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Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Factored load.

4-3 Slabs Thickness Calculation.
4-4 Design of Topping.

4-5 Design of Rib (R6) .

4-6 Design of Beam (B17).

4-7 Designof two way ribbed slab (R007).
4-8 Design of one way solid slab.
4-9 Design of column (C164).
4-10 Design of stairs.

4-11 Design of footing (F8).
4-12 Design of Basement wall.

4-13 Design of Strip Footing for Basement Wall
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4-1 Introduction

Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material because it

can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary strength.
Steel is embedded in the concrete in the form of a mesh, or roughened or twisted bars. A
bond forms between the steel and the concrete, and stresses can be transferred between both

components.

In this project, all of design calculation for all structural members would be made

upon the structural system which was chosen in the previous chapter.

So, in this project, there are one type of slab “one way ribbed slab”,. They would be
analyzed and designed by using finite element method of design, with aid of a computer
program called "ATIR- Software" to find the internal forces, deflections and moments for
ribbed slabs , and then handle calculation would be made to find the required steel for all

members.

The design strength provided by a member, its connections to other members, and its
cross—sections in terms of flexure, and load, shear, and torsion is taken as the nominal

strength calculated in accordance with the requirements and assumptions of ACI-318-08code.

> fc'= 24N /mm?(MPa) For concrete slab and beams.

Concrete: B300; fc'=300*0.8 = 24N /mm?(MPa)

f/ = 24MPa< 28 MPa— P, = 0.85.

2
» Ty =420N/mm*(MPa) o flexural Reinforcement Steel.

> f =420 N/mm? Reinforcement Steel of shear.
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4-2 Factored loads

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:

Gy =12D.L+16L oo, (4.1)

4-3 Slabs thickness calculations
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Fig. (4.1): Ground Floor Slab.

4-3-1 Determination of Thickness for One Way Ribbed Slab:

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

The maximum clear span length for one end continuous (for rib16):L = 6.23 m, then

Lo Lo_e23
min = g5 = 7g5 ~ 200 M
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The maximum span clear length for both end continuous (for rib 21): L = 6.18 m, then

L L _e18_
min = 57 T T T 47 mm.

The minimum ribbed slab thickness will be hy,;, = 336 mm.

Take slab thickness hy,;, = 350mm > h,,;, = 336 mm.

h = 35cm (27cm Hollow Block + 8cm Topping)

One way rib slab -\ Shrinkage & Temperatuer Bar's —-\

HoBlow Block (27 em ) —

Fig. (4.2) One way ribbed slab

4-4 LLoad calculation
4-4-1 Design of Topping

Topping in One way ribbed slab can be considered as a strip of -1 meter width and
a span of hollow block length (b=40 cm) with both end fixed in the ribs.
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o 40 cm

Fig. (4.3): topping load.

Dead load Calculations:

Table (4.1) Calculation of the dead load for topping

Dead Load from: dxyx*1 KN/m
Tiles 0.03 %23 0.69
Mortar 0.03 % 22 0.66
Coarse Sand 0.07 x 16 1.12
Topping 0.08 * 25 2
Interior Partitions 1.5%1 1.5
Z 5.97

Live load Calculations: 5 * 1 = 5 KN/m.
Total Factored load: w, = 1.2 * 597 + 1.6 * 5 = 15.164 KN /m

W, *1* 15164 % 0.4

o - 12 = 0.202KN.m

M, =

 15.164 % 0.4

Vu = — = 3.0328 KN

a) Check the strength condition for plain concrete, g*M, > M, where g =0.55.

dM,, = 0.55 * 0.42 = V24 * 1000 * 80?/6 = 1.232 KN.m

®M,, = 1.232 KN.m >> M, = 0.202 KN.m
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NO reinforcement is required by analysis According to ACI, provided A ,,;,,for slabs as

shrinkage and temperature reinforcement.

According to ACI, psprinkage = 0.0018.
A; = p*b*h=0.0018 %« 1000 * 80 = 144 mm?/ strip.

Try bars 8 with A, = 50.27mm?

A 144
Bar number n = —— = ——=12.87
Agpg 5027

Take 308/m with Ag = 150.8 mm?/m strip
Step (S) is smallest of:

1. 3h =3 %80 = 240mm — control
2. 450mm

3. 5=380(%%) - 2.5C, = 380 ( 7= | — 2.5 20 = 330mm
f 3420

N

280 280

s<300{ =—]=300 =—— ] =300mm
2 2
gfs §420

Take @8@200 mm in both directions. s = 200 mm < S;,q, = 240 mm — oK

b) Check the strength condition for plain concrete, @*Vc > Vu

\/Tc,

bxV. =0.75 = G b, d

4
= 0.75 * * 1000 * 80 = 48.98 KN.

¢ * V., = 48.98KN > 3.0328KN

4-4-2 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 follows:
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Sccor

Fig. (4.4) :Section in one way Ribbed slab

Table (4.2) Calculation of the total dead load for one way rib slab.

Dead load from 6xyx*h KN/m
Tiles 0.03 * 23 % 0.52 0.359
Mortar 0.03 * 22 % 0.52 0.343
Coarse Sand 0.07 * 16 x 0.52 0.582
Topping 0.08 * 25 x 0.52 1.04
RC Rib 0.27 *25%0.12 0.81
Hollow Block 0.27 * 15 x 0.4 1.62
Plaster 0.03 %22 % 0.52 0.343
Interior Partitions 1.5 % 0.52 0.78

Z 5.877

Total Dead load / rib = 5.877 KN/m.

Total live load /rib =5 % 0.52 = 2.6 KN/m.
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Fig. (4.5): Rib 6 and Beam 17.
4-5 Design of Rib (R6)
Material :-
Concrete  B300 f! = 24 N/mm?
Reinforcement Steel f, = 420 N/mm?
Reinforcement Steel of shear f,,; = 420 N/mm?
Section :-
52c
< >
Bcm
35¢cr
27

Fig. (4.6): Section in one way Rib slab.
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b =12cm

h =35cm

Geometry

bf =52cm

Tf=8cm

Units:meter,mm

1 2 3 4
1 2 3
L1 T :]
A A A
II].E.I 4.39 | 0.8 | 344 | 0.8 3.4 II].E.I
L 5.54 N 4.24 L 4.06 L
I 1 1 1
520
350
120
A—A
Fig.(4.7) : Rib (6) Geometry
Loading
load group no. 1
Dead load - Service Units:kN,meter
B.AT B.AT B.AT
L
hhd 4.4 4.06
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2,50 2,50 2,50
o ] L o
hhd 4.24 4.06

Fig.(4.8) : loading of Rib (6)
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Moment/iShear Envelope (Factored) Units:kM,meter

Moments: spanz Tio 3
-33.1
1. [
1 T
B. 4.6
17.6
301
222 " 3.32 | 23 am | | s |
I 1 1 I I 1 1
Fig.(4.9) : Moment of rib (6)
Moment/Shear Envelope (Factored) Units: kM, meter
Shear
-37.3
23 23.1
o -20.
-15. %
[ Il I Il I Il
T 1 T 1 T [
19.8 . 19.5
26.1 29, 276
Reactions
Factored
[ I [l Il Il [l I [ |
I LI L L T
DeadR  16.18 41.08 29.88 12.02
LiveR 9.97 25.3 20.79 7.95
Max R 26.14 66.38 50.67 19.97
Min R 15.6 43.84 36.42 11.04
Service
DeadR 1348 .23 24.9 10.01
LiveR 6.23 15.81 12.99 497
Max R 19.71 50.04 37.89 14.99
Min R 1312 39.09 28.99 9.41

Fig.(4.10) : Shear Envelope and reactions of rib (6)
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4-5-1 Design of flexure of rib (R6) :

- Design of Positive moments of rib (R6).

be < Center to center spacing between adjacent beams( 400 + 120)

= 520 mm ...Controlled.

