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ABSTRACT

The school is a scientific and cultural heart of the community, it is a center of intellectual
life where the knowledge flow to students public. Hence, and the architectural design of
accountability, including humanitarian needs such as job permanence, beauty, the economy is
considered very important, and the architectural descriptions significantly helps in the
understanding of the project well.

The idea of this project is the structural design of the Dura Industrial School, which
consists of two floors and includes theater, workshops, laboratories, classrooms, a cafeteria and
rooms of teachers. It is well thought out in terms of dimensions and elevations correct and urban
spaces, the total floor area spaces for the school is 6925 m2. In this project detailed study,
analysis of structural elements problem consisting this school, and the expected loads will be
prepared. In addition, the required element will be designed and the construction drawing to be

prepard.

The project was designed using the US code (ACI318-08 ) as well as the Jordanian code
was used to calculate the live loads, as well as for the use of some programs such as
Autocad2010, Office2010. In addition to using design programs such as Safe, Etabs, Atir ...etc
to prepare designs necessary to complete the project and drawings.
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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 As = 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 Cc.=compression resultant of concrete section.

e Cs=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 .

e 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.
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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.

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

W = width of beam or rib.

Wou = factored load per unit area.

® = strength reduction factor.

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

&s = strain of compression steel.

p =ratio of steel area .
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Chapter 4
Structural Analysis & Design

4.1 Introduction.

4.2 Factored Loads.

4.3 Slabs Thickness calculation.

4.4 Load Calculation.

4.5 Design of Topping.

4.6 Design of Rib (4).

4.7 Check thickness for Tow-way ribbed slab
4.8 Design of Beam (37).

4.9 Design of long column ( C 68)

4.10 Design of Isolated Footing

4.11 Design of stair
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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 from about 1350 to 1850 kg/m®.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m?.

4.1.1 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).

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 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.
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4.2 Factored loads:

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

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

NOTE:

Use concrete B300

f. = 24 Mpa.

fy =420 Mpa

fye = 420 Mpa , will be used at 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 continues for one-way rib
given as follow:

e71 C58 66l B (37) (50°35) G C38 C37
|~
|1
2 o
F] L

o = Sl a

) — E ‘4 /_/” *D

o % ] ol

&) il D

L=
o il | | 3
ial /'/grlﬂ/ m
L]
7o C57 €54 B (3C€) (80°35) & C39 3
//
-
|1
|
//
|
L1
|-
//

o = T o = W (LaTal =y B{ }( 0"3 (= 40 34
::\, | s L [ L ]
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Fig (4-1): Rib(4) at the ground floor slab.
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hmin for one-end continuous = L/18.5 longest one-end cont. is 6.58m.
Nmin = 6580/18.5 = 355.67 mm

hmin for simply supported = L/16 longest simply supported is 4.23m.
Nmin = 4230 /16 = 264.5 mm

For Ground floor and first 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:

Table (4-1) Calculation of Total load of rib (4)

Material Unit weight (KN/m3) Thickness (cm)
Tile 23 3
Mortar 22 3
Sand 17 7
Topping slab 25 8
Hollow block 10 27
Rib 25 27
Plastering 22 3

partition 2.3KN/m?
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4.5 Design of Topping:-

w =1.2DL +1.6LL

r r h

4.5.1 Calculation of Dead load

- Design For 1m strip:

Tile  =23*0.03*1=0.69KN/m
Mortar = 22*0.03*1=0.66KN/m
Sand  =17*0.07*1=1.19 KN/m
Topping = 25*0.08*1=2 KN/m
Partition=1*2.30=2.3 KN/m

40 cm

D.L total = 6.84 KN/m

wi”

24
Fig (4-2) Typical section in Topping.
4.5.2 Calculation of live load

L.L orar = 5SKN/mM?* 1 m = 5 KN/m

Wu=12D.L+16L.L
=1.2*6.84 + 1.6*5 = 16.208 KN/m

Check ®Mn > Mu
*]2 * 2
MU — w, *1 _ 16.208 *0.4 _ 0.216 KN.M
12 12

Mn=0.42,/ fc' *s

2
Mn =0.42,/ fc' *%

* 2
= 04224 * 1 OéOB *10% = 2.195kN.m

@=0.55 for plain concrete
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¢*Mn =0.55%2.195 =1.207 KN.m.
¢*Mn =1.207 > Mu =0..216 KN.m.

— No Reinforcement is required.

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) =50.27mm2
So number of bars =144/50.27 = 2.86
Maximum spacing = 3*350 = 1050 mm
=450 mm
= 380(280/0.67*420)-2.5*20 = 328 mm

=300(280/0.67*420) = 298.5 mm
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.

4.6 Design of Rib (4):-

Materials:-
Concrete B300, Fc' = 24Mpa
Reinforcement Steel, fy = 420 N/mm? = 420 Mpa
- Requirements for Slab Floor Accordingto  ACI- (318-08).

bW > 10Cm.. ..ot ACI(8.13.2)
Select bw=12cm

h<3.5%bW oo ACI (8.13.2)
Select h=32cm<3.5*12=42cm

tf>Ln/12250mm .o, ACI(8.13.6.1)

Select tf=8cm

4.6.1 Design constant:-
- b For T- section is the smallest of the following:
be =Ln/4=5.71/4=1.428 m

De —pw+16tF=12+16(8)= 1.4 m
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b

E = c/c spacing between beams =0. 52 m
Control take be = 52cm

4.6.2 Calculation of Dead load:-

Table (4-2) Calculation of the Total Dead load for (R4).

Dead load Calculation

Tiles 23*0.03*0.52 = 0.3588 KN/m
Mortar 22*0.03*0.52 =0.3432 KN/m
Sand 16*0.07*0.52 = 0.6188 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 = 0.81 KN/m
Plastering | 22*0.03*0.52 =0.3432 KN/m
Partition | 2.3*0.52 =1.196 KN/m

Total dead load =5.79 KN/m/rib

4.6.3 Calculation of Live load:-

From Jordanian live loads table live load for hospital and school is 5 KN/m?

Total live load = 5*%0.52 = 2.6 KN/m/rib

System:-

One -way ribbed slab.

