4.7 Design of One Way Solid Slab:

Solid 1 \J\

Fig 4.11: One Way Solid Slab (1).

< Material:
= concrete B350 Fc' = 28 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Slab Thickness Calculation:

The overall depth must satisfy ACI Table (9.5.a):
Min H (deflection requirement):

h= : —7'30—03042
24T 4 T m

For One way solid slab, will use thickness of slab 35 cm.

v" Load Calculation:
Dead Load For Solid slab:

No. | Parts of Rib Calculation

1 Tiles 0.03*22 = 0.66 KN/m"2

2 mortar 0.02*22= 0.44KN/m”2

3 Coarse Sand 0.07*16 = 1.12 KN/m”2

4 RC. Solid slab | 0.35*25 = 8.75KN/m"2

7 plaster 0.02*22= 0.44KN/m"2

8 partions 2 KN/m”2

Sum = 13.41 KN/m”2
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Chapter Four Structural Analysis and Design

Table (4.4): Dead Load Calculation of Solid slab.

Live Load For Solid slab = 5*1 =5Kn/m
v" System of Landing:

Service Live Load =5_K_H-M

7.30

Fig 4.12 : Statically System and Loads Distribution of Solid slab .

v" Design of Shear:

(Vu=48.94Kn)

Assume bar diameter g 10 for main reinforcement
d =h- cover —dz—b =350 — 20 —12—0 = 324 mm
1

Ve==z\/fch, d == 281000 * 324 = 285.74Kn

®* V. -0.75* 285.74 = 214.35Kn > Vu = 48.9Kn...... No shear reinforcement are required

v" Design of Bending Moment : (Mu=141.31Kn.m/m)

Assume bar diameter g 12 for main reinforcement
d = h- cover —dz—” =350 — 20 —12—2 — 324mm

M, _ 141.31x10°

R.— —
" @bd2 ~ 0.9%x1000x1753242

= 1.209 Mpa

=L 220 _ 4765
0.85f,  0.85x28

m
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pzi(l _ 11 _m) =;<1 _\/1 _w> = 0.002955
m 420 17.65 420

Determined Ag requirea = P X b X d =0.002955 X 1000 x 324 = 957.42mm?
Determine Ag i, =0.0018 X b X h = 0.0018 X 1000 X 350 = 630 mm"2

As requirea > As min
Use A = 957.42 mm"2
Determine the spacing between reinforcement:
Using @ 14 bars with Ag = 154 mm?

957.42
Number of bar reuired = = 6.22
154
) 100
spacing between bars = — = 14.3

Then use 7914@ 150 mm

Check for spacing:

1-Maximum spacing for primary reinforcement= 3h= 3 * 350 = 1050mm
2-450mm control

3-S=380 *(280/(2/3*420))-2.5*20=330mm

S=300*(280/280)=300-control

S=150mm < Smax =300mm  ...........ccoiiiiiinn.. OK

Check for Spacing :

S =3h =3*300 =900 mm
280

S = 380*(3 ) —2.5*20 =330
3 * 420

S =450 mm

S =330mm ......... is control

Use g14@150 mm ,Aslprovidedz 10775mm2>A5‘requ|red= 957mm2... Ok

Check for strain:

_ Asfy _ 1077.5x420

= . = =19mm
0.85b f,  0.85x1000x28

a 19
C=—=—=22.3mm
B, 0.85
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d—c 324 —22.3
& = 0.003 (T) = 0.003( 223 ) =0.0

4> 0.005 ..... Ok

v lateral or Secondary Reinforcement of Solid slab :

As req= Asmin =0.0018%1000*200 = 360 mm’

Use 210 @ 200 mm A provided=.395 Mm? > A required= 360 mm-... Ok

v Top Reinforcement :

As min =0.0018*1000*200 = 360 mm?

Use mesh g10 @ 200 mm .

() 010 @ 200
]
miI.I.I.JJ.I.I.J.lJ.l.ld.ll.l.ld.ll.l.ld.ll.ldl.l}.l'

- ™ T
(3 old@150
—=T
Solrd Slabl, 35cm,33¢m
Bottom EReinforcement
JH! ] | ] | |
B22 (80,35) % B29 (80,35) = B29 (B0,35) =% B2

B32(60,35)
B21(60,35)

BA0 (60.53] B30 (60.35) B3

A T (keI T T T H [ H LI

5)
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Chapter Four Structural Analysis and Design

Fig4.13: Flexural Design of Solid Slab (1).

4.8 Design of Two Way Rib Slab:

BE&/F_:%‘?D,%) B
ATRERN s O el L
A OOO0000000000000
— = | D000O000000000000004
i i 0000 000000000000000
0O000O800000000000000
— == |B000080000000a00000
1 | 00000080000000000008
- 1 |000000 0 o
0000000 4 NOOO00000]
T toT5) Oood %5 OOO0-101
- ’ ] | [ [ 00000000
] = 1000000000 0000000
- % 1000000000008 000000"
2 | 00000000 J000800000
Y O
_ + 1000000000000 00RO0c
] = |0D00000000000000RCC
- & 1 N
z N T T |
T = BEg/F_+1 (80,35, e
zj . CIT CB C-79 C-80
C171

Fig 4.14:Two Way Rib Slab (R12).

v 4-8-1 Minimum thickness for ribbed slab :
h=35cm

Check for the minimum thickness of the slab:

- All Exterior and interior beams have a rectangular section of 60 or 80 cm width and
60 cm depth:
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b*h® 0.8%0.353

—_ — _— -4 4
= —5—= ————=2858+10"m
L _beh_06e035 o,

= = = . *
b= T 12 m

- The moment of inertia for the ribbed slab:

_ 52+8¢(4427)+27+12+135 _
Ye = 52%8 + 27 x 12 T eSS am

(11.67)3 23.333 2(3.67)3
Ly = 52 % —t 12 = — 20 * — = 77682.25cm*

=7.768 x 10~* m*

Short directionl = 10 m = 1000 cm

Long directionl = 10 m = 1000 cm

12
Lrip * (bw +7)  7.768 x 107*(0.6 + 5)

L = 83.65 % 107*
Sl bf 0-52 "

_ b 2143 o
%= 1 T 8365

12

I Lip* (bw +3) 7768 % 107 + (0.8 + 5) 86.64 x 10~*

= = - . )

_ 2858 a0
U2 = I, 86.64

_ b _2143_
%= I T 8664

I, 2858

= —=—==0.341
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_ (0256 4+ 0.329 + 0.247 + 0.341)

= 0.293
(0 %% 4
0.2<0.293< 2.0
The minimum slab thickness will be:
fy 420
L,(0.8+—) 9.3%(084+—)
n 1400 _ 1400 - 028m

h = =
36 +58(ctn —0.2) 36452 (0.293 - 0.2)

h=35cm >28cm — 0K
Take slab thickness 35 cm

Ders = 520 mm bw =120 mm h= 80 mm
h =350 mm h etolit block = 270 mm

v' 4-8-2 Load calculation:

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

No. | Parts of Flight Calculation
1 Tiles 22*0.03*0.52*0.52 = 0.178 KN
2 Mortar 22*0.02*0.52*0.52 = 0.119KN
3 Sand 16*0.07*0.52*0.52 = 0.303 KN
4 Topping 25*0.08*0.52*0.52 = 0.541 KN
5 |Rib 25%0.27*0.12*(0.52+0.4) = 0.745KN
6 Block 9*0.27*0.4*0.4 = 0.389KN
7 Plaster 22*0.02*0.52*0.52 = 0.119 KN
8 Partitions 1.5*%0.52*0.52 =0.406
Sum 2.8 KN
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Table (4-5):Calculation of the total dead load for two way rib slab (12).

2.8

DL= 952+ 052

— 10.3 KN /m?
wp = 1.2%10.3 = 12.36KN /m?
LL =5 KN /m?

w, = 1.6+5=8KN/m?

w = 1236+ 8 = 20.36 KN /m?

v' 4-8-3 Moments calculations:

Ratio=10/10=1

Ma = Cawla®’bfandMb = Cbwlb?bf

-Positive moment

Cappos = 0.036

Chp,pos = 0.036

Carpos = 0.036

Chrpos = 0.036

M o pos cai+iry = (0.036 * 12.36 % 9.3% + 0.036 * 8 + 9.3%) x 0.52 = 32.96 KN.m

Design of positive moment :
- Short direction (Mu = 32.96KN.m)
bf = 520mm

Assume bar diameter ¢14 for main positive reinforcement.

