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Structural Design of Yatta Mall
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Hussin Abu Zahra Omar Abu Zahra
Motasem Abu Awwad Mohannad Sawaifh
Palestine Polytechnic University -2015
Supervisor

Eng.Inas Shweiki

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and foundations,
walls and other structural elements.
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It is worth mentioning that we have used the Jordanian code to determine the
live loads, and to determine the seismic loads use of (UBC-97), As for the structural
analysis and design of sections has been the use of the U.S. Code
(ACI1_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2013, Office2013, Atir v.11.5.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project it's expected to gain a various results and to link
the information that have been studied in the different courses , and the analysis and
design of all structural elements and the statement of the impact of each of the
elements on the other, and then the work of structural plans of the Executive are Full
and detailed for each.

God grants success.
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Structural Analysis & Design

Chapter 4

Introduction
Design method and requirements
Strength design method
Factored loads
Slabs Thickness calculation
Load Calculation
Design of Topping
Calculation of Dead load
Calculation of live load
Design of Rib ( Rib 001)
Design constant
Calculation of Dead load
Calculation of Liveload
Flexural Design
Design for positive Moment for Rib ( Rib 001)
Design for Negative Moment for Rib (Rib 001)
Design shear for Rib (Rib 005)
Design of Beam BO(16) for ground floor
Calculation of Dead load
Check whether the section will be act as singly or
doubly
Flexural Design
Design for positive Moment for Beam B0O(16)
Design for Negative Moment for Beam BO(16)
Design shear for Beam BO(16)
Check for section dimensions
Check for the cases of shear

Design of long column

Check the slenderness effect
Calculate emin ,Mmin

Determine of Euler buckling load
Cal culate the moment magnifier factor
Design the stirrups
Check for code requirements
Design of Isolated Footing (F1)

Determination of Loads
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Determination of Footing Area - -

Check for one-way shear strength - -

Design of Bending Moment - -

Design the column — footing joint: - -

Load Calculation - -

Design of stair (1). -

Load Calculations - -

Design of Bending Moment for Flight - -

load calculation - -
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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

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 continuously changing to reflect latest knowledge.

Structural concrete can be classified into:

* Lightweight concrete with unit from about 1350 to 1850 kg/m?.
»= Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
* Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4.1.1 Design method and requirements:

The design strength provided by a member is calculated in
accordance with the requirements and assumptions of ACl_code (318 _08).

4.1.2 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 occure.

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,
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Strength provided 2 strength required to carry factored loads.

4.2 Factored loads:

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

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

Materials:-
Concrete B300, Fc'=0.8*30=24 N/mm?%=24Mpa
Reinforcement Steel, fy = 420 N/mm? =420 Mpa

fyt =420 Mpa , will be used in design and calculations.

4.3 Slabs Thickness calculation:-

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of
non- prestressed beams or one way, slabs unless deflections are computed
for one end continuous for one-way rib slab given as following:

BO{17)}

BO(18)

BO(15)

B0(16)

K THTE)

|11 Hees |
S —— T "

Fig (4-1):Rib ROO1 at the ground floor slab.
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5 5.65 m p 8 6.3 m P 38m 2
Fig (4-2): spans of rib RO01
hmin for one-end continuous = L/18.5 longest one-end cont. is 6.3
m.

hmin = 6300/18.5 = 334 mm

For Ground floor slab, use thickness of slab 35cm.

4.4 Load Calculation:-

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

Material Unit weight Thickness (cm)
(KN/m?3)
Tile 23 3 N
Mortar 22 2 Zrm mortar
Sand 16 7 Tom send
- Bom toppna
Topping slab 25 8 '
pping e
Hollow block 9 27 Rtorazs Rin
o] —-In -
Rib 25 27
o e RS s A s
Plastering 22 2 TR e T T T
partition 1.5KN/m? j}F \‘H—ﬂ{ E‘F

table (4-1) calculation of total load

Fig (4-3) Typical section in ribbed slab of rib(R001)
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4.5 Design of Topping:-

4.5.1 Calculation of Dead load For 1m strip:

Dead load Calculation

Tiles 23*0.03*0.52 =0.69 KN/m
Mortar 22*0.02*0.52 =0.44 KN/m
Sand 16*0.07*0.52 =0.5824 KN/m
Topping 25*%0.08*0.52 =1.04 KN/m
Block 10*0.27*0.4 =1.08KN/m

Rib 25*0.27%0.12 =0.81KN/m
Plastering 22*0.02*0.52 =0.2288 KN/m
Partition 1.5*%0.52 =0.78 KN/m

table (4-2) calculation of dead load for topping

4.5.2 Calculation of live load
From Jordan's Code

L.Ltotal = 4KN/m wil’

Wu=1.2D.L+1.6L.L

=1.2*5.25+1.6%4=12.7
KN/m

Check ®Mn > Mu

w, *12  13.7%0.4

Mu = =0.183kN.m
12 12
Mn =0.42,/ fc'*s
2
g _bh”
6

w =1.2DL +1.6LL

r

r

r b

40 cm

-t

L

vl®
12

wi”

24

Fig (4-4) Typical section in Topping.
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2
Mn = 0.42./ fc' *%

* 2
=0.42/25* %*103 —2.24kN.m

@=0.55 for plain concrete

¢*Mn =0.55%2.24=1.232kN.m.
$*Mn=1.232> Mu =0.183KN.m.

No reinforcemint is required according to ACI-Code -318-08, so
As.min for slabs as Shrinkage and temperature reinforcement .

Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement:
p=0.0018 ACI-318-08 (7.12.2)

As = p*b*h=0.0018*1000*80 = 144mm? /1m.

As (¢ 8) =50.27mm?

So number of bars =144/50.27 = 2.86

1/N =350 mm

The step is the smallest of :-

1 S=3*h =240mm. control
2 5=380( 289)2.5cc=380(— 289 __).2.5%20
fs (2/3)x420
=330

select mesh ¢ 8/20cm, As.prov = 2.51 cm?/m > As.min=1.44 cm?/m

Then use ® 8 @ 20cm for practical purposes in both directions.

From practical concedaration , the secondary reinforcement parallel
to the rib shall be placed in the slab and spaced at distance not more than
half of the spacings between ribs ( usually two bars upon each 40 cm
width block).
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4.6 Design of Rib (R001):-

4.6.1 Design constant:-
- bz For T- section is the smallest of the following:

be =Ln/4= 4.3/ 4 =1.075 m
b, =bw + 16 tf =12+ 16 (8) = 1.4 m

be - c/c spacing between adjacent ribs =0. 52 m

Control ... 52cm

- Requirements for Slab Floor Accordingto ACI- (318-08).

PW 2 10CM ..o ACI(8.13.2)

h < 3.5%DW oot ACl (8.13.2)
Select h=32cm<3.5*%12=42cm
tF 2 LN/12250MM o e ACI(8.13.6.1)

Select tf=8cm

4.6.2 Calculation of Dead load:-

Dead load Calculation

Tiles 23*0.03*0.52 =0.3588 KN/m
Mortar 22*0.02*0.52 =0.2288 KN/m
Sand 16*0.07*0.52 =0.5824 KN/m
Topping 25*%0.08*0.52 =1.04 KN/m
Block 10*%0.27*0.4 =1.08 KN/m
Rib 25%0.27%0.12 = 0.81KN/m
Plastering 22*0.02*0.52 =0.2288 KN/m
Partition 1.5*%0.52 =0.78 KN/m

Table (4-3) calculation of the total load for (R001).