1

S A L
0.8 b1 0.5

6.36

AA

Fig. (4-3) Geometry of Rib (4)
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Loading:-

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

D.L tota = 1.2*5.79=6.948 KN/m/rib

L.L total = 1.6*2.6=4.16 KN/m/rib

5.f9 5.79
3:65 : H : 6.36 :
Live load - Service Load factors: 1.20,1.2001.60,0.00
2.50 2.60
3.65 i 6.36
Fig. (4-4): Load of Rib (4).
Moments: spans 1fo 2
|
I | _._-—-—'-""'f —
"-\.\,l‘_‘_\_‘_h-_._'_'_'_'_'_,.r"
Y 59
38,
1.1 | 2.55 382 | 2.54
f ] | ] 1

Fig. (4-5) Moment Envelope of Rib(4).
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Shear

-31.9
375 263 -29.

I I// /I‘T

IF_L,A—""'/—‘_ I I !

123 9%

37.6
42,
Reactions
Factored
L 1 1 [l 1 |
T T I T ]

DeadR 5.41 46,22 17.92
LiveR 6.9 27.67 11.13
Max R 12.31 73.89 29.05
Min R 1.75 54.9 17.52
Service
DeadR 4.51 38.52 14,93
LiveR 4.3 17.3 6.95
Max R 8.52 55.81 21.89
Min R 2.22 43.94 14.69

Fig. (4-6) Shear Envelope and reaction of Rib(4).

4.6.4 Flexural Design: -

4.6.4.1 Design for positive Moment for Rib (R4):-

1- Span(1):
Mu Positive for span  Mu=38 KN.m .(spanl)
Determine whether the rib will act as rectangular or T-section:
For a=t:=8cm
Assume @=0.9
d = h — cover—dia. of stirrups — db/2 = 350 — 20-8 — 18/2 = 313 mm.

@.Mnf = 0.9%0.85 * e * t,* De x(g_ t2)
=0.9* 0.85 (24) (0.08) (0.52)(0.313-0.08/2)*10°
@.Mnf =208.5 Kn.m
@ Mnf =208.5 KN.m > Mu =38 kN.m
Rectanglular section
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Design as a rectangular with b =52cm

As=p.be .d
= iy - = 420 _ 20.58
0.85* fc 0.85*24
* 6
R = Mu/¢ _38*10°/0.9  0.829 Mpa

" b*d?  520*(313)°

* x>
p=tfq [y 2mRn)_ 1 1_\/1_2 20.58*0.829 | _ ;15
m fy 20.58 420

As = pbe .d = (0.002)* (520)* (313) = 325.52 mm?.
Then use 2 @ 16,As=201.06 mm?2
As prov = 402.12 mm? > As req = 325.52 mm?

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

As min:m(bw)(d) _ 24 (120)(313) =109.5mm?
A(fy) 4(420)

14 )
As min:(l'—4(bw)(d) =20 P20 =125.2mm™ o))

For 2 @ 16,As=402.12 mm? >125.2mm* , OK

Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
402.12*420=0.85*24*520*a
a=15.92mm
c=2 1592 15 73mm
B, 0385

B=0.85..... f.=24MPa....... ACI-318M-08(10.2.7.3)

g, =(d-c)/cx0.003 = SU 187 6003 = 0.0473
18.73

&, =0.0473 > 0.005
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2- Span (2) :
Mu Positive for span Mu= 6.8 KN.m .(span 2)
Determine whether the rib will act as rectangular or T-section:
For =t =8cm
Assume ®—0.9
d = h — cover—dia. of stirrups — db/2 = 350 — 20-8 — 18/2 = 313 mm.

@.Mnf = 0.9%0.85 * e * ¢ * De x(g- t2)
=0.9* 0.85 (24) (0.08) (0.52)(0.313-0.08/2)*10°
@.Mnf =208.5 Kn.m
@ Mnf =208.5 KN.m > Mu =6.8 kN.m
Rectanglular section

Design as a rectangular with b= 52cm
As=p.be .d
fy _ 420

= - = =20.58
0.85* fc 0.85*24

Mu/¢  6.8%10°/0.9

Rn = = 5
b*d 0.52*(0.313)

= 0.1483 Mpa

* *
oo 1fy [p_2mRn)_ 1 1_\/ _ 2*20.58*0.1483 | _ 15035
m fy 20.58 420

As = p.be .d = (0.00035)* (520)* (313) = 57 mm?.
Then use 2 @ 10 ,As=157 mm2
As prov = 157 mm? > As req = 57 mm?

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

ASmin= \/_( bw)(d) :42/20)(120)(313) 109.5mm’

AS min :('—(bW)(d) 25(120)(313) =125.2mm? (control)

For 2 @ 10 ,As=157 mm? >125.2mm? , OK
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Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
157*420=0.85*24*520*a
a=6.22mm

a_022_732mm

C=—=
B 085

B=0.85..... f.=24MPa ....... ACI-318M-08(10.2.7.3)

g, =(d-c)/cx0.003 =%x0.003 =0.127

&, =0.127 > 0.005

4.6.4.2 Design for Negative Moment for Rib (R4):

Use Mu max. negative for support Mu=- 31 KN.m
Design as a rectangular with b=12 cm

m = fy = 420 =20.58
0.85* fc' 0.85*24

3
Rn= Mu/g_ 311107709 _; g5 pipa
b*d? 012%(0.313)

_ 2mRn)

1
p=—0-
m fy

o= 1 (1- \/1_ 2(20.58)(2.93)):0_00756
20.58 420

As = 0.00756 (120) (313) = 284.14 mm®.
Then use 2 @ 14,As=153.94 mm2
As prov = 307.88 mm?* > As req = 284.14 mm?

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

_Jfc V24 ~ )
Asmin= 4(y) (ow)(d) = 2(420) (120)(313) =109.5mm
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in=14 _14 _ 2
As mln—(fy) (bw)(d) 420(120)(313) 125.2mm

For 2 @ 10,As=157 mm2>125.2 , OK
Check for Tension steel vielding:-

Tension = compression
As*fy=085*f *b*a
307.88*420=0.85*24*520*a

a=12.19mm
x=2 1219 14 34mm
p, 085
p=0.85..... f,=28MPa ....... ACI-318M-08(10.2.7.3)
g, =(d —x)/xx0.003 _ 351438 6,003 =0.063
14.34
g, =0.063 > 0.005
0

4.6.5 Design shear for Rib (R4):-

1- Span (1) :
Factored shear forces at d=0.315 m from support
VUmax_=37.6 KN (From Shear Envelop)
Determine shear strength provided by concrete (& Vc).
Case ll: @Vcl2<V, <DV,
@Ve=11*@* VT pw*d

6

= 1.1% 0.75* % 0.12 * 0.315%10°% = 25.5 kN
@V, =255<Vu = 37. kN

Provide minimum shear reinforcement

(control)

Vemn > == * /] *bu*d = — x V24 *0.12*0.315*10°= 11.6 KN.

