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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 = areaof oneleg of aclosed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

C = compression resultant of compression stedl.

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 rei nforcement.

h = overall thickness of member.

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

LL =liveloads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load.

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

Wu = factored load per unit area.

® = strength reduction factor.

€ = compression strain of concrete = 0.003.

€5 = strain of tension steel.

€<= strain of compression steel.

p =ratio of steel area.
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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: -

O Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

O Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
0 Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

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.

NOTE: -

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

Code: -
ACl 2008
UBC

Material: -
Concrete: -B300
fc'= 30N /mm?*(MPa) For circular section
but for rectangular section ( fc'=30* 0.8 = 24MPa ).



Reinforcement stedl: -

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

v" Factored loads: -

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

W,=12D, +16L, ACI-code-318-08(9.2.1)

4.3 Check of minimum thicknessof structural member :

Minimum thickness, h

Simply One end Both end

: Cantilever
supported continuous continuous

MemberMembers not supporting or attached -tcu partitions or other construction
likely to be damaged by large deflection

Solid one way
Slabs i ik e e
Beams or ribbed
one way slabs /16 L/18.5 L/21 L/8

Table (4.1): Check of minimum thickness of structural members

Forrib :
h min=L /18.5=3.64/18.5=19.7 cm " One end continuous ".
h min =L /18.5 = 3.44/18.5=18.6 cm " One end continuous ".

hmin =L /21 = 3.39/21 =16.1 cm " Both ends continuous ".
select : 32 cm thickness with 24 cm block and 8 toping .

For beam :

h min =L/18.5=4.3/18.5=23.2 cm " One end continuous".
h min =L/18.5=4.5/18.5=24.3 cm " One end continuous".
h min =L/21=3.4/21=16.2 cm " Both ends continuous ".

select h=32 cm with no drops.



4.4 Design of topping:
v’ 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

Z
7
.:"-’ o ! 1 ! "-
7 'R . . v o e o . b TN

i

w:ﬁ

' l“li"Jl.’.z

wiL?
24

Fig 4.1: topping load and moment diagram.

For the topping , the total dead load to be used in the analysisand design is
calculated as follows:

0.03*23=0.69 KN/m/rib

0.03*22=0.66 KN/m/rib

0.07*17=1.19 KN/m/rib

0.08*25=2 KN/m/rib

2.3 *1=2.3 KN/m/rib

Table (4 - 2) Dead load calculation for topping.



Design of topping for ribbed slab as a plain concrete section :-

Toping =

Hollow: Bod: | $7emh

Rk -/ : w o

Fig. (4-2) : Topping of oneway rib slab

Nominal total dead load = 6.84 KN/m2.
Nominal tota liveload = 2 KN/m2.
Wu = 1.2xD+1.6xL = 1.2*6.84+1.6*2 =11.41 KN (total factored load).

Wy 1?1141 %047

12 12 = 0.152KN.m

M,

®M,, = 0.55 * 0.42 x V24 = 1000 * 80%/6 = 1.207 KN.m
®M,, = 1.207 KN.m > M, = 0.152 KN.m ok

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement :-

p =0.0018

A,= pxbxh=0.0018 x 1000 * 80 = 144 mm?.
~Use 18 @20 cm.

Step (S) isthe smallest of:

3h = 3x80 =240 mm control ACI 10.5.4 .

450mm.
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("

280
F
E*Zﬂ

S=380(=—) —2.5C. =380 | —2.5.20 =330 mm

280
i

=380 (22 ) = 380 mm
) (£

Z
54

S=380(

Use [] 8 @ 20 cm in both directions , S =200 mm <Smax = 240 mm 0K

Check shear strength :
Wuxl 11.41%x0.4
V, = = = 2.282KN.m
2 2
0.75
@ *Vc = %24 %1 %80 = 49 KN
49 2.282

=~ No shear reinforcement is requirement .

4.5) Design Of Rib(7):

For the one-way ribbed dlabs, the total dead |oad to be used in the analysis and
designis calculated asfollows:

Cives wowey rib wlabs . Shrinksge & Tercerehosr B

HicBows Biock { FBom } —

Fig. (4-3) : Oneway rib dab



oy |
O wa
J0
=
=0 H — Em BN =
]D e = g
0
a0
A0 E ]
o '
:”:i I B = —————— I E
]E — EE————
|| B ] i B
..... = ] ki ]
LT
Beamz4
B
] bt
e
m P B
Fig4.4: Rib(7) in first floor.
Loading
Wu,t
[Dead - Service Units:kN,meter
5.58 5.58
| 344 393 [ 364

Live load - Service

Load factors: 1.20,1.2001.60.0.00

S S Y U ' ) T 7 S

344 L83

Fig 4.5: Dead and Liveload in the Rib(7) .
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i 12 40 5 1e 41 2 2l
Fig 4.6: Geometry of Rib(7) and it’s dimension.
Riactions
Factored
L i i | i i i i i i
| T | T L] | ¥ ¥ |
DeadR 892 27.06 822 a.51
LiveR 261 1.9 7.5 a7
Max i 11.54 .36 3572 12.24
Min R 8.53 30.11 3136 8.15
Service
DeadR  7.44 2255 2152 7.93
LiveR 1.63 4.56 4.69 1.7
Max R 907 N 2832 863
Min R 7.19 24.46 25.48 77
Fig 4.7 : Reactions of Rib(7) (live and dead).
Mement/Shear Envelope (Factored) Units: kN mater
~ Momenis: spans 1io 3
A1.5 125
51 5.5 LN?
e
L i L ; _./f .1'1 I : L\ i §
h.\-l b. Inl-.rgl \\—_—// r |n '."1' T
3 ' T
55 o=
o 9
| 138 2.06 | 1.97 ; 1.97 | 218 . 145 |
I T T T T T ]
Shear
ATT a7
12 _ A4 112
}4
: t : 1 : :
6.7
1.5 | 108 1.
16.6 186

Fig 4.8 : Moment and Shear diagram of Rib(7) .



Calculation of the total dead load for one way rib slab is shown in the following

table:
g Material
1 | Tile
2 | Mortar
3 | Sand
4 | Topping
5 | Rib
6 | Block
7 | Plaster

8 Partitions

Quality
Density Calculation
KN/m3
23 0.52x0.03x23 =0.359
22 0.52x0.03x22 =0..343
17 0.52x0.07x17 = 0.619
25 0.52x0.08x25 = 1.04
25 0.24%0.12x25 = 0.72
10 0.4x0.24x10 = 0.96
22 0.52x0.02x22 =0.343
23 2.3x0.52 =1.196

2= 5.58

KN/m/rib

Table (4 - 3) Calculation of the total dead load for oneway rib dab.