< Span 4060 1015
S T 1 < mm.

< (16%* tf) + bw = (16 80) + 120 = 1400 mm.

be = 520 mm.

1) Positive moment of first span, MU®=30.1 KN.m
Assume bar diameter ¢ 14 for main positive reinforcement.
d = depth — cover - diameter of stirrups - (diameter of bar/ 2)

14
d = 350- 20- 10 - - = 313 mm.

» Check if a< h; to determine whether the section will act as rectangular or T_ section,
M,; = 0.85f «b, *t (d b )
= 0. * * te % - =
nf fc e f 2
= 0.85+ 24 %520 + 80 + (313 — 23) « 107° = 230.83 KN.m

dMnf = 0.9  230.83 = 207.75 KN.m

dMnf = 207.75 KN.m >» Mu=30.1 KN.m
=~ Design as rectangular section.

Mn = Mu /¢ =30.1/0.9 = 33.44KN.m
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__ Iy 4

20
= -=—— = 20.6
0.85 f!  0.85%24

My  33.44%10°
R, =

T bed?  520%3132 0.66 MPa

1 2%Rp*
p=—@1- 1 —Tm)

=L<1 _ 1— 2*0.66*20.6) = 0.0016
20.6 420

Agreg= p * b *d = 0.0016 * 520 *313 = 260.42 mm?.

» Check for Ag min.

_ V2% 190313 > 2% 4120 + 313
4%420 420

= 109.53 mm? < 125.2 mm? ............ Larger value is control.

Asreq = 260.42 mm? > Asp;, = 1252 mm? .. 0K
o Agreq = 260.42 mm?
Use 2 @14 with A, = 307.88 mm? > Ag o = 260.42 mm?. ... OK

~ Use2 14

Check for strain:- (¢, = 0.005)

Tension = Compression
As * fy = 085« f) * b x a

307.88% 420 = 0.85 * 24 = 520 * a
a =12.189mm
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X =— = 14.34 mm
B1  0.85
d —
g = 0.003 * (—)
=0.003 + (22222) = 0.062 > 0.005 - ¢ =09 ... OK.

2) Positive moment of second span, Mu®=6.8 KN.m.

» Check if a< hs to determine whether the section will act as rectangular or T_ section,

Assume bar diameter ¢ 10 .

10
d = 350- 20- 10 - - = 315mm.

t
Mnf=o.85ﬁ'*be*tf*(d—7f>

= 0.85 * 24 * 520 * 80 (315 — 82—0) «1076 = 233.38KN.m

dMnf = 0.9 * 233.38 = 210.04 KN.m

déMnf =210.04KN.m » Mu=6.8 KN.m
-~ Design as rectangular section.

Mn = Mu /¢ =6.8/09 = 7.56 KN.m

_fy _ 420
0.85f; 0.85%24

= 20.6

_ My 7.56%10°
" bxd2 ~ 520%3152

1 2%Rp*
p=—@1- |1 —Tm)

R, = 0.147 MPa

42



=L<1 _ J1 —w> = 0.00035
20.6 420

As = p = b xd = 0.00035* 520 *315 = 57.33 mm?.
» Check for A min.

fe
Aspin = 755 *bwrd 2 ;—: o Y —— (ACI-10.5.1)
vz

- £120 % 315 > ~% %120 * 315
4%x420 420

= 110.23mm? < 126 mm? ............. Larger value is control.

Asreq = 57.33 mm? < Asp, = 126 mm? ... OK

. Agreqg = 126 mm?

Use 2 810 with A, = 157.08 mm? > Ag o = 126 mm?.... OK

~ Use2 @10

Check for strain:- (¢ = 0.005)

Tension = Compression

As x fy =085 f/ *b *xa

157.08+« 420 = 0.85 * 24 % 520 * a

a = 6.22 mm.

a 6.219
=—= = 8.6 mm
B1 085

d—x
& =0.003 = ( )

=0.003  (222%) = 0.107 > 0.005 = ¢ =0.9 ... OK.
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3) Positive moment of third span , Mu®=17.6 KN.m

» Check the strength condition for plain concrete, sM,>M, where g =0.55.

Assume bar diameter 910 .

10
d = 350- 20- 10 -5 = 315mm.

t
Mnf=0.85fc’*be*tf*<d—7f)

= 0.85 * 24 * 520 * 80 (315 — 82—0) «107¢ = 233.38 KN.m

dMnf = 0.9  233.38 = 210.04 KN.m

dMnf =210.04 KN.m »> Mu=17.6 KN.m
=~ Design as rectangular section.

Mn = Mu/$ = 17.6/09 = 19.56 KN.m

f 420
m=—22_ = — 20.6
0.85 1! 0.85+24
M. 19.56%10"6
R, =t _ = 0.38 MPa
bxd? 520%3152

1 2%Rp*
prm(i- [1-2m

=— <1 - [1- —2*0'38*20'6) = 0.0009

" 206 420

As = p * b *d = 0.0009 = 520 =315 = 147.42 mm?.

» Check for Ag min.
ASpin = ——x* b, *d = f— *by *d e (ACI-10.5.1)
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- V2% 120315 > 2%« 120 « 315
4%420 420

= 110.23mm? < 126 mm? ............. Larger value is control.
Asreq = 14742 mm? > Aspy, = 126 mm? ... OK
o As = 147.42mm?
Use 2 @10 with Ag,ro = 157.08mm? > A,y = 148.356 mm?. ... OK.
~ Use2 (010
Check for strain:- (g5 = 0.005)
Tension = Compression
As x fy =085 f/ *b *xa
157.08 * 420 = 0.85 * 24 * 520 * a

a = 6.22mm.

X=Bi=%= 7.32 mm.
1 B

d—x
& =0.003 = ( )

315-7.32

=0.003 « ( )=0.126> 0005+ ¢ =09... OK.

- Design of Negative moment of rib (R6):
1) Negative moment at support (2) Mu® =22.4 KN.m.

Mn = Mu/$ = 22.4/09 = 2489 KN.m

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

12
= 350 - 20- 10—7 = 314 mm.

£ 420
= —y, =—— = 20.6
0.85f! 0.85%24
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M 24.89%10°
=—2="—"—=21MPa
bxd2 120%3142

1 2%Rp*
p=ta- [1- )

=L(1 - |J1- 2*2'1*20'6) = 0.0053

20.6 420

Ry,

As = p * bw xd =0.0053 = 120 =314 = 199.7 mm?2.

ASpin = 20y *by, xd = % *¥ by *d (ACI-10.5.1)
= V21204314 > 224120 5314
4%420 420
= 109.88 mm? < 125.6 mm? ............. Larger value is control.