Total dead load = 5.25 KN/m/rib
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4.6.3 Calculation of Live load:-

From Jordanian live loads table live load for malls is 4 KN/m?
Total live load = 4*0.52 = 2.08 KN/m/rib

Geometry of rib -

One -way ribbed slab.

1 2 3
1 2 3
II]EiI 4.95 | 0.8 | 5.5 | 0.8 | 34
I 1 5.65 T T 6.3 T T 3.8 T

35.

A-A

Fig. (4-5) Spans Length of Rib (R001).

Loading:-
By using ATIR program, we get the envelope moment and shear diagram

as the following:-

D.L tota = 1.2*5.25 =6.3 KN/m/rib
L.L totar = 1.6*2.08=3.328 KN/m/rib
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b.25 5.p5 525
L ¥
Leh 6.3 3a
Live load - Service Load factors: 1.20,1.20/1.60,0.00
210 20 210
L L } y s
5.85 63 | 38
-37.6
-274
I 1 5NT
| : = :
— .1'2 \“-__ |

f f f }
111017 091 >~
& \_/ 0.96 3.8
' 10.1
24.9 20.3
| 226 3.39 | 345 , 3.15 | 228 | 182
I T T T 1 T 1
Shear
-33.9
274 -30.
) -23.4
14,
—t 1 | 1 1 |
T T T T T 1
21.9 " 186
' 26, 25.5
32.8
Reactions
Factored
— 1 | 1 | | | [
T T | T T | T T
DeadR 13.54 4314 .86 7.69
LiveR 8.39 23.62 20.59 6.3
Max R 21.92 B6.7T 5545 13.99
Min R 12.37 A4, 40.39 5.49
Service
DeadR 11.28 35.95 29.05 6.41
LiveR 524 14,77 12.87 3.94
Max R 16.52 50.72 41.92 10.34
Min R 10.55 42,74 32.5 5.4

Fig. (4-6) : Rib (R001) Envelope.
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4.6.4 Flexural Design: -

4.6.4.1 Design for positive Moment for Rib (R001) :-

Desig of span one -

Use Mu max. Positive for span Mu= 25 KN.m

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

For a=tr=8cm

Assume =0.9

d = h — cover—dia. of stirrups — db/2 =350 —20-8 — 12/2 = 316 mm.

®.Mnf = 0.9%0.85 * fo * ¢ * De *(d- t/2)
=0.9* 0.85 (24) (0.08) (0.52)(0.316-0.08/2)*10°
®.Mnf =226.7KN.m
OMnf =226.7 KN.m > Mu =25 kN.m
The section design as Rectanglular section
Design as a rectangular with b, =52cm

As =p.be .d

fy 420

m = - = =20.59
0.85* fc 0.85*24

_ Mu/g _ 25*10°/0.9
b*d? 0.52*(0.316)

* *
ooy [y 2mRn)_ 1 1_\/1_2 20.59*0.535 | _ 5 15087
m fy 20.59 420

Rn

=0.535 Mpa

As =p.be.d =(0.00129)* (520)* (316) = 212 mm>. (control)
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Check Minimum Reinforcement Ai min...(ACI- 318M-08 — (10.5.1) )

AS min=—"fd(bw)(d) _ Y24 (120)(316) =110.6mm>
4( fy) 4(420)
i —ﬂ :ﬂ — 2
AS min =) (bw)(d) 420(120)(286)_126.4mm

ASreq=212>ASmin=126.4.
For 2012,As=226.2 mm?>212mm? , OK

Check for Tension steel yielding:-

Tension = compression
As *fy=085*f *b*a

226.2*420=0.85*24*520*a

a=9mm
X =i=i=10.5mm
£, 0.85

B=0.85..... f.<28MPa ....... ACI-318M-08(10.2.7.3)

g, =(d —x)/xx0.003= % x0.003=0.0873

g, =0.0873>0.005.". ok

Desig of span two

Use Mu max. Positive for span Mu= 20 KN.m

Determine whether the rib will act as rectangular or T-section:
For a=tr=8cm
Assume @=12
d = h — cover—dia. of stirrups — db/2 =350 — 20-8 — 12/2 = 316 mm.
®.Mnf=0.9%0.85 * fe * ¢ * De *(d-1;/2)
=0.9* 0.85 (24) (0.08) (0.52)(0.316-0.08/2)*10°
O.Mnf =226.7KN.m
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OMnf =226.7 KN.m > Mu =20 kN.m
The section design as Rectanglular section
Design as a rectangular with b, =52cm
As =p.be .d
m=_1 - 40 _5559
0.85* fc 0.85*24
* 6
RN = Mu/?= 20*10 /0.92 - 0.428 Mpa
b*d?  0.52*(0.316)
oLy [y 2mRn)_ 1 1_\/1_ 2*20.59*0.428 ) _ | 141023
m fy 20.59 420
As =p.be .d =(0.00103)* (520)* (316) = 169.3 mm?>. (control)

Check Minimum Reinforcement Ai min...(ACI- 318M-08 — (10.5.1) )

AS min=—"fd(bw)(d) _ Y24 (120)(316) =110.6mm?
4( fy) 4(420)
14 _14 B ,
AS min =iy (bw(d) =77 (120)(286) =126.4mm

ASreq=169.3 >ASmin=126.4.

Then use 2® 12,As=226 mm?> ASreq =169.3 ok.

Check for Tension steel yielding:-

Tension = compression
As *fy=0.85*f *b *a

226*420=0.85*24*520*a
a=9mm

B=0.85..... f.<28MPa ....... ACI-318M-08(10.2.7.3)
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&, =(d —X)/xx0.003= % x0.003=0.0873

g, =0.0873>0.005.. 0k

Desig of span three

Use Mu max. Positive for span Mu= 10 KN.m

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

For a=tr=8cm

Assume @=12

d = h — cover—dia. of stirrups —db/2 =350 - 20-8 — 12/2 =316 mm.

®.Mnf = 0.9%0.85 * fe * t;* Pe *(d- t;/2)
=0.9* 0.85 (24) (0.08) (0.52)(0.316-0.08/2)*103
®.Mnf =226.7KN.m
OMnf =226.7 KN.m > Mu =10 kN.m
The section design as Rectanglular section
Design as a rectangular with b.=52cm

As =p.be .d

fy 420

m = - = =20.59
0.85* fc ~ 0.85*24

_ Mu/g _ 10*10°/0.9
b*d?  0.52*(0.316)°

Rn =0.214 Mpa

* *
S Afy_ [_2mRn)__1 1_\/1_2 20.59%0.214 ) _ o (o052
m fy 20.59 420

As =p.be .d =(0.00052)* (520)* (316) = 86 mm?>.
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Check Minimum Reinforcement Ai min...(ACI- 318M-08 — (10.5.1) )

ASmin=Y1C (bw)d) = V24 (120)(316) = 110.6mm>
4( fy) 4(420)
in=1% ~14 _ 2
AS min =) (bw)(d) 420(120)(286)_126.4mm (control)

ASreq =86 <ASmin=126.4.