) dp 14
d = h — cover — dstirrups — > = 350-20-10— - = 313 mm.
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M, _ 3296x10°
T @bd? ~ 0.9 x 120 x 3132

_ fy 420
"~ 0.85fc  0.85%28

p= l<1 -1 _ﬂ> = L(l _\/1 _M> = 0.00796
m 420 17.6 420

As = p.b.d =0.00796 x 120 x 313 = 298.97 mm?

R, = 3.11MPa

= 17.65

m

e CheckforAs, min:

, VI 1.4
As,min = 0.25 b, *d =>—»b,, *d
fy fy

8
120 x 313 = 118.30 mm?

A in = 0.2
s,min =0 5*420

— 2
120 * 120 X 313 = 125.2 mm~ .....Control.

As, min =

e As,required = 298.97 mm?>As, min = 146.07 mm? (OK)
Use 20314, with As =307.87 mm?>As,required = 274.188mm?>
For both dirction
Check for strain: (g, = 0.005)
Tension = Compression

As x fy =085 f/ *b *xa
307.87 * 420 = 0.85 * 28« 120 * a

a =45.2mm

a 10.44
x='B—1== W=53.2mm
d—x
e =0.003 = ( . )
=0.003 * (2222) = 0.0146 > 0.005 = ¢ = 0.9 ... OK.

Design of negative moment :

- positive moment
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%*298.97 = 99,65

Use 20910 with As 157.07 mm?>As, required = 99.69 mm?\

v 4-8-4 Check shear strength:

W, =0.5
Wb = 05
Short direction

2x*10
Vu= Aug, — W *0.52 *x Wa = 45.7 — 20.36 * 0.52 x 0.313 = 22.8 KN
0.75

Aug = 0.5 % 20.36 9.3 % 9.3 * = 22.89KN

* V28 x 120 * 313 = 27.32 KN

O*V, = 1.1x sy fc'xbwxd=1.1x

Case 1
1
Vu<gx oxV
1
V, = 22.8KN > E * o *xV.=13.66 KN .. Not OK
Case 2
1
ZEQrV <K< oV
1
E*cl)*VC = 13.66 KN <V, = 22.8KN < ¢ x V. = 27.323 KN - OK
Provide minimum shear reinforcement
Vsmin > —*/Te¥ bwrd ==« V28 *120*313*10° = 12.42 KN.
¢Vs min = 9.15

sg* by, *d= § %0.12 % 0.313*10° = 12.52 KN

¢dVs,min =939 .............. control
Ve =2732 KN < Vu=22.8 KN < p(Vct+Vsmin) =36.91 KN ...... satisfy
~Case (3) is satisfy shear reinforcement is required.
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Use 2 Legd8 for stirrups with Av= 100.53mm?2

Vsmin = ¢Vsmin 939 12.52
smin = 5 o075 1%

_Avsxfyxd 100.53 * 420 x 313

-3 _
5= Vsmin 12.52 07 = 1055.5mm

d 313
Smax SE = N =157 mm.

< 600 mm.

Select 2 leg 8 @ 15cm

o
%
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Fig4.15: Flexural Design of Two Way Rib Slab (R12).
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4.9 Design of Column:

« Material :
— concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel  Fy = 420 N/mm?

v' 4-9-1 Load Calculation: (From Column Group)

Service Load:

Dead Load =2214.9 KN
Live Load= 1110 KN

Factored Load:

Pu=1.2x2214.9+ 1.6x 1110=4433.88 KN

v' 4-9-2 Dimensions of Column:

Assumepg =0.01
#*Pn=0.65x 0.8x Ag {0.85 fc' (1- pg) + pg * Fy}
4433.88*1000=0.65x 0.8x Ag {0.85*28 (1—0.015) + 0.015* 420}

Ag=307135.37 mm2
Take a =600mm ,
b = Ag/600=511.89
Take b =500 mm
Ag =500 * 600 = 300000
* selection longitudinal bars

4433.88* 1000 =0 .65*0.8* { 0.85 *28 *(300000 — Ast ) + Ast * 420 ) }
Ast = 3499.98
Use 14 @ 18 with Ast = 3562.5 > 3499.98

P9 = As/ Ag =0.015> p = 0.010K

v' 4-9-3 Design of the Stirrups:

The spacing of ties shall not exceed the smallest of :-
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spacing<16xd, =16x1.8 =28.8 cm
spacing<48xd, =48x1.0=48cm
spacing < leastdim = 50cm

Usegpl0@ 20cm

* check for code requirement :

1. clear spacing between longitudinal bars :

Clear space = 500 — 40*2 -10*2 — 5*18 / 4 = 80mm > 40mm
> 15dp=24 ok

2. Gross reinforcement ratio : .01 < P9 = As/Ag =0.015_ .08 ok

Group

0,10
=
= o
=
142 18 S
052
L ] L J ¥ &
3 | e S@l0=10 $10 L=208cm
= & a
L Ld * &
0.a0 =
[t
“
. 0,32
ﬁ @10 L=132cr
' I
a5 052
1 7
Stirrup Bent Angle D =
SCALE 11D

SCALE 1:20

@10 L= 154cmk

Fig 4.16:Column Reinforcement Details.
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4.10 Design of Footing:

« Material :

— concrete B350 Fc' = 28 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v' 4-10-1 Load Calculations :(From Column Group F1)

Dead Load = 2432.4 Kn, Live Load = 817.6 Kn

Total services load = 2432.4 +817.6 = 3250 Kn

Total Factored load = 1.2*2432.4 + 1.6*817.6 =4227.04 Kn
Column Dimensions (a*b) = 50*60 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 500 Kn/m2

Assume footing to be about (75 cm) thick.

Footing weight = 25*0.75=18.75 KN/m2

. Soil weight above the footing = 0.5 *18 = 9KN/m2.

Opet-alow =500 — 9— 18.75 -25*0.6 = 459.75 KN/m2

v' 4-10-2 Area of Footing :
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Pt 3542
A= = = 7.07m?

Qoet-altow
Try 2.8*2.8 m with area = 7.84 m2 > Areq =7.07 ,,,,,OK.
Take B=2.8 m.
Pu=4227.04 KN.

v" Bearing Pressure :

qQu = 4227.04/7.84=536.1 KN/m

v" Design of Footing :
4-10-3

1- Design of One Way Shear Strength :

Critical Section at Distance (d) From The Face of Column

Assume h =75cm , bar diameter g 20for main reinforcement
and 7.5 cm Cover

d=750-75-20=655mm

B-a
2

Vu:qu*( —d)*L

2.8—-0.6

VU = 539.1 ( _ 0.655) «2.8=661.12 Kn

SNC = ¢%*,/ o' *b, *d

pNVC = 0.75*%*\/ 28*2800*655=1123.09Kn

¢Nc =1123.09KN >Vu =661.12Kn
. Safe

4-10-4

2- Design of Two Way Shear Strength :

75

™ 5 KN/m?

I

inclined ctack/

Critical section for

one-way shear Tributary area for

one-way shear

d

Column \D

One-way shear,

4-17
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Vu =Pu-FR,

FR, = q, *areaof critical section

Vu = 4227.04—536.1[(0.6 + 0.655)* (0.5 + 0.655)| = 415804Kn

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

1 2 ’
¢'\/c —¢g(1+ﬁ—0]\/?bod

1( e« ’
AR _¢'E(b0/d +2j\/?bod
oV, =521 b,g

Where:

B Column Length (a) _ 60

¢ ColumnWidth(b) 50

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

b, = 2*(0.655+0.6) + 2*(0.655+ 0.5) = 4.82m

|—x _|

1
Inclined crack

Tributary area for
two-way shear

Critical section
for two-way shear ~~

Two-wav shear.

s = 40 for interior column 4.18

76



Chapter Four Structural Analysis and Design

AV ¢%[l+ ﬁi]\/filbod = E*(u ij =0.33

A 6 1.2
1 « ' 0.75,(40*0.655
Ve=¢—| ——+2 |y f bd = * 2 |=0..2506
e ¢12[bo/d+ j T 12 ( 2820 j
PV = ¢.% fc’bod :% =025 control

PN = ¢. % \/? b,d = %* 28*4820*655*10"—3 = 4176.4Kn

Vu = 415804Kn

OVc =4176.4 Kn>Vu=4158.0473KN.....cceeeeeeeereer.... satisfied

4-10-5

3- Design of Bending Moment :

Critical Section at the Face of Column

Mu = 536.1%2.8 *%*1.1: 908.1Kn.m

My __ 908x10°

R.= =
"™ @bd2 ~ 0.9x2800%x6552

= 0.839Mpa

1 420
m= 4 ; =
0.85f¢ 0.85%28

p=1<1 _ 11 _%) =L<1 _\/1 _w> = 0.00203
m 420 17.6 420

Asreq = p.b.d = 0.00203x2800%655 = 3723.02 mm?

