

My > % = % =6.9 KN.m, the section will be designed as rectangular section

with be =520 mm.

M, _ 62x10°
Rn= @bd2 ~ 0.9x520x2462 0.22 Mpa
=Ty __*20 _ 5559

m= - =
0.85f!  0.85x24
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om l<1 B [1 _Z.m.Rn> _ 1 (1 _\/1 _M) = 0.00053
m 420 20.59 420

Agyreq = pbd = 000053 X520X246 = 678mm2

Check for As min:-

As min = Jie' (bw)(d) AC1-318 (10.5.1)
4( fy)

N
0

1420 (120)(246) = 86.1mm

As min =
: 1.4

A =——(bw)(d

S min (fy)( w)(d)

A's min :%(120)(246) =98.4mm’ controls

ASreq=67.8 MM? <Aspin= 98.4mm?  OK
# of bars = Ag/ Agpar =98.4/113=0.9  * Note Aep= 113mm?
USE Zﬂ 12 ,As, provided— 226 mm2> ASmin = 984 mm2 .... Ok

Check spacing :-

_ 120-40-20—(2x12)
o 1

S

=36mm>d, =12 > 25 mm OK

Check for strain:-

_ Asfy  226%x420

= - = = 8.95mm
0.85b f, 0.85x520%x24
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x=2 =22 _ 10.53 mmA2
B, 0.85

d— x> _ 0 (246 —10.53

1053 ) = 0.067 > 0.005 Ok

£, = 0.003( -

Design of Positive Moment for (Rib4 ):-(Mu=9.1 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_7 =280—-20—-8— 7 = 246 mm

Check if a > h; to determine whether the section will act as rectangular or T-

section.
_ /] hf
Mue =0.85. f¢. be. hy. (d — 7)

80

:0.85><24><520><80><(246— .

) % 1076 = 174.82 KN.m

M, > % = % =10.11 KN.m, the section will be designed as rectangular section

with be =520 mm.

My __ 91x10®
" @bd?2 T 0.9%x520x2462 0.32 Mpa
= Iy 420 _ 90,59

m= - =
0.85f!  0.85x24
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om l<1 B [1 _Z.m.Rn> _ 1 (1 _\/1 _M) — 0.00077
m 420 20.59 420

Agyreq = pbd = 000077 X520X246 = 985mm2

Check for As min:-

As min = Je' (bw)(d) AC1-318 (10.5.1)
4(fy)

J24
0

120 (120)(246) = 86.1mm

As min =
: 1.4

A =——(bw)(d

S min (fy)( w)(d)

A's min :%(120)(246) =98.4mm’ controls

ASreq=98.5mm? >Aspmin= 98.4 mm?  OK
# of bars = Ay / Agpar =98.5/113=0.9  * Note Aep= 113mm?
USE Zﬂ 12,As, providedz 226mm2> ASmin = 985 mm2 coee Ok

Check spacing :-

_ 120-40-20—(2x12)
o 1

S

=36mm>d, =12 > 25 mm OK

Check for strain:-
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Asfy  226x420

a= - = = 8.95mm
0.85b fC 0.85%X520X24
x=2L =28% _ 1053 mm~r2
B, 085
= 0.003 (d _ x) =0 (246 _ 10'53) = 0.067 > 0.005 0k
& =0 x ) 1053 /) '

Design of Positive Moment for (Rib4 ):-(Mu=4.9 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_7 =280—-20—-8— 7 = 246 mm

Check if a > h; to determine whether the section will act as rectangular or T-

section.
_ /] hf
Mue =0.85. f¢. be. hy. (d — 7)

80

:0.85><24><520><80><(246— .

) % 1076 = 174.82 KN.m

Mp > % = % =5.44 KN.m , the section will be designed as rectangular section

with be =520 mm.

M, _ 49x10°
" @bd?2 T 0.9%x520x2462 0.173 Mpa
= Iy 420 _ 90,59

m= - =
0.85f/  0.85x24
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D= 1(1 _ /1 _ Z-m-Rn> =1 (1 _ J1 - M) = 0.000414
m 420 20.59 420

Agyreq = pbd = OOOO414X520)(246 = 5296mm2

Check for As min:-

As min = Je' (bw)(d) AC1-318 (10.5.1)
4(fy)

J24
0

120 (120)(246) = 86.1mm

As min =
: 1.4

A =——(bw)(d

S min (fy)( w)(d)

A's min :%(120)(246) =98.4mm’ controls

ASreq=52.96mm? <Asmin= 98.4mm?>  OK
# of bars = Ag/ Agpar =98.4/113=0.9  * Note Aep= 113mm?
USE Zﬂ 12 ,As, provided— 226mm2> ASmin = 984 mm2 ... Ok

Check spacing :-

_ 120-40-20—(2x12)
o 1

S

=36mm >d, =10 > 25 mm OK

Check for strain:-
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Asfy  226x420

a= - = = 8.95mm
0.85b fC 0.85%X520X24
x=2L =28% _ 1053 mm~r2
B, 085
= 0.003 (d _ x) =0 (246 _ 10'53) = 0.067 > 0.005 0k
& =0 x ) 1053 /) '

Design of Positive Moment for (Rib4 ):-(Mu=8.7 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_7 =280—-20—-8— 7 = 246 mm

Check if a > h; to determine whether the section will act as rectangular or T-

section.
_ /] hf
Mue =0.85. f¢. be. hy. (d — 7)

80

:0.85><24><520><80><(246— .

) % 1076 = 174.82 KN.m

Mp > % = % =9.67 KN.m , the section will be designed as rectangular section

with be =520 mm.

M, __ 87x10%
" @bd?2 T 0.9%x520x2462 0.31 Mpa
= Iy 420 _ 90,59

m= - =
0.85f/  0.85x24
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D= 1(1 _ /1 _ Z-m-Rn> =1 (1 _ J1 - M) = 0.000744
m 420 20.59 420

Agyreq = pbd = 0000744 X520X246 = 952mm2

Check for As min:-

As min = Je' (bw)(d) AC1-318 (10.5.1)
4(fy)

As min = R (120)(246) = 86.1mm*
4(420)

: 1.4
A =——(bw)(d
S min (fy)( w)(d)

A's min :%(120)(246) =98.4mm’ controls

ASreg=95.2 mm? <Aspin=98.4mm?  OK
# of bars = Ay / Aspar =98.4/113=0.9 * Note Aep= 113mm?
USE Zﬂ 12 ,As, provided— 226mm2> ASmin = 984 mm2 ... Ok

Check spacing :-

_ 120-40-20—(2x12)
o 1

S

=36mm>d, =12 > 25 mm OK

Check for strain:-

_ Asfy  226Xx420
0.85b f/ ~ 0.85x520x24

= 8.95mm
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_ 4 _ 89 _ A
X= B = oss 10.53 mm"2

d— x) _ 0 (246 —10.53

gs=0.oo3< e

. ) = 0.067 > 0.005 Ok

Design for Negative Moment for (Rib4 ):- (Mu=-13.7KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsimps— -2 = 280 — 20 — 8 — > = 246 mm

M, __ 13.7x10°
Rn= @bd2 ~ 0.9x120x2462 2.1Mpa
420
fy_ _ — 20.59

T 0.85f]  0.85%x24

o= l(l _ |1 _Z.m.Rn> — 1 <1 _\/1 _m) = 0.0053
m 420 20.59 420

Asreq = p.b.d = 0.0053%120x246 = 156.5 mm?