Then use 2@ 10,As=158 mm?> ASreq =126 ok .

Check for Tension steel yielding:-

Tension = compression
As*fy=0.85*f *b*a

158*420=0.85*24*520*a
a=6.3mm

B=0.85..... f.<28MPa ....... ACI-318M-08(10.2.7.3)

X = 2 _ ﬁ =7.4mm
B, 0.85

316-7.4

g, =(d —x)/xx0.003= x0.003=0.125

&, =0.125>0.005.". ok

4.6.4.2 Design for Negative Moment for Rib (R001):
Support One:

Use Mu max. negative for support Mu=-25 KN.m

Design as a rectangular with b=12 cm

m = fy = 420 =20.59
0.85* fc' 0.85*24

* -3
kn= Mu/g - 257107709 _5 318 Mpa
b*d? 0.12*(0.316)?
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p=_1 (1- \/1_ 2(20.59)(2.318) ) = 0.00587
20.58 420

As =0.00587 (120) (316) = 222.59 mm*. (control)

Check Minimum Reinforcement As. min...(ACI- 318M-08 — (10.5.1) )

AS min=m(bw)(d) _ Y24 (120)(316) =110.6mm?
4( fy) 4(420)

S i :ﬂ :ﬂ = 2
AS min =L (ON() =2 0120)(286) =126 4mm

As.req=222.59 > As.min =126.4
For 2012,As=226.2>282.92 , OK

Check for Tension steel yielding:-

Tension = compression
As *fy=085*f *b*a

226.2*420=0.85*24*120*a

a =38.8mm
-2 _ —38'8 =52mm
£, 0.85

B=0.85..... f.<28MPa ....... ACI-318M-08(10.2.7.3)

316-52

g, =(d —x)/xx0.003= x0.003=0.01523

&, =0.01523> 0.005.-. ok

Support Two :

Use Mu max. negative for support Mu=- 18 KN.m

Design as a rectangular with b=12 cm

m = fy = 420 =20.59
0.85* fc' 0.85*24

55



Structural analysis & design Chapter 4

-3
kn= Mu/g - 187107/09 _q g7\ nq
b*d? 0.12*(0.316)°

1
_ 1- [, 2(2059)@.67) ) = 0.00415
P 20.58 ( \/1 420 )

As =0.00415 (120) (316) = 159 mm?. (control)

Check Minimum Reinforcement Ai min...(ACI- 318M-08 — (10.5.1) )

AS min=‘/F(bw)(d) _ Y24 (120)(316) =110.6mm’
4( fy) 4(420)

oo 14 _14 _ 2
AS min =iy (bw(d) =77 (120)(286) =126.4mm

As.req=159 > As.min =126.4
For 2012,As=226.2 mm?>159 , OK

Check for Tension steel yielding:-

Tension = compression
As*fy=0.85*f *b*a

226.2*420=0.85*24*120*a

a =38.8mm
=2 _ ﬁ =52mm
p. 085

B=0.85..... f.<28MPa ....... ACI-318M-08(10.2.7.3)

316-52 x0.003=0.0152

g =(d—x)/xx0.003=
&, =0.0152>0.005.". ok

4.6.4.3 Design shear for Rib (R001):-
Vu,max = 27 KN.

Ve=1.1%*=\/fib.d = 1.1 X =V24 X 120 X 316 X 107 = 34.05 KN
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@ Vc = 0.75*34.05= 2554 KN.

4.6.4.4 Check for section dimensions:

Vo= 22—y =22 _3405=1.95KN
) 0.75

vs,max-— fIbw.d ——\/24><120><316><10 3 =11.6 KN
vsmm=§ bw.d = 5 X 120 X 316 X 1073 = 12.64 KN control

1 1 -
ve=-[fibw.d = -24 x 120 X 316 X 107 = 61.9 KN

Vs < Vsmax so the section is large enough.

4.6.4.5 Check for the case of shear:
Vu=27 KN (At critical section distance d from face of support )

Region (1):

Vu< 2Ve

2

®Vc/2=25.54/2=12.77 KN , not Region 1.
Region( 2):

CDTVC<VU < dVe

Not Region (2)

Region 3:

dVe <Vu <dVec + dVs_
"®Vc =2554<Vu=27<®Vs_. =35.02
. Region ( 3)

Smax < % = 3;6 =158<600mm =

Min shear reinforcement is required

Avmin 1\/—Xﬁ 0875
S

not less than
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Avmin = lx@ =0.0952— control

S 3 420

Use 2-leg $8 with Av =100.5 mm?

Av 10
— =0.0952-> = 0.0952

S S

Select s = 150 mm

| = 1m7 Las “ e Lo o |
M PO T g jENEE NN NN T T LT T |
al
e EO | e 20 |
124555 1=755 1273535
&0 42 =0 S=0 =0 =10 &0
= aArTiz L=SS0 T.E. 2Tz T.E _ ExTiz2 L=32S0 T.B. |
=i =30 TeTi4 TE. = S50 = %Tl,‘ T.E ==0 =
£ S0 F50 450
EE=ETLE E.E, FETIS BE. HEETI0 BE.

- IEHE

1)

s
e
£
= 1E . =11
[==)

Fig (4-7): Reinforcement of Rib (R001)

4.7 Design of Beam (B0(16)):-

B ccoes CoOp B BO{LT) Cc oo B
= L
=  —
3 =y —
. —
===
(=]
T oW

B
i
i

L

\B"K "
et | =

Fig. (4-8): location of Beam B0(16)
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1 2 3
1 2
T 1 ﬂ T T ﬂ :]
— A - A
| 0.5 | 5.22 III.ZIS 4.93 I|]2|5
I T L T 1
I 5.6 I 5.13 I
55,
80.
AA -
Fig (4-9): Spans Length of Beam (B0(16))
69.3 69.3
b [ A L L
' 753 IR

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

52 | | | |

P O O

518

Fig. (4-10): service load of Beam (BO(16)) .
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shear

-399.8
I I Il

-486.5

-283.5

-196.9
Il

T
211.5

T T
3776

315.8
464.3
5142
4545 4573
| 1.581.78 |
[ 1
[ .-/ . ! . \\-‘ L
I | 11'2 1|1E |\_/
3
74, I 1
363.8 2843
| 224 , 3.36 | 311 , 207 |
I I I 1 1
Fig. (4-11) Beam (BO(16)) Envelope.
Material :-

= concrete B300

= Reinforcement Steel
= Section :-

= Be=800mm

= Bw=800mm

= h=550 mm

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

= d=320-40-10-18/2=261m

Loading :-

Reaction from Rib(R001),

D.L =36/0.52 =69 KN/m.
L.L =15/0.52 =29 KN/m

4.7.1 Calculation of Beam dead load

Dead load of beam = selfweigh of beam = 25*0.8*0.55 = 11 KN/m .
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4.7.2 Check whether the section will be act as singly or doubly

reinforcement section:

d
d=h — cover — dgirrup — 7”

d=550—40—10—§=491mm.

X =

N w

d= 2x491= 21043 mm.

a=p,. ¢ = 0.85 x 210.43= 178.86 mm.

pmax = 0.85*(fc'/Fy)* B,*(3/7)

pmax = 0.85%(24/420)*0.85*(3/7) = 0.0177

assume singly reinforced section :

Mn = (T or C) *(d-a/2)

Mn = 0.85*24*800*178.86*(491-178.86/2) = 1172.18 KN.m
$=0.82

Mu=457kn.m < $*MU = 0.82*1172.18=961.18

Design the section as singly reinforcement section.