Asreq =199.7mm? > 125.6 mm?>.... OK
~ As = 199.7 mm?2.
Use 2 @12 with As ;o = 226.19 mm? > As ;. = 199.7 mm?. ... OK
~ Use2 P12
Check for strain:-(e¢; = 0.005)
Tension = Compression
As * fy =085 * f/ x b x a
226.19 * 420 = 0.85 * 24 * 120 * a

a = 38.8 mm.

x = i=@=45.65mm.
B1  0.85

d—x

& = 0.003 * ( .

)

=0.003 * (%) =0.018 > 0.005~-¢ =09 .. OK.
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2) Negative moment at support (3) Mu® =10.3 KN.m.
Mn = Mu/b = 103/09 = 11.44 KN.m

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

10
= 350- 20-10-— = 315 mm.

2
£ 420
m=—2 -=——— = 20.6
0.85f! 0.85%24
M 11.44%10°
R, =—L-= = 0.961 MP
n " pxd2  120%3152 0.96 a

1 2xRp*
p=—(1- /1—Tm)

=L<1 _ \/1 _M> = 0.0023
206 420

As = p*b,*d = 0.0023 * 120 =315 = 86.94 mm?2.

» Check for Ag min.

=2 120%315 > 1% %120 # 315
4x420 420

= 110.23 mm? < 126 mm? ............. Larger value is control.
Asreq = 86.94 mm? < Asp, = 126 mm?. ... OK
~ As = 126 mm?,
Use 2 10 with As ,,, = 157.08 mm? > As ,oq = 126 mm?. ... OK
~ Use2 (910
Check for strain:-(g; = 0.005)

Tension = Compression
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As x fy =085 * f x b x a

157.08 * 420 0.85 * 24 x 120 * a

a = 26.95 mm.

x =2 =29 _ 31705 mm.
B1 085

£ = 0.003 * (=)

315-31.705

=0.003 = ( 31.705

)=0.027 > 0.005 -~ ¢ =09 ... OK.

4-5-2 Design of shear of rib (R6) :

1) Design of shear at Span (1):

d = 350 - 20- 10—12—4= 313 mm

Critical section at distance d = 313 mm from the face of support

Vumax(At distance d from face of support) = 29.3 KN .

Vi

Ve =113

b,d

4
= 1.1 * x 120 * 314 *10 ~3 = 33.48 KN.
& * V. = 0.75 * 33.48 = 25.38 KN

1
Ecl) *V.=0.5%2546 = 12.69

Case 1

V,=293KN > ~+ ¢ *V,=12.69 KN..... Not Ok
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Case 2
1
V. < < 5* ¢ =V
¢*V.=2538KN <V, =293KN > %* ¢ * V.=12.69 KN ..... Not Ok

Case 3

GV <V < mindp*Ve+ ¢+t

mind * Vs = 0.75 * \{];—wad

24
min ¢ * Vg = 0.75 * c * 120 x 314 = 8.65 KN

OR
1
mind * Vs = 0.75 * §bwd

1
mind * Vs = 0.75 * §*120*314=9.42KN
b*V, =2538KN <V, =325KN< mind*V;+d*V, =348KN

minimum shear reinforcement is required

A, * forxd
S = v fyt
Vs

Find the maximum stirrup spacing
o Vg < Vsmin — Case 3

314
Smax = 600 mm <

y o Smax < - = 157 mm — control

Use stirrups 1U — shape (2 legs stirrups) 810 with A, = 2 = 78.54 = 157.08 mm?

) 9.42
minVs = 075 = 12.56 KN
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Ay fyerd 15708 %420 + 314

_ = 164934
S Vs 12.56 = 103 649.34 mm

S =1649.34 mm > Sp,4 = 157.mm — NOT OK

Use 1U — shape (2 legs stirrups)@8 @ 150 mm < Sy, = 157.5 mm

2) Design of shear at Span (2):

d = 350 - 20- 10—12—°= 315mm

Critical section at distance d = 315 mm from the face of support

Vumax(At distance d from face of support) = 21 KN .

vo=11« Yp g
6
V24
= 1.1 * . 120 * 31510 ~3 = 33.95 KN.

& % V. = 0.75 * 33.95 = 25.46 KN

1
& *V. = 0.5+2546 = 12.73KN
Case 1

1
W< s*x ox1;
Vu=21KN > % ¢ *V,=12.69 KN..... Not Ok

Case 2

1
GrV <V < 5% OV,

(%)* bV, =12.73KN <V, = 21 KN < ¢ * V, = 25.46 KN.....Ok

no shear reinforcement is required
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3) Design of shear at Span (3):

d = 350 - 20- 10—12—°= 315mm

Critical section at distance d = 315 mm from the face of support

Vumax(At distance d from face of support) = 19.5 KN .

VI

Ve =11 % X Shyd

4
= 1.1 = * 120 * 31510 3 = 33.95KN.

& * V. = 0.75 % 33.95 = 25.46 KN

1
5&*V. = 05%25.46 = 1273

Case 1

Vo< 2% d*V,

V,=195KN > ~+ ¢ * V,=12.69 KN..... Not Ok

Case 2

1
bl <V < 5% b * Vg

1
2

no shear reinforcement is required
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4-6 Design of Beam (B17)

Material:-
concrete B300 Fc¢' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section:-
B =80cm.
h =35cm.

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way

slabs unless deflections are computed as follow:

] 24.51 KN
Total Service Dead load for beam 17 = —— = 47.135 —.
0.52 m
Total Service live load for beam 17 = W =25KN/m.
Geometry Units:meter,cm
1 2 3 4 5 B
1 2 3 4 5
A T A — Al A r A
A - A - A A - A
0.25 5.3 0.5 463 0.5 347 05 473 0.5 429 0.5
A 6.17 L 5.18 NN 5.23 t 479 L
45,

Fig. (4.11) : Beam (B17) Geometry.
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load group no. 1

Dead load - Service Units:kN,meter
47.8 41.8 47.8 4.8 41.8
¥ L ¥ L ¥
bA7 518 523 L
Live load - Service Load factors: 1.20,1.20/1.60,0.00
24.9 249 249 24.9 24.9
¥ L ¥ ¥
617 518 367 h23 479
Fig.(4.12) : Loading of Beam (B17)
Moment/Zhear Envelope (Factored) Units:kM, meter
Moments: spans. _1to b
-421.2
-300.8
-212.7 -226.5  -223.7
177.9
-156.8 -146.2
-117.2  -126.6 04 9
1.6

7
247 37

200 | 235

| 165 I

Fig.(4.13) : Moment for Beam (B17)
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Moment/Shear Envelope (Factored) Units kM meter

Shear
401.7
-332.6 3106
-256.1 -240.8 -241.4
: -209.4
-186.9 _1% _14%
U [ ) Py Py 1 1 1
T TTT 1T TTT 1T ]
L/ %3 210
218.4 218.4 .
271.9 2525
274, e 279.2 1917
Heactions
Factored
U [ e Py Py |
IT IR T T 1T T
DeadR  168.03 464.86 258.42 298.49 394.67 124.67
LiveR 106. 278.01 216.13 221.52 237.61 3477
Max R 274.02 742,56 474.55 520. 632.28 209.44
Min B 160.11 563.25 271.96 330.25 497.87 112.67
Service
DeadR  140.02 387.38 215.35 243.74 328.39 103.39
LiveR  66.25 173.75 135.08 138.45 148.51 52,93
Max R 206.27 561.13 350.43 387.19 4774 156.87
Min R 135.07 448,35 223.31 268.59 393.39 96.39
Fig.(4.14) : Shear Envelope for Beam (B17)
- Design of Positive moment:
B =80cm. ,h =35cm. 0 =10mm.
Assume bar diameter @25 for main positive reinforcement.
] ) ) bar
d = depth — cover - diameter of stirrups - | diameter ofT

25
d =350-40-10- -5 = 287.5 mm.
» Maximum nominal moment strength from strain condition ¢, = 0.004
3 3
C max = 7 x d = 7 * 287.5 = 123.214 mm.