= 17.65

As min = 0.0018*2800*750= 3780 mm?

As,req = As,min = 3780 mm2 ......... iS contr()l

Check for Spacing :
S=45cm

S=3h=3*75=225cm
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280

)—2.5*75=192.5cm
420

S = 380%(

2
— %
3
S=45¢cm ......... is control

Use 14920 in Both Direction, A provided= 4398Mm°>A required= 3780 mm>... Ok

Check for strain:

Asfy _ 4398x420

= - = = 32.33mm
0.85b f, 0.85%2800x28
c=— =2% _3804mm
B, 0.85
= 0.003 (d — C) =0 (655 — 38'04) = 0.0486 > 0.005 ......0k
& = U c = 38.04 = U MLVLU b0 S
4-10-6

4- Design of Dowels :

Load Transfer In Footing :

®Pnb = ®(0.85fc'A, x J%)

A; =060 *0. 50 = 0.3 m?
A,=2.8%2.8=784m?

\/E: 1784 51152 i Ay
A 3 A

®Pn.b =0.65x%(0.85x28x300x 2) =9282Kn
®Pn =9282> Pu.......... .ok

No Need For Dowels

Load Transfer In Column ;-

®Pn.b = 0.65x (0.85x 28x300) = 4641Kn
®OPn =4641> Pu =4227.04 kn.......... .0k

No Need For Dowels
As dowels =As coiumn

Usel8 820, A, proviged= 5652 mm? ... Ok

4-10-7

5- Development Length In Footing :
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Tension Development Length In Footing :

9 F YePsyp
Ldy req — 1o * Wyf_c * ktr+cbt * db> 300mm

db

Ktr = 0 (Nostripes)

20 200
ch = 75+7= 85mm Or cb ZTZ 100 mm

ktr+cb_0+85

db 20

ktr+cb
=25
db

=4.25>125

9 " 420 >|<1*1*0.8
10 1xv28 2.5

Ldy req = * 20 = 502.8 mm> 300mm

LdT available = 28002_600 -75=1025 mm

LdT a\/ai|ab|e: 1025 mm >ldreq = 502-8 MMaeeeeooen OK

Compression Development Length In Footing :

Ldcreq= %> 0.043*Fy*dB >200mm

Ldcreq= “Lﬂig“o = 380.8> 0.043*420*20 = 361.2>200mm

LdCreq: 380.8 mm

LdCavaitable = 750 — 75 — 20 — 20 = 635mm >Ldcreq= 380.8 mm ........ Ok

Lap Splice of Dowels In Column :

Lsc =0.071xfyxdb = 0.071x 420 x20 = 596.4 mm > 300 mm

Select Lsc =600 mm
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g
i I i | 3
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‘él Al B0 =328 F
BEn —aﬁ
ooy
Sec U A—A
e am
_glan
E 14820 L=X2E

o l’;. — n!‘I: 1 )

]
] s FTT
=1

SECTIOM A—8 IM F4

BDLE 123

]Fig 4.19:Foot Reinforcement Details.

4.11 Design of Stair:

B e
0 an 16
v 4 v o3
<C <C

3::
— 3
/ i

5 B«

Fig 4.20 :Stair Plan.
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« Material :

= concrete B350 Fc' = 28N/mm?

= Reinforcement Steel Fy = 420 N/mm?

» Design of Flight :

v" Determination of Thickness:

hmin = L/20

hmin = 600/20 = 30 cm

Take h =30 cm

The Stair Slope by 6 = tan™(17/ 30) = 29.56°

v" Load Calculation:
Dead Load For Flight For 1m Strip:

No. | Parts of Flight Calculation

1 | Tiles 23*0.03*1*(0.33+0.17/0.3 ) = 1.15 KN/m

2 Mortar 22*0.03*1*(0.3+0.17/0.3 ) = 1.04 KN/m

3 Stair 25*0.5*0.17*1 = 2.13 KN/m

4 R.C 25*0.3*1 / cos 29.56 = 8.62 KN/m

5 Plaster 22*0.02*1 / cos 29.56° = 0.51 KN/m
Sum 13.47 KN/m

Table (4.6 ): Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip = 5*1 =5 KN/m

Factored Load For Flight :

Wy = 1.2 x13.47+ 1.6x5 = 24.164 KN/m
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v" System of Flight:

o dee Llees el — Skn/m
Fardeaes Deocd Load =13 A47kn m

D— 1347 K

L= r =
D= 1327
L=>5 K
Fal Ta 3.6 Pa P

Shear

-37

Fig 4.21: Statically System and Loads Distribution of Fli

Moments: spanltol

——

\ 2.15. 515 2.15

Fig 4.22: Shear and Moment Envelope Diagram of Flight.
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Design of Shear for Flight :
(Vu=37.0 Kn)

Assume bar diameter g 14 for main reinforcement
d:h-cover—dz—”= 250—20—%: 223 mm
Ve==y/fc'by d == =V28 %1000 * 223 = 182.1 Kn

® V. -0.75%182.1 = 136.6 KN > Vu = 37Kn...... No shear reinforcement are required

Design of Bending Moment for Flight :
(Mu=51.5 Kn.m)

M, __  515x10°

R.— —
"™ @bd2 ~ 0.9x1000x2232

= 1.15 Mpa

_fy 420
0.85f,  0.85x28

p=1(1 —_ 1 _%> =L<1 _\/1 _M) = 0.00282
m 420 20.6 420

Asreq = p.b.d = 0.00282 x1000x223 = 630 mm?/m

= 20.6

m

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

ASreq = 630 mMM?>A min= 450mm?°/m

Check for Spacing :

S =3h =3*300 =900 mm

S = 380% () — 2.5*20 = 330
S %420

S =450 mm

S =330mm ......... is control
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Use ﬂ14 @ 200 mm ,Aslprovided 770 mm2> Aslrequired: 630mm2... Ok

Check for strain:

_ Asfy  770x420
0.85b f/ ~ 0.85x1000x28

= 15.85 mm

=< = 1585 _ 18.65 mm
B,  0.85
= 0.003 (d _ C) = 0.003 (173 _ 18'65) = 0.025 > 0.005 0k
g = 0. —)=0 1865 = 0. 005 ...

Lateral or Secondary Reinforcement For Flight :

Asreq= Asmin =0.0018*1000*250 = 450mm?

USE ﬂlZ@ 200mm ,As‘provided: 565 mm2>AS'required: 450mm2... Ok

» Design of Landing : (For First One Meter)

v" Determination of Thickness:

hmin = L/20
hmin = 3.88/20 = 19.4 cm

Take h=30cm

v" Load Calculation:

84



Chapter Four Structural Analysis and Design

Parts of
No. Landing Calculation
1 Tiles 22*0.03*1=0.66 KN/m
2 Mortar 22*0.03*1=0.66 KN/m
4 R.C 25*0.3*1="7.5KN/m
5 Plaster 22*0.02*1=0.44 KN/m

Sum 10.5KN/m

Table (4.7): Dead Load Calculation of Landing.

Dead Load For Landing For 1m Strip = 10.5 KN/m
Live Load For Landing For 1m Strip = 5*1 =5 KN/m

Reaction From Flight:

DL =19.7 Kn/m
LL =8.25 Kn/m
Total Dead Load = 10.54 + 19.7 = 30.24 Kn/m

Total Live Load =5+ 8.25 = 13.25 Kn/m
Factored Load For Landing :
Wy =1.2 x30.24 + 1.6x13.25 = 67.12Kn/m

v" System of Landing:

_Service Live Load = 8.25 KN/M

Service Dead Load = 19 7 KN/M )

184 M 0.2 1.84 M

Fig 4.23 : Statically System and Loads Distribution of Main Landing.
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~oments: soans 110 1

| 1.94 126.4 1.94 |

_hear

130.3

/%
71;.2_/////
Fig 4.24: Shear and Moment Envelope Diagram At First 1m of Landing.