4.7.3 Flexure design:

4.7.3.1 Design for positive moment:

span 1:
For My =+357 KN.m
Mu
Kn= Pbd?
6
kn = sz = 2.057 Mpa
0.9x800x491
m= 2 ,
0.85f!
M= ——— =20.58
0.85%x24

1 2.m.ky
p_a<1_ 1- 420 )
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oreq= 1 (1 _\/1 _ 2x20.58x2.057 ) — 0.00517.
20.59 420

As=p.b.d =0.00517 x 800 X 491 = 2030.8 mm?

Agnﬂn=(L25

VIe S 14
5 bwd=7oby.d

As, min =0.25% 800 x 491 = 1145.4mm?

As min = 412;;800 x 491 = 1309.33 mm? control.

A min < As,req S0 Aseq  control

Let use 18, with A;=254.5 mm?

n =22% _ 8 pbars, with A = 2036mm?2.
2545

Use8¢18, with As=2036 mm?

Check for placement of bas:

_800—40X2—-10%x2—-8x18

S . =79mm > 25mm ok
Check for the strain:
As, 2036X%420
a=—1Y - = . = 52.4mm
0.85b f/  0.85x800x24
52.4
X= — =22 = 62mm
B, 0.85

491-62
62

&, = 0.003 (=) = 0.003 (=) = 0.0208 > 0.005 0k
2=0.9,
@ Mn=0As, (d — %) = 0.9 X 2036 X 420 (491 — 5274)

=358 KN > M, = 357KN.m
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span 2

For M, =+385 KN.m

385%x10°

fn = —221_ _ 5 23 Mpa
0.9x800x491
1 2.m.ky,
preq =;<1‘ a0 )
o= 1 <1 B \/1 _ 2x20.58x2.23 ) — 0.005636.
20.58 420

As=p.b.d=0.005636 x 800 x 491 = 2213.82 mm2

Amin =025 b da>1%p g
fy fy

Asmin =0.25% 800 x 491 = 1145.42mm?

Asmin = % 800 x 491 = 1309.43 mm? control

Asmq;>AAS min
As = 2213.82 mm2

Let use ¢p18,with A;=254.5 mm?

n =238 _ 9 pars, with Ag = 2290.5mm?,
254.5

9¢18,with A;=2290.5 mm?

check for placement :

_800—-40x2—-10X2—-9X18
8

S = 67.25mm > 25mm ok

Check for strain:

_ Asfy  2290.5%x420

= - = = 58.95mm
0.85b f! ~ 0.85x800x24
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a 58 95
X=— = = 69.4mm
B, 0.85

491-69.4

g, = 0.003 (=) = 0.003 ( ) =0.0182 > 0.005 Ok
@=0.9,

58.95
@ Mn-04, s (d—2) = 0.9 x 22905 x 420 (491 - =Z) =
400 KN M,, = 385

4.7.3.2 Design for negative moment:

For My = -457 KN.m

457x10°
0.9x800x4912

2zm.kn
preq = —<1— 1- 120 )

oreq = 1 <1 B \/1 _ 2x20.58x2.63 ) — 0.00673

kn = = 2.63 Mpa

20.58 420

As;=p.b.d=0.00673 X 800 X 491 = 2643 mm?2
As,min .< As Required
As 2643 mm2

Let use 20, with As=314.2 mm?

n= 26043 _ = 9 bars,with A, = = 2828mm?.
314.2

use 9¢20, with A;=2828 mm?

Check for placement:

800—40X2—10X2—9%20
S= . = 65mm > 25mm ok

Check for strain:

Asfy  2828x420
0.85b f! ~ 0.85x800%24

a= = 73mm
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491-86
86

e, = 0.003 () = 0.003 (*2=2) = 0.0141 > 0.005 Ok
2=0.9,
@ Ma-0A,p, (d —3) = 0.9 x 2828 x 420 (491 - 2°)

= 486KN > M, =457 KN.m

4.7.3.3 Design the beam for shear:

Vu,max = 400 KN.

d=h — cover — dyryupy — 2= 550 — 40 — 10 — 2 = 491 mm.

1

Ve =% féb.d = g\/24 X 800 x 491 x 1073 = 320.72 KN

@ Ve = 0.75320.72= 240.5 KN.

4.7.3.4 Check for section dimensions:

Vo= 2y =22 _ 39072 = 212.6 KN
) 0.75

Vomax=2/f2b.d = 2124 x 800 x 491 X 10”3 = 1282.88 KN

Vs < Vsmax so the section is large enough.

4.7.3.5 Check for the case of shear:
Vu=488.4 KN (At critical section distance d from face of support )

Region (1):

Vu< 2Ve

2

®Vc/2=240.54/2=120.27 KN<Vu=400, not Region 1.
Region( 2):

CDTVC<VU <dVc

120.27 <400 < 240.54
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-.Not Region (2)
Region( 3):

dVe <Vu < dVe + DVs,;,
O — 0.75 —
CDVSmin 2 E fC *bW*d - ? 24*800*4912 902KN

DdVs_. > %bw*d = %*491*800 =98.2KN (control)

min =

- DVC+DVs . =24054+98.2 =338.74.1KN

24054 <400< 33874

not Region ( 3)
Region(4):

1
@Vs' = 3* 0.75\/f_c’* bw * d

@Vs' == x 0.75V24 * 0.8 491 = 481.08KN
dVs'+pVc=481.08+240.54=721.6KN

DdVC + DVS,,,;, =338.74< Vu = 400 <pVs + $Vc=721.6
Region (4)

Vs=(Vu/d)-Vc=(400/0.75)-320.72=212.6 KN

Use 4-leg $10

) =

Av= (i/4) *(10)? *4 = 314 mm?

Vs
Fyxd

s=(Av*fy*d)/Vs
s=(314*420%491)/(212.6 )=304.6mm

Check for max. spacing

Smax=d/2=491/2=2455......control
Smax=6oomm
Use 4-leg $10@200mm
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Fig. (4-12) Detail of BO(16).
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Fig. (4-13) Sections in BO(16).
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4.8 Design of long column (C20):

Putota = 1.2(511.92) +1.6(256.16) = 1025 KN

4.8.1 Check the slenderness effect:

(Non-sway system)

“lu 3412 <M1> ACI(10.12.2)
- " 12.

r =\/§ ~ 0.3h = 0.3 x0.25 = 0.075.

r Z\E ~ 0.3h=0.3x%x0.4=0.12.

L,=3.3m

kL, 1x3.3

= = 27. 4—-12 =22
r 0.12 7:5>3

kL, 1x33

= 0.075 =44 >34—-12 =122
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So the column is long at x and y directions.

4.8.2 Calculate emin ,Mmin:

emin =15 +0.03h =15+0.03%250 =22.5mm.
Mmin= Py % emin=1025x%0.0225 =23.0625kn.m

E. =4700,/f, = 4700v/24 =23025.2 Mpa.

1, =2 = 1,429 x10"*mm*.
97 12

Bdns = Dy 6143 =0.6<1.

