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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).

(3-3) Jsad
(4-3) Jsad
(5-3) Jsa
(6-3) Jsau
(7-3) s
(8-3) Jsau
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At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width« or diameter of circular section.

C.= compression resultant of concrete section.

C,= compression resultant of compression steel.

DL = dead loads.
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d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

LL = live loads.

- Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

- Mn = nominal moment.

- Pn = nominal axial load.

- Pu = factored axial load.

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

- Vc = nominal shear strength provided by concrete.

- Vn = nominal shear stress.

- Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

- Wc = weight of concrete.

W = width of beam or rib.

VI



Wu = factored load per unit area.

@ = strength reduction factor.

- g = compression strain of concrete = 0.003.

- g = strain of tension steel.

- € = strain of compression steel.

p =ratio of steel area.
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Chapter Four Structural Analysis and Design

4 — 1 Introduction of Structural Design

Structural design is the methodical investigation of the stability, strength, and rigidity
of structures. The basic objective in structural analysis and design is to produce a
structure capable of resisting all applied loads without failure during its intended life.

The Romans are the first users of the Plain Concrete in the history of about two
thousand years and have been used in most of their buildings for ease of formation
and the possibility of carrying out them with trained workers with simple training.

Concrete is a mixture of raw materials consisting of sand, grit (or a tooth or broken
stone) and cement, with the addition of water to them. And when mixed well, a
coherence process between them is called the time of doubt. And concrete has many
characteristics that are distinguished from other materials; it takes a solid and solid
form with time gradually, begins with primary suspicion and ends with final suspicion.
It is also very resistant to Compression, but at the same time, it is very weak in its
resistance to tensile. Therefore, Plain concrete is never used in places where tensile
stresses occur.

To solve this problem, Steel is placed and it is excellent resistance to tensile forces and
pressure forces. While long steel can resists all tensile forces, concrete does not
withstand all pressure forces if its sections are thin and occur as a result of this
denting of concrete.

Therefore, we find that a mixture of concrete and steel gives an ideal material to resist
the various stresses that affect it. This compound is what is known as reinforced
concrete.

4 — 2 Desigh Method and Requirements

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of “ACI 318-08 “ & Jordan code.

«* 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
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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 2 strength required to carry factored loads.

Factored loads:-

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

Wu=12DL+1.6LL “ACI318-08"“

4-3 Slabs thickness calculation:

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or
one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5

=502.5 /18.5 = 27.16 cm

The maximum span length for both end continuous (for ribs):

hmin for both-end continuous = L/21

=430/21=20.47 cm

Select Slab thickness h= 32cm with block 24cm & Topping 8cm
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4-4 Load calculations:

4.4.1 One way ribbed slab:

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

is calculated as in the following table:

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Parts of Rib Calculation
Rib 25 0.24*25%0.12=0.72KN/m
Top Slab 25 0.08*0.52* 25 = 1.04K N/m.
Plaster 22 0.03*0.52*22 = 0.343 KN/m.
Block 10 0.24*0.4*10 = 0.96 KN/m
Sand Fill 17 0.07*0.52*17= 0.619K N/m
Tile 23 0.03*0.52* 23 = 0.359K N/m
Mortar 22 0.03*0.52* 22 =0.343 KN/m.
partition 23 2.3*0.52=1.196 KN/m

Nominal Total Dead load = 5.58 KN/m of rib

Nominal Total live load =4*0.52=2.08 KN/m of rib

4-5 Design of Topping:

The calculation of the total dead load for the topping is shown below:

Tiles 0.03 * 23=0.69 KN/m?>
Mortar 0.03 * 22=0.66KN/m?>
Sand 0.07 * 17=1.19 KN/m?

Slab 0.08 *25=2  KN/m?*
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Partitions 2.3 kN/m>.
Dead Load = 6.84kN/m>. (for Stores)
Live Load =4 kN/m?>. (for Stores)

W,=1.2DL+1.6LL
=1.2 *6.84 + 1.6 *4 = 14.6 kN/m>. (Total Factored Load)

W,=l* 14.6+0.4*
12 12
=02KN m

MII =

lﬂf!l: fl'-ts

= 0.42 Ex——uuvﬁa:

1-0.08%

+107 =219 KN.m

oM, =0.55+2.19 = 1.21 KN.m
oM, =1.21 KN.m > M, = 0.2KN.m

~No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement :-
p=020018
A, = p=b=h=

Afrig _

# Of O8 = iﬂ" = 2.88 - Spacing(S) = z—;ﬂ = 0.347m = 347 mm.

bar
<380 (ﬂ) ~2.5%C.< 380 (ﬂ)

=380 * (-)-2.5%*20<380 * (3)
¥ ELR]
280 280

=380 * (,,—) 25*20<380*(57)

=330 mm. <£380mm.
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<3 *h=3%80=240 mm........... controlled.

<450 mm.

~Use ®8 @ 20 Cm C/C in both directions.

4.6Design of Rib (2):

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

Section :-
b =12cm bi=52 cm
h =32cm, Ty=8 cm

I
. BT T e A

'E:.. =
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Figure (4-1): Rib2 geometry, loading
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Figure (4-2) :Shear & moment Envelop of rib2
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4.6.1 Design of flexure:-
4.6.1.2 Design of Positive moment of rib (RIB 2):
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320 - 20 - 10 — = 284mm.