Check for As min:-

\/_

As min =

-318 (10.5.1)
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A's min =£(120)(246) =86.1mm?
4(420)

1.4
A's min == (bw)(d
S min (fy)(W)()

As min :%(120)(246) = 98.4mm*controls

As’requiredz 156.5 mm>AS,min=98.4 OK.

# of bars = A/ Aspar =156.5/113=1.4  * Note Aep= 113mm?

Use 28 12 As provided= 226mm?> ASmin = 156.5 mm?.....

Ok

Check spacing :-

_ 120-40-20—(2x12)
o 1

S

=36mm>d, =12 > 25 mm

Check for strain:-

AS.
__Asfy = 226x420 _ 38.8 mm
0.85b f, 0.85X120%x24
X= — = 388 _ 45.65 mm”"2
B, 085
0003 (d — x) _ 0 (246 — 45.65
Es = T x ) 45.65
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Design of Negative Moment for(Rib4 ):- (Mu=-12.8 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d :h' cover - dstirrups_7 =280—-20—-8— ? =246 mm

_ M, __ 12.8x10°
T @Pbd?  0.9x120x2462

= 1.96Mpa

Rn

fy __420 _ 5059

m= - =
0.85f/  0.85x24

- l<1 _ _Z.m.Rn> _ 1 <1 _\/1 _M) = 0.0050
m 420 20.59 420

As,req = pbd = 00050)(120)(246 = 1476 mm2

Check for As min:-

As min =3 (bw)(d) ACI-318 (10.5.1)
4( fy)
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A's min =£(120)(246) =86.1mm?
4(420)

1.4
A's min == (bw)(d
S min (fy)(W)()

As min :%(120)(246) = 98.4mm*controls

As’requiredz 147.6 mm>AS,min=98.4 OK.

# of bars = A/ Aspar =147.6/113=1.31  * Note A= 113mm?
Use 28 12 As provided= 226mm?> ASmin = 147.6 mm?.... Ok

Check spacing :-

= 120—40—210—(2><12) =36mm>d, =12> 25 mm

Check for strain:-

AS.
— fy = 226X%X420 — 388 mm
0.85b fc 0.85%X120X24
X= — = 388 _ 45.65 mm”"2
B, 0.85
0,003 (d — x> 0,003 (246 — 45.65
g = x ) 45.65
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Design of Negative Moment for(Rib4 ):- (Mu=-11.8KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dimps— -2 = 280 — 20 — 8 — > = 246 mm

M, __ 11.8x10°
Rn= @bd2 ~ 0.9x120x2462 1.81Mpa
= _Jr__ %20 _ 9559

0.85f]  0.85x24

o 1(1 _ |4 _Z.m.Rn> _ 1 <1 _\/1 _w) = 0.00452
m 420 20.59 420

Asreq = p.b.d = 0.00452x120x246 = 133.43 mm?

Check for As min:-

J_

As min =

-318 (10.5.1)
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A's min =£(120)(246) =86.1mm?
4(420)

1.4
A's min == (bw)(d
S min (fy)(W)()

As min :%(120)(246) = 98.4mm*controls

As’requiredz 133.43 mm>AS,min:98.4 OK.

# of bars = A/ Aspar =133.43/113=1.2 * Note Aeo= 113mm?

Use 20 12 ,As. provided= 226mm?> ASmin = 133.43 mm?....

Ok

Check spacing :-

_ 120-40-20—(2x12)
o 1

S

=36mm>d, =12 > 25 mm

Check for strain:-

AS.
— fy = 226X%X420 — 388 mm
0.85b fc 0.85%X120X24
X= — = 388 _ 45.65 mm”"2
B, 0.85
0,003 (d — x> 0,003 (246 — 45.65
g = x ) 45.65
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Design of Negative Moment for(Rib4 ):- (Mu=-13.9KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dimps— -2 = 280 — 20 — 8 — > = 246 mm

M, __ 139x10°
Rn= @bd2 ~ 0.9x120x2462 2.13Mpa
= _Jr__ %20 _ 9559

0.85f]  0.85x24

o= 1(1 _ - Z.m.Rn> _ 1 <1 B \/1 B 2><20.59><2.13> — 0.0054
m 420 20.59 420

Asreq = p.b.d = 0.0054x120x246 = 59.41 mm?

Check for As min:-

As min = ‘/_(b )(d) ACI-318 (10.5.1)
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A's min =£(120)(246) =86.1mm?
4(420)

1.4
A's min == (bw)(d
S min (fy)(W)()

As min :%(120)(246) = 98.4mm*controls

As’requiredz 159.41 mm>AS,min:98.4 OK.

# of bars = A/ Aspar =159.41/113=1.41  * Note Aep= 113mm?

Use 28 12 . As provided= 226mm?> Asmin = 159.41 mm?.... Ok

Check spacing :-

S = 120‘40‘210‘(2X12) =36mm>d,=12>25 mm OK

Check for strain:-

_ Asfy  226Xx420
0.85b f  0.85x120x24

= 38.8 mm

X= — = 388 _ 45.65 mm”"2
B, 085

d—x 246 — 45.65
) = 0.003(

£, = 0.003( T

. ) = 0.013 > 0.005
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v" Shear Design for (R 4 ):-

V, at distance d from support=13.7 KN

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

Ve=\[fibyd = =24 x 120 X 246 X 1073 = 26,51 KN

V. =0.75x26.51 =19.88 KN

0.52 V.=0.5%x19.88 =9.94 KN
050V<Vi<g V.

Vi< @ Ve

~. No shear reinforcement is required.

50.24 = 100.5 mm? xUse stirrups (2 leg stirrups ) 8 8@150 mm , A, =2
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_ f Ws 1bWsAv,min
¢ fyt 3fyt S

Av,min

—\/ zg — 0.08928m

bw 1 Av,min

= 1 2% _ 0.0952 Control
fyt 3 X 420

1
=-X
3

Take (2 leg stirrups) g 8 @ 250 mm

4.7: Design of beam(4

« Material :-

Fc' = 24 N/mm?
fy = 420 N/mm?