Geometry Units - meter,cm
1 2 k1 4
1 2 3
e A s A s L R
06 274 D 313 , 08 284 0.8
B 3.44 B 3.93 ) ' 364

3z

A=A

Fig(4 - 9) Geometry for oneway rib sab.




L =2*0.52=1.04 KN/m

Wu =1.2*D+1.6*L =1.2¥5.58+1.6*1.04 = 8.36 KN/m.

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

For T- section is the smallest of the following:-
=L (smallest span) / 4 = 3.44/ 4 = 86 cmbe
be=12+16t=12+16(8) =140cm

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

For T-section = 52cm .
Design of Rib (7):-

v' Moment Design for (R 7):-
Design of Positive Moment:-

4.5.1 Design of Positive Moment :-(Mu=8KN.m)

Assume bar diameter g 12 for main positive reinforcement

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

Check if a>hf to determine whether the section will act as rectangular or T- section.
Mnf =0.85. f,. b. hy. (d — =)

0.08

=0.85% 24 %052 x0.08x 0.284 =y X 10% = 207.06 KN.m

My g8

Mnf>TP == 8.88 KN.m , the section will be designed as rectangular section

with be =520 mm.

M gx100
Rn=—L = - =0.212 Mpa
phdZ 0.9x520=2842 p
f 420
=—t-=——_=206
0.856  0.85x24 '
1 ZmR 1 Zx20.6%0.212
p=— 1= 1-——' =— 1= 1—=—"——""" =0.000507
i 420 20.6 420

10



As,req = p.b.d = 0.000507 x520%x284 = 74.87 mm2
Check for As min:-

I )
Asmin= 4(fy) ACI-318 (10.5.1)

a4 (120)(284) = 99.38mn?’

A S min= 4(420)

14
— (bw)(d
s mine (fy) )

- 2% 120)(284) = 113.6mm?

Asreg= 74.87 mm2 <Asmin=113.6 mm2

Use2 @10, As,provided = 2*78.5 = 157 mm2 >Asrequired= 113.6 mm2 Ok

__ 120-40-320—(2x10) _

S= ; =40mm >d, =10 =25 mm ok
Check for strain:-
A T
-y 15?:-:.42:1 — 6.22 mm
l'.l.F!Fuhl:.: DBEx520=24
X=— = 622 _ 7.32mm
1 085
d—x 284 —7.32
€. =0.003 =0.003 ———— =10.113 = 0.005 0k
X 7.32

4.5.2 Design of Positive Moment :- (Mu= 5.5 KN.m)
d =h- cover - dstirrups—2 =320 — 20 — 10 — 2 = 284 mm

My _ GEx10°

Rn= Ghd? T noxszOxza4d 0.146 Mpa
f 420
=2 =—"_=206
085l 0.85x24
1 zmR 1 220,60, L6
p=— 1= 1—— =— 1= 1—=—""" =0.00035
m 420 20.6 420

As,req = p.b.d = 0.00035x520x284 = 51.69 mm2

11



Check for Asmin

_ m(bW)(d)
A s min=4(fy) ACI-318 (10.5.1)

J24

S (120)(284) = 99.38mm?
A s min= 4(420)

14
— (bw)(d
s mine (fy) o)

22 (120)(284) = 113.6mm”
A'S min= 420 controls

Asre g= 51.69 mm2 <Asmin=113.6 mm2

Use2 @10, As,provided = 2*78.5=157 mm2 >As,required = 113.6 mm2

_ 120-40-20-(2x10)

S= ; =40mm >di =10 = 25 mmOK
Check for strain:-
A T
L 15?:-:.42:1 — 6.22 mm
l'.l.F!FnhI:._- DBEx520=24

x=-2 =222 —732mm

1 D.BS

d—x 284 —7.32
€. =0.003 —— =0.003 ————— =10.113 = 0.005
X 7.32

4.5.3 Design of Positive Moment :- (Mu=9KN.m)

Assume bar diameter g 12 for main positive reinforcement

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

] 9x108
Rn=—- = - =0.24 Mpa
ohd?  DOxE20x2R4Z p
i 420
=t =—"—_=206
0.856  0.85x24 '
1 2mR 1 22 20.6x0.24
p==— 1= 1=-—""7"1 =— 1= 1="—=— =0.000575
m 420 20.6 420

As,req = p.b.d = 0.000575%520%x284 = 84.92 mm2

12

Ok

Ok



Check for As min:-

I )
A s min=4(fy) ACI-318 (10.5.1)

/24

N (120)(284) = 99.38mn?
A S min= 4(420)

1.4
— (bw)(d
s mine (fy)

14 120)(284) =113.6mm?

Asreq=284.92mm2 < Asmin=113.6 mm2

Use2 @10, As provided = 2*78.5 =157 mm 2 > Asrequired = 113.6 mm2

__ 120-40-320—(2x10) _

S= ; =40mm >di =10 = 25 mmOK
Check for strain:-

A 1

L 15?:-:.42:1 — 6.22 mm

0.85bl;  OBSH520x24

x=-2 =222 —732mm
1 D85
d—x 284 —7.32
€. =0.003 —— =0.003 ————— =0.113 = 0.005 Ok
X 7.32

Design of Negative Moment:-

4.5.4 Design of Negative Moment :- (Mu=-5.5 KN.m)

Assume bar diameter g 12 for main positive reinforcement

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

My _ EEx10f
Rn= ghdZ T 0oxizowza4Z 0.631 Mpa
i 420
m=—2t-= = 20.6
nesl, | 0.85%24
= I _ZmRy _ 1 .  ZX20.6%0631  _
P= 0 1 1 420 20.6 1 1 420 0.00153

As,req = p.b.d = 0.00153 x120x284 =52.14 mm2

13
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Check for As min:-

T ()
As min= 4(1y) ACI-318 (10.5.1)

a4 (120)(284) = 99.38m?