“>My max = 10.3KN.m

bE < Distance center to center between ribs = 520 mm............ Controlled.

IA

Span/4 = 4500/4 = 1125 mm.

IA

(16* hf) + by, =(16* 80) +120 =1400 mm.
->hf=520 mm.

. I ty
—)Mu! _ﬂasft$bﬁ$t; = d_E

n.os

=0.85+24+052+008+ 0.284—— +10% =207.1KN.m

®My¢=0.9 *207.1 = 186.39 KN.m
2>dM,; =186.39KN.m> M, max= 10.3KN.m.

~ Design as rectangular section.
1) Maximum positive moment Mu *) = 10.3KN.m

M,, = Mu /¢ =10.3/ 0.9 = 11.44KN.m

_ Iy _ 4o

= i=———=20.6
085 fl 08524

o

M 11.44+10

R = L . - =0.

7 hed? T 5204 (28492 0.27MPa
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2«RN«m

p=o (- 1-=7

)

1 24027206
= . . SRoveRN

=- - =0.00065
20.6 420

=% 120+284 > 11120284

T 44420

=99.4 mm’< 113.6 mm’ ............. Larger value is control.

éASreq = 96 mm2<ASm|n =113-6mm2.

% As = 113.6mm?>.
2 ®10=157mm>>As i, = 113.6mm?>. OK.
& Use 2 910

-> Check for strain:-(g, = 0.005)
Tension = Compression

A;*fy =0.85*f./*b*a
157*420=0.85*24* 120 * a

a=26.9 mm.

f! = 24 MPa< 28 MPa-> [, = 0.85

c=2-2%_3165mm.
f1 085
£ = " *0.003

- % * 0.003 =0.023> 0.005 ¢ =0.9 OK

2) positive moment Mu " 8.5KN.m
M, = Mu /d =8.5/ 0.9 = 9.44KN.m
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420

m=—2_=*% _506
0851 0.85.24
My 94410

Ri =1 & = 50, @aay - 0-23MPa
1 2-RN-

p=la- 1-ZEvm,

=— 1- 1-=2""2% -0.0005

20.6 420

>A,=p *b *d = 0.0005*520*284=73.84 mm’

——*b,*d = Zxb,=d ... (ACI-10.5.1)

= 2% 120284 = 21 .120+284

T 4.420 420

=99.4 mm?>< 113.6 mm* ............. Larger value is control.

éASreq = 96 mm2<ASm|n =113-6mm2.

= As = 113.6mm>.
2 ®10=157mm>>As i, = 113.6mm?>. OK.
4 Use 2 910

-> Check for strain:-(g, = 0.005)
Tension = Compression

A *fy =0.85*f/*b *a

157* 420=0.85 *24 * 120 * a

a=26.9 mm.

f! = 24 MPa< 28 MPa-> [, = 0.85

c=2-2%_3165mm.
f1 085
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g, =3+ 0,003

c

= ZHZ.?—L'“ * 0.003 =0.023 > 0.005 ¢ =0.9 OK

3) positive moment Mu " 6.8KN.m
M, = Mu /d =6.8/ 0.9 = 7.56KN.m

Iy 420
=¥ - = _-206
085 1 DHBL=24

_ My _ 75610°
T hed? T 5206 (2842

R, = 0.18MPa

Z2«RMN«m

p=n(1— 1-=70)

=1 1 12026 400043
206 4210

— s+b,=d = 'I—“ = VT (ACI-10.5.1)

=% 120+284 > 11120284

T 44420

=99.4 mm?< 113.6 mm’ ............. Larger value is control.

>ASreq = 63.5 mmM*<Aspi, =113.6mm’.

~ As = 113.6mm?>.

2 $10=157mm*>As i, = 113.6mm’. OK.
~ Use 2 ®10

-> Check for strain:-(g, = 0. 005)
Tension = Compression

A *fy =0.85*f' *b*a

157* 420=0.85 *24 * 120 * a

a=26.9 mm.
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Chapter Four

f! = 24 MPa< 28 MPa-> f3; = 0.85

C :i=£=31.65 mm.
B1  0ES

- "— *0.003
- 28473165 4 1 003 =0.023 > 0.005 ~¢ =0.9 OK

31.65

Eg

4) positive moment MU ) g KN.m
M, = Mu /¢ =8/ 0.9 = 8.89KN.m

Iy 420
=S——c= =20.6
0850 085.24

6
My, 88910
R, = bed? ~ 5200 (284)% 0.21MPa

2eRMNam }

p=(1— 1-=

g q Z0EAE 6005
4210

i
AS, iy = sby,*d = 2sb, *d ... (ACI-10.5.1)
4(ky) by
V24 L 120+284 > 11120284

T 44420

=99.4 mm’>< 113.6 mm* ............. Larger value is control.

SASreq = 74 mm<Aspi, =113.6mm’.

= As = 113.6mm>.
2 ®10=157mm>>As i, = 113.6mm?>. OK.