Amax = Bl * C gy = 0.85 x123.214 = 104.73 mm.
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a
Mn,max=0.85*fc’*b*a*(d—§)

104.73

= 0.85 * 24 x 800 * 104.73 * (287.5 - > * 107® = 401.9 KN.m

¢ = 0.65 + 250 « (g, — 0.002).
3
¢ = 0.65 + 250 x(0.004 — 0.002) = 0.816.
3

» Check whether the section will be act as single or doubly reinforced section:
maxM,, = 3471 KN.m < ® M, =0.816 x401.9 = 32795 KN.m

~ Design the section as single reif orced concrete section.

1) Positive moment of firstspan: M, = 347.1 KN.m

Mn = Mu /) = 347.1/0.9 = 385.67 KN.m.

f 420
=—2_-=-——_=120.6
0.85 f! ~ 0.85%24

_ My _ 385.67x10°
bxd%2 800x (287.5)2

1 2%Rp*
peta- [1- )

=L<1 _ \/1 _M) = 0.0168
20.6 420

Asreq = pbd = 0.0168 * 287.5 x 800 = 3864 mm?

= 5.832 MPa

Ry

» Check for Agmin.

\/f:’ 1.4
= *bxd 2Zwbyxd (ACI-10.5.1)
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V25 800 « 287.5 < % 4 800 * 287.5
4%420 420

= 670.7 mm? < 766.67 mm? ... Larger value is control.

Agreq = 3864 mm? > Ag iy = 766.67 mm? ... OK
% Agreq = 3864 mm?

Take 11022 in one layer with Ay, = 4181.43 mm? > A; ., = 3864 mm? ....OK

Check for bar placement:

800—-40+«2—-10%x2—11=%22
Sy = 10 =45.8 > 25mm ....ok

Check for strain: (g, = 0.005)

Tension = Compression

As x fy =085 f/ *b *xa

4181.43 x 420 = 0.85 * 24 *800 * a

107.61 mm.

d
& =0.003 = (

)

=0.003 * (M) = 0.0038 < 0.005 Not ok
126.6

b = 0.65 + % x (&5 — 0.002).
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¢ = 0.65 + 250 «(0.0038 — 0.002) = 0.8
3

Mn = Mu /$ = 347.1/0.8 = 433.88 KN.m.

_ fy _ 420
0.85 f/ 0.85%24

= 20.6

_ M, _ 433.88+10°
bxd2 800x (287.5)2

1 2%Rp*
p=—(1- /1—Tm)

=L(1 - J1- —2*6'56*2"'6> =0.0196

R, = 6.56 MPa

20.6 420

Agreq = pbd = 0.0196 * 287.5 * 800 = 4508 mm?

» Check for Ag min.

A pin = \/E’*b*d >£*b *
S,mln_4_(fy) _f w

y

V24

T 4420

# 800 + 287.5 < =% 800 * 287.5
= 670.7 mm? < 766.67 mm? ... ... Larger value is control.
Agreq = 4508 mm? > Ag iy = 766.67 mm? .... OK
o Agreq = 4508 mm?

Take 12022 in one layer with Ag py, = 4561.6 mm? > Ag,.q = 4508 mm? ....OK

Check for bar placement:

_800—40*2—10*2—12*22

S, = T =39.64 > 25mm ....0k
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2) Positive reinforcement of second span : M,, = 144.9 KN.m

Mn = Mu /d = 1449/0.9 =161 KN.m.

m=—2_-1220__ 906
0.85 f!  0.85%24
£106
R, =—n - 1819 _ 543 MPa

" bxd? 800+ (287.5)2

1 2xRp*
p=—(1- /1—Tm)

== <1 ~ J1- —2*2"*3*2"'6> = 0.00618

~ 206 420

Agreq = pbd = 0.00618 * 287.5 + 800 = 1421.4 mm?

» Check for Ag min.

= J;: *bx*xd ;z-lf:* b, *d

smin = 4’(fy) fy

V24

T 4420

%800 * 287.5 < % « 800 * 287.5

= 670.7mm? < 766.67 mm? ... Larger value is control.

Agmin = 766.67 mm? < Ag,0q = 1421.4mm* ... OK
~ Ag = 1421.4 mm?

Take 4322 in one layer with Ay, = 1520.53 mm? > Ag ., = 1421.4 mm?....0K

Check for bar placement:

800—40%2—10%x2—4 %22
Sb: 7

= 87.43 > 25mm .... ok
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Check for strain: (¢, = 0.005)

Tension = Compression
As x fy =085 * f * b x a
1520.53 * 420 = 0.85 * 24 *800 * a

a = 39.13 mm.

a _39.13

X =—=—"—"—=46.04mm

B1 085

=0.003 =

d
g, = 0.003 * (

(2815—4604)

x
)

= 0.0157 > 0.005~ ¢ =0.9..

3) Positive reinforcement of third span: M, = 81.4 KN.m

Mn = Mu/$ = 81.4/09 =90.44KN.m.

m=-—2_-_*20_ _ 906
0.85 ! 0.85+24
%106
R, =—n - 2040 _ 1368 MPa

" bxd2  800x (287.5)2

1 2*Rp*
p=—(1- /1—Tm)

" 206 420

_L<1 _ \/1 _M) = 0.00337

Agreq = pbd = 0.00337 % 287.5 + 800 = 775.1 mm?

» Check for Agmin.

fe

1.4
Asmin = 75 *brd =L xbyxd

y
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V24 "
4x420

800 % 287.5 < % 800 * 287.5

= 670.7 mm? < 766.67 mm? ... .. Larger value is control.

Asmin = 766.67 mm?* < Ag,pq = 7751 mm?.... OK

s Ag = 775.1 mm?

Take 4316 in one layer with Ag ., = 804.25 mm?* > Ag,.q = 775.1 mm? ....0K

Check for bar placement:

_800—4-0*2—10*2—4*16

Sy = 3 =212 > 25mm .... ok

Check for strain: (g, = 0.005)

Tension = Compression
As * fy = 085 f) * b x a
804.25 % 420 = 0.85 * 24 *x800 * a

a = 20.7mm.

a _ 207

x =—=—"-=2435mm
B1 085

d—x
g = 0.003 * ( )
287.5-24.35

=0.003 * ( o

) =0.032 >0.005 + ¢ =09... OK.
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4) Positive reinforcement of fourth span: M,, = 165.5 KN.m

Mn = Mu/$ = 165.5/0.9 = 183.89 KN.m.

m=—2r_-_*%__ 06
0.85f!  0.85%24
+106
Rn Mp _ 183.89¢10 = 2781 MPa

" bxd? 800+ (287.5)2

1 2xRp*
p=—(1- /1—Tm)

_L<1 B \/1 B 2*2.781*20.6) — 0.00715

~ 206 420

Agreq = pbd = 0.00715 % 287.5 + 800 = 1644.5 mm?

» Check for Ag min.