A S min= 4(420)

14
— (bw)(d
s mine (fy) o)

14 100)(284) = 113.6mm’
A'S min= 420 controls

Asreg=52.14 mm2 < Asmin=113.6 mm2

Use2 @12, Asprovided=2*¥113.1 = 226.2 mm2 > Asrequired= 113.6 mm2

_ 120-40-20-(2x12)

S= ; =36 mm >d, =12 = 25 mmOK
Check for strain:-
A 3 -
_ sty _ hzﬁ.zr:.-:r;zn — 388 mm
l'.I.F!.'-'nhl:l_- DBGx120=24
x= = =388 45.65 mm
1 D.BS
d—x 284 — 45.65
€. =0.003 —— =0.003 ————— =0.0156 = 0.0050k
X 54.65

4.5.5 Design of Negative Moment :- (Mu=-6.3KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dtirrups—2 =320 — 20 — 10 — 2 = 284 mm

My _ &63x105

Rn= - = —=0.72 Mpa
phdZ 0921 20=2842 p
i 420
=—t-=——_=206
0856 0.B5%24
1 ZmR 1 Zx20.6x0.72
p=— 1= 1=-"0 =— 1= 1-"S00 =0.0017
m 420 20.6 420

As,req = p.b.d =0.0017 x120%x284 = 57.94 mm2

14

Ok



Check for As min:-

fct

_ (bw)(d)
As min= 4(1y) ACI-318 (10.5.1)

o4 (120)(284) = 99.38m?

A S min= 4(420)

14
— (bw)(d
s mine (fy) o)

14 100)(284) = 113.6mm’
A'S min= 420 controls

Asreq=57.94 mm2 > Asmin= 113.6 mm2 OK

Use 2 12 ,Asprovided= 226.2 mm2 > Asrequired = 113.6 mm2 Ok
S= Y = 36 mm > dy, = 12 > 25 mmOK
Check for strain:-
_ As.r:,.’ = :12&.2:#42“ —38.8 mm

l].F!Fuhl:._ ST 2024

x=-+ =22 — 4565 mm
1 D85
d—x 284 —45.65
e, =0.003 —— =0.003 ————— =0.0.0156 = 0.005
X 45.65

15
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v" Shear Design for (R 7):-

Vu at distance d from support= 13 KN (for Span3)

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

Ve==/I(b,,d = =24 x 120 X 284 x 10~% = 30.61 KN
@V ¢ =0.75x30.61 =22.96 KN

0.5 8V c =0.5%22.96 =11.48 KN

0.58Vc<Vu<gVc

11.48<13<22.69 ok

Min shear reinforcements is required except for concrete joist construction
So, No shear reinforcementsiis provided.

4.6 Design Beam (24) at the Basement Floor Slab :
Material :-

concrete  B300 Fc' = 24 N/mm2
Reinforcement Steel Fy = 420 N/mm?2

By using ATIR program we get the envel ope moment and shear force diagram

asthefollows:-
Geometry Uinits: rter om
1 2 3 4
1 2 3
A A A
0.25 3.81 0.5 2.33 0.5 412 0.25
= e N 143 e T a5 A
T 1
!
32;
|
BO.
A=A

Fig. (4-10) : Beam geometry.

16




Load of beam :-

Load of this beam come from reaction of Rib 7,8,9,10,11& Rib12 asfollowing :

Loading
~Toad groupne. 1
Dead load - Service Units: kN, meter
§0.1 B0 4&.1 436 ‘H‘ 400 45.2
[ ] '] i ] ' [ 7 3
P a3 134 " g ds 273 0 g
1 L] ] I T L]
Live load - Service Load factors: 1.20,1.20/1.60,0.00

Fig. (4-11) : Load of the beam.
» Self-weight of beam = (0.32¥0.8) *25 = 6.4 KN/m

Moment/Shear Envelope (Faclored) Umits kM, mater

T Moments: spans 1f0 1

=k
H
o

Figure (4-12) :Moment & Shear Diagram in beam.

17



v" Load Calculations:-

Dead Load Calculations for Beam(B 24 ):-

The distributed Dead and Live loads acting upon B24 can be defined from the support
reactions

R7,R8,R9,R10,R11,R12.

From Rib7
The maximum support reaction from Dead Loads for R7 upon B24 is23.52Kn.

self-weight = 0.8¥0.32* 25= 6.4 KN
DL =23.52/ 0.52= 45.23+6.4 = 51.63 KN/m

From Rib8
The maximum support reaction from Dead Loads for R8 upon B24 is20.81Kn.

self-weight = 0.8*0.32* 25= 6.4 KN
DL =20.81/ 0.52= 40.02+6.4 = 46.42 KN/m

From Rib9
The maximum support reaction from Dead Loads for R9 upon B24 1s22.68 KN.

self-weight = 0.8¥0.32*25= 6.4 KN
DL =22.68/0.52= 43.62 + 6.4 = 50.02 KN/m

From Rib10
The maximum support reaction from Dead Loads for R10 upon B24 is 22.67KN.

self weight = 0.8¥0.32* 25= 6.4 KN
DL =22.67/ 0.52= 43.60 + 6.4 = 50 KN/m

From Rib11
The maximum support reaction from Dead Loads for R11 upon B24 is24.22 Kn.

self-weight = 0.8¥0.32* 25= 6.4 KN
DL =24.22/ 0.52= 46.58 +6.4 = 52.98 KN/m

From Rib12
The maximum support reaction from Dead L oads for R12 upon B24 is26.09Kn.

18



self-weight = 0.8¥0.32* 25= 6.4 KN
DL =26.09/ 0.52= 50.17+6.4 = 56.57 KN/m.

Live Load calculations for Beam (B 24):-

From Rib7
The maximum support reaction from Live Loads for R7 upon B24is4.69KN The
distributed Live Load from the Rib 7 on B24.

LL =4.69/ 0.52= 9.02 KN/m.

From Rib8
The maximum support reaction from Live Loads for R8 upon B24 is4.54KN The
distributed Live Load from the Rib 8 on B24.

LL =4.54/ 0.52= 8.37KN/m.

From Rib9
The maximum support reaction from Live Loads for R9 upon B24 is4.55KN The
distributed Live Load from the Rib 9 on B24.

LL =4.55/ 0.52= 8.75KN/m.

From Rib10
The maximum support reaction from Live Loads for R10 upon B24 is4.55KN The
distributed Live Load from the Rib 10 on B 24.