~ Use 2 10
-> Check for strain:-(g, = 0. 005)
Tension = Compression

A *fy =0.85*f/ *b *a
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157*420=0.85*24 * 120 * a

a=26.9 mm.

f! = 24 MPa< 28 MPa-> [, = 0.85

c=2-2%_3165mm.
fi1 085
d €y

£, = — *0.003

- % *0.003 =0.023 > 0.005 --¢» =0.9 OK

2)negative moment Mu -8.1KN.m
M, = Mu /¢ =8.1/ 0.9 = 9KN.m

Iy 420
ms=—;= =20.6
0850 085.24

d=320-20-10 -%: 284mm

My _ 9e10"

T hed? 120 (2842 0.93MPa

R,

Z2«RMN«m

p=n(1- 1-=70)

=— 1- 1-22""20 20,0023
206 420

S>A,=p *b *d = 0.0023*120*284=78.4 mm”’

(]
I'l.'

14 .
As .= —=b, *d = 2sh, +d (ACI-10.5.1)
4 (hy) fy

= V4
4:420

=120=284 > -2 .120=284
4210

=99.4 mm2<113.6 mm2 ............. Larger value is control.

->Asreq = 78.4 mm2<Asmin =113.6mm2.

4 As =113.6mm2.
2 ®10=157mm2>Asmin = 113.6mm2 . OK.
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= Use 2 ®10

-> Check for strain:-(g, = 0. 005)
Tension = Compression

A;*fy =0.85*f/*b*a
157*420=0.85 * 24 * 120 * a

a=26.9 mm.

f! = 24 MPa< 28 MPa-> f3, = 0.85

L. 31.65 mm.
B1 085

=t

£, * 0.003

c

_ 284316

= TEE *0.003 =0.023 > 0.005 ¢ =0.9 OK

All of negative moment Mu- with values <Asmin=113.6 mm? are safe by the

reinforcement of 2 ®10.
4.6.2Design of shear of rib (RIB 2):

1) Vu = 15.7 KN.

[
C

$Ve=¢dp*—*b, *d

fa

Vi
6

=0.75* *120 * 284 *10°=20.9 KN.

1.1* $V.=1.1 * 20.9 =23KN > Vu=15.7 KN

So, No shear Reinforcement is requird according to (ACI) .
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4-7Design of Beam (12):

Material :-

concrete B300 Fc' = 24 N/mm?

Reinforcement Steel  fy = 420 N/mm?

Section :-
B =80cm
h =50 cm Figure (4-3) : Beam 12 Geometry, loading
Geometry Units:mater,cm
1 2 3 4 5
1 2 3 4
A - A " A A
4L 14t Lt
A A A A
Ell'?i 4.55 DI.ZIE 5.07 GI.IIE 3.2 DI.IIE 269 IZ:?
i 4.83 Y 5.32 L 3.46 i 2.92 i,
I ] i ] .
52.
80.
A-A
Loasding
load group no. 1
Dead load - Service Units:kM,meter
34.4 39.4 a2 34.2
¥ ¥ ¥ ¥ ¥ ¥ L L
T k ¥ o@p ¥ ¥ ogwgm 4 h 9 Qg
483 532 146 2952
Live load - Service Load factoers: 1.20,1.20/1.60,0.00

L

Llﬁ:ll.llqdﬂll,lﬁzl,ldal

[ 532 292
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Moment/Shear Enveloepe (Fectored) Units: kM, meter
Moments: spans 1o 4
2421
2107 -211.8
A201.5 | il
| 1
L é:«i \\\.. H
0.581.05 : \\\——-—-ﬂijr
hé*’l / \ 2
s T — 67.0
158.7 2k
| 183 [ 248 | 266 i 2.66 | 1.91 , 1.56 | 161 | 1.31 |
I T T I 1 1 T T 1
Sl
-256.9
D067 -221.3
At 443.3
834 -107.4
f 3 -59.7
H Vol iy = i S H
112.6 1294 s 103.3
164.9 1979 1793 :
248.
Reactions
Factored
[ s 1 i i H
I 1 i T T il
DeadR 108.84 346.86 263.57 18047 69.39
LiveR 5E.06 158.02 137.04 106.21 3B.05
MaxR 164.8 504.88 400.61 29648 107.44
MinR 101.47 418 .48 29067 215867 62.11
Service
DeadR 907 289.05 219.64 15847 5T.B3
LiveR 35.04 98.76 85.65 6644 23.78
MaxR 12574 38T.B2 305.29 22482 81.61
MinR 85.9 RRERT 236.58 17441 53.27
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4.7.1 Design of flexure:-

Design of Positive moment:-
>Mup,5x158.7KN.m .
b,=80Cm. , h=52Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

= 520-40—10-1,—f= 461 mm

Xmax =

=1 |

3
*d= F * 461 =197.57 mm. | (Check whether the section will be designed as
singly or doubly )

fi =24 MPa < 28 MPa->f3; = 0.85

amax = ﬁl* Xmax = 0-85 * 197-57= 167-9 mm.
Mymax=0.85* fi*b*a*(d-3)

01679

=0.85%24*0.8 *0.1679 * (0.461 - —— ) * 10°

=1033.2KN.m .

(Maximum nominal moment strength from strain condition)
€= 0.004
¢$=0.65+ 250 *(0.004-0.002) = 0.816

3

“>¢Mnp,ax = 0.82 * 1033.2 = 847.22 KN.m .
2>dMnox = 847.22KN.m>Mu =158.7KN.m .