"~ P, 1025

_04E: I, 0.4x23025.2%1.429

= = = 8225.75 KN.m?
14+Bdns 1.6

E.l

4.8.3 Determine of Euler buckling load:

m?El _m?x8225.75

Pe =~ Gaz

= 7455KN

4.8.4 Calculate the moment magnifier factor:

Cn=06+04(32) =1
Cm 1
Ons= P = o— = 1.2244 > 1 ok
T 0.75P, " 0.75X7455
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The magnified (e) and (M):
M = 6,sMmin =1.2244 x23.0625 = 28.23KN.m.

e/h = 27.55/250=0.1103
d-d'/h=(250-80-20-20)/250=0.52.
gPn/ Ag = 1025/(400*250)
=.01025

From the interaction diagram constructed in PCA _ COLUMN program:
p=0.01025.

As=p xAq = 0.01025 *(250*400) =1025 mm?

1025
Ng16 :H = 7(1)14

Use 8¢ 14

4.8.5 Design the stirrups:

The spacing of ties shall not exceed the smallest of:

- 16x dp = 16x14 =224 mm control.
- 48xds =48 x10 =480 mm
- Least diminution of the column = 224 mm

Use $10@200mm.
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4.8.6 Check for code requirements:

250—40%X2-10%X2—-2X14

- clear spacing between longitudinal bars = - = 122mm
122 mm > 40mm
>1.5dp,=21 mm. ok
- gross reinforcement ratio = 0.01232 , 0.01 < 0.01232<0.08
ok

- NO of bars = 8> 4 bars for square columns.

- min ties diameter : $10 for $32 longitudinal bars and smaller.

|

17cm 17cm

@10

0.40
S

|00 =

il

0.25

32cm

1lcm
em

32cm

Fig (4-14): C (20)Detail.
4.9 Design of Isolated Footing (F1):-

4.9.1 Determination of Loads:

Total factored load = 1025KN.

Total services load = 768.1 KN

Column Dimensions = 40*25 cm.
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Soil density = 18 KN/m3.

Service surcharge= 5Kn/m2.

Allowable soil Pressure = 500 KN/m?2.

Assume footing to be about (50 cm) thick.

Footing weight = 25x0.5 = 12.5 KN/m2.

Soil weight above the footing = 0.4 x18 = 7.2 KN/m2.

Qallow =500 — 7.2 — 12.5 =480.3 KN/m?

4.9.2 Determination of Footing Area:

L7681
2803 °™M

2

Tryl.5 * 1.5m with area = 2.25m2 >Areq =1.6m2

Determinatequ = 1025/2.25 = 455 KN/m2

4.9.3 Determination the depth of footing based on sheﬁtrength:—

>

Assume h =50 cm. Inclined crack " T

d =500-75-20 = 405 mm g,:gi_c:;:es?:;? for \1 /Tributary area for

one-way shear

One-way shear.
Fig (4-15): one-waye shear.

72



Structural analysis & design Chapter 4

4.9.4 Check for one-way shear strength:-

Vu = 455* (% —-0.25/2-0.405)*1.5=150.2KN
pNC = ¢.(%*,/ fc'*b, *d)

$NC = 0.75*%*\@ *1500*405=372KN

¢Vc =372KN >Vu =150.2KN
. Safe

4.9.5 Check for two-way shear action (punching):-

The punching shear strength is the smallest value of the following

equations: H
s 2 )¢ I N
AV _¢.6(1+ 7 ]\/fbod j

Inclined crack
4V, =¢.$( o +2}/ £.'b,d

b, /d

V. =¢.§ij' b,d

Where:

Tributary area for
two-way shear

Critical section
for two-way shear ~

Two-wav shear.

B Column Length (a) 40
¢ ColumnWidth (b) 25

Fig (4-16): Two-waye shear.

b, _ Perimeter of critical section taken at (d/2) from the loaded area

b, = 2(d +al) + 2(d +a2) = 2(0.405+0.4) + 2(0.405+ 0.25) = 2.32m

$ =40 for interior column
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S =400/250="1.6.

PV, = ¢%[1+ ﬁi}/ £ b,d = %*(ﬂ 2/1.6)*~/24*2.32%0.405=1294.6Kn

1(a,*d ' 0.75 . ( 40*0.405
Ve=¢—| =—+2f bd="""%* +2 |*~/24*2.32*0.405 = 2584.3Kn
Pe ¢12[ b j 12 ( 2.32 )

0

oV, :¢%\/ . b,d =%* 24%2.32%0.405=1150.7Kn

¢V, =1150.7Kn .... Control

Vu = 455*{(1.5*1.5) — (0.4 + 0.405) * (0.25+ 0.405)} = 783.8kN
pVCc >Vu............. satisfied

4.9.6 Design of Bending Moment:

=| 455%x1.5x% g—% x 0.5 g—% =133.3Kn.m
2 2 2 2

Mn =133.3/0.9 = 148KN.m
d =500-75-20=405mm

6
kn=_tn__ 180" _ 4 soompa
b*d”  1500x 405
by 420 _ 5059

m = —
0.85fc’ 0.85x24

1 2mKn

p=—@-1- )
m fy

e L (1_\/1_2x20.59><o.602)20_00146
20.59 420
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As ., =0.00146x1500x 405=884mm*/m

As . =0.0018*1500*500=1350mm?*/m
As,, =1350mm*/m > As . =884mm?*/m

1350 _

=8.8
153.94

#of bar in on meter =

Use 9014 with As =1385 mm? >As req =1350

In tow direction

Check of strain

A * fy=0.85* fc' *b*a
1385*420=0.85*24*1500*a
a=19.01
c=2 105 37mm
B 085
. _405-2237
’ 22.37

g, =0.0513> 0.005—— 0k

*0.003=0.0513
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4.9.7 Development Length of main Reinforcement for Mu :

0.24fy , _0.24*420

Ld = *1.4=28.8cm .
RN J24

Ld(2yreq = 0.044 xfyxdb = 0.044 x420 x1.4 = 25.87
Ld(1)req = 28.8cm>Ld(2)req=25.87cm=> control
Available Ld =(500—-75—-2*14) = 387 mm.

Available Ld = 38.7cm >Ld(1)reqg=28.8cm

. =2 B, e
e 10 ktr + cb
Jfe Krtch
1 9, 420 1x1x08 . .o
= — % * * = .
410 1«24 25 mm

Ldavailable = 500-75= 425mm

Ldavailab|e= 425 mm >ldreq = 395.8mm

Use the columnbars as a dowels
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4.9.8 Design the column — footing joint:

Total factored load = 1025KN.

The allowable bearing on the base of the column is:

#(0.85fcAl) =0.65*0.85*24*400*250=1326Kn

The allowable bearing on the footing is:

$#(0.85fcAl), /%2 =0.65*0.85%24* 400* 250* 2 = 2652Kn
Total factored load = 1025Kn<2652Kn
As_. =0.005* Ag =0.005*400*350=700mm* /m

A dowels= ~U—#PNd 0.005Ag
PFy

Use 64 14 ,or use the same reinforcement as in the column if larger .