LL =4.55/0.52= 8.75KN/m.

From Rib11
The maximum support reaction from Live Loads for R11 upon B24 is4.95KN The
distributed Live Load from the Rib 11 on B 24.

LL =4.95/ 0.52= 9.52 KN/m.

From Rib12
The maximum support reaction from Live Loads for R12 upon B24 is5.16KN The
distributed Live Load from the Rib 12 on B 24.

LL =5.16/ 0.52= 9.92KN/m.

19



v Moment Design for (B 24):-

Design of Positive Moment

4.6.1 Flexural Design of Positive Moment :- ( Mu=136.1 KN.m)

Determine of Mn,max
Use 18 mm

d =320-40-10- 18\2 = 261 mm

3
X ==
7

«d =§* 261 = 111.86 mm
a= .x=111.86+*0.85 =95.1 mm

Mn max= 0.85x f. xa*pb(d- % ) = 0.85*24*95.1* 800* (261-95.1/2 ) *10-6= 331.28
KN.m

@Mnmax = 0.82* 331.28 = 271.65 KN.m> 136.1 KN.m .

Design as singly reinforcement

R = Mo _ 136.1 % 10° =277 M
M= 0bdZ T 09 %800 x 2612 =7/ PA
m=—_=_*% _ 9056
l'.l.F!EI,: N.B5x24
=1 = _2ZmRy _ 1 . _ ZM20.6X277
=t 1 1 420 206 1 1 420 = 0.007

As = p.b.d =0.007x800%261 = 1461.6 mm2

Check for As min:-

VI ) e

Asmin = 4(fy)

* 800* 261
0 = 608.87 mm2

14

bw)(d) 14 «goox
Asmin = (fY)( w)( ): 420 800* 261

=696 mm2  Controls
Use 6218 Bottom , As provided = 1527 mm2 > Asrequired = 1461.6 mm2 Ok

Check spacing :-

_ B00=40+Z=20=(6=x18)
— = =

S 118.32 mm > d, =18 =25 mm OK

20



Check for strain:-

Acly _ 1527=420

= - = = 39.3 mm
I.'.I.F!El'll,: DBS=800=<24
x=2 =222 — 4624 mm
H; .85
d—x 261 — 46.24
. =0.003 —— =0.003 —————— =0.0139 > 0.005 ok
X 46.24

4.6.2 Flexural Design of Positive Moment :-(Mu=128.5 KN.m)

My _ 1285x10°

Rn= OhdZ  DOXBOUXZEE 2.62 Mpa.
m=—2_=_*0 _996

I.'.I.F!EI,: N.B5x24

_ 1 . . 2mBy _ 1 . . ZH20.6X26Z  _
P= 5 1 1 420 206 1 1 420 =0.0067
As = p.b.d =0.0067x800%x261 = 1398.96 mm2.
Check for As,min:-
fc¢
Yoo Y2 o006

Asmin = 4(Y) = 4*420 =608.87 mm2

14

bw)(d) 14 «ggo
Aamine (fy)( w)(d) w0 800* 261

=696 mm?2 Controls

Use 6218 Bottom , As provided = 1527 mm2 > Asrequired = 1398.96 mm2

Check spacing :-

__ B00=40xZ=20=(6+18)
— = =

S

118.32mm >d, =18 =25 OK

Check for strain:-

_ Asly  _ 1527x420

= - = 39.3 mm
l'.l.F!Fnhl:,: D85 B000= 24

d-—x 261 —46.24

e, = 0.003 — = 0.003 624 0.0139 = 0.005

21
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4.6.3 Flexural Design of Negative Moment :-(Mu=-101.3 KN.m)

oo My 1013x%10°
M= ObdZ T 09%x800 %2612 ° pa
=_% - _#0 _,5¢
l'.lF!"_ll,,_ NE5x24
p== 1— 1-Z2h L g BEOEIE _ 00519

As = p.b.d = 0.00519 x800x261 = 1083.67 mm?2

Check for As,min:-

— (b )(d ) Vo4 *800* 261
Asmin= X fy) 4* 420 = 608.87 mm2

—( w)(d) 2% «go0* 261
Asmin= () = 420 =696 mm2 Controls

Use 5218, Asprovided =1272.5 mm2 > Asrequired = 1083.67 mm2

Check spacing :-

BO0=40%2=20=({5*18)

S= z = 1525 mm >dy, =18 = 25 OK
Check for strain:-
_ sy 127254420
- = = 32.75 mm
0.85bf;  0.B5xB00x24
x=— =27 — 3853 mm
By 085
d—x 261-38.53

e, = 0.003 < = 0.003 =0.0173 = 0.005 Ok

38.53

4.6.4 Flexural Design of Negative Moment :-(Mu=-96.1 KN.m)

Rn = M, _ 96.1x10° = 106 M
" T PbdZ T 09x800%x2612 o PA
— N 420
T oast, | oesxz4 20.6
_1 4 _ g_zmRy _ 1 . _ . _ ZX206x196 _
P= 1 1 420 206 1 1 @y 0.0049

22
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As = p.b.d = 0.0049x800%261 = 1023.12 mm2

Check for As min:-

fc¢
V) Y22 goon o1
Asmin= 4( fy) = 4*420

= 608.87 mm2

1.4
=2 (ow)(d) 1% «goo* 261
= 420

Asmin= (fy) =696 mm2 Controls

Use 5¢18,As provided = 1272.5 mm2 > Asrequired= 1023.12 mm2 Ok

Check spacing :-
S= A = 1525 mm >d, =18 >25  OK
Check for strain:-
_ Msly 12725420 _
= - = = 32.75 mm
l].F!EhI:,_- DE5=800=24
x=— =22 = 3853 mm
By 085
d—x 261 —38.53
€, =0.003 —— =0.003 ————— =10.0173 = 0.005 0k
X 38.53

v" Shear Design for (B 24):-

V, max = 168.4 KN
Case 3: -

for shear design, minimum shear reinforcement is required (A, i), Reinforcement.
Use stirrups (2 leg stirrups) @ 10/ 150 mm, Av = 2 x78.54 = 157.08 mm2.
Vu=168.4 KN

Ve=-Vic'b, d == -V24+800 261 x 10~% = 49.2KN
® Ve=0.75%49.2 =36.9 KN

1 1
@ Vsmin> 0.75 (3) * bw* d=0.75* (3)*800*261*10-3 = 52.2 KN

23



Jte {24
® Vsmin >0.75( 16 )* bw* d=0.75*( 16 )* 800 * 261*10-3 =47.9 KN @
Vsmin=47.9 Controls