 Singly reinforced concrete section.

1) Maximum positive moment Mu *) = 158.7 KN.m .
2) >¢dMnpa = 847.22 KN.m> Mu =158.7KN.m

->» Singly reinforced concrete section

M,, = Mu /¢= 158.7/ 0.9 = 176.3KN.m .

=ty %0 _506
085 f! T 085.24
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My _ 1763107

K. = Bed? T 018« (0461 ]3 =1.04MPa.
1 - - 2o Ky
m (1 1 Iy }
= 1- 1-22720 20,0025
20.6 420

>A,=p*b, *d =0.0025 * 800 *461 = 922 mm’.

‘qsmin = o b“_. =d = 4 * b“_. C | J— (ACI-10.5.1)
4y) Iy
V2 L 800+461 = 1% +800+461
4 4210
= 1075.4mm?<1229.3 mm’ ............ Larger value is control.

>ASmin = 1229.3mm?>As e = 922 mm’.

= As = 1229.3mm>.

Asreq _ 12293
Abar 113

4 Use 11912

# Of ®12= ——=10.8- # of bars = 11 bars.

- As =11* 113 = 1243mm’>As,q = 1229.3 mm’ .
-> Check for strain:-(g, = 0. 005)

Tension = Compression

A *fy =0.85* f.*b*a

1243* 420 =0.85 * 24 * 800 * a

a=32mm.

fi =24 MPa < 28 MPa->f3; = 0.85

i

E-m-376mm

g, ="+0.003

_461-37.6

e *0.003 = 0.034> 0.005 ¢ =0.9 OK.
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1) Maximum positive moment Mu ) =128 KN.m .

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

= 520-40—10-1,—f= 461 mm

M,, = Mu /¢= 128/ 0.9 = 142KN.m .

_ Iy _ 420

“omsfl omseza 20.6
My t4zer07d
Ky = bed? 08 (04612 0.84 MPa.
_ _I - - 2o Ky
pa(1- 1-2hm)
Sl oq q_zoesee 00,
20.6 420

[

fe

‘qsmin = o b“_. =d = 4 * b“_. C | J— (ACI-10.5.1)
4(fy) Iy
=21 .800+461 > X =800 =461
F«420 420
= 1075.4mm?<1229.3 mm? ............ Larger value is control.

>ASmin = 1229.3mm?>As,eq = 737.6 mm?>,

% As = 1229.3mm>.

Asreq _ lZ:!iJ..':I =10.8- # of bars = 11 bars.
Apar | 113

4 Use 11912

# 0of d12=

- As =11* 113 = 1243mm’>As,q = 1229.3 mm’.
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-> Check for strain:-(g, = 0. 005)
Tension = Compression

A *fy =0.85* f.*b *a

1243* 420=0.85*24 * 800 * a

a=32mm.

fi =24 MPa < 28 MPa->f3; = 0.85

x=2=22-376mm.
fr1 085
if=x
£, =""*0.003
== —"C%0.003 =0.034> 0.005 .. =0.9 OK.

All of negative moment Mu- with values <Asmin=1229.3 mm? are safe by the

reinforcement of 11 ®12.

Design of Negative moment:-
1) Mupya=211.8KN.m

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

= 520—40—10—1,—_:'= 463 mm

M, = Mu /¢=211.8/ 0.9 = 235.3KN.m .

fy 420

=ty %0 _506
085 f  085.24
My _ 2353107
Ky =5z = om acap - -37MPa.
1 2eKp
p=—(1- 1- ;—:Im )
=— 1- 1-2277% -0,0034
20.6 420

>A,=p*b, *d =0.0034 * 800 *463= 1259.4 mm>.

48



Chapter Four

Structural Analysis and Design

SASmin = 1229.3mm’<As,q = 1259.4 mm’.

= As = 1259.4 mm?>.

# 0f p12= oren o 12594

Abar 113

4 Use 12012

- As =12* 113 = 1356 mm>>As,¢q = 1259.4 mm®.

2) Muyax = 141.5 KN.m

=11.14- # of bars = 12 bars.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

= 520—40—10—1,—_:'= 463 mm

M, = Mu /¢=141.5/ 0.9 = 157 KN.m .

fy 420

= s ff S aseze 20.6
_ My _ 157«107F
K. = Bed? T 08 (046372 0.92 MPa.
_ _I . . 2:Kp+=m
p - m {1 1 J|'_1,. ]
=— 1— 1-2222% -0,0022
20.6 420

SA;=p * b, *d = 0.0022 * 800 *463= 814.88 mm>.

>ASmin = 1229.3mm’>As,., = 814.88 mm’.

5 As =1229.3 mm?.

Asreg - lZ:!iJ.-':I =10.8- # of bars = 11bars.
Apar | 113

# 0of ®12=
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~ Use 11912
- As =11* 113 = 1243 mm’>As,q = 1229.3 mm’.
2) Mupa = 66.7KN.m

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

= 520-40—10-1,—:'= 463 mm

M, = Mu /$=66.7/0.9 = 74.1KN.m .

fy 420

m= P = — = 20.6
085 f1 T 085.24
My 74107
K. = Bed? T 08 (046308 0.43MPa.
_ _I . . 2: Ky
pes(1- 1-2rm)
1 2+0.43+20.6
= 1—- 1 = " 0.001

>A,=p*b, *d =0.001 * 800 *463= 370.4 mm’.