Asmin = + () xbxd = 7;'* b, *d

V24

T 4420

%800 * 287.5 < % « 800 * 287.5

= 670.7mm? < 766.67 mm? ... Larger value is control.

Agmin = 766.67 mm?* < Ag,eq = 1644.5mm? ... 0K
. Ag = 1644.5 mm?

Take 7018 in one layer with A, = 1781.28 mm? > A;,.q = 1644.5 mm? ....0K

Check for bar placement:

_800—-40%2—-10%2—-7%18

Yy = c = 95.67 > 25mm ....ok
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Check for strain: (¢, = 0.005)
Tension = Compression
As x fy =085 * f * b x a

1781.28 * 420 = 0.85 * 24 800 * a

a = 45.84 mm.
X = o _458% 53.93 mm
B1 0.85
d—x
g = 0.003 = ( 2 )

= 0.003 * (M) = 0.0157 > 0.005 ¢ =09... OK.
53.93

5) Positive reinforcement of fifth span : M, = 202.9 KN.m

Mn = Mu/$ = 198.8/0.9 = 22544 KN.m.

f; 420
m=—2-=———=120.6
0.85f! ~ 0.85%24

_ My _ 225.44x10°
" bxd2  800x (287.5)2

1 2*Rp*
p=ta- f1- )

= <1 ~ J1- —2*3"“*20'6> = 0.00894

~ 206 420

= 3.41 MPa

Ry,

Agreq = pbd = 0.0894 * 287.5 » 800 = 2056.2 mm?
» Check for Agmin.

= \/E xb*d Zﬂ*bw*d

ST 4 (fy) fy
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V24 ”
4x420

800 + 287.5 <~ « 800 * 287.5
420

= 670.7 mm? < 766.67 mm? ... .. Larger value is control.

Asmin = 766.67 mm?* < Ag,pq =2056.2mm?.... OK
s Ag = 2056.2 mm?

Take 6322 in one layer with Ay, = 2280.8 mm?* > Ag ., = 2056.2 mm?....0K

Check for bar placement:

_800—40*2—10*2—6*22

Sy = z = 113.6 > 25mm ....ok

Check for strain: (g, = 0.005)
Tension = Compression
As * fy = 085 f) * b x a
2280.8 % 420 = 0.85 * 24 *800 * a

a = 58.7

X
& = 0.003 * ( )

=0.003 « (222208) = 0,0095 > 0.005 = ¢ =09 ... OK.
69.06

- Design of negative moment:

1) Negative momenton at support (2)M,, = 339.3 KN.m
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Mn = Mu /$ =339.3/09 = 377KN.m.

f; 420
m=—2-=——"—=20.6
0.85 f!  0.85+24

M 350.67%10°
R, = = =5.70 MPa
bxd2 800 (287.5)2

1 2%Rp*
p=—(1- /1—Tm)

=L<1 -1 _w> = 0.0163
206 420

Agreq = pbd = 0.015 * 800 * 287.5 = 3749 mm?

I
smin — 4 (fy)

sbxd >=2xb,xd
Iy

V24 800 % 287.5 < 1% 800 + 287.5

T 4420

= 670.7mm? < 766.67 mm? ... Larger value is control.
Agmin = 766.67 mm? < Agyoq = 3749 mm? ... OK
~ Ag = 3749 mm?
Take 10922 in one layer with As py, = 3801.33 mm? > Ag,eq = 3749 mm? ....0OK

Check for bar placement:

_800—40%2—-10+2—10*22

Sy = 3 = 53.33 > 25mm ....ok

Check for strain: (¢, = 0.005)

Tension = Compression
As * fy = 085 % f = b * a

3801.33 % 420 = 0.85 * 24 x800 * a
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a = 97.83 mm.

a _97.83 _

x =—=—"-—=115.09 mm
B1 085
d—x
g, = 0.003 * ( )
=0.003 * (M) — 0.0045 < 0.005. Not ok
115.09

b = 0.65 + 250 « (g, — 0.002).

¢ = 0.65 + 259 «(0.0045 — 0.002) = 0.858

Mn = Mu /$ = 339.3/0.858 = 395.45 KN.m.

m=—22_-_*0_ _90¢
0.85f/  0.85+24
R, =2 o 3954510° _ g g8 y1pg

" bxd2 ~ 800x (287.5)2

1 2%Rp*
p=—(1- /1—Tm)

=L<1 -1 _w> = 0.0173

20.6 420

Asreq = pbd = 0.0173 800 * 287.5 = 3979 mm?

= \/E *bx*xd >£*bw*d

Asmin = 208 =7

» Check for Agmin.

= /2%, 800 «287.5 <% 800 « 287.5
4%420 420
= 670.7 mm? < 766.67 mm? ..... Larger value is control.

Agmin = 766.67 mm? < Agroq = 3979 mm? ... OK
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% Agreq = 3979 mm?

Take11@22 in one layer with Ay, = 4181.46 mm? > Ag,.q = 3979 mm?....OK

Check for bar placement:

_800—40*2—10*2—11*22

by = 10 =458 > 25mm ....ok

2)Negative momenton at support (3),M,, = 126.6 KN.m

Mn = Mu /$ =126.6/0.9 = 140.67 KN.m.

f 420
=—2_-=-—"_=120.6
0.85 f! ~ 0.85%24

_ My _ 140.67x10°
" bxd2  800x (287.5)2

1 2%Rp*
peta- [1- )

—L<1 ~ [1- —2*2'13*20'6> = 0.0054

~ 206 420

R, = 2.13 MPa

Agreq = pbd = 0.0054 * 800 * 287.5 = 1242 mm?

» Check for Agmin.

V24

T 4x420

£ 800 % 287.5 < % + 800 * 287.5

= 670.7 mm? < 766.67 mm? ... .. Larger value is control.

Agmin = 766.67 mm? < Agroq = 12642 mm? .... OK
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Take 5018 in one layer with Ag o = 1272.35 mm? > Ag,eq = 1242 mm? ....0OK

Check for bar placement:

~800—40+2—-10+2—-5%18

y = 2 = 152.5> 25mm....ok

Check for strain: (¢, = 0.005)
Tension = Compression
As x fy =085 f/ *b *xa

1272.35% 420 = 0.85 * 24 *800 * a

a = 32.74 mm.
x=2=327 - 3852 mm
B1 0.85
d—x
g =0.003 = ( )
=0.003 * (M) = 0.0194 > 0.005 =~ & = 0.9 ... OK.
38.52

3)Negative momenton at support (4) M,, = 155.8 KN.m

Mn = Mu /$ = 155.8/ 0.9 = 173.11 KN.m.

fy 420

m=—2_="22__206
0.85 f; 0.85%24

_ M, _ 173.11x10°
" bxd?2 800+ (287.5)2

1 2*Rp*
p=—(1- /1—Tm)

R, = 2.62 MPa

67



420

= L(1 ~ [1- —2*2'62*2"'6) = 0.0067

Agreq = pbd = 0.0067 * 800 * 287.5 = 1541 mm?

» Check for Agmin.

A pin = \/f:,*b*d >ﬂ*b *
S,mln_4(fy) - Y w

V24

T 4x420

+ 800 * 287.5 < % + 800 * 287.5

= 670.7 mm? < 766.67 mm? ...... Larger value is control.