-5.00

L2l EI ‘/-1}‘7 _EI.Q\ —" )
| —

I

1

0D

.
g
&
:
]
S

L 151
L 171
4
&
Lawie

sectlon A-4

Figure (4-17): Footing’s Details.
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4.10 : Design of Strip footing.

c(03)
25x55

F3 B

Fig. (4.18) : location of Strip footing .

4.10.1 Load Calculation :
H (slab) = 0.35m
H (3xl1) = 0.20m

Weight of wall (D.L.) = height* Thickness * 1m wide * y. =5*0.25* 25 =
31.25 KN/m

Allowable soil pressure = 420 KN/m?
Assume footing thickness is 0.25 m.
Reaction force from wall = 1500 kn

Pn= 1500/6.6 =227 kn/m
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fy 420 5 Ao Pn 227

M= 0.85f, 08527 =18 ——=0.567m2

" gall 400

1 2mKn
p=—@- 1- )
m fy

= B=12m
P (1_\/1_2><18.3><0.424)=0.00102
18.3 420

Take B=120cm.
Pu=1.4*227 =317.8 KN/m

Pu 3178
1x1.2

=264.8Km2

Assume h=35cm

4.10.2 Desig of The Strip Footing :

h =350mm
d =350-75-10 = 265mm
V, =1x(0.6-0.15-0.265)x 264.8 = 48.9kn

N, = 0.75x%1/ fc' b,.d = 0.75x%\/§ x1000x 0.265x10°

=172.28kn
¢Vc >> VU

So No Shear Reinforcement

M, = 264.8x O.45><1x(0':5j — 26.8kn/m
.= M, :@:29.8kn/m
09 09
6
kn=_MN__ 298100 _ 4 15 aMpa

“b*d?  1000x 2657

79



Structural analysis & design Chapter 4

A s (req) = 0.001 (1000) (265) = 265 mm"
A's min for shrinkage and temperature:

A's min=0.0018*b*h =0.0018*1000*300=540 mm"

As,, = 450mm*

#of bar = ﬂ =4
113.1

Select ® 12 / 25 c/c with AS prov. 452.4mm?/

4.11 Design of stair (1).

Figure (4-19): stair plan

4.11.1 Determination of Slab Thickness:

For Flight:

L =6.8m.
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Nreq = L/ 20.
Nreq = 6.8 /20 = 0.34 cm.

Use h=25cm.

The stair slope by 0 =tan™?! (;57(2)) = 26.9.

4.11.2 Load Calculations:

For Flight :

Dead Load for flight:

) 0.15+ 0.33
Tiles = 27 (T) *0.03x1=1296 KN/m
0.15+ 0.33
Mortar = 22 (T) *0.03*1=1.056 KN/m
fair sti 25 <0.15 * 0.3) 1= 188 KN
= —|— ) % = .
stair stips 03 > /m
l _(25*0.25*1)_7KN
S =\"cos269 /T /m
0.02 x1

Plaster = 22( ) =0.738KN/m

€0s 26.56

Dead load sum=11.6

Live load for flight:

Live load for stairs =4 KN/ m2,
For landing:-

Dead Load for landing:

Tiles = 22*0.03*1=0.66 KN/m

Mortar = 22*0.02*1=0.44KN/m
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Slab = 25*%0.25*1=6.25KN/m
Plaster = 22*0.02*1=0.44KN/m
Total dead load= 7.8KN/m.

Live load:

Live load for stairs =4 KN/ m2.

| 0.5 | 6.3 | 0.5
T

150.

Loading

Deadload - Service

0 A P Y A A S AN AT PR A A A SN AN AP e e e
—k i L & I A I B d_BLq ool J I L 1L J'I € b 1 j

Live load - Service

[ 3.4 181.3 3.4 |

Moment/iShear Envelope (Factored) Units: kM. meter

Shear

-101.4
-88.T7

ar.7
123.4
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4.11.3 Design of Shear for flight:

= Assume @14 for main reinforcement;-
So, d = 250-20-7 = 223 mm.
Take d=222 mm

*  Vu=53.38 KN.

Wczwfgbw*d

_ 0.75*4/24*1000%223*10°°
- 6

e ~136.6KN

* Vu=43.3 KN <@Vc = 136.6KN.
* Vu=43.3KN<0.50Vc=683KN

Depth is ok since there is no shear Reinforcement.

4.11.4 Design of Bending Moment for Flight (s1) :
Mu = =111.74.m.

Mnreq =Mu/0.9=111.74/0.9 =124.16 KN.m.
d =222 mm.

R — Mn
b-d?

*1 N6
R, :—124'16 102 =2.497MPa .
1000*223
_ By
0.85x fc'

420

=————=20.588
0.85x 24
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1 ZmRn * *
p==|1- f1- _ 1 1_\/1_2 20.588*2.497 | _ 110
m f, 20.588 420

As req = 0.0058*1000*223= 1294.7 mm?--...control

Asmin=0.0018*250*1000=450mm?
N=1294.7/153.94=8.41.
Check for spacing

3h=3*250=750mm cont.

S=450
380( 280 ) 2.5% 20 = 330
= —_— | —2.5% =
s 0.667 * 420 mm
—300( 280 )—300
5= 0.667 «420) ~ > 0

Use 1014 @ 10 cm
As prov=1385.5
Check for strain:

Tension = Compression

A * fy=0.85* fc' *b*a
13855*420=0.85*24*1000*a
a=28.525mm
0o 28525 aaoemm
B, 085
. 223-33.55
* 33.55

&, =0.0169> 0.005—— 0k

*0.003

Design of Bending Moment for Flight (s2) :
Mu = 44.9.m.

Mnreq =Mu /0.9 =111.74/0.9 = 124.16 KN.m.

d =222 mm.
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_449%10°

=———=09MPa .
" 1000%223

By
0.85x fc'

420
0.85x 24

1 ZmRn * *
p-=—[1— 1- ]_—&——(1J12 20.588 09}::&0022
m 20.588 420

=20.588

As req = 0.0022*1000*223= 490.4 mm?--...control
Asmin=0.0018*250*1000=450mm?
N=490.4/79=6.2.

Check for spacing

3h=3*250=750mm cont.

S=450
380( 280 ) 2.5%20 = 330
= —_— | — 2.5 % =
S 0.667 * 420 mm
—-300( 280 )—-300
5= 0667 =420/ _ 2T mm

Use 1010 @ 15cm
As prov= 553
Check for strain:

Tension = Compression
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A * fy=0.85* fc' *b*a
553*420=0.85*24*1000*a
a=11.4mm
c =1:E:13.4mm
S, 0.85

223-13.4

Eg=———
13.4

&, =0.0469>0.005—— 0k

*0.003
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4.12 Design of Basement wall:

e 4.12.1load calculation:

fc =27 MPa, fy=400Mpa, Y's=20KN/m3, qall=250KN/m?, ¢=30, surcharge =5KN/m?

27Mpa 400 18 KN/m? 500 kN/m? | 30 5KN/m?
Mpa
SKEMN/m2
e
=
q—

L

Fig (4-22):Section Of basement wall

Ca =1-sin@=1-sin30=0.5( Static Earth Pressure)

Pa=Ca*h* y =0.5*4.5*18 =40.5 KN/m2

Ws
=2_35 _-0278m

hs
W 18

Ps=Ca*hs* y =0.5*0.278 * 18=2.5 KN/m2

0.5 40.5 2.5
KN/m?2 0.278 KN/m?
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L

3

Fi)

I O O O N N N N

4

b

Pa=251 KN/m
Ps=25KN/m

Ps=2.5 KN/m Pa =40.5 KN/m

Fig. (4-23): Static System

From Atir we have moment and shear envelop

Shear

-64.