= concrete B300

= Reinforcement Steel

++ Section :-

= B=80cm
= h=28cm
= d=280-40-8-18/2=223m.
» Statically System and Dimensions:-

1 2 3 4
A 1 A 1 A i A —
| - LI LI 1
A A A A
0.25 0.65 0.25 3.6 025 14 025 451 05
" T og 3.85 T 165 4.88 o
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5 6
A A
T LI
A A
‘ 0.5 9.439.2? 1.42 ‘
‘ | ‘0.8“‘ 1.55 :
I I |
28,
80.
Moments: spang,-Iato 6
** The following spans are ‘deep beams™: 5
-110.9
-95.7 -99.1 -90.
-79.1 -76.3 -63.7
-46.4 -58.5
\O' 4 | M- |
| | 52 | |
Iy HH HH +H |
-10.3 0.71 74
6.45
68.9
93.3
| 09 | 2.12 173 |05 115 | 2.44 | 2.44 | 08 | 155
I I I I I I I I I |
Shear
-183.
-141.5 -143. -149.
-114.6 -116. -98.9
7 -74.6
1 [ 11 [ 1 [N ]
IT T T T T T 1T 1
22.1
46.4 45.1 35.1
09.1
133.6 146.6 146.1
160.5 171.6 162.9
Reactions
Factored
[ I 'l Il 1 1 Il |
T 1T 1T 1T T 1 T[T 1
DeadR -55.23 236.08 133.25 200.36 259.34-36.95
LiveR -23.05 66.01 56.14 70.13 86.59 -34.61
Max R -47.34 302.09 189.4 270.49 345.93-15.71
Min R -78.27 242.84 127.15 202.07 255.64 -71.55
Service
DeadR -46.02 196.73 111.04 166.97 216.12-30.79
LiveR -14.41 41.26 35.09 43.83 54.12 -21.63
Max R +41.09 237.99 146.13 210.8 270.23-17.52
Min R -60.43 200.96 107.23 168.04 213.81-52.42




Statically System and Loads Distribution of Beam (B4).

v Moment Design for (B4):-

Flexural Design of Positive Moment for(B4):(Mu=68.9 KN.m)

Assume bar diameter g 14 for main positive reinforcement

Determine of M max
d =280 — 40 - 8 — 14\2 = 225 mm

3 3
C = 7d —7.225 =96.43 mm

a=B.x =96.43 x0.85 =81.97 mm

Mnmax= 0.85* f/ *xa *b( d - % ) = 0.85*%24*81.97*800*(225-81.97/2 ) *10°
= 246.17 KN.m

Mnmax = 0.85* 246.17 = 209.245 KN.m > 68.9 KN.m .@

Design as singly reinforcement

M,  689x10°

Rn = —
"= ObdZ ~ 0.9 x 800 x 2252

= 1.9 Mpa

f 420
m= Y ;=
O.85fc 0.85%24

= 20.59
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p=l<1 B ,1_2.m.Rn> _ 1 (1 _Jl_w> — 0.00476
m 420 20.58 420

As = p.b.d = 0.00476x800x225 = 856.8 mm?

Check for Asmin:-
ASmin = Je' (bw)(d) = £*800*225 = 524.891mm?
4( fy) 4* 420
14

ASmin = (bw)(d) = %*800*225= 600 mm? Controls

(fy)
As‘requiredz 858104 mm2 > ASmin = 600 mm2 OK

# of bars = As / Aspar =856.8/154=5564  * Note Ae1s= 154mm?
USE Gﬂ 14 ,As, provided=924mm2> ASmin = 8568 mm2 ceee Ok

Check spacing :-

_ 800-40%2-20—(6X14)
o 5

S

=1312mm >d, =14 > 25mm OK

Check for strain:-

AS.
_ Asry - 924 X420 _ 3.8 mm
0.85b f/ ~ 0.85x800x24
C==2= 2239 _ 28 mm
B,  0.85
d—C 225 — 28
g = 0.003 (T) = 0.003 (T) = 0.0211 > 0.005 0k
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Flexural Design of Positive Moment for(B4):-(Mu=93.3 KN.m)

_ M, __ 933x10°
Rn= @bd? ~ 0.9x800x2252 2.56Mpa.
= Ly 120 _ 50,59

m= - =
0.85f/  0.85x24

m 420 20.59 420

As = p.b.d = 0.006535x800%225 = 1176.3 mm?.

Check for Asmin:-

Smin = Jfe' (bw)(d) = £*800*225 = 524.891mm?
4( fy) 4%420
14

ASmin = (bw)(d) = %*800*225= 600 mm? Controls

(fy)
As’requiredz 11763mm2 > ASmm =600 mm2 OK

# of bars = As/ Aspar =1176.3/201=5.85 * Note Awes=201mm?
Use 69 16 ,As| provided— 1206mm2> ASmin =1176.3 mm2 ... Ok

Check spacing :-

§ = 22000 = 1208 mm > dj, = 16 > 25mm 0K
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Check for strain:-

_ Asfy 1206 x420
0.85b f!  0.85x800%24

= 31.04 mm

C=o =% — 36.52 mm
1 .

d—C 224 — 36.52
& = 0.003 (T) = 0.003( 36.52 ) = 0.0154 > 0.005 Ok

Flexural Design of Negative Moment for(B4 ):-(Mu=-95.7 KN.m)

6
My _ _ 95.7x10 — 2.63Mpa.

R.=
" ®bd2 ~ 0.9x800x2252

_fy 420
0.85f)  0.85x24

- l<1 _ |4 _Z.m.Rn> _ 1 <1 _\/1 _M) = 0.00673
m 420 20.59 420

As = p.b.d = 0.00673x800%225 = 1211.4 mm?,

= 20.59

Check for Asmin:-

ASnmin = Jie' (bw)(d) = £*800*225 = 524.891mm?
4( fy) 4%420

ASmin = ﬁ(bw)(d) = 14 *800*225= 600 mm? Controls

() 420
As’requiredz 12114mm2 > ASmm =600 mm2 OK

#of bars = A/ Aspar =1211.4/201=6.03  * Note Aos= 201mm?
Use 7ﬂ 16 ,As, provided— 1407mm2> ASmin =12114 mm2 .... Ok

Check spacing :-

S = 800‘40*2‘620‘(7X16) =98mm >d, =16 >25mm OK
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Check for strain:-

_ Asfy 1407 x420
0.85b f!  0.85x800%24

= 36.21mm

a 3621
C==—=—7—=42.6mm
B,  0.85

d—C 224 —42.6
& = 0.003 (T) = 0.003 (T) = 0.013 > 0.005 Ok

Flexural Design of Negative Moment for(B4 ):-(Mu=-63.7 KN.m)

6
My _ _ 63.7x10 — 1.75Mpa.

R.=
" ®bd2 ~ 0.9x800x2252

_fy 420
0.85f)  0.85x24

- i<1 _ - Z.m.Rn> _ 1 <1 B \/1 B 2><20.59><1.75> — 0.0044
m 420 20.59 420

As = p.b.d = 0.0044x800%225 = 792 mm?,

= 20.59

Check for Asmin:-

ASnmin = Jie' (bw)(d) = £*800*225 = 524.891mm?
4( fy) 4%420

ASmin = ﬁ(bw)(d) = 14 *800*225= 600 mm? Controls

(fy) 420
As’requiredz 792mm2 > ASmm =600 mm2 OK

# of bars = A/ Agpar =792/154=5.143  * Note Aweis= 154mm?
Use 69 14 ,As provided= 924mm?> Asmin = 792 mm?.... Ok

Check spacing :-

§ =Y ~ 1312mm > d, = 14> 25mm 0K
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Check for strain:-