16
@ Vs’min: 87 KN
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> g* b, *d :g* 0.12 * 0.315%10° = 12.6 KN

@VS’min = 9.45 .............. COIltI‘Ol

@V, =255KN <V, =376 KN<@ (Vc+Vsmin ) =34.95 KN......not satisfy

case(1Hl) :
@ (Vc+Vs,min ) <Vu<d@ (VC+VS')

V> e [ *byd =3+ V24 *0.12%0.315%10°=61.73 KN.
@ ve' = 46.3 KN.
@ (Ve + Vomin) =34.95KN <V, = 37.6 KN<@ (Ve+ V') =718 KN

~Case is satisfy — shear reinforcement is required.

Use 2 Legd8 for stirrups Ay »¢pe= 100.52 mm?

d _ 315 _
S SE' 7—157.5 mm.

< 600 mm.
~Use2lLeg@8 @ 15Cm C/C

2- Span (2) :
Factored shear forces at d=0.315 m from support
VUmax_=27.5 KN (From Shear Envelop)
Determine shear strength provided by concrete (d Vc).

Case ll: @ Vc/l2 < V<D V.

@Ve= 1.1x@* V' pw=*d
6

= 1.1% 0.75* g 0.12 * 0.315*10° = 25.5 kN
@V, =255 <Vu =275 kN

CaSE I“ : @ Vc<Vu S @ (Vc+V5’min)
Provide minimum shear reinforcement
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Vomin = =% Jf *bu*d = —x V24 *0.12*0.315*10°= 11.6 KN,
QVs‘min: 87 KN

> —*b >!<d=—>l<012>!<0315*103 12.6 KN

D vsmin = 9. 45 .............. control
@V, =255KN <V, =27.5 KN <@ (Ve+Vemin ) =34.95 KN...... satisfy

~.Case is satisfy — shear reinforcement is required.

Use 2 Leg @ 8 for stirrups A, »4s= 100.52 mm?

S s% = % = 157.5 mm.-
< 600 mm.
~Use2Leg@ 8@ 15 Cm C/C

4.7 Check thickness for Tow-way ribbed slab

11.68——
EE. B E?DJ |f5[:|"35:| (= Cilgh Ciid
SRR 8 o N
1 DOoooooooooooooooooonn [
5 S o o o o i O
~» DO0000000000000000000d , €
1 = 000000000C00000000000 9
e g G
;%DDDDDDDDD'ﬁﬁDDDDEEES%%E
1=~ 000000000000000000000 %
~ S 000000000000000000000 S C
i e T o [
1o 000000000000000000000 S L
1 Doooooo000ooo0O0ooonn e
] N o o o O O o v o v v
27 RAI7INVIAN*3R) 2 ri24 . Fig (4-7): Two Way rib slab
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Ln (long) =10.88 m
Ln (short) =7.01 m
Exterior Beam
Ib = 50*50%12 = 520833 cm*
Interior Beam
Ib = 80*50%12 = 833333 cm*
Y¢ = (40*8*4+35*12*17.5)/(40*8+35*12)
=11.66 cm
| rib = (52*11.66%/3) — (40*3.66%/3) + (12*23.34%/3) = 77.682 cm*
Exterior slab
Is (short) = 77682*(701/2 + 50)/52 = 598300.8 cm*
Is (long) = 77682 *(1088/2+50) / 52 = 887367.5 cm*
Interior slab
Is (short) = 77682(701/2 + 701/2 + 80) / 52 = 1166723.9 cm*
Is (long) = 77682(1088/2 + 1088/2 +80) / 52 = 1744857.231 cm*
al =520833/598300.8 = 0.87
a2 =520833/887367.5 = 0.59
a3=833333/1166723.9 = 0.71
a4 = 833333/1744857.231 = 0.48
ofm= (0.87+0.59+0.71+0.48)/4 = 0.66
B =10.88/7.01 = 1.55
H= (10.88 (0.8+420/1400))/((36+5*1.55(0.66-0.2)) = 30.24 cm

We Take H =35> 30.24 ... Ok

4.8 Design Of Beam (37)
Materials:-
Concrete B300, Fc' = 24Mpa
Reinforcement Steel, fy = 420 N/mm? = 420 Mpa

4.8.1 Design constant:-

Use width of beam 80 cm and height 35 cm
Wu=12DL+16LL

4.8.2 Calculation of Dead load:-

From the reaction of Rib(4) on Beam (37) we found that :
DL = 14.93/0.52 = 28.7 KN/m.(service).

LL =6.95/0.52 = 13.36 KN/m.(service).
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Using BeamD program and by adding self-weight to graph moment and shear envelope

Geometry Units:meter,cm
1 2 3 4 5
1 2 3 4
E A o A A o A ]
A - A - A - A
91- 5.04 P.d‘- 3.56 (Il.4|- 7.08 P.dl- 4.62 0.‘2|5
N 5.44 n 3.96 R 7.48 B 494 i
I I I I |
35
80.
A-A
Fig. (4-8) Geometry of Beam (37).
Loading
foad group no. 1
Dead load - Service Units:kN,meter
28.7 287 28.7 287
579 ="k ] 579 579
544 396 748 494
Live load - Service Load factors: 1.20,1.20/1.60,0.00

D Y A A A A Y A A A

544 3.96 748 494

Fig. (4-9) load group of Beam (37).
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Moment/Shear

Envelope (Factored)