130.3
Design of Shear:
(Vu=104.2 KN)

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—b= 300—20—12—2= 274 mm

Ve==\fc'b, d == <V28 1000 * 274 = 242 KN

®* V,-0.75*% 242 = 181.5 KN>Vu =104.2 KN...... No shear reinforcement are required

Design of Bending Moment :
(Mu=126.4 KN.m)

Assume bar diameter g 12 for main reinforcement

d =h- cover—%z 300—20—12—2: 274 mm

_ My 1264x10°
Rn= @bd? ~ 0.9x1000x2742 1.87 Mpa
= b 120 _ 1765

"~ 0.85f]  0.85x28

pzi(l_ 1_m> :;<1_J1_w> - 000464
m 420 17.65 420

Asreq = p.b.d = 0.00464x1000x274 = 1271.36 mm?
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Asmin =0.0018*1000*300 = 540 mm®
Aqreq = 127136 mm?

Check for Spacing :

S =3h =3*300 =900 mm

S =450 mm......... is control

Use ﬂl4@ 120 mm ,Agvprovided = 1282.5 mm2> Ag’required = 1271.36 mmz... Ok

Check for strain:

_ Asfy  1282.5x420

= - = =224 mm
0.85b f!  0.85x1000x28

22.4
= = =222 = 26.3mm
B, 085

d—c 274 — 26.3
& = 0.003(——) =0.003{——=—=—) = 0.028 > 0.005 ...... Ok
c 26.3

Lateral or Secondary Reinforcement For Landing :
Asreq= Asmin = 0.0018*1000*300 = 540mm?

USE ﬂlZ@ 200 mm ,Agyprovided: 565mm2>AS’requ|red = 540mm2... Ok
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Er14,/201=1.8m 5

d14 /20, 1=+ 588

-\%
P13/80,L=2.0
oy s
BB
]

80

)

- -]
in #1220 L=2 Y0m T E an

190

a%

BB i

160
812 /20 1=204m

Fig 4.25: Stair Reinforcement Details.

4.12 Design of Shear Wall:
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86_7 KM
107.6 KN —
2206 KM —
300.3 KN —
380.7 KN —
5207 KN — 1

G35.45 KN
T44.8 KN —

854 2 KN — 1

Loads &system

shear & moment diagramm es

86_7 KM

1942 KN
414 8 KM
7151 KN
1095.8 KM
1616.5 KN

2251 95KN
2996.75 KM

3850.95 KN

shear diagramme

286.11 KM.m

T27 .56 KN.m
2096 4 KM.m
465623 KMN.m
8072 37 KMN.m

12406 82 KMN.m
15036.695 KM.m

26825 97 KN.m
32457 2 KN.m

moments diagramme

Fig 4.26: Shear force and moment diagrmmes on the wall from ETABS.

*

= concrete B350

= Reinforcement Steel
= Shear Wall Thickness
= Shear Wall Width

=  Shear Wall Height

% Material and Sections: (From Shear Wall 2)

Fc' = 28 N/mm?

Fy = 420 N/mm?

h=30cm
Lw=6m
Hw =28 m

v" Design of Horizontal Reinforcement:

D Fx=Vu=3850.8 KN
The critical Section is the smaller of:

w_6_

3m
2 2
hw_28 _14m
2 2

storyheighlHw) = 28m........ Control

d =0.8xLw=0.8x6=4.8m
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5 !
@Vnmax = Qg f;- hd
= 0.75 % 0.83 * V28 * 300 * 4800 = 4743.3 KN >V, = 3850.8KN

V. is the smallest of :

1-V, =% f.'hd = %\/28 «300 * 4800 = 1269.9 ........ Control
. N,d
2— V. =027/f hd + = 0.27+/28 * 300 * 4800 + 30.4 = 2057.36KN
w
Ly (07 +02:%)
3— ¥, =|0.05/F + | hd = 3239.41KN
Ve 2

6123.1 —3637.3 M, —3637.3
3.6 N 0.28

= M, = 3830.4KN.m

M,

l,, 32457.2%10%3 6000
Vu

Y -
2 3850.8 2

= 5428.69 mm

Vc=1269.9KN

@ *xvc + Qvs = vu

@ * vs=VU-Q * vc

Vs=vu/® — vc

Vs=3850.8/0.75-1269.9= 3864.6kn No need reinforcement

Minimum shear reinforcementis required:
Min(Avh/Sh)=0.0025*h
=0.0025*300=0.75

Select 10 ,tow layers

AvVh=2* 7 *102/4=157 mm?

157/Sh=0.75

Sh=157/0.75=209.3

Select Sh=200mm<Smax=Lw/5=600/5=120 cm.

=3*h =3*30=90 cm.
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Chapter Four

v" Design of Vertical Reinforcement:

A [0.0025 +0.5(2.5 — 2 (2L — 0.0025)] *250
v h
o [0.0025 +0.5(25-2) (o - 0.0025)]*250

AUU
— =0.795
Sy

Select 10 in Two Layer

2x7rx102
= 157 mm2

Avh"
7 0.795
S,
S,=197.4 mm

Maximum spacing is the least of :
tw_ 8090 _ 9400 mm

3 3
3*h = 3*300 = 900mm
450 mm ....... Control

Use $10/200 mm for two layers

v" Design of Bending Moment:

6000 5
St—(zoo)*2*79=4710mm

Ast)fy:(

w = -7
(Lwh fe

P, 0

a = —_— =
lwhfe

4710 >420 _ 0.0392
6000 * 300/ 28

c_ wt+a 0.0392 + 0 — 0.0489
l, 2w+0.858, 2%0.0392+0.85%0.85
oM, = 0054, f,1,, (1 + —y(1 — —

n — . stfy W( Astfy)( le)

= 0.9[0.5 * 4710 * 420 x 6000(1 + 0)(1 — 0.0489/2)] = 5210.55 KN

= 32457.2KN.m
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Mub = Mu-@Mn = 32457.2 — 5210.55= 27246.65 KN.m

lw 6000
> = =1428.57 mm
600*W 600%.007

Lb>= =714 mm

N | 3

Since Smallest value of Lb & Mub not require Boundary .

v

S

T

AAAAA

R R R IR,

Ll

"

R,

o

w7
&

e

[

Fig(4-27) : Plan of the shear wall

4.13 Design of Basement Wall:

« Material :
— concrete B350 Fc' = 28N/mm?
= Reinforcement Steel Fy = 420 N/mm?
® = 30° Y= 19.00KN/rn3
Ko=1—-sin®
=1-sin30
= 0.50

v" Load on basement wall:

For 1m length of wall:

* Weight of backfill:
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ql =Ko*y=*h
=0.50*%19.0*3.9 =37.05 KN/m
ql (Factored) = 16 *3705 = 5928 KN/m

* Load from live load:
LL=5 KN/m2
g2 = Ko * LL
=0.50 *5=2.50 KN/m
02 (Factored) = 1.6 *2.50 =4.0 KN/m

v" Design of the shear force:

Assume h =300 mm,
d=300—-20—14 = 266 mm
Vmax =46.4 KN

* *
e = #/28*1000*266 _ < o0y

6

Vu <¢Vc

No shear Reinforcement is required.

v" Design of bending moment:

Mu max =66.66KN.m

Mn = U _ 6666 _ ) 066 KN
=09 09 T ™ -m
K _Mn*lO6 3 74.06 * 10° 10468 M
NE T dZ T 1000+2662 pa
Fy 420
m = 17.65

T 085+fc 085 +28

1 \/ 2 *xkn*m

Fy

17.65 420
=2.55%1073

1 2% 1.0468 * 17.65
[ 1— [1-—
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Asreq =p*b*d=2.55%1073 %1000 * 266 = 6.783 cm?/m
Asmin = 0.0012 *b*h = 0.0012 = 1000 * 300 = 3.60 cm?/m
Amin < Areq

Select 12@15cm/m

Vertical reinforcement at compression face:

As req =As min = 3.60 cm?/m

?10@15cm/m

v" Design of the horizontal reinforcement:

Asmin = 0.0012 *b *h = 0.002 * 1000 = 300 = 360cm?/m

Selectp10@20cm/m, in two layer.