-78.2

50.8 47.1

Fig. (4-24) : Shear envelope diagram of basement wall.
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Moments: spans 1to 1

2.14 63.5 1.76

Fig. (4-25) : Moment envelope diagram of basement wall.

4.12.2 Design of Bending Moment
Mu = +63.5 KN.m/m

d=300-75-20/2 =215 mm

R, = Mn
b-d?
*1N6
R, = 635710 - =1.5264MPa .
0.9*1000*215
moo_ v
0.85x fc'
m =4—OO=17.43
0.85x 27

1 2mR, * *
p__[l /1— J_ 1 [1_\/1_2 17.43 1.5264}20.003952
m f, 17.43 400

As, req = 0.003952*1000*215= 849.706 mm?/m...........

Use ® 16@ 20 cm,

With As,provided = 1005.31 mm2/m > As,req = 849.706 mm2/m

89




Structural analysis & design Chapter 4

- As.min for vertical bars:

- 0.0012*b*h = 0.0015 *1000*250 =300 mm?%*/m
Use ® 10@ 20 cm, with As, provided = 1005.31 mm2/m > As, req = 833

mm2/m
- For horizontal bars :
0.002*b*h =0.002*300*1000= 600 mm2/m.

Use ® 14@20cm, with As, provided = 616 mm2/m > As,req = 600 mm2/m

- Check for shear

d =250-75-10=165cm
$NC =0.75*%*,/fc'*bw*d

pVeC = 0.75*%* 27*1000*215=107.65.1KN

Vu= 64 KN < @Vc= 107.65........ OK T

The thickness is enough 10,20 Uhook
—mc‘{z;j{\ se2 bearms plan

~

3
iy ‘ﬁ"‘_ P
a2 ribs plan
210,50 meter w1020
S hook C\
G1BfZD—HC{\\k>
@14/ 20—
Lz
{EmiorenT g]

Y
B e /Dmo,.fzs—v

453

b4l

4
i

i

N
i

f

0,33, 095
=
™
s
=]
= i
T i
Il
E2 HH

Uhfpak

7

I

Fig. (4-26)Basement details.
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¢ 4.13.1 check thickness of two way ribbed slab:

Yc

4.13 Design of Ribbed slab :

e Two way ribbed slab (R014):-

BO(05)(80*35)

73

B({22)(60*55)

B0(24)(80*35)

B0(23)(80*45)

Fig. (4-27)slab plan.

e Ribbed slab section :-

bf = be = 520mm.
_YAxY
=52

_ {(12%27 % 21.5)} + (8% 52 x 4)
B (12%27)+ (8%52)

= 11.66 cm

36 em

12 crn—|

Fig. (4-28) rib section .
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ib = il 27 _ 1)
Ir1b—(52*12)+(12*12)+8*52*(11.66 4)2 +12 %27 »

(21.5—11.66)> = 77682.21 cm*

Exterior and Interior Beams (B-005, B-022, B-023, B-024):

-Exterior Beam (B022)

|, = bxh3 _ 60%553
b 12

= 831875 cm*.

-Interior Beam (B005, B024)

+h3 4«23
= blz = 80+35” _ »85833.33 cm*.
-Interior Beam (B023)
1= 20— 8955% _ 41409166.67 cm®.

12

For slab in short direction :

[=7.3m.
77682.21%(22%100) .
I, = 5 2 = 545269.35cm

For slab in long direction :

BO(05)(30%35)
L=9m. 7.3
77682.21+(2+100) A
I = =672249.9cm
52 3 5
£ s
I
[ ] af :—b
IS
om=a2 = 28583333 0.425 B0(24)(80*35)
672249.9
831875
03= =1.526
545269.35
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_1109166.67 _

wu=———-=2.034
545269.35

am= (€ 0:2) /n= (2*0.425+1.526+2.034)/4=1.106

where 0.2 <o <2

In long 9
=2 - — =123
In,short 7.3

Fy
Ln (0.8+ TOO)

min = 364544 (afm—0.2)

9000 (0.8+ =22

in= 1200~ = 238.14 mm
MmN 3645%1.23%(1.106—0.2) 38

hossumeda=350mm > 238.14mm — OK

The Take the slab thickness = 35 cm, 27cm for concrete block, 8 cm, for

topping.

¢ 4.13.2 Design of two Way Ribbed slab :

4.13.2. 1 Load Calculation:

> Determination of Dead load
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Sacm

| | 3
Z S
P Y
| l/% 5
40cm 40cm
12cm
Fig. (4-30)load description .
Dead load from: W =yxV KN
Mortar 0.02x22x0.522 0.119

Topping 0.08x25x0.522 0.541

Hollow Block 0.27x9x0.4x0.4 0.39

Partition  (Live load =1.5KN/ m?) )=> 0.406

Table (4.4)Calculation of two way dead load

Total Dead Load = 2.81 KN

D

2.81

= = 2 . _ 2
= 052x052  10-4KN/m”  Totalliveload = 4KN/m

L
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> Determination of factored dead & live load

Factored dead load = 1.2 X Dead load = 1.2 x 10.4 = 12.48 KN /m?.
Factored Live load = 1.6 X live load = 1.6 X 4 = 6.4 KN /m?

» 4.13.2.2Design for Positive and Negative Moment:-

Moments calculations
Ma = Cawla?bf and Mb = Cb wlb?bf

121_7.3_081
b 9

Negaive moments:_
la
Caneg (M = b = 0.8, CASE#6) = 0.086

Ma,neg,(dl+ll) = (0 086 x 18.88 * 72) x0.52=41.37 KN.m / rib

e Positive Moments:-

Dead load

Coq = 0.045

Cpar = 0.015

Live load

For live is the same
Cou = 0.051
Cpu = 0.019

Ma,pos,(dl+ll) = (0 045+ 12.48 + 7. 32 +0.051%6.4 7. 32) * (0.52=24.55
KN.m /rib

Mb,pos,(dl+ll) = (0 015+ 12.48 9. 02 +0.09%6.4 9. 02) * 0.52=32.15
KN.m /rib
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» Negative moments at Discontinuous edge (% positive moment):

1 m
Ma,neg,edge = § *24.55 =8.18 KNm

1 m
Mb,neg,edge = § *32.15=10.72 KNm

> Design for Positive and Negative Moment:-

e Short Direction:

e Design for positive moment Mu = 24.55KN.m/rib
e bf =520mm.

Assume bar diameter ¢18 for main positive reinforcement.

) d, 18
d = h — cover — dstirrups — 5 = 350 -20—-10— 5 = 311mm.

o M __2455x10°
T Pbd?2 09 x520x 3112 P&
420
m fy = 20.6

T 0.85fc  0.85+28

p=1<1 i _M> =L<1 _\/1 _M> — 0.0013
m 420 20.6 420

As = p.b.d =0.0013 * 520 x 311 = 210.75mm?

e Check for As,min..
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J 1.4
by.d = —b,,.d
" Y

As,min = 0.25

o As,min = 0.25% 120 x 311 = 117.5mm?

o As,min = % x 120 X 311 = 124.4 Control.