D Ve<Vu<d Ve + d Vsmin
36.9<168.4<844...... not satisfied
Cases 1&2& 3 is not suitable

1. Cese4: -
vy = ~Vic'b,, d =-v24 + 800 « 261 =340.97 KN

Q)(VL' + V:-c,rn]n] < Vi E ¢EV|_' + V:-c")
84.4KN <168.4KN <292.6KN
shear reinforcement is required

As=157.08 mm?2

168.4
.75

Vs=Vn-Vc= —-49.2=175.3KN

g Ayfyed  157.08 x 420 * 261

Vs 175.3 * 1000 =98.23mm  control

261
2

=

N o

St = 130.5 mm or Smax = 600 mm

Use2leg @ 10 @95mm.
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4.7 Design of stair.

20.3Knim

1.5m 2.Tm 2m

Figure (4-13): Stair Plan and structural system.

(4.7.1) Determination of Slab Thickness:
L =6.2mm.

hreq = 6.2/ 20 = 30

P Useh =30cm.
0 = tan(175/ 300) = 30.3

(4.7.2) Load Calculations at section :

- Load on Flight:

Dead Load for 1m strip:

; Quality Density :
Material W KN/m
KN/ m? /
0.15 + 0.35
Tiles 27 27 % {__) X 0.03 % 1 = 1.35
0.3
0.15 + 0.3
mortar 22 22 ) x 002 x 1= 066
0.3
25 0.15x 0.3
Stair st 25 —_— ] = 1.87°
air steps ‘mx( 3 ®x1=1.875
Reinforced Concrate 75 25x025x%1
solid slab g P T T
2ZZx0.03x1
Plaster 22 — = ), T30
cos 26.56°
Total Dead Load, KN/ m 11.61

Table (4 - 4) Calculation of the total dead for flight .




L oad on landing:

Dead Load:
Material Quality Density y-h-1
KN/ m? KN/m

Tiles 22 22x0.03x1=0.66
mortar 22 22x002x1=044
Reinforced Concrete solid slab 25 2503 x1= 7.5
Sand 16 16°0.07"1=1.12
Plaster 22 22x0.02 x1= 0.44
Total Dead Load 10.19

Table (4 - 5) Calculation of the total dead for landing .

Liveload:
Live load for stairs =4 KN/ m?, from Jordan code of loads .
Factor Loads:
W=1.2*11.61+1.6*4*1= 20.3 KN/ m.
Au= 20.3*(3/2)=30.495 Kn/m
Vu=Au Co0s30.3 = 26.33 Kn
W=1.2¥*10.19+1.6*3* 1= 18.63KN/ m.

Moments:  spans 180 1

[ 31m 35.07 3.1m |

22.2

L*/’

35 '25«33

Figure (4-14) :Moment & Shear Diagram in stairs.
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(4.7.3) Design of Shear:
Assume J 14 for main reinforcement: -
d =300-20 -14\2 =273 mm

Take max shear as the support reaction
Vu=26.33KN

fJf. *b,*d
fye=-Yc v -

* * *
Ve = 0.75* v/24*1000* 273 —167 17KN /m

6

Vu = 26.33 KN<f Vc /2 = 83.59 KN.

No shear Reinforcement is required. So the depth of the stair is OK.

(4.7.4) Design of Bending M oment:
Max Mu =30.495* 1.9-20.33*1.5* 0.75 =35.07KN.m.

Mn= m—%—%WKN m/ m

0.9
Assume & 14 for main reinforcement: -
d = 300-20 -14\2 =273 mm

_ Mn
" bxd?

_3897* 10°

=2~ =0.523MPa .
1000* 273

- Ty
0.85" fc'

420

=7 =206
0.85" 24

o 5 —
o1 |2k, 9 2*20.6* 05230

mg s 206 20 5

=0.00126

AS,,= 0.00126* 1000* 273= 335 mm*/m
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As_. =0.0018* b* h =0.0018* 1000* 300= 549t
AS,o, = 335mm< As,;, = 549 mm?

Use®14@25cm.
Step smallest of :

1. 3h = 3*300 = 900 mm
2.450 mm

3.S=380*2 _ 2.5Cc = 380* s _ 2520 =330 mm Control

=
i Fxa20

S= 380*%= 380 mm

S =250 mm <Smax = 330 mm
Shrinkage and temperature reinforcement

As = 0.0018*300* 1000 = 540 mm?

_ 540 _ g5

T 1131

S=-=—=0212m

Take5® 12 /m , As = 565,5 mm“/m
Step for shrinkage :

1. S=5h=5*200 = 1000 mm
2.5=450mm Control

S=200mm<S=450mm , ok
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(4.7.5) Design of landing:

qu=1.2*10.19+1.6*4=18.6Kn

30.495 KN'm 30.495 KN'm

= = . =

18.6 KN/m

L
A

28m

P4
4

(4.7.6) Design of Shear:

Reaction at each support

R = (18.6+30.495) *(2.8/2)= 68.6 KN

Au = 18.6+30.495* (3/2)=68.6K n

Vu = 68.6-(18.6+30.495)*0.374 = 50.27 Kn.m
Check for shear strength

Assume @ 12 for main reinforcement

d =200-20-12/2 = 174 mm

Tack max shear as the support reaction

Vu=50.27 KN

_ 0.75*4J24*1000* 174
6

fVc =106.6KN /m

Vumax =50.27 KN<f Vc /2 =53.3KN.