Units:kN meter

Moments:

spans 1fo 4

-160.
-120.7 -135.2

-237.8
-206.8 -191.6

-284.6
-236. -242.8

1 0. | I1' | 1 I2'44 |
[ I ||I| 1|| I I 15|g|| I |
73! ".05 '35 U
A = T
103.2
177. 211.2
| 245 | 200 | 178 | 218 | 3.74 | 3.74 | 3.21 . 173 |
I I I I I I I I 1
Fig. (4-10) Moment envelope of Beam (37).
Shear
-249.1
-202.9 -217.8
-171.6 -162.6
-131.3 -114.7
/ 883
[ 1y 1y 1 /j
L/ |[|7/ T L T
100.
119. 131.3
150.3
183.8
237. d
Reactions
Factored
L Ll Ly Ll |
I NI LB T n
DeadR 98.07 204.62 250.31 307.25 67.18
LiveR 52.43 130.11 150. 157.63 47.76
Max R 150.51 334.73 400.31 464.88 114.94
Min R 94.96 222.89 270.41 367.96 53.21
Service
DeadR 81.73 170.52 208.59 256.04 55.99
LiveR 32.77 81.32 93.75 98.52 29.85
Max R 114.5 251.84 302.34 354.56 85.83
Min R 79.78 181.94 221.15 293.98 47.25

Fig. (4-11) Shear envelope and Reaction of Beam (37).
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4.8.3 Flexural Design: -

4.8.3.1 Design for positive Moment for Beam (37) :

1- Span (1)
Mu Positive for span Mu= 177 KN.m
Assume @=0.9
d = h — cover—dia. of stirrups — db/2 = 350 — 40-10 — 18/2 = 291 mm.

Croax = ; *d = ; *291 = 124.7 mm.

amax = ﬁ]_* Cmax = 085 * 1247 = 106 mm.

Mnpmax = 0.85 * f. *b*a*(d-i)
= 0.85 * 24*500* 106* (291~ —>

=257.3 KN.m .
— @ MNpax = 0.9 * 257.3 = 231.57 KN.m . * Note: €,=0.005 - 3 =0.9
— @ MNpax = 231.57 > 177 KN.m

106 ) * 10-5

Design as singly
m = y - = 420 =20.58
0.85* fc 0.85*24

Mu/¢ 177 *10°/0.9
b*d2 800 *(291)2

kS x>
p:i 1. [j_2mRn)_ 1 1_\/ _2*20.58*2.9 ) _ 40748
m fy 20.58 420

As =p.b.d=(0.00748)* (800)* (291) = 1741.344 mm? .
Then use 7 ® 18,As=254.47 mm?
As prov = 1781.3 mm?® > As req = 1741.344 mm?

Rn = =2.9 Mpa

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

AS min= */_(b w)(d) = 42/_)(800)(291) 678.8mm’

AS min :('ﬁ(bw)(d) ZE(SOO)(ZQJ.) =776mm’ (control)
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For 7018,As=1781.3 mm? >678.8 mm? , OK

Check for Tension steel yielding:-
Tension = compression
As*fy=085*f . *b*a
1781.3*420=0.85*24*800* a
a=26.2mm

a _262 _3582mm

~ B 085
B=0.85..... f.=24MPa ....... ACI-318M-08(10.2.7.3)

g, =(d-c)/cx0.003 _PL-3082 6 003 =0.025
30.82

&, =0.025 > 0.005
Ok

2- Span (3):

Mu Positive for span_ Mu=211.2 KN.m
Assume @=0.9
d = h — cover—dia. of stirrups — db/2 = 350 — 40-10 — 18/2 = 291 mm.
Crnax =2 * d = 2 %291 = 124.7 mm.
amax = B1* Cmax = 0.85 * 124.7 = 106 mm.
Mnmax = 0.85 * f, *b*a*(d-%)

= 0.85 * 24*800* 106* (291 —2 ) * 10°

=411.7 KN.m.

— @ MNpax = 0.9 * 411.7 = 370.53 KN.m . * Note: €s=0.005 — $ =0.9
— @ Mnpax = 370.53> 211.2 KN.m

Design as singly
_ fy 420

= - = =20.58
0.85* fc 0.85*24

_ Mu/¢ _ 211.2*10°/0.9

RM = =
N b*d?z T 800 *(291)°

= 3.46 Mpa
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ooty [p_2mRn)_ 1 1_\/1_2 20.58*3.46 ) _ 5001
m fy 20.58 420

As =p.b.d=(0.0091)* (800)* (291) = 2118.5mm?.
Then use 9 @ 18,As=254.47 mm?
As prov = 2290.23 mm? > As req =2118.5 mm?

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

24

' _ P
Asmin= 4(y) (bw)d) = 4(420) (800)(291) =679mm
1.4 ,
As min :(1'—4(bw)(d) :@(800)(291) = 776mm (control)

For 9918,As=2290.23 mm? >2118.5 mm? , OK

Check for Tension steel vielding:-
Tension = compression
As*fy=085*f *b*a
2290.23*420=0.85*24*800* a
a=58.94mm

a _5894 _ 4934mm

=5 " 085
B=0.85..... f.=24MPa ....... ACI-318M-08(10.2.7.3)

&, =(d —c)/cx0.003 _ L0934 003 = 0.00959
69.34

&, =0.00959 >0.005
Ok
3- Span (4):

Mu Positive for span  Mu=103.2 KN.m
Assume 3=0.9
d = h — cover—dia. of stirrups — db/2 = 350 — 40-10 — 18/2 = 291 mm.
Crnax =2 * d =2 %291 = 124.7 mm,
amax = £1%* Cmax = 0.85 * 124.7 = 106 mm.
Mnmax = 0.85* f; *b*a*(d-)

= 0.85 * 24*800* 106* ( 291 — 1%6 ) *10°

=411.7 KN.m .
— @ Mnmax = 0.9 *411.7 =370.53 KN.m . * Note: €5=0.005 — ¢ =0.9
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— @ MNpax = 370.53 > 103.2 KN.m

Design as singly
_ fy 420

= - = =20.58
0.85* fc 0.85*24

_ Mu/g¢ _ 103.2*10°/0.9

RN = -
N b*d?Z  800*(201)

= 1.69 Mpa

ks *
potfy fp_2mRn)_ 1 1_\/1_2 20.58*1.69 | _ ) 50421
m fy 20.58 420

As =p.b.d = (0.00421)* (800)* (291) = 980 mm?.
Then use 4® 18,As=254.47 mm®
As prov = 1017.88 mm? > As req = 980 mm?