>ASmin = 1229.3mm?>As,eq = 370.4 mm?>,

5 As =1229.3 mm?.

Asreq _ 12293
Apgr 113

4 Use 11912

# Of d12= =10.8- # of bars = 11bars.
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- As =11* 113 = 1243 mm’>As,q = 1229.3 mm’.

4.7.2 Design of shear:-

1) Vu=206.7 KN .

fe

dVc=¢dp*—*b, *d

fa

=0.75 * % * 0.8* 0.464 * 10° = 227.3 KN.

Vu =206.7<$pVc =227.3

So, No shear Reinforcement is requird according to (ACI) .

4.8 Desing the column :-

PD=2514

PL=469

1.pu=1.2*%2514+1.6*469
=3767.2 KN

2. Assume 0.01 5 p,=, < 0.08, p,=0.02

Ast = p, Ag =0.02 Ag
Selecting column dimension :
¢p!l,lﬂﬂ.t = pu = ¢0°8 (0'85 fr_'(Ag'ASt) + Ast fy )

?=0.65 (tied column ) 3767.2*10%=0.65*0.8(0.85*24(Ag-
0.02Ag)+0.02Ag*420)

3767.2*103=0.52(20.4(Ag-0.02Ag)+8.4Ag)
3767.2*107=10.608Ag-0.21216Ag+4.368Ag

3767.2*10%=14.76Ag
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Ag=255163.97 mm?*

Ag=a’t#ta= Ag=V255163.97 =505mm

Try a=500mm #Ag=a*=500%=250000mm*
Selecting longitudinal bars:
3767.2*10%=0.65*0.8(0.85*24(250000-Ast)+Ast*420)
3767.2*10%=0.52(20.4(250000-Ast)+Ast*420)
3767.2*10%=265200-10.608Ast+218.4Ast
1115200= 207.792 Ast

Ast =5366.91mm*

14(18= 3562.6<Ast =5366.91 Not ok

Try a= 550 mm #Ag= a“=550=302500mm*
Selecting longitudinal bars:
3767.2*10%=0.52(20.4(302500-Ast)+Ast*420)
3767.2*10%=3208920-10.608Ast+ 218.4Ast
558280= 207.792Ast

Ast=2686.73 mm*

Use 14(18=3562.6>Ast=2686.73 ok

Ast 26HA6.73

iR = * 3
pg_ﬂg T 302500 =8.88*10

Design of ties :
Use ties @10 with spacing of ties shall not exceed the smallest of:

1. 48ds=48*10=480mm

2. 16db=16*18=288mm control

3. The least dimension of the column =550mm
Use ties @10@200mm
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4.9 Design isolated footing (F5):

Service dead load DI = 2514 KN
Service live load LL=469 KN
Service surcharge 5 KN/m*

iR wWNRE

Soil density ¥.,; = 18 KN/m*
Fc = 24Mpa, Fy=420Mpa

Permissible (allowable) soil pressure ¢,,=400KN/m*

calculating the weight of footing soil , and the surcharge floor load :

1.weight of footing (assume R, in,=70cm)

W oating=0.7*25= 17.5 KN/m?
2.weight of soil :
W, ;= 0.7%18 =12.6 KN/m*

Total surcharge load on foundation:
W= 17.5+12.6+5=35.1 KN/m*

Net soil pressure , @, et

Q nee= 400-35.1= 364.9 KN/m*

*Required sizes of footing:

2514+469 v
=P == g.17m?
Honet 3649

A=1*#1=VA=V8.17=2.9m

L=2.9m

*Depth of footing and shear design :
Pu=1.2*2514+1.6*469

=3767.2 KN

_3767.2 _ 2
Qu =39.25 " 447.9 KN/m

*one way shear:

Vu at distance d from the face of support :
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L
Vu =Q|ib(i'g'd)
=447.9%2.9(>2-22%_g)
2 2
Let Vu=@Vc
@=0.75
Vo= febwd= - +vV24%2900*d

129891
0.75

(1.175-d)=2367.84d

2034.96-1731.88d=236784d

D=0.5m

Assume cover 100mm and steel of 016
H=500+100+16=616 mm

Take h=700mm

D=700-100-16=584mm

*Two way shear(punching shear)

Let Vu=0V¥Vc, @ = 0.75

Vu=447.9(2.9%2.9-(0.75+d)(0.55+d))

=447.9(2.9*2.9-(0.75+0.584)(0.55+0.584))

=3089.3 KN

8= %:1 , by=2(0.55+0.584)+2(0.55+0.584)=4.54m

a5 = 40(interior column)
1 2.1 2
VC_E(1+E)_E(1+_I)_O.5

1 s 1 ,40:0.584
Ve=—(Z2 4 2)=—(
12" hp 12 454

+ 2)=0.595

Vc=_—;=0.333 control
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Take Vc = 0.333* fc*by*d= 0.333*/24*4540*584*10 3
=4325.3 KN

@Vc=0.75*4325.3=3243.98KN > Vu=3089.3 ok

Design for flexure in long direction :

Take steel bars of 016
B=2.9m, h=700m, d=7oo-1oo-1,—_f=592mm

Fc=24Mpa,fy=420Mpa

1.175
2

M, =447.9%2.9%1.175* =896.7KN.m

_fy a0
T0as fl T 08524

=20.6

6

M BY7. 7410

R = LI . -=0.