@&Dﬂ 0.0 |
=] & 1 ﬂI

il
s ]
ki

Fig 4.28: Basement Wall Reinforcement Details.
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4.1 Introduction.

4.2 Design method and requirements.
4.3 Check of minimum thicknesses of structural members.
4.4 Design of topping.

4.5 Design of rib (2).

4.6 Design of Beam (Beam 10)

4.7 Design of One Way Solid Slab.
4.8 . Design of Two Way rib Slab.

4.9 Design of Column .

4.10 Design of Isolated Footing .
4.11 Design of stairs

4.12 Design of Shear Wall (SW1).

4.13 Design of Basement Wall
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4-1 Introduction:
Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels

and others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete,
which can provide the needed strength in tension.

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

frequently admixtures.

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

knowledge.
Structural concrete can be classified into:

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

4-2 Design Method and Requirements:

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

> 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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NOTE:

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

e Code:
ACI 2008
UBC

e Material:
Concrete -B350
fc'= 35N /mm?(MPa) For circular section

but for rectangular section ( fc'=35*0.8 = 28MPa).

Reinforcement steel:

The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}.

v" Factored loads:

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

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

4.3 Check of Minimum Thickness of Structural Member:

Table (4-1): Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless
Deflections are Calculated. (ACI- 318M-11).

Minimum thickness ( h)
Simply One end Both end
Member . . Cantilever
supported continuous continuous
solid one way
L/20 L/24 L/28 L/10
slabs

Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Table (4.1): Check of Minimum Thickness of
Structural Member.
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e ForRib:
hminfor(both end continuous)=L/21= 645/21=31cm

hminfor(one endcontinuous)=L/18.5= 645/18.5=35cm

Take h=35cm
27 cm block + 8 cm topping = 35cm

e ForBeam:
e hpynfor(both end continuous)=L/21= 645/21=31cm
e hpyinfor(one endcontinuous)=L/18.5= 645/18.5=35cm

Take h =35 cm with no drobs.

4.4 Design of Topping:

v Statically System For Topping :

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

ribs.
Wu
- 40 cm -

WL? WLz
_ ‘ ‘ az
o —

WL?
24

Fig 4.1: Topping Load.
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v Load Calculations:
For the topping, the total dead load to be used in the analysis and design is
calculated as follows:

Dead Load:
No. | Parts of Rib Calculation
1 Tiles 0.03*23*1 = 0.69 KN/m
2 Mortar 0.02*%22*1 = 0.44 KN/m

3 Coarse Sand 0.07*17*1 = 1.19 KN/m

4 Topping 0.08*25*1 = 2.0 KN/m
5 Partitions 1.5%1 =15 KN/m
Sum = 5.82KN/m

Table (4.2): Dead Load Calculation of Topping.
Nominal total dead load = 5.82 KN/m

Nominal total live load = 5SKN/m?.

Live Load :

L, =5 KN/m?
L, =5 KN/m?x1m=5KN/m

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

Toping

Hollow Block ( 27cm)

Fig. (4-2): Topping of one way rib slab
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Factored Load :
Wy =1.2 x5.82 +1.6x5=11.984 KN/m

Check the strength condition for plain concrete, M, > M, where g = 0.55
Mn=0.42 A \/f] Sm(ACI 22.5.1, equation 22-2)

_ b.h* _1000.80?

= =1 .67 2
S 3 3 066666.67 mm

gM,, =0.55x0.42x1x+/24 x1066666.67 x107¢ =1.21KN.m

Wy, L?

My=—">-=0.1597 KN.m (negative moment)
Wy, L? ..
M, = Yolu 0.0798 KN.m (positive moment)

gMp>> M= 0.1597 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACl17.122.1
As= pxbxhyopping =0.0018 x1000x80 = 144 mm*/m
Step (s) is the smallest of:

1. 3h=3x80=240 mm control by ACl 10.5.4

2. 450mm.

3. S :380(2;40) —2.5C, = 380 (ii%) —2.5.20 = 330mm ACI 10.6.4 OR
s 3
280

£

S 5300( )=300 mm

Take g 8 @ 200 mm in both direction , S = 200 MM <Syax = 240 mm ... OK
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4-5 Design of rib:

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

One way

o slat Shewkage B Temperatuer Bar's

Molow Block (280 em )

=
=
B [: | >
2 g e
) ) =T —
Eg — =
— A ——— g —————
————

Fig 4.3: One Way Rib Slab (R2).

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

bw>10Cm......ooviiii ACI(8.13.2)

NS 3.5%DW oo, ACI(8.13.2)

Select h=35cm<3.5*12= 49 cm

tf>Ln/12>50mm ... ACI(8.13.6.1)
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Select tf=8cm

« Material:

= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel fy = 420 N/mm?

%+ Section:

= B=520mm
= By=120mm
= h=350mm
= t=80mm
= d=350-20-10-14/2= 313 mm
Statically System and Dimensions: v
Geometry Unhs:meter,cm]
1 2 3 4 5
1 2 3 4
06 5.39 08 4.43 08 5.69 08 6.49 08
' ; ' 6.09 ! ; ' 5.23 ! : ! 6.49 ' ; ! 7.29 '
R
35. .
12.
A-A
Loading
~Tgad group no. T
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.32.6 l6.312. 5.3/2. 5.312.6
6.09 523 6.49 7.29

Fig 4.4: Statically System and Loads Distribution of Rib (R2).

v" Load Calculation:

Dead Load:

No. | Parts of Rib Calculation

1 Tiles 0.03*23*0.52 = 0.359 KN/m/rib
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2 Mortar 0.03*22*0.52 = 0.229 KN/m/rib

3 Coarse Sand 0.07*17*%0.52 = 0.620 KN/m/rib

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

5 RC. Rib 0.27*%25*0.12 = 0.81 KN/m/rib

6 Hollow Block 0.27*10*%0.4 = 1.08 KN/m/rib

7 plaster 0.03*22*0.52= 0.3432KN/m/rib

8 partions 1.5*0.52=0.78 KN/m/rib

Sum = 5.4744 KN/m/rib

Table (4.3): Dead Load Calculation of Rib(R2).

Dead Load /rib =5.5 KN/m

Live Load:

Live load = 5 KN/M?

Live load /rib = 5 KN/m? x 0.52m = 2.6 KN/m.

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

b. For T- section is the smallest of the following:
b =L/4=523/4=128cm
b =12+16t=12+16 (8) =140 cm

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

be For T-section = 52cm .
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Moment/Shear Envelope (Factored) Units:kN meter

oments:  §pans. At 4

-59.
40 436 A 413
25.5 217 29.5
9. 74
| o1 1 | | 11.88 )
f { f { f o {

e M —t Pl —
{ 01981132 "o ED y
7. 145 bes 1.46 8

235
34.2
473
| 244 3.65 | 2.88 . 235 | 2.92 ; 3.57 | 4.37 ; 2.92 |
f f f f T t f t i
Shear
385 234 08 315
314 K
282 244
207 ‘
T U T T T U | |
ap o4 25.4 2.8
32.9 322 38.9
46.3

Fig 4.5: Shear and Moment Envelope Diagram of Rib (R2 ).

Design of Rib (2):-

4-5-1 Moment Design for (R2):

Design of Positive Moment for (Rib2 ) for (Spanl):(Mu=34.2KN.m)

Assume bar diameter g 14 for main positive reinforcement
dp 14
d :h' cover - dstirrups_7 =350—-20—-10 — 7 =313 mm
Check if a>h¢ to determine whether the section will act as rectangular or T- section.
— I hy
Mns =0.85. f/. be. hy. (d — 7)

80

:0.85><28><520><80><(313—2

) % 1076 = 270.29 KN. m
342_

oo- 38KN.m, the section will be designed as rectangular section with e =520

Moo =
1)
mm.