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

S mi :E :—\/ﬂ = 2
ASTin= 25 (W) = - (800)(299 =679m

1.4 )
AS min:%(bw)(d) :E(SOO)(ZM):??(Smm (control)

Check for Tension steel yielding:-
Tension = compression
As*fy=085*f . *b*a
1017.88*420 = 0.85*24*800*a

a=26.2mm
- ,‘% - % =30.82mm
B=0.85..... f.=24MPa ....... ACI-318M-08(10.2.7.3)
291 -30.82

& =(d—-c)/cx0.008 =———x0.003 =0.0253
30.82

&, =0.0253 >0.005
Ok
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4.8.3.2 Design for Negative Moment for Beam (37) :

1- Support (2) :

Mu negative for span  Mu= -206 KN.m
Assume @=0.9
d = h — cover—dia. of stirrups — db/2 = 350 — 40-10 — 18/2 =291 mm.
Crnax =2 * d = 2 %291 = 124.7 mm.
amax = 1% Cmax = 0.85 * 124.7 = 106 mm.
Mnmax = 0.85* f; *b*a*(d-)

=0.85 * 24*800* 106> ( 287.5— % )*10°

=411.7 KN.m .

— @ MNpax = 0.9 * 411.7 = 370.53 KN.m . * Note: €s=0.005 — $ =0.9
— @ Mnpax = 370.53 > 206 KN.m

Design as singly

y - 420 =20.58

m = - =
0.85* fc 0.85*24

_ Mu/g _ 206*10°/0.9

RN = - = - ==
"= b*d?Z 800 *(291)’

= 3.38 Mpa

* *
p=lfq_ fp_2mRn)_ 1 1_\/1_2 20.58*3.38 ) _  yosas
m fy 20.58 420

As =p.b .d = (0.00885)* (800)* (291) = 2060.28 mm? .
Then use 10 ® 18,As=254.47 mm®
As prov = 2544.7 mm? > As req = 2060.28 mm?

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

S min= fc’ = \/ﬂ = 2
A>min 4(y) (bw)(d) 4(420) (800)(291) =679mm* (control)

AS min =(1'—4(bw)(d) :%(800)(291) = 776mm?

Check for Tension steel yielding:-
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Tension = compression
As*fy=085*f *b*a
2544.7*420 = 0.85*24*800*a
a = 65.5mm

_a 655
B 0.85

B=0.85..... f,=24MPa ....... ACI-318M-08(10.2.7.3)
d = 350-40-10-18/2 = 291 mm

29117 | 0.003 = 0.0083

& =(d-c)/cx0.003 =

&, =0.0083 > 0.005
Ok

2- Support (3) :

Mu negative for span_Mu=-236 KN.m
Assume @=0.9
d = h — cover—dia. of stirrups — db/2 = 350 — 40-10 — 18/2 = 291 mm.
Crax =2 * d=2%291= 1247 mm,
amax = B1* Cmax = 0.85 * 124.7 = 106 mm.
Mnmax = 0.85* f; *b*a*(d->)

= 0.85 * 24*800* 106* (287.5- == ) * 10°

=411.7 KN.m .

— @ Mnpax = 0.9 * 411.7 = 370.53 KN.m . * Note: €,=0.005 — ¢ =0.9
— @ Mnpmax = 370.53 > 236 KN.m

Design as singly
_ fy 420

= - = =20.58
0.85* fc 0.85*24

_ Mu/g _ 236*10°/0.9
" bxd? 800 *(291)2

= 3.87 Mpa

~ 2058 420

p:i[l_ 1_2man 1 (1—\/1—2 20.58 3.87j=0_01_

As =p.b.d = (0.01)* (800)* (291) = 2328 mm’ .

54



Structural Analysis & Design Chapter 4

Then use 10 ® 18,As=254.47 mm®
As prov = 2544.7 mm? > As req = 2328 mm?

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

S mi :E :—\/ﬂ = 2
A>min 4(y) (bw)(d) 4(420) (800)(291) =679mm

14 )
AS min:%(bw)(d) = 420 80029 =776mm” ooy

Check for Tension steel yielding:-
Tension = compression
As*fy=085*f . *b*a
2544.7*420 = 0.85*24*800* a
a=655mm

a 655
=5 “o6s
B=0.85..... f,=24MPa ....... ACI-318M-08(10.2.7.3)

g =(d-c)/cx0.003 = 221100 4 003 = 0.00833
77.06

=77.06mm

&, =0.00833 > 0.005
Ok

3- Support (4) :
Mu negative for span  Mu=-242.8 KN.m
Assume @=0.9
d = h — cover—dia. of stirrups — db/2 = 350 — 40-10 — 18/2 = 291 mm.

Crnax =2 * d = 2 %291 = 124.7 mm.
amax = £1%* Cmax = 0.85 * 124.7 = 106 mm.
Mnimax = 0.85* f; *b*a*(d-7)
= 0.85 * 24*800* 106* ( 287.5— % )*10°®
=411.7 KN.m.

— @ MNpax = 0.9 * 411.7 = 370.53 KN.m . * Note: €,=0.005 — ¢ =0.9
— @ MNpax = 370.53 > 242.8 KN.m

Design as singly

55



Structural Analysis & Design Chapter 4

iy 420

m = - = =20.58
0.85* fc 0.85*24

Mu/¢  242.8*10°/0.9
= - =3.98 M
b*d? 800 *(291) ba

ES *
ool fp_2mRn)_ 1 1_\/1_2 20.58*3.98 | _ 511
m fy 20.58 420

As =p.b.d=(0.011)* (800)* (291) = 2560.8 mm®.
Then use 11® 18,As=254.47 mm®
As prov = 2799.17 mm? > As req = 2560.8 mm?