As,
_ Asry _ 924 X420 _ 3.8 mm
0.85b f/ ~ 0.85x800x24
C=== Z38 _ 28 mm
B,  0.85
d—C 225 — 28
g, = 0.003 (T) = 0.003 (T) = 0.0211 > 0.005 0k

Flexural Design of Negative Moment for(B4 ):-(Mu=-110.9 KN.m)

M, 1109 x 10

Rn = —
"= %bdZ 0.9 x 800 x 2252

= 3.043 Mpa

f; 420
m= Y 7 =
0.85f¢ 0.85%24

p=l<1 B 1_2.m.Rn> _ 1 <1_\/1_M> = 0.0079
m 420 20.59 420

As = p.b.d = 0.0079x800%225 = 1422 mm?

= 20.59

Check for Asmin:-
Asrin = L oy = Y24 wg00+225 = 524.891mm?
a(fy) 4%420
Asmin = =& (bw)(d) = —% *800%225= 600 mm?  Controls
(fy) 220

Aslrequiredz 1422mm2 > ASmin :600 mm2 OK

#of bars = A/ Aspar =1422/254=5.6  * Note Aas= 254mm?
Use 6@ 18 ,As provided= 1524mMmm?> ASmin = 1422 mm?.... Ok

Check spacing :-

_ 800—40%2—20—(6X18)
- 5

S =1184mm >d, =18 > 25mm OK
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Check for strain:-

_ Asfy 1524 x420
0.85b f!  0.85x800%24

= 39.221 mm

C=—= 33'221 — 46.14 mm
1 .

d—C 223 —46.14
& = 0.003 (T) = 0.003( 1614 ) = 0.0115 > 0.005 Ok

Flexural Design of Negative Moment for(B4 ):-(Mu=-137.9 KN.m)

M,  1379x10°
T @bdZ 0.9 x 800 X 2252

Rn = 3.8 Mpa

f 420
m= 4 ; =
0.85f!  0.85x24

- i<1 _ 4 _Z.m.Rn> _ 1 <1 _\/1 _M) = 0.0101
m 420 20.59 420

As=p.b.d =0.0101x800%225 = 1818 mm?

= 20.59

Check for Asmin:-
Asin = L bwyd) = Y24 *g00*225 = 524.891mm?
a(fy) 4%220
Asmin = =% (bow)(d) = =% *g00*225= 600 mm?  Controls
() 220

As’required: 1818mm2 > ASmin :600 mm2 OK.

#of bars = A/ Aspar =1818/254=7.2  * Note Aas= 254mm?
Use 87 18 ,As provided= 2032mm?> ASmin = 1828.6 mm?.... Ok

Check spacing :-

_ 800—40%2-20—(8x18)
- 7

S

=7943mm >d, =18 >25mm OK
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Check for strain:-

Asg,
_ Asry _ 2032 X420 _ conoo
0.85b fc 0.85%X800x24
c=2 =223 _6153mm
B,  0.85
= 0.003 (d _ C) =0 (223 _ 61'53) = 0.0079 > 0.005 ok
&= c )= 6153 /) = '

Shear Design for (B 4):-

for shear design, minimum shear reinforcement is required (4, i),

Reinforcement.

A, = 4*50.3 = 201.2 mm? xUse stirrups (4 leg stirrups ) @ 8/ 150 mm

Vu =149 KN

Ve==\/fc'b, d == =V24& 800 223 = 145.663 KN
® V= 0.75%145.663=109.25 KN

® Vsmin> 0.75 (%) * hw * d =0 .75* (%)*800*223*10'3 = 44.6 KN Controls

® Vsmin >0.75 (%) *bw*d= 0.75*(1£64) * 800 * 223*10 = 40.97 KN

D Ve<Vu<d Ve + d Vsmin
109.25 <149< 153.85

Use 4 legd8 @150mm

Ve=V, -V, = % — 145.663 = 53.004KN

1
0.
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Apfyed 2012 %420 = 223

S = = = 355.53
v 53.004 * 1000 mm
d 2
Smax = 5= = 111.5mm control
or Smax < 600 mm

Use (4 leq stirrups) @ 8 @150mm

4.8. Design of Column(C2)

+» Material :-

— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?

Load Calculation:

P, = 967.85 KN
967.85
Pnreq = W = 1489 KN

Use p=p*xg=2%
P, = 0.8 * [0.85 * fc' * (Ag — As) + Fy * As]
Ag = 5867.4 mm?

Use 0.5*0.3 m with Ag = 150000 mm? Ag,.,
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Check Slenderness Effect:

In 0.5m-Dirction

K+Lu
r

<34—122% ACI - (10.12.2)
M2

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
R: radius of gyration = 0.3 h :\/g

Lu=3.00m

M1
- :1
M2

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall
be permitted to be taken as 1.0.

K 34— 12240 ACI - (10.12.2)
r M?2
13 = 20<22<40

0.3%0.5

..short column in 0.5m direction

In 0.30 m-Direction

K+Lu
r

<34—122% ACI - (10.12.2)
M?2

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
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R: radius of gyration =0.3 h =\g

Lu=3.00m

M1 _

=1
M2

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall
be permitted to be taken as 1.0.

B 34— 12540 ACI - (10.12.2)
r M?2
1%3
= 33.33 > 22 <40
0.3%0.3

..Long column in 0.5m direction

El =04—F i, ACI 318 - 05

E. =4700 / fc' = 4700 x V24 = 23025.204 Mpa

1.2DL 1.2 x603.64

, = 0.72
P, 1000
bxh® 05%033 .
= — = 0.00113 m
12
= 04 23025.204 * 0.00113 61 KN 2
= * = . .
1+0.72 m
T2EI
P. T — ACI 318 - 05
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_3.14%x6.1

M1
Cr, = 0.6+ 0.4(m ............................ ACIl 318-14
Cpn =1 .o, According to ACI 318 - 05
DI T ACI318 -1
1_0.75PC
1
Ops = —=125>1
- 0.75%6.7

€y, = 15+0.03*h = 15+0.03*300 = 24 mm
e = €, "Ops =24%1.25=30 mm

¢ _3% oi<o1
h 300 T

}/_300—2*40—2*10—25_058
h 300 o

From Interaction Diagram

0P (967.85 % 1000

y 300 7 500 )*0.145=0.94Ksz

9

pg =0.01
As = p*Ag = 0.01*500*300 = 1500 mm?* OK
use 10¢ 14

With As = 1540 mm? > 1500 mm? OK
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Check for spacing between the bar

_ 500—2%40—-2%10—4+14
3

S

S =114.67 mm >40 mm > 1.5db =21 mm

OK

Design of the Tie Reinforcement:

S < 16 db (longitudonal bar diameter)
S < 48 dt ( tie bar diameter)

S < Least dimension
S<16db=16%*14=224cm
S<48dt=48+1.0=48cm

S < Least dimension = 30 cm

use $10@ 20cm
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4.9: Design of Footing.

s Material :-

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

Design of Isolated footing (F1)

load calculation :

From column :

P, = 967.85 KN

Soil density =18 KN/m3 soil depth = 0.40 m
Allowable soil pressure = 400 KN/m?