R.— M, __ 34.2x10°
"™ @bd2 ~ 0.9x520%3132

= 0.74 Mpa

41



Chapter Four Structural Analysis and Design

_fy 420
"~ 0.85f]  0.85x28

p:i<1_ 1_m>_ <1_\/1_w>=0.00179
m 420 17.6 420

Asreq = p.b.d =0.00179 x520%313 = 291.34 mm?

=17.6

Check for As min:

As min= ‘/_ -318 (10.5.1)

As min= ‘/2_8 (120)(313) =118.3mm?
4(420)

As mln——(bw)(d)

(fy)
. 1.4 )
As mln:4—20(120)(313) =125.2mm* controls

ASreq= 291.34mm? >Aspin= 1252 mm>  OK

Use 2 8 14 As provided=_307.87mMM*>As required= 291.34 mm?.... Ok

120-40—20—(2x14)
1

S=

=32mm>d, =14 > 25 mm OK

Check for strain:

AS.
_ fy, _ 30787x420 _ yoaa o
0.85b f ~ 0.85x520%28
X= — = 1044 _ =12.29 mm
B, 085
= 0.003 (d _ x) = 0.003 (313 _ 12'29) = .0734 > 0.005 0k
=5 x ) 1229 ) '

4-5-2 Design of Positive Moment for(Rib2 ) for (Span2): (Mu=14.5 KN.m)_

d =h- cover - dgimps— -2 = 350 — 20 — 10 — - = 313 mm

_ My __ 145x10%
Rn= @bd? ~ 0.9x520x3132 0.6 Mpa
420
m= 22 = ~17.6

0.85f!  0.85x28
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pzl(l_ 1_m)_ (1_\/1_w)=0.0014s
m 420 17.6 420

Asreq = p.b.d = 0.00145x520x313 = 236 mm®

Check for As min:

As min= ‘/_(b w)(d) ACI-318 (10.5.1)

J28
4(420)

As min=

(120)(313) = 118mm”
As min:%(bw)(d)

As min= i'—240(120)(313) =125.2mm? controls

ASreq= 236mm? >Asyin= 1252 mm*  OK
Use 2 8 14 A provided= 307.87MM*>As requireg= 236mm” ... Ok

120-40—20—(2x14)
1

S =

=32mm>d, =14 > 25 mm OK

Check for strain:

AS.
_ sty 307.87x420 _ 10 40 00
0.85b f ~ 0.85x520%28
X= <+ = 1044 _ =12.29 mm
B, 085
= 0.003 (d _ x) = 0.003 (313 _ 12'29) = 0.0554 > 0.005 0k
G =T x ) 1229 /)= '

4-5-3 Design of Positive Moment for(Rib2 ) for (Span3): (Mu=47.5 KN.m)

d =h- cover - dyimps— -2 = 350 — 20 — 10 — = = 313 mm
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M, __ 47.5x10°

R, = -
"™ @bd2 ~ 0.9x520%3132

=1 Mpa

_fy 420
"~ 0857 0.85x28

p:i 1— 1_2.m.Rn _L 1 — 1_2><17.6><1 = 0.00244
m

420 |~ 176 420

=17.6

m

As req = p.b.d = 0.00244x520x313 = 397 mm®

Check for As min:

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

J/28
4(420)

As min= (120)(313) =118mm°

As min:%(bw)(d)

As min= %(120)(313) =125.2mm” controls

ASreq= 397Mm? >Aspin= 1252 mm*  OK
Use 2 8 16 A provided= 402.12Mm*>As requireg= 397mm’ ... Ok

_ 120-40-20—(2x28)
- 1

S =28mm >d, =16 > 25 mm OK

Check for strain:

AS.
a=fy 40212X420 _ qo g
0.85b f ~ 0.85x520%28
X= i — 1013.64 .44 — 1229 mm
B, 0.85
= 0.003 (d _ x) =0 (313 _ 12'29) = 0.0554 > 0.005 0k
G =T x ) 1229 )= '

44



Chapter Four Structural Analysis and Design

4-5-4 Design of Negative Moment for ( Rib 2 ) (Supportl ): (Mu=-
43.6KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dgimps— 2 = 350 — 20 — 10 — > = 311 mm

My 43.6x10%
Rn= @bd? ~ 0.9x120x3132 4.12Mpa
420
Iy ~17.6

m= =
0.85f,  0.85x28

p:l<1_ 1_M> :L(l_\/l_m) = 0.0108
m 420 17.6 420

Asreq = p.b.d =0.0108 x120%313 = 405.6 mm?

Check for As min:

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

J28
4(420)

As min= (120)(313) =109.52mm?
in=14
As min= ) (bw)(d)

As min= i‘—240(120)(313) =125.2mm” controls

ASreq= 405.6mm® >Aspip= 1252 mm*  OK
Use 2 8 18 A provided= 508MM*>As required= 405.6mm? ... Ok

_120-40-20—(2x18) _
= - =

S

24mm > d, =24 > 25 mm OK

Check for strain:

_ Asfy _ 508x420

= - = =74.7mm
0.85b ! 0.85x120x28

a 747
X=—=——=87.9mm
B, 085
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d—x 311 —-879
& =0.003(——) = 0.003|———=———) = 0.007614 > 0.005 0k
X 87.9

4-5-5 Design of Negative Moment for (Rib2 ) (Support2 ): (Mu=-27.7
KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dyimps— -2 = 350 — 20 — 10 — = = 313 mm

My 27.7x10%
Rn= @bd? ~ 0.9x120x3132 2.6 Mpa
420
=L ~17.6

m= =
0.85f,  0.85x28

p= i 1— [1— 2.m.Rp — L 1— [1- 2X17.6X2.6 = 0.00657
m

420 17.6 420

Asreq = p.b.d = 0.00657 x120x313 = 246.77 mm®

Check for As min:

As min=Y (bw)(d) ACI-318 (10.5.1)
4(fy)

J28
4(420)

As min=

(120)(313) =109.52mm?
As min:%(bw)(d)

As min= i'—240(120)(313) =125.2mm? controls

ASeq= 246.77Mmm* >Aspin= 1252 mm*  OK

USG 2 g 14 ,Asyprovided: 307.87mm2>A5’required: 24677 mm2 coee Ok

_ 120-40-20—(2x14)
- 1

S

=32mm>d, =14 > 25 mm OK

Check for strain:

a= Asfy _ 307.87x420

= - = = 45.275mm
0.85b ! 0.85x120x28
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a 45.275
X=—=

= = 53.26mm
By 0.85

= 0.003 (d_x) = 0.003 (313 _53'26) — 0.0146 > 0.005 0k
&= x ) 53.26 /) '

4-5-6 Design of Negative Moment for (Rib2 ) (Support3): (Mu=-19 KN.m)
Assume bar diameter g 14 for main positive reinforcement
d =h- cover - dyimps— -2 = 350 — 20 — 10 — — = 314 mm

_ My 19x10°
@®bd?  0.9x120x3132

= 1.796 Mpa

n

1 420
m= 4 ;=
0.85f  0.85x28

p= l(l -1 _M> — L(l _\/1 _m> = 0.00445
m 420 17.6 420

Asreq = p.b.d = 0.00657 x120x313 = 167.142 mm?

=17.6

Check for As min:

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

/28

(420)

As min=-—2 bw)(d)

(fy)

As min= (120)(313) =109.52mm?