Rn

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

S mi :E :—\/z = 2
A>min 4(ty) (bw)(d) 4(420) (800)(291) =679mm* (control)

14 ,
AS min=1% ow)(d) = gpg @009 =776mm

Check for Tension steel yielding:-
Tension = compression
As*fy=085*f . *b*a
2799.17*420 = 0.85*24*800*a
a=72.04mm

a _172.04 o/ 75mm

~ B 085
B=0.85..... f,=24MPa ....... ACI-318M-08(10.2.7.3)

e =(d—c)/cx0.008 = 22 =81 4 003 = 0.0073
84.75

&, =0.0073 >0.005
Ok
4.8.4 Design shear for Beam (37) :

1- Span (1) :
Vu=1716 KN .
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f*bw*d

\/_

dpVe=¢*
=0.75 * Y22 * 800 * 291 * 10°® = 142.56 KN.
— Check For dlmensions:-
dVe + ( %*q)*\/f”c * by, *d) =142.56 + ( 2*0.75*«/ﬁ * 800 *291* 107%)
= 142.56+ 570.24=712.8 KN> Vu = 171.6 KN.
=~ Dimension is enough.

— Check For Cases:-

1- Casel: V, < ¥,

2
171.6< “22°= 71.28 KN .......Not satisfy.

2- Case 2 cl’Vf<vu <bV,

71.28<171.6< 14256 ....... Not satisfy.
3- Case3 :pV< Vy < Ve + OVSnhin

b Vsmin > lq;\/fj*bw*d-ﬁ
> Sxp,*d= 22%0.8%0.201*10°=58.2KN.......... Control.

2. DVS min = 58.2 KN.

OV + VS min = 142.56 + 58.2 = 200.76 KN.

Cl)Vc< V, < (l)Vc + (l)VS min

142.56 KN < 171 6 KN< 200.76 KN .......... satisfy.

(_) (fyt*d)
Use 2leg @10 with As = 157.1
Vs=Vu/ ®-Vc
Vs =171.6/0.75 — 190.08
Vs =38.72 KN

S =496 mm

< % ﬂ—146 mm.

<600 mm.

~§=120 mm < 146 mm

take S=12 cm

=~ Use @10 2legs @ 12 cm C/C.
2- Span (2):

VUmax = 131.3 KN .

24 * 800 *291 * 10°° = 53.46 KN.
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Cl)VC ¢*f*bw*d

—075*r*800*291*103—14256 KN.

— Check For d1mens10ns.-

dVe + ( %*q)*\/f”c * by, *d) =142.56 + ( 2*0.75*«/ﬁ * 800 *291* 107%)
= 14256 + 573.1 = 715.66 KN> VVu = 131.3 KN.

=~ Dimension is enough.

— Check For Cases:-

1- Casel: V, < ¥,

2
142.56

131.3< =71.28 KN .......Not satisfy.

2- Case 2 cl’Vf<vu <bV,
71.28<131.3< 14256 ....... Not satisfy.

Av,min ) > bw > \/ﬁ*bw
S T 3fy:~ 16fyt
(Av ,min

—(

) > 0.635>0.583

Use 2Ieg ®10 with As =157.1

S=247.4 mm

s< % 21 - 146 mm.

<600 mm.

~§=120mm < 146 mm

take S= 12 cm

=~ Use @10 2legs @ 12 cm C/C.
3- Span (3) :

Vu =217.8KN .

QJVC_d)*J_*b *d

=0.75* = *800*291*103-14256 KN.
— Check For d1mens10ns.-
Ve + ( §*¢ « JfT *by*d) =142.56 + ( §*0.75*m *800 * 291* 10°?)
=142.56 + 570.24 = 712.8 KN> Vu =217.8KN.
=~ Dimension is enough.

— Check For Cases:-
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1- Casel: V, < %.
142. 56

217.8< =71.28 KN .......Not satisfy.

2- Case 2 : 2 <Vu <¢pVc

71.28 < 217.8 < 14256 ....... Not satisfy.

3-Case3 :pVe< Vy < PV + OVS min

O Vsmn > = * bW*d—075\/_4*800*291*103-5346 KN.

> q)*b *g= 22 *800*291*103—582KN .......... Control.

VS min = 58.2 KN.

OV + VS min = 142.56 + 58.2 = 200.76 KN.

Cl)Vc< V, < (bvc + (1)VS min

142.56 KN <217.8 KN < 200.76 KN .......... Not satisfy.

4-Cased :pVe + PVSmin< Vi < Vet (2 *[F7 *by*d)

=142.56 + 58.2 < 217.8 <142.56 + (°75 *\/24 * 800 * 291 *10?)
200.76 KN < 217 SKN<4277KN ........... Satisfy.
(_) (fyt*d)

Use 2leg @10 with As = 157.1
Vs =Vu/ ®-Vc

Vs =217.8/0.75 - 190.08

Vs =100.32 KN

S$=191.4 mm

d 291
s < 5———146mm

<600 mm.

~5=100 mm < 146 mm

take S= 10 cm

=~ Use @10 2legs @ 10 Cm C/C.
4- Span (4) :

Vu=183.8 KN.

(l)vc_q)*\/_*b *d

=0.75* = *800*291*103-14256 KN.
— Check For d1mens10ns.-
Ve + ( %*q)*\/f * Py *d) = 14256 + ( §*0.75*\/2_ *800 *291* 10?)
= 142,56 + 570.24 = 712.8 KN> VVu = 183.8 KN.
=~ Dimension is enough.
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— Check For Cases:-
1- Casel: V, < %.

183.8 < ~22°= 7128 KN ......Not satisfy.

2- Case2 <Vu <V,

71.28 < 183.8 < 14256 ....... Not satisfy.

3- Case3 '(1)Vc< V, < Cl)Vc+ (bVS min

d VSmin > q’JfT bW*d—ﬂﬂ*soo*291*103—5346KN

> ¢*b *g= &7 *800*291*103 582 KN.......... Control.

~PVS min = 58.2 KN.

OV + OVS min = 142.56 + 58.2 = 200.76 KN.

dVe< Vy < OV + OVSnin

142.56 KN < 183.8 KN < 200.76 KN .......... satisfy.

(_) B (fyt*d)
Use 2leg @10 with As = 157.1
Vs =Vu/ ®-Vc
Vs =183.8/0.75 — 190.08
Vs =55 KN

S=149.1 mm
s< 2=22 =146 mm.

<600 mm.

~§=130 mm < 146 mm

take S= 13 cm

= Use @10 2legs @ 13 Cm C/C.