T ahed? T 092900 (59272 0.98MPa

2«RN«m

p=o (- 1-=7

)

1 24098206
= . . SRONAN

= : =0.00241
206 420

A, =p * b *d = 0.00241*2900*592= 4137.488 mm’
Asmin=0.0018bh=0.0018*2900*700=3654 mm’
As=4137.488>Amin-3654 ok

Take 21016 with As=42.22 cm?>A.,=41.4 cm’ ok

_2900-100+2-21+16
- 20

S

=118.2mm

Step (s) is the smallest of :
1.3h=3*700=2100mm

2.450mm control
$=118.2mm<s,,,,,=450mm ok
*Design for flexure in short direction :

Take steel bars of 016:

B=2.9m, h=700mm,d=7oo-1oo-16-§=576mm
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Fc=24Mpa , fy =420Mpa

M, =447.9%2.9%1.175*-" = 896.7KN.m

fy _ 420

= P — = 20.6

085 fl 08524

My 8967+ 100 _
er - ﬂb-r.!z - (1.9 2900 EET"T:IE = 1.035MPa
1 +  2:RNem

p= ; (1 = L == - m }

=— 1- 122222 200025

20.6 420

>A,=p *b *d = 0.0025*2900*576= 4176 mm>
Asmin=0.0018bh=0.0018*2900*700=3654 mm”
As=4176>Amin-3654 ok

Take 21016 with As=42.22 cm?>A.q=41.76cm’ ok

_2900-100+2-21+16
- 20

S =118.2mm

Step (s) is the smallest of :
1.3h=3*700= 2100mm
2.450mm control

$=118.2mm<s,,,,,=450mm ok
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4-10 Design of Stair :

T T

L

U

Fig (4-13): Stair Plan.

«* Material :-
— concrete B300 Fc' =24 N/mm?
—> Reinforcement Steel  Fy =420 N/mm’

4-10-1 Design of Flight :-

v'  Determination of Thickness:-

hmin = L/20 =5.50/20 = 27.5 cm

Take h=25cm

Run =300 mm

Rise = 0.1818 mm

The Stair Slope by 8 = tan™(18.2 / 30) = 31.24°
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Load Calculation

Dead Load for Flight for 1m Strip:-

No. | Parts of Flight Calculation

1 Tiles 23*0.03*1*((0.35+0.182)/0.3 ) = 1.22Kn/m
2 Mortar 22*0.02*1*((0.3+0.182)/0.3 ) = 0.707Kn/m
3 Stair (25/0.3)*((0.182*0.3)/2) = 2.275Kn/m

4 R.C 25*%0.25*1 / cos31.24 ° = 7.31Kn/m

5 Plaster 22%0.03*1 / c0s31.24° = 0.772Kn/m

Sum

12.287Kn/m

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

Dead Load For Solid 7 Landing For 1m Strip:-

No. | Parts of Landing Calculation

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

Sum

8.04Kn/m

Table ( 4-5 ): Dead Load Calculation of Landing.
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Live Load For Landing For 1m Strip = 4*1 =4 Kn/m

Factored Load For Flight :-Wy = 1.2 x12.287 + 1.6x4 =21.14Kn/m
consider in 2 direction = 8.02 Kn/m

For landing : Wu = 1.2*8.04+1.6*4 = 16.048

Ra = 28.54 kn
Rb=28.54 kn

4-10-1-1 Design of Shear for Flight :- (Vu=24.4Kn)

Assume bar diameter ¢ 14 for main reinforcement

d =h- cover —% =250-20 —1—: =223mm Assume beam width =30 cm
Ve=2 fc'b,d=18583Kn

® V.-0.75*% 185.83 = 139.375KN> Vu = 24.4Kn...... No shear reinforcement are required

4-10-1-2 Design of Bending Moment for Flight :- (Mu=30.68Kn.m)
Mu = 30.68 Kn.m
Mn = Mu / @ - 34.1n.m

My 34axi0®
Rn= phd? — 1000w223E 0.686 M
__fy 420 —206
nesfl  0BIxZ4 '
p=— 1— 1-2"% _0 00166
m 420

A req = p.b.d =0.00166 x1000x223 = 370.18 mm2/m
As min= 0.0018*1000*250 = 450mm>/m

As= A min =450mm?*/m
Select 6914@18
Check for Spacing :-

S=3h =750 mm

280

S = 380%*(; )-2.5%20 =330
3 « 420

S=330mm

$=330mm ......... is control
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Use 14 @ 300 mm LA, = 450 mm”>

Design of landing :

Ra = Rb = (16.048*3.05*(3.05/2))/3.05 = 24.47Kn
Mu = (16.048*3. 05%)/8= 18.66 Kn.m
Mu = 18.66 Kn.m

d=223 mm

My _ 1@6ex10® _
phd? T DOx1000:2232 0.417 MKn =
m= 20.6

=31 q_ _tmRy _
P= 1 1 420 0.001

As=p*b*d= 223 mm’/m

Take As min =450 mm
Take E‘l 14
Use 4 0 14 /300 cm

T TRNAT SO

U L ETE 1
HPT o

I ER L TEoa N R g
= =0

S

s 1 Fh=E, §

‘I._I 143

Fig (4-15): Stair Reinforcement Details.
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4.11 — Design Basement Wall

Figure (4-17): Basement wall Details.