As min= %(120)(313) =125.2mm” controls

ASreq= 167.142mm? >Aspin= 1252 mm*>  OK

Use 2 8 12 A provided=226MmM>>A required= 167.142_ mm?.... Ok

_ 120-40-20—(2x12)
- 1

S

=36mm>d, =12 > 25 mm OK
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Chapter Four Structural Analysis and Design

Check for strain:

AS.
= oy 220420 _ 3323 mm
0.85b f, 0.85%x120%x28
x=2 =32 _ 39mm
B,  0.85
d—x 314 — 39
gs = 0.003 (T) = 0.003 (3—9) =0.02 > 0.005 0k

v' 4-5-7 Shear Design for (R2):

V, at distance d from support=38.6 KN

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

Ve == \[fIb,d = V28 x 120 x 313 x 107° = 36.43 KN
oV =0.75%36.43 =27.32 KN

0.5 9 V. =0.5%27.32=13.65 KN

050V<V, <oV,

V> 92 Ve

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

Vsmin =—+/fZbwd 2 = bw d

Vs min=1—16\/28 * 120 x 313 % 1073 = 12.42KN

Vsmin =2 bw d=2 120 * 313 = 12.52KN

B(Ve+Vsmin)= 0.75(36.43+12.52)=36.7 KN

gV .<VU <@ (Vc+VSmin)

27.32<33.2<36.71

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

Use stirrups (2 leg stirrups ) g 8@150 mm , A, = 2 x 50.26 = 100.53 mm?
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Chapter Four Structural Analysis and Design

1 bys 1 bys
AVmin :E\/ fcll > -

fyt = 3 fyt
AVrin=100.53 :1—16x/% 222005 —s=1145m
100.53 %% - s =1.055m

S max—>% = 157mm

S max —»<600mm

Take (2 leg stirrups) g 8 @ 150 mm

_ 2%50.26

A, = 670.133 mM*/Mgyip

0.15

12/35 12/35 12/35 12/35

60 539 80 443 80 569 a0 Fie -
CRTIO L=600 T3, . et Th , eomis Tas s o
4 580 RETLTE. oy 1p 5 Seng L = | Zery 1
40
] 550 650 =
8eTl4 BB T2TI0 B, T2 5. T
Re

TERI5 TERLS
@ _Lei03 o om @_L=i05
| 1
j’ L { }'
3 2L 2 (]
- [ amnt
A-A £=C D-D

Fig4.6: Flexural Design of Rib (2).
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4.6 Design of Beam :

- - -
o=
P
=
S
;
e 4
] | reisinia]
) o HH
IS - s
s == % H =
DERET ais/aniat
= I it IRBHEER
s - P e = -
| ! —
t\n
)
T2
P! ] — q
i ' : e =H1I§ =
) — E S — ] e p— =

Fig 4.7: Design of Beam (10).

% Material :
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel fy = 420 N/mm?
% Section :
= B=100cm
= h=35cm

= d=350-40-10-20/2= 290 mm
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v Statically System and Dimensions:

Geometry Units:meter,cm
1 2 3 4
1 2 3
LT 1T
A A A
I0.3l 322 l1).3l 6.59 I0 3I 372 IOASI
i@ 3.52 . 6.89 R 402 #
| % | l
50.
80.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
7§. 74.

61.6 : 33
1% 3 1%

Live load - Service Load factors: 1.20,1.20/1.60,0.00
678 574 51.1
3.52 6.89 402

Fig 4.8: Statically System and Loads Distribution of Beam (B 10).

v" Load Calculations:

Dead Load Calculations for Beam(B 10):
The distributed Dead and Live loads acting upon B10 can be defined from the support reactions of
the R2, R3 and R4.

From Rib2
The maximum support reaction from Dead Loads for R2 upon B10 is 32.06 KN
, The distributed Dead Load from the R2 on B10.
DL =(32.06/0.52) = 61.65 KN/ m
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Self weight of beam 7 KN / m
DL =61.65 +10=71.65 KN/ m

From Rib1l
The maximum support reaction from Dead Loads for R3 upon B10 is 40.75 KN
, The distributed Dead Load from the R3 on B10.
DL =(40.75/0.52) = 78.36 KN/ m

Self weight of beam7KN / m
DL =78.36+10=88.36 KN/ m

Live Load calculations for Beam (B10):

From Rib2
The maximum support reaction from Live Loads for R3 upon B10 is 35.19KN The

distributed Live Load from the Rib2 on B10.
LL =35.19/ 0.52= 67.67KN/m.
from Rib1

The maximum support reaction from Live Loads for R3 upon B10 is 29.71KN The
distributed Live Load from the Rib1 on B10.

LL =27.71/ 0.52= 57.13 KN/m.
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Structural Analysis and Design

Moment/Shear Envelope (Factored)  UnitsskNmeter
—Moments: _spans Tt 3
-665. £88.6
5885 5655 -588.2  -606.7
1.32 2.98
438 | | : ¥ |
I 10901105 lo6 e
1.07 :
oa ma
543.1
13 29 | 344 , 345 | 261 Y
I T T T I T 1
Shear
684
5245 598.8
-440.6
-281.
-201.7
259 e
147.8
217
4756
593. 560.9
678.3

Fig 4.9: Shear and Moment Envelope Diagram of Beam (B10).
v" Moment Design for (B10):

4-6-1 Flexural Design of Positive Moment for (B10):(Mu=543.1 KN.m)(
span 1)

Determine of Mp max

d=400-40-10-20/2= 340 mm

3 3
x = ;d = ;.290 = 145.7 mm

a=B.x =124.28 * 0.85 = 123.86 mm

Mns= 0.85+ f{ xa*b(d - 2 ) = 0.85*28%123.86*1000*(340-123.86\2 ) *10°°=
819.7KN.m

@ Mnpax = 0.9*% 819.7= 737.74 KN.m> 543.1 KN.m .

Design as singly reinforcement

R — M, 5431 x 106 _ coo
"= 0bdZ 09 x 1000 x 3402 4P
fy 420

m= - = =17.6
0.85f] ~ 0.85x28
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Chapter Four Structural Analysis and Design

pzl(l_ 1_m) =L<1_\/1_M) — 0.0142
m 420 17.6 420

= p.b.d = 0.0142x1000%340 = 4828 mm’

Check for As min:

ASmin = (b )( ) = 4\/% *1000*340 =1070.9 mm2

(f ) *420
ASmin = fy )(b w)(d) = *1000*340— 1133.33 mm>Controls
A= 4828mm?

USE lﬂﬂ 25 Bottom, Asypro\/ided: 4910mm2>A5’required: 4828 mmz... Ok

Check spacing :

800—40%2—20—(10x25)
9

S =

=50mm>d, =25 >25mm OK

Check for strain:

Asfy  4910x420

= - = = 86.65mm
0.85b fc 0.85X1000x28
x=2 =85 _ 101.9mm
B, 085
= 0.003 (d _ x) = 0.003 (297'5 _ 1019) = 0.00576 > 0.005 0k
&= x ) 101.9 - '
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Chapter Four Structural Analysis and Design

4-6-2 Flexural Design of Positive Moment for(B10):(Mu= 211.9KN.m)(
span 2)

o My _ 2119 x10°
"= 0bd? T 0.9 x 1000 x 3402 - Pd

_fy 420
"~ 0.85f]  0.85x28

p:i<1_ 1_m>_ <1_\/1_M):0.00508
m 420 17.6 420

= p.b.d = 0.00508%x1000x340 = 1702.7 mm?

=17.6

ASpin = A ( w)(d) = ‘@ *1000*340 = 1070.9 mm?
4( fy) *420

ASpin = ﬂ( bw)(d) = ﬂ*1000*340— 1133.33 mm?Controls
(fy) 420

A= 1702.7mm?

USE 6g ZOBOttom, Asjprovided: 1884 mm2>AS'required: 1702 mmz... Ok

Check spacing :

800-40%2-20—(6X20) _
5

S= =137.6mm >d, =16 >25mm OK

Check for strain:

AS.
_ fy = 1884x420 — 332mm
0.85b fc 0.85X1000x%x28
x=2 =332 _3911mm
B,  0.85
= 0.003 (d _ x) =0 (340 _ 39'11> =0.023 > 0.005 0k
& = x ) 3911 ) :

55
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4-6-3 Flexural Design of Positive Moment for (B10):(Mu=140.8 KN.m)(
span 3)

o Mo _ 1408 x10°
"= 9bdZ - 0.9 x 1000 x 3402 pa

_fy 420
"~ 0.85f]  0.85x28

p:i<1_ 1_m>_ <1_\/1_w>=o.00375
m 420 17.6 420

= p.b.d = 0.00375%1000x340 = 1275 mm?

=17.6

ASpin = A ( w)(d) = \/% ———_*1000*340 = 1070.9 mm?
4( fy) *420

ASpin = ﬂ( bw)(d) = ﬂ*1000*340— 1133.33 mm?Controls
(fy) 420

As= 1275mm?