Assume footing to be about (40 cm) thick

force service 503.03 +227.68
A= = =2.1 m2.
qall,,net 400—-0.4%18-0.4%25-5
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A=12=> L=+vVA =v21 =145m Take L=1.50 m.

***Depth of footing and shear design:

P, = 967.85 KN
qu = 2= 430.16 KN/m3

shear Design : Check one-way shear (Beam shear)

| L L

! —
Inclimned crack T T

Critical section for
one —way shaear T

Tributary area for
one —way shear

Colurmn

OnNne—way shear.

Figure (4-2): one way shear (beam shear for isolated footing)

V, at distance d from the face of support :
Vu=q,* b (5-5-d) =430.16*1.5% (= - 22— d) let Vu=dVc , (©=0.75)

Vo=@V bw * d = () *v24 *1500.0 * d

430.16*1.5%(= - 22 - d ) =0.75* ()*v24 *1500 * d = dreq=0.186
d aval = 400-75-14= 311mm = 0.311m >dreq =0.186 m ... Ok
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check Tow —way shear (punching shear) :

= —

Inclimned crack

Tributary area for
two—way shear

Critical section
for two—-—way shear

Two—wawv shear.

Figure (4-3): Tow- way shear (punching shear)

Let Vu=OVc, (®=0.75)
Vu = 430.16( 1.5%1.5 - ( 0.5 + 0.311 )( 0.6+0.311)) = 650.05 KN

- % =1.25 ,b0= 2(0.5+0.311)+2 (0.5 +0.311) =3.244 m
= l i I % * l i _
Ve = () (I+)VEc * b0 *d where (= )( 1 +—=-) = 0.433

40%0.311
3.244

Vo=( ) (ES+ 2)VEC * b0 *d  where (2)*( (

— )+2)=0.49
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Ve= (§ W’ * b0 * d where (%) =0.333 ... Control

Vc=0.3*+v24 * 3244*311*1073 =1482.751 KN

®Vc =1482.751*0.75=1112.1 KN > Vu=650.05 KN....... OK

Design for flexural in both direction:

Take steel bars of ®14
L=1.5m h=40 mm d=311mm  fc'=24 MPa fy=420 MPa

Rn= Mu _  967.85%10°
®bd?  0.9%1500%7182

1 . __ 2Rpxm, _ 1 . _ 2x20.59x1.4 —
p=5( 1/1 f, ) =755 (1 \/1 20700035

As= p*b*d = 0.0035 * (1500) *(311) = 1632.75 mm?

= 1.4 MPa.

Asmin = 0.0018 *b*h =0.0018 * 1500 * 400 = 1080 mm?
As > Asmin Ok Take As= 1632.75 mm?

Use 11®14 with As=1694 mm? in both direction.
Step(s) is the smallest of :
(1)3* h=3*400 =1200 mm

(2) 450mm ...control
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Design of combined footing.F2

Table 4.4 : information about combined footing F2.

Col. Dead load Live Dead Live load Dim. Of
factor service column

Load fac. Service
C2 603.64 364.3 503.03 227.68 50*35
C2 603.64 364.3 503.03 227.08 50*35

Footing dimensions:

** Footing dim.
(967.85+967.85) *1.5_

> Mcol1=0, =199m
1461.42
— Pn :14-61.4-2: 42 m2
gqa.net 350
A=BL > take L=3m B =%:%: 1.4m
Take B=1.75m

Plu=1.2* 503.03 +1.6* 227.68 =967.85 KN/m
P2u=1.2* 503.03 +1.6* 227.68 =967.85 KN/m

> ¥ (P1u+P2u)=1935.7KN
=19357 _ 368705 KN/m2.

T (3+1.75)
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Figure(4-4): moment and diagram for combined footing F2

shear Design

One way shear (beam shear)

Assume h=50cm and steel bar of ®14

davg= 500 - 75 —14=411mm

DV =0.75%(2)*v/24*3000* 411* 1073= 755.06 KN
**At column(1) pul=967.85 KN

Vu=172.8KN

**At column (2) pu2=967.85 KN

Vu=187.2KN

®Vce=1618.19 KN>Vumax=187.2 KN ....OK

Two — way (punshing shear)

**At colomn(lor 2) p,1=967.85KN

_0.411

d—T=02055m>00m

0411

as edge b0=2(0.0+ 0.4 +T)+( 0.5+0.411)=2.144 m

0.411

Vu=967.85 -368.705(0.0+ 0.4 +2-)+( 0.5 +0.411)= 408.71 KN

[3=5ﬂ =125, «as=30 --edge column.
400
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1 2
(g)(1+ —1.25) =043
30+ 0.411

1
(G ) +2) =065
§=0.333---- control
@Vc=0.75(§)*\/ﬁ* 2144*411*10-3= 1079.12 KN

®Vce=1079.12 KN>Vu=408.71 KN .....OK
adequate enough.

**At column (2) p.2=967.85KN

d_0.411

5_7:0.2055m< 0.68 m

two options punching action .

*as edge perimeter :

0.411

bo=2( 0.73 +0.5 +°22)+(0.5 +0.411)=3.782 ... Control

*as interior perimeter

b0=2(0.5 +0.411)+2(0.5 +0.411 )= 3.644 m

0411

VU= 967.85 - 368.705 *( 0.73 +0.5 +--2)*(0.5 +0.411)= 485.7 KN

B=22=10  Das=40.

1, 2\

1 ,,40%0.411
E(( 3.782

) +2)=0.53
§=0.33 --- control

@Vc=0.75*(§)\/2_4* 1000 * 411*10-3=502.9 KN
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®Vce= 502.9 KN >Vumax= 485.7 KN

OK.... The thickness is adequate enough .

Flexural long —direction Mu=-62KN.m

Take steel ®14 =» d=500-14—-75=411m

_ Mu _ 62%10°
Rn= =
dbd?2 0.9¥3000%4112

1 . __2Rpxrmy _ 1 . _ 2%20.59+0.14 —
p==(1 /1 ) =5 \/1 S —)=0.00033

As =p*b*d = 0.00033*(3000) *(411) = 406.89 mm2

= 0.14 MPa.

Asmin= 0.0018 *b * h =0.0018* 3000 * 175 = 945 mm?2
As < Asmin Ok Take Asmin=945 mm?2.

Take 8014

Mu=49KN.m +Mu=41KN.m

Rn=MY - __41410° __ 409 Mpa.