(4.7.7) Design of Bending Moment:

_ ZE<ZE

Mu =48.02KN.m/m

Mn=Mu/ 0.9 =48.02/ 0.9 = 53.36KN.m.
d=174mm.
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Mn

" bxd?
* 6
L= 233719 17mpa
1000* 174
mo=_ ¥
0.85" fc'
m =—29 __26
085" 24
& 0 > * *
r :l(}l_ 1- 2mM,, *= 1 - \/1_ 2*20.6*1.17
m§ fy 5 20.6§ 420

AS,,= 0.00287* 1000* 174 = 499.38mm’
As,,, =0.0018* b* h = 0.0018* 1000* 200 = 360mm’
AS,,, = 360mm?” < AS, = 499.38 mm’

Use d 12

_As 49938
T As®m1Z | 1131

=44

S=l!=i=0.22m

[ G4
Use @ 12@ 25cm
AS provided = 452.16 mm? > As = 499.38 mm®
Step smallest of :
1. 3h = 3*200 = 600 mm
2.450 mm

280 280

3.S= 380*F — 2.5Cc = 380*

—2.5*20=330 mm

.1;*-12“

S= 380*% =380 mm

S =250 mm <Smax = 330 mm

Shrinkage and temperature reinforcement
As=0.0018*200* 1000 = 360 mm?2
n=450/113.1 = 3.98
S=1n=1/398=0.251m

30
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0.00287
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Take 4 ® 12 /m , As =452.4 mm2/m
Step for shrinkage::

1. S=5h=5*200=1000 mm
2.S=450mm Control
S=300mm<S=450 mm , ok

D erip /DPemle 2 30m

Figure (4-15): structural detailing of stair.
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4.8 Design of Basement Wall:
Fc¢’ =24 Mpa

Fy =420 Mpa

¢ =35° y=19KN/m?

Ko=1-=sin®
=1-—sin35 =0.426

4.8.1 L oad on basement wall:
For 1m length of wall:
* Weight of backfill:
Due to soil pressure at rest , p. = C.*W*h=0.426* 19* 3=24.28 KN/m?
And H.=p. * h/2=24.28 * 3/2=36.42 KN/m?.
Due to surcharge Ps=C.* W=0.426*5=2.13 KN/m?
And He=pp, * h=2.13 *3=6.39 KN/m?.

H.: isdueto arectangular loading , where asHs is due to uniform loading .

MegmeanliShear Envelape [(Faciorsd Lirss WM meter

T EiGmanis: _ epans Tio 1

1 1.5 £5 3 1.5

—s

%8

Figure (4-16): Moment and Shear Diagram in Basement .
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Factored reactions:

— &g P N
E
5]
o — i = =
= g o0 [rny
é bz l \ ::;?& §
e f:?. 3
L)% | § = 8, _
5 |
- £ { s ¢ ¢ lg

RA=1.6( (6.93/2)+(2* 36.42/3))=32 KN
RB=1.6( (6.93/2)+( 36.42/3))=17.7 KN

Max positive bending moment within the span accurse at the section of zero shear .
Vu=17.7-1.6(2.13* X)-1.6*0.5* 24.28* X* X /4 =0

4,85X% +3.41X -17.7=0

_ [=341+V3415 4 448541 7.7
X = || 244,85
X =273,X=28

4.8.2 Design of bending moment:

Mu =17.7%0.27 + 6.93* 1.23+1.39* 36.42-32*0.27 = 55.3 KN.m.
Wall thicknessis 25 cm, assuming @18 for bar diameter

d =165 mm

Take @ = 0.9 for flexure

For Mu =55.3 KN/m

55.3*10°

n = 0.9*1000* 1652 = 2.25MPpa.
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085" fc

& 0
A L 1
mg f, 2059§

AS,,= 0.0057* 1000* 165 = 941 mm?*/m

nzs f,

Asmin = .bw.d =550 mm?m

Asmin = }—: bw.d = 481.5mm?m

Asreq> Asmin , ok

oo Aseq _ 041
As20mm  254.47

S=0.251

Try 18 @ 25 em or 4918 /m.
Check if thickness is equate enough
Assumeinitial thickness = 25cm
Vu=75.9KN

@ = 0.75 reduction factor of shear

f{f. *b,*d
fVe=———-——

Assume reinforcement bars are 20
20
d=200—~75—~7=115mm

_ 0.75V24*1000* 115

fVc =70.422 KN

Vu <fVc , Thicknessis not enough
Try 25 cm thickness

20
d=250—~75—~7=166mm

_ 0.75V24*1000* 166
6

fVc = 101.04 KN

34
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2
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fVc>Vu, ok
fVc/2=50.52KN

4.8.3 Design of the horizontal reinfor cement:

Longitudinal reinforcement : use a minimum steel ration of 0.002 (ACI code, section
14.3) or use P12 bars spaced at 25 cm for each side of the wall.

Asmin = 0.002 *b xh = 0.002 = 1000 * 250 = 500mm*/m
Selectp12@250mm/m in two layer.

mesh SIS 0um - ,  ribbed slab 35cm
_thickness

. Y S [ N
e F . < %]

= o
I

218 (@ 250mm

n
P
-

012@3%0mm |

L)
L]

P18 @ 250mm

"!_ 012 @ 250mm

2 | 012 @ 250mm
~ 100

Figure (4-17):Reinforcement for Basement Wall.
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4.9 Design of isolated footing :

Service dead load = 1592.55 KN
Service live load = 501.08 KN
Service surcharge =5 KN
Permissible (allowable) soilpressure = 300 KN/m?
Soildensity= 19 KN/
Assume h of footing =40 cm

Oanet = 300 — 1.2¥19 — 0.4* 25— 5 = 262.2 KN/m?

Pn_ _ 159255450108 _ o 2
ganet 262.2 -

3

A=L%2 L=v/4A=v8=28m
TakeL =2.8m

Depth of footing and shear:
Pn =2093.63 KN

Ou = 2093.55/2.8* 2.8 = 261.7 KN/m?

Oneway shear :

Critical section for
one-way shear ——

0.35 m

0.55 m 2.8

Tributary area for
one-shear T

NN

d
f—

Vu at distance d from face of support
Vu=qu*b(L/2 -a/2 -d)=261.7*2.8(2.8/2 -0.8/2 - d)
Let Vu=0@Vc (@ = 0.75)
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1 1
=g@bwd =€\/ﬂ*4200*d

(261.7*2.8)/(0.75)* (2.8/2 -0.8\2 —d) =3704.05*d
732.76 (1.4 — 0.4 - d)= 3704.05*d

(1025.9 — 293.1 -732.76 d)= 3704.05*d
d=732.8/4436.81 =0.165m

Assume cover 75 mm, and steel bars of 20

The d average will be used

h =165+ 75+ 20 =260 mm

two way shear:

7=

Critical
E: shear

par imeter

-l—!_’—-‘
Tributary
area for - 2 m
shear /

Let Vu=gVc (9 = 0.75)