Asmin = 766.67 mm? < Agroq = 1541 mm? ... OK

Take 7018 in one layer with A, = 1781.3 mm?* > Ag ., = 1541 mm? ...,

Check for bar placement:

_800—-40+2—-10%2—-7%18

b= 3 =95.67 > 25mm....ok

Check for strain: (g, = 0.005)
Tension = Compression
As x fy =085 f/ *b *a

1781.3 * 420 = 0.85 * 24 800 * a

a = 45.84 mm.
x =253 _5393mm
B, 085
d—x
& =0.003 = ( . )
=0.003 « (222222) = 0,013 > 0.005 = ¢ = 0.9 .. OK.
53.93
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4)Negative momenton at support (5) ,M,, = 226.5 KN.m

Mn = Mu _ 2265 _ 251.67 KN
n = (1) = 0.9 = . .m.
L __ 420 _ 906

T 0.85f!  0.85%24

_ My _ 251.67%10°
bxd? 800 (287.5)2

1 2%Rp*
p=—(1- /1—Tm)

=L<1 -1 _M> = 0.00101

20.6 420

R, = 3.81 MPa

Agreq = pbd = 0.0101 * 800 * 287.5 = 2300 mm?

CheCk fOf Asymin.
Agpin = Y wbud > ub, +d
smn 4(fy) - fy w
V24

= + 800 * 287.5 <~ « 800 * 287.5
4x420 420

= 670.7 mm? < 766.67 mm? ... Larger value is control.

Asmin = 766.67 mm? < Agreq = 2300 mm?.... OK

o Ag = 2300 mm?

Take 7022 in one layer with A,y = 2660.91 mm? > Ag,.q = 2300 mm? ...

Check for bar placement:

_800—-40%2—-10%2—7*22

p = G =91 > 25mm....o0k
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Check for strain: (¢, = 0.005)
Tension = Compression
As x fy =085 * f * b x a

2660.9 x 420 = 0.85 x 24 *800 * a

a = 68.48 mm.
x=2=28%_g056mm
B1 0.85
d—x
g, = 0.003 = ( )
=0.003 * (w) = 0.0077 > 0.005 =~ & = 0.9 ... OK.
80.56

4-6-1 Design of Beam (B17) for shear

1) Design of shear at Span (1) :

Critical section at distance d = 287.5 mm from the face of support. V,, ;4 = 332.6 KN

JE

6

v, =Y p,d

V24
= = * 800 * 287.5 10 ~3 = 187.8 KN.

$ * V. = 0.75 » 187.8 = 140.85 KN

1
5 * ¥ = 0.5+ 140.85 = 7043

Case 1l
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1
Vu< E* (l)*Vc

Vi =332.6 KN > >+ ¢ * V;=70.43 KN..... Not Ok

Case 2
1
5% O <V <V

~xdxV, = 7043 KN <V, = 332.6 KN > { %V, =187.8 ..... Not Ok

Case 3
V7
Vo= 5 bud
. ~ NA
min * Vs = 0.75 * 16 b,,d

V24
min¢ * Vg = 0.75 * g 800 * 287.5 = 52.82 KN

OR
1
min¢ * Vs = 0.75 * §bwd

1
mind * Vs = 0.75 * 3 * 800 * 287.5 = 57.5 KN

d*V, =140.84 KN <V, =332.6 kN> mind*V, +d *V. =198.34KN ..... Not ok

Case 4
1
QVs' =§*0.75*\/fc’*bw*d
1
QVs' = 3 ¥ 0.75 * V24 x 800 * 287.5 = 281.69 KN
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¢*Vs'+d*Vc=281.69 +140.84= 422.58 KN

mino*V,+d=*V, =19834KN <V, =3326 KN< o*Vs' + ¢*Vc=422.58 ..
Not Ok

Case 4

Vs = (Vu/$) - Vc = (332.6/0.75) - 187.8 = 255.7 KN

Use 2-leg $10

Av. Vs
(_s) - Fyxd

Av= (1t/4) *(10)? *2 = 157.08 mm?
s=(Av*fy*d)/Vs
s=(157.08*420*287.5)/(83.54)= 227.045 mm

Check for max. spacing

Smax=d/2=287.5/2=143.75......control
Smax=600mm

Use 2-leg $10@140mm

2) Design of shear at Span (2) :
Critical section at distance d = 287.5 mm from the face of support. V,, ;0 = 271.9 KN
JE

Ve = —5~bwd

V24
= % * 800 = 287.5 x 10 ~3 = 187.8 KN.

¢ *xV. =0.75%187.8 = 140.85 KN
1
Ec]) * V. =0.5%140.85 = 70.43
Case 1
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Vu=2719KN > > % & * V;=70.43 KN..... Not Ok

Case 2
1
>* GxV <V <oxl

~x§xV, = 7043 KN <V, = 271L9KN > ¢ * V, =187.8 ..... Not Ok

\/E

min ¢ * Vs = 0.75 * 1_6de

V24
min ¢ * Vg = 0.75 * e * 800 * 287.5 = 52.82 KN

OR
1
mind * Vs = 0.75 * §bwd

1
mind * Vs = 0.75 * 3 * 800 * 287.5 = 57.5 KN

b*xV.=140.84 KN <V, =2719kN > mind*V;+d*V. =198.34KN ...... Not ok

Case 4
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1
®V5’=§*0.75*\/E*bw*d

1
@Vs' = 3* 0.75 % V24 * 800 = 287.5 = 281.69 KN

¢*Vs'+¢*Vc=281.69 +140.84 = 422.58 KN
ming*V; + d*V, =19834KN <V, =271.9KN < ¢ *Vs' + ¢ * Vc =422.58 ..... Not Ok
Case 4
Vs=(Vu/$)-Vc=(271.9/0.75) -187.8 =174.7 KN

Use 2-leg $10

Vs
Fyxd

D=
Av= (/4) *(10)? *2 = 157.08 mm2
s=(Av*fy*d)/Vs
5=(157.08*420*287.5)/(83.54)= 227.045 mm

Check for max. spacing

Smax=d/2=287.5/2=143.75...... control

Smax=600mm

Use 2-leg $10@140mm
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3) Design of shear at Span (3) :
Critical section at distance d = 287.5 mm from the face of support. V,, ;0 = 171.7KN

V24
= % * 800 x 287.5 x 10 ~3 = 187.8 KN.

b *V, = 0.75 * 187.8 = 140.85 KN
1
E(b*VC = 0.5 * 140.85 = 70.43
Casel
< 3= oV
V, =171.7KN > =+ &  V,=70.43 KN..... Not Ok
2
Case 2
1
SH OV <V <PV,
~xxV, = 7043 KN <V, = 1717 KN < ¢ + , =187.8 ..... Ok

No shear Reinforcement is required.

4) Design of shear at Span (4) :
Critical section at distance d = 287.5 mm from the face of support. V, ;0 = 241.9 KN

Vi

6

v, = Yp d

* 800 x 287.5 x 10 ~3 = 187.8 KN.