T ®bd2 ~ 0.9%+3000%4112

_1 . _ 2Rprm 1 . _2%20.59%0.09 y _
p==(1 /1 ) =5 \/1 S )=0.000215

As=p*b*d =0.000215 * (3000)* (411) = 265.095 mm2

Asmin=0.0018 * b * h = 0.0018 * 3000 * 175=945 mm2
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As<Asmin Ok Take A smin = 945 mm?2.

Take 8014 .

Design the flexural reinforcement in the transverse direction (transverse beams)

For column (1) under

d=500 — 75-14 = 411mm

_967.85
3.0

Pul = 322.62

294

I\/Iu=7 *0.552 * 3.0 = 133.403 KN.m

Rn= Mu _  133.403%10°
®dbd? 0.9¥3000%4112

1 , 2Rp*m , _ 1 2+20.59%0.29 | _
p —;(1— 1-—- 3 ) —20.59(1—\/1—7)—0.00069

As =p*b*d = 0.00069*(3000) *(411) = 850.77 mm2

= 0.29 MPa.

Asmin=0.0018*b*h=0.0018* 3000* 175 = 945 mm2

As<AsminOk Take As= 945 mm?2.

Take 8014 .

_3000-75-7%14_

S — - 403.86mm<450 mm OK

Temperature :
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Asmin=0.0018 * 1000 * 500 = 900 mm?.

®14@20cm< 45cm  .....0OK

Design of strip Footing:

Determination of load:

Total factored load = 384.44 KN/m.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m?2.
Assume footing to be about (50 cm) thick.
Live load =2 kN/m2

Qallow = 368.705 kN/m?2

= For one meter strip

397.37

_ _ 2
= 368705 1M

B=1.30m, h=50cm
d=500-75-14=411 mm

qult =397.37/ 1.3 *1 =305.67 kN/m2.
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Check of One Way Shear:
Vu = 1*(0.55-0.411)*305.67 = 42.5 kN

@ 0.75
@Vc = g\/f_c*d*b= — 24 % 411 * 1000 = 251.7 kN

@Vc > Vu

H=50 cm ok .

Design of Bending Moment:

In longitudinal direction

Mu = 305.67*0.552/2= 46.23 KN.m

vy _ 4623 _ c1.4 KN
09 7

_Mu_ 51.4%1073
bd? 1.3%x4112

_l _ _ZRn*m — 1 _ _2*20.59*0.23 —
p=-(1 /1 P2) = asd \/1 =2 )=0.000551

As =p*b*d = 0.00023*(1000) *(411) = 94.53 mm2

Rn = 0.23 MPa.

Asmin=0.0018*b*h=0.0018* 1000* 500 = 900 mm2
As<Asmin Ok Take As=900 mm?2.
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Take 8014 .

s:wz 403.86mm<450 mm

Use ¢ 14

No. =900/154 =5.84 |, Use 8 bars
914 @ 15 cm c/c

Check of strain:

As*fy=085*Tcxp*g

1232 * 420 = 0.85 *24* 1000 * a

a=254mm
! _25.4_2988
X=B1 05 coeemm
o = 411—29.88*0.003
29.8

&, =0.0383 > 0.005 OK

In transverse direction :

Asmin =0.0018 *b * h

OK

Asmin = 0.0018 * 1300* 500 = 1170 mm2

Use ¢ 14 No.=1170/154=7.6 , Use 8bars

Use 8¢ 14

Development Length of main Reinforcement
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ST R A A
req_ﬁ*}\\/f—c>I< Kir+cb
db

db

9 420 1%x1%0.8
— % *
10 1x+/24 2.5

Ld available =500 - 75= 425 mm

ldpeq = * 14 = 346.3 mm

Ld available= 425 mm >ld;q = 346.3mm

Hook not needed

4.10 Design of Shear wall (SW1):

« Material :-

— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?

plan and materials of Shear wall:

height of h,, = 9.45 m and thickness b = 250 mm with width L,, = 3 mand

ratio of displacement over height}Al—h = 0.017, vertical load N,or p, = 697.98 KN

Design:
Moment M, at critical section, ( z.)is the smallest of:
L, 3
Zc= o =5 = 1.5m — Controlled
h,, 9.45
Z; = 7=T=4725m

M, = 5134.75 kN at critical section z.
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Design as a rectangular section with L,, =300 cm , b = 25cm.

Calculation of effective depth (d) , the smallest of :
d=08xL, =0.8x3000 =2400 mm — cnotrolled
d=0.8x%xh,, =0.8x9450 = 7560 mm.

Design of shear force (Horizontal reinforcement A,,;,) :
max V, = 382 kN

Shear strength of concrete V. is the smallest of :

= = /i hd = V24 % 250 2400 + 1073 = 489.9 kN
2. V, = 0.25,/f.)bd + E

697.98 x 103 x 2400

= 0.25v24 x 250 x 2400 + 2% 3000 = 874.443 kN
J_+2
o5y + M=) ba
Vu 2

3000(v24 + 2.67)| 250 x 2400

Ve = |05 V24 + —555 753000 T = 459.5kN — Controlled
382x103 2
V. = 459.5kN
oV. + oV, =V,
QVs =V, — OV,
V. _Vu V.= 382 459.5 = 49.8 kN
ST @ ¢ 075 R

Avy, Vs  49.8x10°

= = == 005
s, fyd 420 x 2400
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Av
min (—h) = 0.0025 x b = 0.0025 x 250 = 0.625 > 0.0.05 — OK

Sh

Select 10, Two layers

Max steps ( smax) iN (Horizontal reinforcement A,;,) is the smallest of:
Ly 3000 600
5 5 _oooonm

3(horb) =3 % 250 =750 mm

450 mm — controlled

158 158
AVh =2 X 79 = 158 mm? ,q = 0.625 ySh = m = 252.8 mm

Select s, = 250 mm < s, = 450 mm

Design of uniform vertical reinforcement A4.,,,, :

A lw shxb
A
S

hw Avh
= [0.0025+0.5 (2.5— )x( —0.0025 )]x h xS,
VvV
v

y 9.45 158
_ [0.0025 +0.5 ( 2.5 — ) X ( —0.0025 )] X 250 = 0.42

3 250 x 250

Select @12, Two layers

Max steps ( smax) IN (vertical reinforcement A,,) is the smallest of:
Ly 3000 1000
5 = 3 = mm

3(horb) =3 x 250 = 750 mm
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450 mm - controlled

158 158
A,y =2X79=158mm? , = 0.68 ,s, = —— = 232.35mm
5y 0.68

Select sy, = 250 mm < s, = 450 mm

Design of vertical steel in boundary Ag:
In this part of design part of moment will be resisted from uniform distributed
vertical steel and the other part of moment will be resisted from vertical steel of

boundary.