Vu = 261.7 (2.8*2.8 —(0.5+d)* (0.8+d)
= 261.7(8 — (0.665 * 0.965))

Vu = 1925.66 KN

B =550/350 = 1.57

bo = 2(0.8+0.165) + 2( 0.5+ 0.165) = 1.39 + 1.33=3.26 m

os =40 - interior column

Ve=1/6(1+2/p) 1/6( 1+ 2/1.57 )

Ve =1/12 (as+ g/ bo) 1/12 (40* 0.165/ 3.26 +2) =0.169

Ve=13fc* bo*d (1/3)* V24 *3.26*0.165= 0.87 - control
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Take Ve=13,/fc* by* d
Ve =1/3*/28 * 3260 *165*10 " =948.7 KN
@Vc =711.5<Vu=192566 KN NOT OK
Take h =550 mm
d = 550 — 75 -20 =455mm
bo = 2(0.8+0.455 + 2( 0.5+ 0.455) = 2.51 + 1.91 = 4.42 m

os =40 - interior column

Ve=1/6 (1 +2/p) 1/6( 1+ 2/4.42 ) = 0.24
Ve =1/12 (as+ g/ bo ) 1/12 (40 * 0.455/ 4.42 +2)=0.51
Ve=1/34/fc*bp*d 1/3=0.3333 - control

Take Vc=1/34/fc* bp* d
Ve =1/3*/28 * 4.42* 45510 ™% = 3547.3KN
oVe =2669.5KN >Vu=6689.27KN OK

Design for flexurein short direction:

Juswow Joj
eaJe Aeyngul

PR

juswow 1)

uoioes (EMNED

125m

Take stedl bars of @20
d =550-75-20 =455 mm
Mu=2622* 28*1.125*1.125/2 =464.6 KN. M

M, 464.6x10°
T 0bdZ T 0.9 x 2800 x 4552

Rn = 0.89 Mpa
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m=—2 =% _ 1764

T osss]  085x28

2m.Ry

p=t( 1= J1=220) = L1 1

4210

2X17.64%.89 ] — 00024
420
As= p.b.d = 0.0024x2800x455 = 6720 mm?

As_. =0.0018* b* h = 0.0018* 2800* 1000 = 5040 mm?
As,;, = 5040 mm?’ < ASe,= 6720 mm’

Use 25 @ 20 with Ag = 7853.98 mm?

S=2800- 75*2-25*20 /24 = 90 mm

Step isthe smallest of :

1. 3h =3*550 = 1650 mm

2. 450 mm - control

S =90mm <Smax = 450 mm ok

Design for flexurein long direction:

Critical section I//
S

for moment

Tributary area
for moment

AN

_— -

1.225m
Take steel bars of @20

d =550-75-20 = 445 mm
Mu=262.2* 2.8 *1.225*1.225/2 = 550.9KN. M

. M, 550.9 x 10° 105 M
n = = = . ﬂ
0bdZ 0.9 X 4200 X 4552 P
m=—22 = %20 _ 1764
.85 _ﬁ_ NE5=28
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1 ; ZmR 1 i 217640974
p=;[]"'_|“."' 42:]“]:17.ﬁ4[ --l[l"- 420 ]:00025
As= p.b.d = 0.0025x2800x455 = 3185 mm?

As,. =0.0018* b* h = 0.0018* 2800* 1000 = 5040 mm®
- 2 - 2
As,;, = 5040 mm*”> A5, = 3185 mm
Use 19 @ 20with A= 5966 mm?> As . =5040 mm?
S=2800- 75*2-19*20/18 = 126.1 mm
AS provided = 5966 mm?® > As = 5040 mm?
Step isthe smallest of :
1. 3h = 3*550 = 1650 mm
2. 450 mm - control
S=126.1mm <Smax = 450 mm ok
P
19pa0 \
25430
JHN 1
28 m o
19420 ‘%
2.8 ‘\"\ = = i [ -
4 E “‘:«\
T 25420
2B

Figure (4-18): Detailing of footing
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4.10 Design of two way ribbed slab
LL =2 KN/m? Fc' = 24 N/mm?®Fy = 420 N/mm?

* Tiles, 3 cm .

e Mortar,3 cm .

e Sand,7 cm .

* Plaster 3cm, .

« Partitions, 2 KN/m? .

1. Minimum thickness (deflection requirements): Assume the thickness for the
shown ribbed slab ,h = 32 cm.

TS FEE. B
10.3 . il
s
] N - . R _'.....:_....... a2l L .} .
10.3

Figure (4-19) : the statically system of two way ribbed slab

Check for the minimum thickness of the slab:

hh3 Hilx323

| g1=— = ———=163840 cm’
] e
lg=" = 25 = 218453 o’

The moment of inertiafor the ribbed dab isthe sum of moment of inertia of T-section
ribs within adistance (L/2 + bw )

be = 52 cm
_52*8*4+12*32*16_1055
Yo T T840 +12+32 O
_ G2+10.55%  2+20+255% | 12+21+458%
Irie = 2 - 3 * 3 -

=59609 cm*
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For60cm:

{I 1%
| = &""EL =59609 = (10.3/2 +60)/52 = 659138 cm*

for 80 cm:

L
| o =22 = 59609 « (10.3/2 +80)/52 = 682065 om’

Iy 16384
Of1 =03 =Olfg = — = =0.25
f1 =3 =4 Ist 659138
] 218453
Opp =2 = =0.32
I 62065

Ofm=04f1 + oot ozt asal4
=1.07/4=0.267
2>0.938>0.2

Iy
Lni0.8+ 1
h=——""3Mui_ =125
Fa+57 (afm=0.2)

B_ imlong _ 103
10.3

1

- inshort

420

10300(0.8 +——)

1400
=5l =
36 1570067 31.18cm < 32cm ok

take dab thickness h slab = 32 cm

Topping=8cm

Hollow block = 24 cm

Load calculation:
. uality Densit

Material Q K IQII /m3 y
Tiles 23 0.03*0.52*0.52* 23 =0.1866
mortar 22 0.03*0.52*0.52*22 =0.1785
Sand 17 0.07*0.52*0.52*17 =0.3218
Reinforced Concrete 25 0.08*0.52*0.52* 25 =0.541
Topping
Reinforced Concrete Rib 25 0.12*0.24*0.92* 25 =0.662
Concrete Block 10 0.4%0.4*0.24* 10 =0.384
Plaster 1 KN/m2 22 0.03*0.52*0.52*22 =0.178
Partitions 2*052* 052:0.54
Total Dead Load, 3KN

Table (4-6) Dead Load calculations of two way Ribbed Slab




Dead Load of dlab:

DL = 3/0.52*0.52 = 11K N/m?