4.9 Design of long column (C68):

For one Floor (servies)
D,=272.2 KN

= 82.445 KN
For two Floor (servies)
D, =544.4 KN
L, =164.89 KN
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Putota = 1.2(544.4) +1.6(164.89) = 917.104 KN

4.9.1 Check the slenderness effect:

(Non-sway system)

lu 3412 <M1> ACI(10.12.2)
: 7 12.

r:\g ~ 0.3h = 0.3 x0.40 = 0.12.

r:\[g ~ 0.3h=03x04=0.12.

L,=5.11M
kL“—1X5'11—426>34 12 =22
r 012 = 7 B
kL”—1X5'11—426>34 12 =22
r 012 7 N

So the column is long at x and y directions.

4.9.2 Calculate e min ,M min:

min =15 +0.03h =15+0.03%400 =27 mm.
Mnin= Py X €qin=917.104 x0.027 =24.76 KN.m

E. =4700,/f, = 4700v24 =23025.2 Mpa.

3
lg =% =2.13 x10°mm®.
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D 544 .4
dns = — - =06<1
P, 917.104

_04E;: I, 0.4%x23025.2x2.13

= = 12260.9 KN.m?

E.l=
14+Bdns 1.6

4.9.3 Determine of Euler buckling load:

m?El _m?x12260.9

oy e = 463426 KN

4.9.4 Calculate the moment magnifier factor:

C, =0.6 + 0.4 (ﬂ) =1

M
Com 1
" 0.75P¢ ~0.75x4634 .26

The magnified (e) and (M):
€ = Onsemin =1.36%27 =36.72 mm
M = 8psMpmin =1.36 x24.76 = 33.67 KN.m.

e/h = 36.72/400=0.092
d-d'/h=(400-80-20-20)/400 =0.7.
gPn/ Ag=917.104/(400*400)
=133

From the interaction diagram constructed in PCA _ COLUMN program:

p=0.015.

As =p xAq = 0.015 *(400*400) =2400 mm?
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N 2 2400
¢16 7501.06

= 1216

Use 12¢16

4.9.5 Design the stirrups:

The spacing of ties shall not exceed the smallest of:
- 16xd, = 16x16 =256 mm control.
- 48%ds =48 x10 =480 mm
- Least diminution of the column = 400 mm

Use ¢$10@250mm.

0,40

616

Section A-A
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Fig. (4-12) section of column (68).

4.9.6 Check for code requirements:

400—-40%x2—-10x2—-3x16

- clear spacing between longitudinal bars = - = 101mm
101 mm > 40mm
>1.5dp,=24 mm. ok

- gross reinforcement ratio = 0.0308 , 0.01 < 0.01<0.08 ok

- NO of bars = 10> 4 bars for square columns.
- min ties diameter : $10 for $32 longitudinal bars and smaller.

4.10 Design of Isolated Footing (F6):-

4.10.1 Determination of Loads:

Total factored load = 3500 KN.

Total services load = 2484 KN

Column Dimensions = 50*50 cm.

Soil density = 18 KN/ma3.

Service surcharge= 5Kn/mz2.

Allowable soil Pressure = 400 KN/mz2.

Assume footing to be about (70 cm) thick.

Footing weight = 25x0.7 = 17.5 KN/m2.

Soil weight above the footing = 0.7 x18 = 12.6 KN/m2.
aow =400 — 17.5 — 12.6 = 370 KN/m?

4.10.2 Determination of Footing Area:

Try 2.55*2.55 m with area = 6.7 m2 > Areq = 6.7 m2
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Determinateq, = 3500 / 6.7 = 522.38 KN/m?
4.10.3 Determination the depth of footing based on shear strength:-

Assume h =70 cm.

d = 700-75-20 = 605 mm H
4.10.4 Check for one-way shear strength:- L—'é_ﬁ“
Inclined crack
255 Critical section for Ir "
Vu = 52238* (T - 05/ 2 - 0605) * 255 = 5595KN one-way shear \‘i gglgij‘tmzr;t :r:iaarfor

¢.\/c:¢.(%*\/f_c'*bw*d)

gVC= o.75*%*\/ﬂ *2550*605 = 944.74KN

¢pNCc=944.74KN >Vu=559.5KN
. Safe

One-way shear.

Fig (4-13): One way shear.

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

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

ov.=o2f1s 2} 1

1| o [
V. =¢.— S _4+2 f bd Inclined crack
¢ C ¢ 12 [bo / d J o Tributary area for

two-way shear
! Z
oV, =g\ 1. b,d -

Where:
_ Column Length (a) 50

Pe = ColumnWidth (b) 50

Critical section
for two-way shear ™~

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

Two-wav shear.

Fig (4-14): Two-way shear.
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b, =2(d +al)+2(d +a2) = 2(0.605 +0.5) + 2(0.605 + 0.5) =4.42m

%s — 40 for interior column
/B =400/250=1.6.

AT ¢%(1+ ﬂi}l fc'bod = %*(u 2/1.0)*~/24 * 4420*605 = 4912.6Kn

* ’ *
PN =¢-i a.*d +2 |y f. bd= 0.75,,( 40 605+2 *J24*4420*%605=6120.4Kn
12\ b, 12 4420
PN = ¢%\/ fc'bod :%* 24*4420*605 = 3275.1Kn
¢V, =3275Kn ... Control

Vu =522.38 *{(2.55*2.55) — (0.5+0.605) * (0.5+ 0.605)} = 2242 .3kN
PNVC >VUg..ons satisfied

4.10.6 Design of Bending Moment:

Mu = [qult X BX(L_EDXOE(L_Ej
2 2 2 2

=(522.38>< 2.55x(?—0—;j]x0.5(%—0—'25j =699.75 Kn.m

Mn =699.75/0.9 = 777.5 KN.m
d =700 —75—20 =605 mm

Mn  777.5x10°

Kn=—= > =0.833Mpa
b*d* 2550 x 605
me_ Y __ 40 s
0.85fc' 0.85x 24
1 2mKn
p=—@1-_ [1- )
m fy
e L(l—\/l— 2% 20.58 x 0.833) — 0.0020255
20.58 420

As,., = 0.0020255x 2550x 605 = 3125mm* /m
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As,_ . =0.0018 *2550 *700 = 3213 mm*/m
ASi, =3213mm*/m > As,,, =3125mm? /m

3213 01
153.94
Use 24@14 with As =3694.56 mm2 >As req =3213
In two direction

#of bar in on meter =

240

(1) 24814 L=30

0.3

|
w

2.40

(1) 24014 L=30
(1)24%14@11cM

| (1)24914@11cm

02

1.03 0.50 1.03

0.10

Fig (4-15): Reinforcment of F6.