Part of M, :

A, = 158 X -5 = 1896 mm? (value of A, in all section)

y/ 1

0.85 X B4 X fc/x 1w x h
Lw (24 i

Asv x fy

)

1
0.85 X0.85X 24x3000 X 250, — 0.0545
1896 x420

(2+

My =09 X [0.5-Ag, - fy- Iw (1 5% LW)]
0.0545
=09 X [0.5 X 1896 x 420 x 3000 (1 - T)] = 1045 kN

Boundary steel is not required.
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4.11 Design of Stair

+ Material :-

= concrete B300

= Reinforcement Steel

Design of Flight :-

Fc' = 24 N/mm?

Fy = 420 N/mm?

Determination of Thickness:-

hmin = L/20

Take h = 25¢cm

hmin = 4.46/20 = 22.3 cm

The Stair Slope by 6 = tan'*(15/ 30) = 26.56°

L_oad Calculation:-

Dead Load For Flight For 1m Strip:-

Table1-5:Dead Load Calculation of Flight.

No. | Parts of Flight

Calculation

1 Tiles 23*0.03*1*(0.35+0.15/0.3 ) = 1.35 KN/m
2 Mortar 22*0.02*1*(0.3+0.15/0.3 ) = 0.66 KN/m
3 Stair 25*1*(0.3+0.15/2 )/0.3 = 1.875 KN/m
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4 Slab

25*%0.25*1 / COS 26.56 = 6.99 KN/m

5 Plaster

22*0.03*1 / COS 26.56° = 0.738 KN/m

Sum

11.61 KN/m

Live Load For Landing For 1m Strip = 2*1 =2 KN/m

Factored Load For Flight :-

Wy =1.2 x11.61+ 1.6x2=17.132 KN/m

System of Flight:-

R = (W*L)/2=17.132*2.7/2=23.13 KN

Design of Shear for Flight :- (Vu=23.13 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 —12—4 — 223 mm
Ve==2\/fc'b, d = V2% x 1000 * 223 = 182.1 KN

® V.-0.75%182.1 = 136.56 KN >Vu =23.13 KN

No shear reinforcement is required
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Design of Bending Moment for Flight :- (Mu=31.14 KN.m)

" 2
Mu= 23.13 * (0.805 + 1.35) — 22 = 31.14 KN

_ My, __ 31.14x10°
"~ Pbd?  0.9x1000x2232

= 0.7 Mpa

Rn

f 420
m= 4 7 =
0.85f]  0.85x24

p=i<1— 1 _Z.m.Rn) _ 1 (1_\/1_w> = 0.0017
m 420 20.59 420

Asreq = p.b.d =0.0017 x1000x223 = 379.1 mm?

= 20.59

Asmin=0.0018*1000%250 = 450 mm?

ASreq<Asmin=450 mm?

As min=450 mm?

Check for Spacing :-

1) S =3h=23*250 =750 mm

2) S =380%(280/(2/3 * 420)) —2.5*20 = 330 < S =300*(280/(2/3* 420)) = 300mm
3) S=450 mm

S=300 mm ......... is control

Use 914 @ 250 mm , Asprovided= 616 _MM?>As required= 450 mm?... Ok

Lateral or Secondary Reinforcement For Flight :-

Asyreq: Asymin =00018*1000*250 = 450mm2
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Use ﬂ14@ 250 mm y As,providedz 462 mm2>As|required= 450mm2... Ok

Design of Landing (S2):- (For First One Meter)

_oad Calculation:-

Dead Load For Landing For 1m Strip:-
Live Load For Landing For 1m Strip = 2*1 = 2KN/m

Wr =23.13/1.61=14.4
Factored Load For Landing :-
Wy = 1.2 x8.01+ 1.6x2=12.812 KN/m

System of Landing (S2):-
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W-reaction= 14.4 KN

s\ N2 N2 NN N N N W

W-landing=12.812 KN

" NN N N W \L” NONSN/

ZP- 1,2 0,1 1,2 A

- - |

R= 28 811 KN R= 28.811 KN

Figure 4-5 Statically System and Loads Distribution At First 1m of Landing.

— 12'8122*1'8 +14.4 % 1.20 = 28.811 KN

R

Design of Shear:- (Vu=28.811 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 — 12—4 — 223mm
Ve==2\/fc'b, d == =V24 %1000 * 223 = 182.1KN

®* V:-0.75* 182.1= 136.56 KN>Vu =28.811 KN

Thickness of slab is enough

Design of Bending Moment :- (Mu=15.125 KN.m)
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" 2
Mu= 28.811 * 1.35 — =" — 14.4 % 1.20 * (- + 0.1) = 15.125 KN

Assume bar diameter g 14 for main reinforcement

d =h- cover —% — 250 — 20 — 12—4 = 223mm

My 15125x10°
Rn= @bd2 ~ 0.9x1000x2232 0.34 Mpa
420
Iy = 20.59

m= ; =
0.85f)  0.85x24

p=i<1 _ |4 _Z.m.Rn) _ 1 (1 _\/1 _M) — 0.00082
m 420 20.59 420

Asreq = p.b.d = 0.00082x1000%223 = 182.86 mm?

Asmin =0.0018*1000*250 = 450 mm?

Asreq = 450 mm?......... is control

Check for Spacing:-

4) S=3h=3*250 =750 mm

5) S =380*(280/(2/3 * 420)) —2.5*¥20 =330 < S =300*(280/(2/3* 420)) = 300mm
6) S =450 mm

S=300mm ......... is control

Use 814 @ 250 mm , Asprovided= 462 MM2>>Ag requirea= 450 mm?... Ok

Lateral or Secondary Reinforcement For Flight :-

As req= Asmin =0.0018*1000*250 = 450mm?
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Use ﬂ14@ 250 mm y As,provided: 462 mm2>As,required: 450mm2... Ok

Design of Landing (S3):- (For First One Meter)

Table4-6: Dead Load Calculation of Landing.

Load Calculation:-

Dead Load For
Landing For 1m
Strip:-

Live Load For
Landing For 1m
22*0.02*1=0.66 KN/m Strip=2*1=
2KN/m

Wr
=23.13/1.90=12.2
KN

Factored Load

22*0.03*1=0.66 KN/m

25*0.25*1= 6.25KN/m

22*0.03*1=0.66 KN/m

For Landing :-
Wy =1.2 x8.01+ 1.6%x2=12.812 KN/m
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System of Landing:-

W-reaction= 12.2 KN

\L\ /NN N N 5, /N

W-landing=12.812 KN

~

NN NS NONSONS N A

f*: 1,2 o4 1,2 .

%

————————cant} -

R=26.171 KN R=26.171 KN

Figure 4-6: Statically System and Loads Distribution At First 1m of Landing.