V24
6
b * V, = 0.75 « 187.8 = 140.85 KN
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1
5&* V. = 05+140.85 = 70.43

Vi =2391KN > > % & * V,=70.43 KN..... Not Ok

Case 2
1
SOV <V <oxV

~x ¢ xV, = 70.43 KN <V, = 241.9KN > ¢ %V, =187.8 ..... Not Ok

Case 3
. _ VI
mind * Vs = 0.75 * 16 b,,d

4
16 * 800 x 287.5 = 52.82 KN

min¢ * Vg = 0.75 *
OR
1
mind * Vs = 0.75 * §bwd
1
mind * Vs = 0.75 * 3 * 800 * 287.5 = 57.5 KN

¢ *xV.=14084 KN <V, =2419kN > mind*V;+d V. =19834KN ... Not ok
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Case 4
1
(Z)Vs’=§*0.75*\/g*bw*d

1
@Vs' = 3* 0.75 % V24 * 800 = 287.5 = 281.69 KN

¢*Vs' + ¢*Ve = 281.69 + 140.84 = 422.58 KN

mind*V, + d*V, =19834KN <V, =241.9KN < *Vs +  * Vc =422.58 ..... Ok

Vs=(Vu/$)-Vc=(241.9/0.75) -187.8 = 133.5 KN

Use 2-leg $10

Vs

Av
(_s) - Fyxd

Av= (1/4) *(10)? *2 = 157.08 mm?
s=(Av*fy*d)/Vs
s=(157.08*420*287.5)/(83.54)= 227.045 mm

Check for max. spacing

Smax=d/2=287.5/2=143.75...... control
Smax=600mm

Use 2-leg $10@140mm

1) Design of shear at Span (5) :
Critical section at distance d = 287.5 mm from the face of support. V,, ;4 = 252.5 KN
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V24
= —— 8002875 510 ~* = 187.8KN.
b * V. = 0.75 « 187.8 = 140.85 KN

1
&+ V. = 0.5%14085 = 7043

V= 2525KN > % ¢ * V;=70.43 KN..... Not Ok

~xdxV, = 7043 KN <V, = 2525 KN > ¢ * V; =187.8 ..... Not Ok

Case 3
mind * Vs = 0.75 * \{Z—wad

V24
min ¢ * Vg = 0.75 * c * 800 * 287.5 = 52.82 KN

OR
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1
min ¢ * Vs = 0.75 * Ebwd

1
min ¢ * Vs = 0.75 * 3" 800 * 287.5 = 57.5KN

bV, =140.84 KN <V, = 2525kN > mind*V,+ g *V, =198.34KN ... Not ok

Case 4
1
@VS’=§*0.75*\/E*bW*d

1
QVs' = 3  0.75 * V24 % 800 * 287.5 = 281.69 KN

¢*Vs' + ¢*Ve = 281.69 + 140.84 = 422.58 KN

mind*V; + d*V, =19834KN <V, = 252.5KN <  * Vs + § * Vc =422.58 ..... Ok
Vs=(Vu/$)-Vc=(252.5/0.75) -187.8 = 148.9 KN

Use 2-leg ¢$10

Vs
Fyxd

) =
Av= (n/4) *(10)? *2 = 157.08 mm?
s=(Av*fy*d)/Vs
s=(157.08*420*287.5)/(83.54)= 227.045 mm

Check for max. spacing

Smax=d/2=287.5/2=143.75...... control
Smax=600mm

Use 2-leg $10@140 mm
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4-7 Design of two way ribbed slab (R007)

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 80 cm width and 35 cm depth:

; _bxh® 0.80 * 0.353
b= 12~ 12

= 28.58 * 10™* m*

-The moment of inertia for the ribbed slab:

_ 40*8*4+35*12*17.5_1166
Ye = 40 8 + 35 % 12 - Laobam

0.11663 0.03663 0.23343
+ 0.4 * + 0.12

Lip = 0.52 = 7.77 * 10~*m*
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fig.(4.15): Two way Ribbed slab.

Short directionl = 7.25m =725 cm

Long directionl = 9.60 m = 960 cm
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_ Lrip * (% + by,) 3 7.77 * 10™% * (7725 + 0.8)

= = 66.12 x 107*
st by 0.52 ’
I, 2858 043
04 — = \U.
17 I, 66.12
Lyip * (é +b,) 7.77%107%x (92;6 +0.8)
o = = = 83.67 » 107*
by 0.52
I, 2858 034
04 —— = \Uu.
f2 = 1.7 83.67
l
Leip * (5 + bw) ~ 7.77 107 % (7.25 + 0.8) 12028 » 104
= = = . *
3 bs 0.52
I, 2858 023
o = — = = 0.
737 1, 7 120.28
l
Leip * (5 + byw)  7.77 » 107* % (9.6 + 0.8) .
= = = 155410~
by 0.52
I, 2858 018
o = — = —= 0.
T4~ I, T 155.4
0.43 +0.34 + 0.23 +0.18
Uy = Z =0.295 < 2.0
The minimum slab thickness will be:
f; 420
L, (0.8 + ﬁ) 9.6 * (0.8 + 7200)
h=s—= i 5E =0.289m
T5ham =0.2) 3645422 4 (0295 - 0.2)
h=35cm > 289cm — 0K
Take slab thickness
hgap = 35cm, 8 cm Topping ,27 cm Concrete Block
" o — = < e, a7 @ @y -
L] =
' 'Ao'ﬂ. ;,odf' ‘@

Fig.(4.16): Typical section in ribbed slab.
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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:

Rib (2) —
~Rib(1)

Steel Bar's

e Steed Bar's

Moliow Block { 27am ) ~

Fig.(4.17): Two way ribbed slab

Table (4.3) Calculation of the total dead load for two way rib slab (25).

Material Quality Density W=yxV
(KN /m3) (KN)
Tiles 23 23X 0.03 X0.52 %X0.52 =0.186
Mortar 22 22 X 0.02 X0.52 X0.52 =0.119
Sand 16 16 % 0.07 X0.52 <0.52 =0.303
Topping 25 25 % 0.08 X0.52 %X0.52 =0.541
Concrete Rib 25 25X 0.27 X0.12 X(0.52+0.4) = 0.745
Concrete Block 15 15% 0.27 0.4 X0.4=0.648
Plaster 22 22 % 0.02 X0.52 X0.52=0.119
Partition = 1.5 KN /m? 1.5 X0.52 %0.52 = 0.406
Total Dead load, KN 3.067

Dead Load of slab:

3.067

PL= 4537052

= 11.34 KN /m?

wp = 1.2%11.34 = 13.608 KN /m?
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LL = 5 KN/m?
w, = 1.6 x5 =8 KN/m?

w = 13.608 + 8 = 21.608 KN /m?

3. Moments calculations:

Ma = Cawla?bf and Mb = Cbwlb?bf

J2Ch
—  —
\\

40cm
12cm

40cm

40cm 40cm
12cm

-Negative moment Fig.(4.18): Two way ribbed slab

Ca,neg = 0.00
Cb,neg = 0.044
Ma,neg =0

Mppeg = (0.044  21.608 + 9.6%) « 0.52 = 45.56 KN.m

-Positive moment
Cap,pos = 0.051
Chp,pos = 0.02
Carpos = 0.056
Chrpos = 0.02

Mg pos,ar+iy = (0.051 % 13.608 * 7.25% + 0.056 * 8 + 7.25%) ¥ 0.52 = 31.21 KN.m
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My pos,car+iy = (0.02 % 13.608 x 9.6° + 0.02 * 8 x 9.6%) x 0.52 = 20.71 KN.m

Design of positive moment

- Short direction ( Mu = 31.21 KN.m)
bf =520 mm

Assume bar diameter ¢p14 for main positive reinforcement.