USE 4ﬂ 20 Bottom, Asvprovided: 1256 mm2>As‘required: 1275 mmz... Ok

Check spacing :

800—40+2—20—(4x20)
3

S= =206.7mm>d, =20 =25mm OK

Check for strain:

AS.
_ sty 1275%420  _ 5p g
0.85b fc 0.85X1000%x28
x=2 =225 _ 2647 mm
B, 085
= 0.003 (d _ x) = 0.003 (340 _ 26'47> = 0.0355 > 0.005 0k
&=V x ) 3647 ) '
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4-6-4 Flexural Design of Negative Moment for (B10): (Mu=-606.7KN.m)(
support 1)

R = M, 6067 x10° _cay
"= 0bd? T 0.9 x 1000 x 3402 >OMPY

fy 420
0.85f,  0.85x28

p=1(1 _ 1 _M> =L<1 - _w> = 0.01609
m 420 17.6 420

As=p.b.d = 0.01609%x1000x340 = 5469.5 mm?

=17.6

Check for Ag min:
ASmin = RACH ( w)(d) = V28 ——_*1000*340 = 1070.9 mm?
A( fy) 4% 420
ASmin = fy )(b w)(d) = *1000*340— 1133.33 mm>Controls

A= 5469.5 mm?

USE 12ﬂ 25 Bottom, Asyprovided: 5892mm2>A5’required: 5469.5 mmz... Ok

Check spacing :

800—40%2—20—(12x25)
11

S =

=36.36mm >d, =25 >25mm OK

Check for strain:

Asfy _ 5892Xx420

- = =103.9 mm
0.85b f/  0.85x1000x28

a=
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a 1039
X=—= =122.3 mm
B, 085

d—x 337.5—-122.3
& = 0.003 (T) = 0.003( 1223 ) = 0.00528 > 0.005 Ok

4-6-5Flexural Design of Negative Moment for (B10):(Mu=-558.5 KN.m)(
support 2)

oo My _ 5585 x10°
"= PbdZ 09 x 1000 x 3402 _ 2>/ MPa

fy 420
0.85f]  0.85x28

p=1(1 _ 11 _%> =L<1 _\/1_L6X5'37> = 0.01468
m 420 17.6 420

As = p.b.d = 0.01468x1000x340 = 4991.2 mm?

=17.6

Check for Ag min:
ASmin = VI ( w)(d) = V28 ——_*1000*340 = 1070.9 mm?
A( fy) 4% 420
ASmin = fy )(b w)(d) = *1000*340 1133.33 mm?Controls

A= 4991.2 mm?

USG llg 25 BOttom, Agyprovided: 5401mm2>A5’required: 4991.2 mmz... Ok

Check spacing :

800—40%2—20—(11%25)
10

S =

=425mm >d, =25 >25mm OK
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Chapter Four Structural Analysis and Design

Check for strain:

_ Assy . 5401x420  _ g g,
0.85b fc 0.85xX1000x28
x=2 =23 _ 11213 mm
B,  0.85
= 0.003 (d _ x) = 0.0 (337'5 _ 112'13> = 0.00603 > 0.005 0k
& = x ) 112.13 - '

v" 4-6-6 Shear Design for (B 10):

Vuymax = 598.8 KN.
dp 25
d=h — cover — dstirrup — - = 400 —40—10 — 5= 337.5 mm.

Ve==\/fib.d = =V28 X 1000 x 337.5 X 103 = 297.65 KN

Check for section dimensions:

Vo= — . =228 _ 99765 = 500.75 KN
0] 0.75

Vioma = =y/ffb.d = 24/28 X 1000 X 337.5 X 1073 = 1190.59 KN

Vs<Vsmax SO the section is large enough.

Check for the case of shear:

_1 - _ 1 L
Vs min —1—6\/fb.d OR = . b.d which is larger.
Vemin = =28 X 1000 X 337.5 X 1073 = 111.62 KN

Vemin =~ X 1000 x 337.5 x 10~3 = 112.5  cont.
! 3

D (Vsmin +V¢ ) = 0.75(112.5 +500.75) =460KN.

V> B(Vemin +Ve ) case( I11) for shear design.

d 337.5
Smax < E

== =143.75mm OR Spx< 600mm

Smax =168.75 mm  cont.
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Chapter Four Structural Analysis and Design

By using ¢ 10, 4legs stirrups, A, = 314.7 mm?

Aufyr . 3147 x 420 x 337.5
S = =

= 88.94 mm
Vs 500.75 x 1000
Use 4 leg $10 @80mm
For all spans 4 leg $10 @100mm will be used for stirrups.

i S ? I

| ﬁ} | |
i i 7 i1 A M

1 i Ji IWMJ MMW]mei

| e 5% l
80750 80/230 80/50

0] 322 30| 659 30| 372 30)

4 @725 L-O%Ziﬂ T.B @9T125 kT--Lrt(il'JO T.B. -
OIS TRTRET SO0 BT
BL
Ti0815 Ti0815
o L8 : L . g P
L‘M:: . " — { :
, ] b m
T 7% e - . § = %
AI_A @ uTes B—B C_C

Fig 4.10: Flexural Design Of Beam (10)
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Abstract

Structural Design For "Applied Sciences College"

The idea of this project can be summarized by preparing
Applied Sciences College. Which consist of all facilities
that should be available in any college.

The project consist of spatial cluster seven floors, and the
total area of the building is 19901.3329 square meter. The
design of the project is based on the multiplicity that
distributed consistently to achieve aesthetically and
functional elements.

We used (ACI 318 08) code and structural designing
programs such as ATIR and AutoCAD (2016), and we also
studied some old graduation. The project will include
detailed structural study and analysis of identified
construction eclements subjected to various loads followed
by the structural design of these elements and the
preparation of all design drawings according on the
prepared design.

God grants success
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e Ac=area of concrete section resisting shear transfer.

® As=area of non-prestressed tension reinforcement.

e A0 =area of non-prestressed compression reinforcement.
e Ag=gross area of section.

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

* At =area of one leg of a closed stirrup resisting tension within a (S).
e b =width of compression face of member.

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

o C.=compression resultant of concrete section.

e C.=compression resultant of compression steel.

e DL =dead loads.

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

Ec = modulus of elasticity of concrete.

fc© = 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.
Ve = 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.
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W = width of beam or
Wau = factored load per unit area.
@ = strength reduction factor.

ete = 0.003.

€, = compression strain of concr
€ = strain of tension steel.
;

€ = strain of compression steel.

p = ratio of steel area.
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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)

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 €120 £124 €128 EN0

Beams or

ribbed one-
way slabs £/16 £/185 er21 L8

Notes:
Values given shall be used diractly for members with normalweight concrate

densr(ﬁ W, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

For structural ||ﬁhtwe|gI*t concrete having unit density, w,,, in the range
1440 1920 kg/m3, the values shall be multiplied by (1.65 - 05 ) but not

less than 1.09.
b) For f,, other than 420 MPa, the values shall be multiplied by (0.4 + nyTOO)

MINIMUM THICKNESS OF NONPRESTRESSED BEA'S OR ONE
WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)

98



Gila gill 9 E.‘\l:\ﬂ'l gg.alil’l Juai)

TABLE 9.5(b) —MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflectionto be considered Deflection limitation
Flat rools not supporting or attached to non- | Immediate deflection due tolive bad L
structural elements likely o be damaged by £/180°
large deflections
Floors not supporting or altached o nonstrue- | Immediate deflection due tolive bad L
fural elements ikely to be damaged by large £/360
defections
Roof or floor construction supporting or That part of the total deflection occurrng after
attached to nonstructural elements likely to be | attachment of nonstructural slements (sum of {/480°
damaged by large deflections the long-term deflection due to al sustained
o o v | S ke e ds oy
attached o nonstructural elements not ikely to L/40°
be damaged by large deflections

* Limit not inkended 1o safequard agairst ponding. shoud be checked by sulable calculations of deflection, including edded deflections due to ponded
water, and coasidering long-term efiects of all sustained loads, camber, construction tolerances, and reliability of provisions for dranage.
*lo?mdefedimshalbedetemmedhmrdanceﬂm9,52.5m9,5.c,3.bulmaybe[ewoedb,ramum_oidefediombjaled{umbehream
ment of nonstuctusal elements. This amount shall be delermined on basis of acoepted enguneering data relating to time-deflection charactertstics of members sim-
llarto those being consiered
tLim'lm';I:eamwcieujifadecr.»alerneae;masarelakenlnmemdamagetosq:ponedurallat"nedsi-ement&
d;smm&?gmmmpmmmmmmmummmmrmsmxmmwmmm
notexcead imit

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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