R= 12812& +12.2%1.20 = 26.171 KN
Design of Shear:- (Vu=26.171 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 — 12—4 = 223mm
Ve==2\/fc'b, d == =V24 %1000 * 223 = 182.1KN

®* V:-0.75* 182.1= 136.56 KN>Vu =26.171 KN

Thickness of slab is enough

Design of Bending Moment :- (Mu=13.411 KN.m)

" 2
Mu= 26.171 % 1.35 — =222 — 12.2 % 1.20 * (== + 0.1) = 13.411 KN
Assume bar diameter g 14 for main reinforcement

d =h- cover —% — 250 — 20 — 12—4 = 223mm
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M, _  13.411x10°

R.— —
" $bd2 ~ 0.9x1000x2232

= 0.3 Mpa

f; 420
m= 4 7 =
0.85f; 0.85%24

o i<1 i 2.m.Rn) _ 1 (1 _\/1 _M) = 0.00072
m 420 20.59 420

Asreq = p-b.d = 0.00072x1000x223 = 160.56 mm?

= 20.59

As min =0.0018*1000*250 = 450 mm?

Asreq = 450 mm?......... is control

Check for Spacing:-

7) S =3h=3*250 =750 mm

8) S =380*(280/(2/3 * 420)) — 2.5*%20 = 330 < S =300*(280/(2/3* 420)) = 300mm
9) S=450 mm

S=300mm ......... is control

Use 814 @ 250 mm , Asprovided= 461.7 MM>>As required= 450 mm?Z... Ok

Design stair slab

fc'=24mpa
fy=420mpa
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7
—— =233 =2 0.
300 2.33 > 0.5 (oneway )

Thickness Determination:-

420
M=044+-—=04+.06=1

700
h > L —300—15
=20 20 >

hyeq =M *h=1%15=15cm

~. select h = 15cm

Dead loads computation (for 1m strip )
Dead loads = Unit weight * Area
plastering = 22(1)(0.02) = 0.44KN/m
conc.= 25(1)(0.15) = 3.75KN/m

Y.Dead load = 4.19 KN/m

Live load = 10(1) = 10KN/m
qu, = 1.4D
qu; = 1.4+419 =586 KN/m
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qu, = 1.2D + 1.6L
qu, = 1.2(4.19) + 1.6(10) = 21.028 KN /m
select quyoq = 21.028 KN /m

WL?  21.028 * (2.6)?

Mu = =17.77KN

“= 7 8 /m
quxL 21.028 x 2.6

Vu = > = > = 27.34 KN

( Design of shear) :-:

@Vec = Vu (slabs)
Vu = 2734 KN

Ve = 0.75()/fc *bw*d

@V = [0.75(;)VZ4*1000%120]*107% = 73.48 KN

s~ QVC =73.48 KN > Vu = 2734 KN

=~ NO shear reinforcement is needed

Desigh Momment:-

Short direction

b=1m ,d=15-3=12cm
PMn > Mu
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Mu
Mn = —
)]

Mn= % = 19.74 KN.m

Mn 19.74%10°

Rn TpedZ (1000)(120)? =137 Mpa
m=20.6
_1 . _2Rnm 4 _ 1 J1-2(1.37)(20.6)
p_m[l \/1 Fy ]_20.6[1 420 ]
=3.38x10"3

2
AS req = p req X b x d = (3.38%10~ 3 )*(100)*(12)= 4.056 %Strl’p

1.4 bw.d _ 1.4(100)(12 cm? .
AS min = = 14000)A2) _ 4 strip
Fy 420 1im
cm? .
As min(shrinkag and temperature ) = 0.0018(100)(15) = 27%““”

- select As = Asreq = 4.43 cm? > As = 2.7 cm?

As (1912) = - (1.2)? = 1.13cm?

s_L13000)
~ T a056  cleedm

. select 1012@20 cm

Design the Top Reinforcement

As min(shrinkag and temperature ) = 0.0018(100)(15) = 2.7cm?

T
As(1¢8) = 1(1.0)2 = 0.79cm?
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~0.79(100)

57 29.26 cm

S <3h
S<3(15) =45cmor S <45cm

Use 1010@25cm In Both direction

Design the Bottom Reinforcement

As min(shrinkag and temperature ) = 0.0018(100)(15) = 2.7cm?
T
As(1012) = (1.2)? = 1.131cm?

~ 1.131(100)
B 2.7 B

S <3h

419 cm

S <3(15) =45cmor S <45cm
Use 1012@25cm

3yl 5 5 st Il ity i (g5 U paansll e 15008 (50 of A8 s S Ol S e Cny
A el Fyasanail el jall pladiial

Spnalall (s 5 5 5 o8yl Aala s isaly Al Agmlall Jal gall ¢ i1 (amy 33T iy ) il gall (50 2
sl e

111




Oy SArdll Al el 3 lail) JOA (he Adlinall 4LasY) ualiall ¢ Jay ) A ¢ SLEY) mpanail) il ghad aal e 3
ke W) Cpm Sl Aapsall o ylall 33T ae capanail) A4S 48 jra 5 3 e JS Lpararal] jualinll o2a 45 jai o
A00KN/M? (& 4ol Jaa 3 50 dalall Al 4
planinl o9 LS (sl JC8 g daglal 1)k clsiall 3 (Ribbed Slab) de jiall cilsie sl plasiul o5 581 5
drand (b lae V) i (e Ao ld ST L3 1T 0z pall can shlie (4 (SOl Slab ) dtead) saell ol
35S el Jlaal) da glaa g
Aaadiid) G gulal) el 1.6
(ot 5 & s el 138 Leadiiid &5 o gasla el s 520 llia

ALY jealiall Alaidl) cila gyl Jaal @ll3 5 : AUTOCAD (2016) .a

ALY aliall ALY Jiladll el :ATIR b

Gailll 5 gl LS Jin & 5 pdiall (0 Adlida o) 3al 3 4wladiul o3 :Microsoft Office XP .c

el 438 yall Jlanll slae) 5 o 5 piall ) A 5

Y Jlaal¥l 5 € e i€ & 5 il 13a 8 deaiiuall 4all Jleal) 7
OF oS A3 A1 55y LA (e sy A pasnig]) Gl A camnmaall Ly oy o ang Al il (46,8

ey pdie S8 g ¢ g pall (d duia yied

-t Silua il

Jaualdi (e g Lo IS 40LESY) o lliall dadal Uiegd Gaanliy pa 5 (3 S 50 & 5ol 3¢ (S 3
g b el cilpa gl (e Ao gana a2t Of - el sda DA (e - L 35 G canaliai  Jallai
GJL».’\ @LE <ld @JLAZA J\:‘-‘AYL’L’N..L}AC“‘-‘MJ saslally

&A@QL;;M\Z\_AAQd%@wy\}gjw\w\oyéﬁaﬁéﬂ&p}%gigﬁ 1
Llera g Lolds) MalSia

AiSae il st Jil & 5 pially 48 yal) Clabadall Cos £ 5 pdiall 285G asy 2

112




sale) Camg 4ld dlgile 2Ly g 5 diall ananai o il 5 58l (e B 4 5l Jasi 38 0 (i 13 4
el dell Tad g ) avaad

22 sall

22006 0¥, e (SN g sl (udaa gl g Jlaall) 48 a3 sl ags

o Building code requirements for structural concrete (ACI-318-14), USA, 2014.
e Uniform Building Code (UBC).
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