4.11 Design of stair.
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Figure (4-16): stair plane

4.11.1 Determination of Slab Thickness:

For Flight:

L =4.00m.

hreq = L/ 20.

Nreq = 4.70 / 20 = 0.235 cm.
Use h=25cm.

The stair slope by 6 =tan™! (%) = 26.56.
4.11.2 Load Calculations:

For Flight :
Dead Load for flight:
0.15 + 0.35

0.15+0.3
Mortar = 22 <T> *0.02+x1=0.66KN/m

i ctimg = 25 (0.15*0.3
SCllT'Slp.S'—O.3 )

] _(25*0.25*1)_698KN
SHan = c0s26.56 / /m

Plast —22(0'03*1
aster = c0s 26.56

Dead load sum=11.61
Live load for flight:

Tiles = 27(
) *1=1875KN/m

) = 0.738 KN/m
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Live load for stairs =5 KN/ m?.
For landing:-
Dead Load for landing:
Tiles = 23*0.03*1=0.69KN/m
Mortar = 22*0.03*1=0.66KN/m
Slab = 25*0.25*%1=6.25KN/m
Plaster = 22*0.02*1=0.66KN/m
Total dead load= 8.26 KN/m.
Live load:

Live load for stairs =5 KN/ m?.

4.11.3 Design of Shear for flight:

= Assume @16 for main reinforcement:-

So, d = 250-20-6 = 224mm.
Take d= 224 mm

* Vu=33.3KN.

_ 0.75*+/24*1000 * 224 *10°
- 6

=137 KN

[ ¢VC

* Vu=33.3KN<@Vc =137 KN.
* Vu=233.3KN<0.50Vc =68.6 KN

Depth is ok since there is no shear Reinforcement.

4.11.4 Design of Bending Moment for Flight:

Mu = 46.0KN.m.
Mnreq =Mu/0.9=46.0/0.9=51.1 KN.m.
d =224 mm.
R = Mn
b-d?
*1N6
o) owpa
1000 *224
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__ b
0.85x fc'
420

m =——7—=20.58
0.85x 24

1 2mR,
p=—1- [1- __1 1_\/]_
m f, |~ 2058

As req = 0.002488*1000*224= 557.4 mm?

Amin=0.0018*250*1000=450mm?
Use 6 @ 12/m.

Check for strain:
Tension = Compression
A * fy=0.85* fc' *b*a
678*420=0.85*24*1000*a
a=13.95mm
_ 2 1395 _ 16 411mm
£ 0.85
g, = 224-16411, 553
16.411

£,.0311> 0.005—> 0k
4.11.5 Design of landing:-

Same thickness =25 cm

Dead load = 8.26 KN/ m’

Live load =5.0 KN/ m’

Load from flight =33.3/2.7=12.33KN/m
Load =12.33+ (8.26) =20.59 KN/m.

= Assume @12 for main reinforcement:-

So, d = 250-20-6 = 224 mm.

* Vu=74.6 KN.

n WC:M

~ 2*20.58*1.02

420

...control
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_0.75*+/24 *1000 * 224 *10~°

u ¢VC 6

=137.2 KN

* Vu=74.6 KN <@Vc =137.2 KN.

Depth is ok since no shear reinf is required.

4.11.6 Design of flexure for landing:-

Mu = 88.13 KN.m.
Mnreq =88.13/0.9 = 97.9 KN.m.
d =224 mm.
_ Mn
" pb.d?
K = 97.9*10° B
" 1000 *224%
_ W
0.85x fc'

420
m =——
0.85x 24

R

=20.58

1 2mR, * *
p=—|1- 1- _ 1 1_\/1_2 20.58*1.95 — 0.0049.
m f, 20.58 420

As req = 0.0049%1000%224 = 1097.6 mm?“°™
As min = 0.0018*1000*250=450mm?
S=254.47/1485.33=0.172 m.
Use 100 12/ m. or 1 ®12@10 cm
Check for strain:
Tension = Compression
A * fy=0.85* fc'*b*a
1132.4*420 = 0.85*24*1000* a

a=23.3mm
c= & _233_ 52 41mm
5. 0.85
_224-2141,
27.41

&, =0.02 > 0.005—> ok
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4.11.7 for shrinkage and temperature reinforcement:

As min = 0.0018*1000*250=450mm?
Assume @10 for main reinforcement:-

N=450/79=6
Take 1410 @170 mm.
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Attachments
Appendix (A)

Architectural Drawings

This appendix is an attachment with this project
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Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

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

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

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

Member | deflections.

Solid one-

way slabs £/20 £/24 £/28 £M10
Beams or

ribbed one-

way slabs £M6 LM18.5 £i21 £/8

Notes:
Valuas given shall be used directly for members with normalweight concrete

(density w, = 2320 kg ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural ||%htwmght concrete having unit density, w,., in the range
1441:} 1920 kg/m?, the values shall be multiplied by (1.65 - 0. ﬁtﬁw but not

less than 1.09.
bj For f,, 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 Deflection limitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L .
structural elements likely to be damaged by £/180°
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
{ural elements likely to be damaged by large (/360
deflections
Roof o floor construction supporting or That part of the total deflection occurring after ‘
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £/480¢
damaged by large deflactions the longrterm deflection due to all sustained
Roof o floor construction supporting or g’;&j‘;oannadl m “m‘ig‘ate deflecton due toany .
attached to nonstructural elements not likely to £240°
be damaged by large deflections

* Limit not intendsd to safeguard against ponding, Pondmg should be checked by suitable calculations of deflection, including added deflections due to ponded
waler, and considering long-erm effects of all sustained loads, camber, construclion tolerances, and reliability of provisions for drainage.

f Lon?-term defaction shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attach-
ment of nonstructural elements, This amount shal be determined on basis of accapted enginasring data relating to time-deflection characteristics of members sim-
llar to those being considered.

imi may be exceaded if adequate measures are taken to prevent damage to supportad or attached elements.

$ Limitshallnot be greatar than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
oas not excaed limit

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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