As,required = 210.75mm?> As, min = 124.4 mm? OK

Use $14 with As= 153.94 mm? .

qo_As  _ 21075
As¢pl4 ~ 153.94

=137 =

Use 2$14, As,provided = 307.88 mm? > As,required = 210.75 mm?. Ok

e Check for strain:

_Asfy  307.88x420
0.85b f,  0.85x520%x28

= 10.45 mm

a 1045
c=—=—"-=12.29mm
B, 0.85

d—c 311 —-12.29
& = 0.003 (T) = 0.003 (W) = 0.072 > 0.005 Ok

e Design for negative moment for contious edge Mu =
41.37KN.m/rib
e bf =120mm.

Assume bar diameter ¢18 for main negative reinforcement.
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Structural analysis & design Chapter 4

] d, 18
d = h— cover — dstirrups ——=350—-20—-10— 5 = 311mm.

2
oo Mo 4137x10°
T Pbd2 09 x 120 x 3112 o P&
420
m 1y = 20.6

~085fc  0.85+28

p=l<1 -1 _m> =L<1 _\/1 —w> = 0.0106
m 420 20.6 420

As = p.b.d =0.0106 X 120 X 311 = 394.92mm?

e Check for As,min..

JF 1.4
bew.d > —=by.d

y y

As, min = 0.25

o As,min = 0.25§ 120 x 311 = 117.5mm?

o As,min = % x 120 x 311 = 124.4 Control.

As,required = 394.92mm?> As, min = 124.4 mm? OK

Use $18 with As= 254.46 mm? .

qoAs 39492 _
As¢pl4  254.46

Use 2¢18, As,provided = 508.7 mm? > As, required = 394.92 mm?2. Ok

e Check for strain:

_ Asfy _ 508.7x420

= . = = 74.8 mm
0.85b f, 0.85x120%28

a 748
c=—=—=88mm
B, 085
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Structural analysis & design Chapter 4

d—c 311 — 88
& = 0.003( p ) = 0.003 (T) = 0.0076 > 0.005 0k

e Long Direction:
e Design for positive moment Mu = 32.15KN.m/rib

e bf =520mm.

d =311mm.
oo My 3215x10°
" Pbd2 09 x520 x 3112 P&
420
m=_2Y = 20.6

~085fc  0.85+28

p=l<1 -1 _M> =L<1 _\/1 —M> = 0.0017
m 420 20.6 420

As = p.b.d =0.0017 * 520 x 311 = 278.3mm?

As,required = 278.3mm?> As, min = 124.4 mm? OK

Use $14 with As= 153.94 mm? .

qo_As _ 2783
As¢p14  153.94

=18~ 2.

Use 2¢14, As,provided = 307.88 mm? > As,required = 210.75 mm?. Ok

e Check for strain:

_ Asfy _ 307.88x420

= . = = 10.45 mm
0.85b f,  0.85X520x28

a 10.45
c=—=—"-=12.29mm
iz 0.85
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Structural analysis & design Chapter 4

d—c 311 —12.29
& = 0.003( p ) = 0.003 (W) = 0.072 > 0.005 0k

» Design for Discontinuous edge

1
A, = %As,pos =3 307.88 mm? = 102.62mm? < As, min = 126mm?

Provide As, min = 126mm?

As 126

= = =1.11
Aspl2 113.1

n

Use 2 $12, Top,with As = 226.2 mm?,
4.13.2.3 Design of Two way Rib for shear
Short direction
Au,a=18.88 x = x 0.52=35.83 KN

Vu,a= Aua - W *d*0.52 =35.83-18.88*0.311*0.52 = 32.78 KN
1.1 — 1.1
Ve = —&/fbyd = ?m X 120 x 315 x 1073 = 33.94KN

oVc =0.75 % 33.94 = 25.5KN

1 1
Vsmin = T2 febwd = E\/24 X 120 x 315 x 1073 = 11.57KN

1 1
Vsmin = §bwd =3 X 120 X 315 x 1073 = 12.6KN — control

oVe <V, < a( Ve + Vs,ml-n)
0 Vc=255 < V,=32.78< o( Vc + Vi )=34.95 —Case 3

minimum shear reinforcement is required (A, min)

(2 leg stirrups )¢8 Av = 2 x 50.24 = 100.53mm?2.
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Structural analysis & design Chapter 4

Av 100.53

12.6x10"3

* 420 * 311 =1042.16mm

Vsmin

Then

N Q.

d
Smax < ) <600mm ,Spux === - = 155.5mm - control

Select $8/15cm
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4. ACI Committee 318 (2014),ACI 318-14: Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264-2.

5. D. Fanella, I. Alsamsam, “The Design of Concrete Floor Systems”, PCA
ProfessionalDevelopment Series, 2005.

6. Nawy, Edward, Prestressed Concrete Fifth Edition Upgrade: ACI, AASHTO, IBC Codes
Version (5th Edition),2009.
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Attachments

Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, k

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Member

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

deflections.

Solid one-
way slabs

£120

€124

£/28

£/10

Beams or
ribbed one-

way slabs

ENA6

N85

£r21

/8

MNotes:

Values given shall be us

(densi

tions, the values shall be modified as follows: . _
a) For structural |iﬁhh‘|‘ﬂllght concrete having unit density, wﬁham the range

1440-1920 kg/'m?, t

less than 1.0G,

@ values shall be multiphed by (1.65 - 0.

gd directly for members with normalweight concrete
W, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-

w,) but nof

bj For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700}

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

(ONE WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Defiection fimtation
Fial rocts not stpportng or attached o non- | Immedizis defiection due fo ive load L )
struchural elements ikely bo be damaged by i180
large defieciions
Floors ol suppertng or atiached b nanstue- | Immedizle defiection due fo e load L
tural eserments kely 10 be damaged by large £, 360
dietlections
Roat o foor constructon supparting or | That et of thetate deiection oocuring afer
athached 1o ronstructural elements [ialy 1o be | efachment of nanstructural elements (sum of | 1480
tamaged by lege deflections the longrLem deflection dug % &l sustained
Rioof or floor construction supparting or %ﬁﬁmmﬁe uel‘recﬂ:nduamw:
dftachad to nonstructural elements not ikely 1o ' Lt
be damaged by larp deflections

* Limit gt imendd o safeguaed against pondng, Foring shoud be checked by subable calcuiabions of defiecion, incuding added defiections e to ponded
e, and considening keng-leim etiects of o sustaned loacs. camber, sonstrickon ke mndes. and rebabibly of provisions for drmage.

1Lu;?rtuﬂru:isﬂa:kﬂshalltadEtGMna:Immmmtﬁﬁj_E.EwM.-tihulrrﬁ'l,lhsmducadb}'mumdlﬂmmwmudbmrmm-
ment of nansructural elements. This amount shall be datermined on basiz ol accepiad eninesring data relafing bo tive-deflecion chamciensics ol members sin-
lar to funse being oonsidared.

* Linit ey b oo ¥ adoquate assires e tiken b preven! damage % supporied of attached slaments

9 it shall ot b greater than flerane: provided o nometruchu eemants, Limh oy be axcsedod T cambar s provdad so that ot deflecton minas camber
doas net euceed imi.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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