Wp = 1.2*11 = 13.2 KN/m?
Live Load of dlah:

LL =2 KN/m?
W, = 1.6*2=3.2 KN/m?
W, = W+ Wp = 13.243.2 = 16.4 KN/m?

Moment calculation:

.73

Map dl =0.036*16.4* 10.32*0.52=32.6

Map 1=32.6

Mt=32.6 +32.6 = 65.2

Design of Negative Moment(Mu=21.73KN.m):
Assume bar diameter @14 For main reinforcment

d = h— C — dgiryps — doa/2 = 320 — 20 — 8 — 14/2 = 285 mm

My 2173x10%
Rn= GhdZ | 0owizowiizE 2.47 Mpa.
fy 420
=2 = =20.5

m=—2 = =
085 f .B5=24

p=k 1 L —EmE ) = L[ g |y - BEEET) 00628

G210 2.6 G210

As=p.b.d = 0.00628x120%285 = 214 mm>.
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Check for Agmin:-

fee J2a :
in = *120* 285 =99.7 mm
ASnmin = (fy) (bw)(d) = 4% 420
ASnin = (b )(d) = 14, 120* 285= 114 mm? Controls
( fy) 420

Use 212 Bottom, Asprovided= 226 MM?>Agequired= 214 mm? Ok

Check for strain: -

Asfy  _ 226x420

= i = : = 38.7mm
[.85h fl_ DB5=120=24
i 3IR.77
X=—=""=456mm
B, 085

=x 285 =45.0

£, = 0.003 5 = 0.003 =0.051 = 0.0050k

Design of positive Moment(M u=65.2K N.m):
Assume bar diameter @16 For main reinforcment

My _ 7i.4x10°

R=——2= - = 1.7 Mpa.
"™ gpd? ~ pox5zOxza4? p
o 420
m=——; = =20.6
0857 0.85x24
1 2R 1 2w 20.6% 1.7
p==— 1= 1=—"2= =— 1= 1="T— =0.0042
m 420 70.6 420

As=p.b.d = 0.0042x520x284= 625 mm?’,
Check for Agmin:-

_ Affet J_ o0 o 2
ASnin = 4( fy) (bw)(d) = 520* 284 =430 mm
ASnin = (fy) (b )(d) = AE)* 520* 284= 490 mm? Controls

Agrin= 490 mm?® <Age, = 625 mm?
Use 2220 Bottom, A provided= 628 mmM*>As= 625mm* Ok

Check for strain: -

Asfy  _ 62Ex420
0esk [ T 08sx520x24

= 24.86 mm
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i 24.86

X=—= = 29.25mm

T ®H; 085

=x 284=-2925

£, =0.003 == =0.003 ——

= 8.7 = 0.0050k
Design for shear:
The shear in the slab can be Calculated using tributary areafor shear (as simply

supported 1m strip )
Vug =19.5 KN

Vc==" Ferbwd= 0,75*% * /24* 120% 284* 10 = 30.60 KN

:
2=0.75
gVc=2295KN

V2 aVc=11.47
11.47<Vu<22.95

No need for shear

4.11 Design of column(C4):
4.11.1 Load calculation:

DL=1592.55 KN LL=501.08 KN

_2'}'13
nredT g g5

P,=2713 KN P =4173.84 KN

Assume rectangular section with I =1.85% > 1%

P, = 0.8x Agx (0.85x fc'+I ;x( fy - 0.85 fc'))

4173.84*1000 = 0.8x Agx(0.85x 24 + 0.0185 x (420 - 0.85x 24))
A, = 187757.085mm’

Use 35x55 cm with Ag = 192500mm? >A, o, = 187757.085mm’
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4.11.2 Check slenderness effect:

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

= 03h

R: radius of gyration = i

Lu=3.00 m
M1/M2 =1

In 55cm -Direction

Klu M1
—<34-12 (55) <40

1x3.00

18.18<22 =>short
0.3x0.55

In 35cm -Direction

Klu M1

1x3.00
0.3x035

=28.57>22 =>long

4.11.3 Calculation for reinforcement:

In 35cm —Direction

E.=4700 x v24 = 23025.2 MPa

1.2 D (sustained) _ 1.2x1592.55 _

bdns= Pu 2713 07
bxh®  0.35% 055°
= ——= = 0.00485 m*
12 12
DaxEcxl 04x23025.2«0.00485
El ™ = = ® =26.275 MN.m?>

_1+ﬁdn5 . 1+ 0.7
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a nixEl
< (Khu)®

: nix26.275
T (1.0x3.0)2

=28.81 MN
M1
Cm—O.6+O.4><(E) =1

_ cm _ 1 _
dns— 1 Pu — 2713 =114<14

" 0.75 Pc T D.75x28.81x1000

€min = 15+ 0.03 h =15+ 0.03 x 350 = 25.5 mm

€ = €min X Ohs =25.5%x1.14 =32.94 mm

20.07

Z="""= 0.082<0.1......(e = 0.082h < 0.1h)
h 350

->Here we can solve this column as short tied column

P, =0.8x Agx (0.85x fc' + I ;x( fy - 0.85 fc'))

P, = 0.8x 350x550x (0.85% 24 + 0.0185 x (420 - 0.85x 24))
=4280.06 KN >P,, .;=4173.846 KN .......OK

4.11.4 Design of the tie reinforcement :

S£16 db (longitudinal bar diameter)

S £ 48dt (tie bar diameter).
S £ Least dimension.

spacing £ 16" d,=16" 1.8=28.8 cm .... control
spacing £48  dt=48 1.0=48 cm

spacing £ least.dim=40 cm

Usef 10@20 cm
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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).

e 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 reinforcement.

e Ec =modulus of elasticity of concrete.

e fc’=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.

e Lw =length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn =nominal moment.

e Pn=nominal axial load.

e Pu = factored axial load

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

e VVc =nominal shear strength provided by concrete.

e \V/n =nominal shear stress.



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

Wc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
€, = strain of tension steel.

&s = strain of compression steel.

p = ratio of steel area .
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