Co=1-sin35=0.425.
hs = (10/18) = 0.555 .
Po=18 *0.426 * 2.5=19.17 Kn/m.

Ho=0.5*19.17 * 2.5 =23.96 Kn .
Ps =18 * 0.426 * 0.555 = 4.26 Kn/m .

Po =4.26 * 2.5 =10.64 Kn.
Mu=1.6 *23.96 * 2.5 +1.6 * 10.64 * 2.5 =18.1 Kn /m

Rb = 1.6 * ((23.96/3) + (10.64/2)) — (18.1/2.5)
Rb = 14.05

Ra=1.6 *(23.96 + 10.64 ) — 14.05 = 41.31 Kn
Vu Max = zero ...... Max Moment

Vu = 14.05 - 1.6 *(.5 * (19.17/3)) * x *x — (1.6 * 4.26 x )
14.05 - (5.1 * x *x ) — (6.82 * x) = 0

X=112m
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Mc= 14.05 * 1.12 - (1.6 * (0.5 * (19.17/3) * ((1.12 * 1.12 *1.12)/3)) + (4.26 * ( 1.12
*1.12)/2)

Mc =9.08 Kn.m

Assume @ 14

d=300-75-7=218 mm

Mu =18.1

Kn = (18.1/0.9) / b * d A = 0.423 Mpa
m=420/(0.8*24)

p= _I 1— 1-— 21 Ry

m 4210

=0.00101

As=p*b*d=221.88 mm~
As FOR VERTICAL =0.0015 *b * h =450 mm A
As One =225 mm”?

As min delexture = (1.4 *bw *J) /(420 ) =726.67 mm~ OR As min
=635.7 mm~?

As min = 726.67 mm*™ ........... control

SELECT 0 14 @ 200
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4.12 Design of Shear Wall (cwl —w?2):

v/ Material and Sections:-

=

=

=

=

==

concrete B300

Reinforcement Steel

Shear Wall Thickness

Shear Wall Width

Shear Wall Height

Fc' = 24 N/mm?
Fy = 420 N/mm?
h=30cm

Lw =6 m

Hw = 16.5m

4-12-1 Design of Horizontal Reinforcement:-

2Fx=Vu=719.2

The critical Section is the smaller of:
%“’: 6/2 =3m

%“': 16.5/2 =8.25 m

Story Highet( Hw) = 4.18. ...... control

D=0.8*Lw = 0.8%6 = 4.8m

V.is the smallest of :

1-V, =

o=

64

fc'hd =224 « 300 = 4800 = 1175.75KN ...

control

5 —
Ejll"lrln'm:.ut_E:JE f
=0.75=0.83 =
2—V,=0.27 |
3— V.= 0.05
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3— V.= 0.05v

Vc=1175.75KN

D=xvc+0vs=v
0 = 1s=vu-0 = vc
Vs=vu/0 — vc

Vs=719.2/0.75-1175.75= 216.82kn need reinforcement

Ay Vs 216,82

T 7, d = 220-4800 0.000108 m2/m

£ Syeh 0
- Maximum spacing is the least of :
Lw
? =6000/5 = 1200 mm
3*h =3*300 = 900mm
450 mm ....... Control
Select 14 ,two layers

2=l

Sh=408mm

Select Sh=408mm=Smax= 450 mm.
Take 214/400
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4-12-2 Design of Vertical Reinforcement:-

&t —0.0025+0.5 2. 5 — M

¥ Lw
h, _165__ .
w 6 7 )
for thiswall with : =2.5,p, = 0.0025

Lw
- Maximum spacing is the least of :
Lw
? = 6000/3 = 2000 mm
3*h =3*300 = 900mm
450 mm ....... Control
Use @14/200 mm for two layers

4-12-3 Design of Bending Moment:-

_ 6000 B 5
A_“_ 200 =2 =14 = 840mm
W= ﬂ E - 840 420 = 0.00817
L.k f.' 6000 =300 24 '

=0905+840+420+«6000 1+0 1-0011
Ok

Lw HO00

X= =
GO0-0.015 GO0=0.015

=666.67

Lb = —-=333.335

B | e

p, —0.0025 >0.0025

. P“ . u
™ 7 A
C B w4+
l, 2w+ 0.85f
oM, =0 0.54,,

=942 1KN = 241KN.m ....

Since Smallest value of Lb&Mub not require Boundary
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4.13 Design the two way rib slabs (top view shown),

m
w
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1. Thickness of slab:
Opproximate value of min h according to ACI:

clear perimeter
180

H min 2

H min 2% =0.181=18cm.

Select (h =32 cm) = minimum (h) : 8cm topping + 24 cm block
2. Limitation of deflection according to ACI :

. . . . . N Beams)
H minimum is based on the stiffness ratio= b

Moment of inertia of slab:

Moment of inertia of one rib:
i He Q2o 122420

: =10.55cm
He52412:24
o g . :
I(one rib) = =" + -2 +8%52+6. 67 + 12+24*9. 42

= 5.962*10 *m*.
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For interior beam:
Section of B85, B98
1(B85) = 1(B98)

80672
12

I(B) = =0.02m*.

Moment of inertia of (B99, B91, B101) :

¥ s0.67%

(B)= =2~ = " = 0.0125 m*

-I(for one rib) =5.962*10 " *m*

I(s1) = “:'15;5*5.962*1[1 42527410 *m*
I(s2) = :;;;*5.962*1[1 4270510 *m*

I(s3) = L 2%5.962+10* = 48.1%10 *m*
I(s4) = 21255 962%10* = 48.1*10 *m*

052

Stiffness ratio (ai) :
1E1 nnizs
=—=——— =237
Is1 52.7«10
1B2 noz
=—=———7=284
Is2 T705«10

B3 00125+002
3= e = Temg = 6.76
153 4H.1+10

_ 184 _ no1zs

"1t asta0t 2.599

> :zi_ Z23T+2HB446.76+2599
1 - 4
=3.64 > 2

afms=
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i 08 _ 05 . 420
_ Ln(08+sgm)  919- S c—za_ysqu.s —500)
= _ = -
d6+9f 36+9(zy)

=0.204 =20.4cm< 32cm
h=32cm ok.

Loads :

Loads of unit:

Tiles = 0.52*0.52*0.03*23
Morter=0.52*%0.52*0.03%22
Sand =0.52*%0.52*0.07*17
Topping= 0.52*%0.52*0.08*25
Plaster= 0.52*0.52*%0.03*22
Rib=(0.4+0.52)*0.12*0.24*25
Block=0.4*0.2*%0.2*%0.24*10
Partition=0.52*0.52*2.3

> = 2.73 KN/unit

273
0.52«00.25

Dead load of slab=

=10.1KN/m2

Live load of slab = 4 KN/m2
Factored loads :

Qu =1.2*¥10.1+1.6*4
=18.52 KN/m2

Design of shear :

Approximate value of max shear force Vu:

(one way)
D= 320-20-10-12= 278 mm
Qu = 18.52*0.52 =9.63 KN/m

- Vu at the critical section:
40.39-9.63(0.25+0.278) =35.3 KN
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- Design of shear force:
Vu=35.3 KN
Vig
1.1*0V ¢ =1.1*0. 75* *120*278
=22.47 KN< Vu— 35.3KN

Category No(3) :
0Vc(min) =0* *bw*d= 0.75* *120*278 =8.34 KN

\/H_'

@Ve(min)= Eﬁ* w*d

=0. 75*“4 * 120*278= 7.66KN

Vn=35.3< 1.1* 0* Vc+ 0* Vc(min)
=22.47+7.66
=30.13KN

Minimum shear reinforcement is required :
V(min) =—— = 11.12 KN

Select EﬁlO two legs with Av=""1 - 157mm2

15744204278
T 11120

=1648.5cm

e Accurate calculation of support reactions using table(4) :

Coefficients , clear span ratio = E =0.9
Case (0.9)=wa=0.

Wb=0.

052

Aua= 18.52*7.74*8.54*0.5*0. *354 . KN
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052 _
HE4

Aub=18.5 *7.74*8.54*0.5*0. * . KN

Aua=353>2 . KN

e Design of bending moment :

Clear span ratio = 21 - 0.9

7.
H54
0.9(case )
Ca,DL=0.0
Cbh,DL=0.02
Ca,LL=0.04
Cb,LL=0.029
Ca,neg=0
Cb,neg =0

Mua+ =CaDL*quDL*La*+CalLL*quLL*La*
=(0.0 *12.12*7.74°+0.04 *6.4*7.74%)0.52
= . KN.m/rib

Mub+ =CbDL*quDL*Lb*+CbLL*quLL*Lb*
=(0.02 *12.12*8.54+0.029*6.4*8. 54%)0.52
= . KN.m/rib

Mua-= Ca™ *qu*La*=

Mub-= Ch™ *qu*Lb*=

(Resultant positive Moment )
Mua+ = . KN.m/rib

(Resultant Negative Moment )

Mub+ = . KN.m/rib
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*Design of Bending Moment :

- Calculation of (@ * Mu) for minimum reinforcement :

D= 278, bw=120mm
Minimum reinforcement (T-section) :
Vig

As(minimum) = o.zs*m*1zo*z78=97mm2

OR
As(minimum)= -=*120*278= 111.2 mm?
Asmin =1.112 cm?®, 201 with As= mm?*
e Design of positive Moments:
For 2012with As= 226 mm*
T=C

226*420= 0.85*24*a*520
a=8.95 mm

0 = Mn = 0.9%226*420*(278 m —-)= 23.37 KN.

No select 2012
For 2014with As= 307 mm*

T=C

307*420= 0.85*24*a*520

a=12.15mm

@ = Mn = 0.9%307*420*(278 —-)=31.7 KN.m
Select 2014
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e Design of negative Moment :
For 2012with As= 226 mm*

T=C
226*420= 0.85*24*a*520
a=8.95 mm

0 = Mn = 0.9%226*420*(278 m —-)= 23.37 KN.
select 2012

e Check strain:

a HY95h

X=——-+=—=10.52
05 0485

(0.003_0.003+¢

1052 274

€=0.076 > 0.005
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