, dp 14
d = h— cover — dstirrups -5 = 350—-20—-10 - - = 311 mm.

R = M,  31.21x10° 299 MP
T Pbd? 09x120x 3112 a
420
m=_17 =206

T 085fc  0.85x24

o= l<1 _ [ Z.m.Rn> _ ;(1 _ |1 _M) =0.0077
m 420 20.6 420

As = p.b.d =0.0077 x 120 x 311 = 287.36 mm?

o Check for As,min..

) NI 1.4
As,min = 0.25——=b,, *d = —b,, xd
fy fy

120 x 311 = 108.8 mm?

V24
A in = 0.2
s,min =0 5*420

1.4
As,min = 220" 120 x 311 = 124.4 mm? ..... Control.

e As,required = 287.36 mm? > As,min = 124.4mm? (0K)

Use 20314, with As = 308 mm? > As, required = 287.36 mm?

Check for strain: (g, = 0.005)

Tension = Compression
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As x fy =085 f/ x b xa

308 * 420 = 0.85 * 24 x 120* a

a =52.84mm
a 52.84
X =—=—"=6216mm
B, 085
d—x
& = 0.003 * ( )
=0.003 + (2=22) = 0,012 > 0.005 + ¢ =09 .. OK.

Design for Discontinuous edge

1 1
Ag = 3 As pos = 3* 308 mm? = 102.67 mm? < As,min = 124.4 mm?
Provide As, min = 124.4 mm?

As 1244

- - =11
"= Uspl2 T 1131

Use 26 12, Top .. with As = 226.2 mm?

- Long direction ( Mu = 20.71 KN.m)
bf =520 mm

Assume bar diameter ¢p14 for main positive reinforcement.

) dp 14
d = h— cover — dstirrups -5 = 350 —-20—-10— - = 311 mm.

o M 2071x10°

nT 0bd? 09 x120x 3112 a
420

m=_1Y 20.6

T 085fc 085+%24

p=1<1 _ 1_M> :L<1 — /1 _w> = 0.00497
m 420 20.6 420

As = p.b.d =0.00497 x 120 x 311 = 185.48 mm?
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Check for As, min..

f'. 1.4
b,*d>= —b, *xd
" fy "

As,min = 0.25

4
As,min = 0.25 220 120 x 311 = 108.8 mm?

1.4
As,min = 220" 120 x 311 = 124.4 mm? .....Control.

e As,required = 185.48 mm? > As,min = 124.4 mm? (0K)

Use 20012, with As = 226.2 mm? > 4s, required = 185.48 mm?

Check for strain: (g5 = 0.005)
Tension = Compression
As x fy =085 f) x b xa
226.2 % 420 = 0.85 * 24 * 120* a

a = 38.8mm

a 38.8
X =—=——=45.64mm
B1 0.85
d—x
& = 0.003 * ( )
311—-45.64
=0.003 + (555%) = 0.017 > 0.005 = ¢ =09 ... OK.

Design for Discontinuous edge

1 1
As = 3 As pos = 3* 226.2 mm? = 75.4 mm? < As,min = 124.4 mm?

Provide As, min = 124.4 mm?

As 124.4

= 4sp10 7853 08

n
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Use 20 10, Top .. with As = 158 mm?

Design of negative moment ( Mu = 45.65 KN.m)

bf =520 mm

Assume bar diameter ¢p14 for main positive reinforcement.

. dp 14
d = h— cover — dstirrups -5 = 350—-20-10 - - = 311 mm.

R - M,  45.65x10° 43 Mp
nT obd2 09 x120x3112 o MEa
420
m 1y 20.6

T 085fc 08524

p=l<1— 1_2.m-Rn> :L<1_ 1_M> = 0.012
m 20.6 420

As = p.b.d =0.012 x 120 X 311 = 447.8 mm?

e Check for As,min..

w

] NI 1.4
As,min =0.25——=b,, *d = —b,, xd
fy fy

V24
As,min = 0.25 * 220 120 x 311 = 108.8 mm?

1.4
As,min = 220" 120 x 311 = 124.4 mm? ..... Control.

o As,required = 447.8 mm? > As,min = 1244 mm? (0K)

Use 3014, with As = 461 mm? > As, required = 447.8 mm?

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

As * fy =085 f/ x b xa
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461 * 420 = 0.85 * 24 * 120 a

a =79.09mm
a 79.09
X =—=——"=93.05mm
B, 0.85
d—x
& = 0.003 * ( )
311-93.05
=0.003 + (3222%) = 0.007 > 0.005 ¢ =09 ... OK.

4. Check shear strength:
W, = 0.56
W, = 0.44
Short direction

0.52
Au, = 21.608 x 7.25 9.6 * 0.56 * 0.5 * 96

= 2281 KN

Vu= Au, —W 052 +d = 22.81 —21.608 * 0.52 % 311 = 19.32 KN

0.75 , 0.75
PV, = 1.1+ 3 * [fcxbwxd=1.1+% G *v24 %120+ 311 = 25.14 KN
Case 1
1
Vu<5*¢*VC
V, =19.32 KN > %* b+xV, =1275KN ... Not OK

Case 2

N| =

*Pxlp < W< oxl;

1
5* & *V.=1257KN <V, = 1932 KN < § V. = 25.14KN - OK

No shear reinforcement is required
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4-8 Design of one way Solid Slab

Minimum thickness for deflection ‘ H H\ﬂ HHD\LH ‘ H H H H H H ‘
(for one end continuous) | BOA45 |
. S/ . B2 05 e
ho 2527:8-7 om - celes
yxmmg o)
Take h =12 cm E
as
Assume bar diameter @16 for main —
reinforcement. BcU4 ?% Cel1eo
d=120—-20— 12—6 =92 mm Fig. (4.19) One way solid slab

Table (4.4) Calculation of the total dead load for one way solid slab

No. Material W = quality density * h
KN /m?
1 Tiles 23x0.03x1=0.69
2 Mortar 22x0.03x1=0.66
3 Sand 16 X 0.07 x 1 =1.12
4 | Reinforced concrete solid slab 25x0.12 x 1 =3.00
5 Plaster 22x0.03x1=0.66
6 Partitions = 1.5 KN /m? 1.5x1=1.5
ZDL 7.63 KN /m?

Dead load = 7.63 KN /m?
Live load =5 KN /m?
Dead load for 1 m strip of slab DL = 7.63 x 1 = 7.63 KN/m

Live load for L mstripofslab LL =5x1=5KN/m
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Design of reinforcement:

Total Factored load: w,, = 1.2%7.634+ 1.6 x5 =17.16 KN/m

- Design of shear

W, xl 1716 2.11
Vimaz = —5— = z = 18.1KN.m

VI

V. =0.75 * G

b, d

4
= 0.75 * * 100 * 92 * 1073 = 56.34 KN

V< 2% bxV

V, =181 KN < x ¢V, =2817 KN —OK

- Design of moment

W, x1? 1716  2.117

M, = = = 9.55KN.
u 3 3 9.55 m

-~ Design as rectangular section.

Mn = Mu/$ = 9.55/09 = 10.61 KN.m

__fy 0
M= 085fc 085+24
M,  10.61x 10°
R, = 1.25 MPa

“b+d? 1000 x 922

p=1<1 _ 11 _m> - L(l _\/1 _M) = 0.000307
m 420 20.6 420
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Asreq = p*b+d=0.000307 * 1000 x 92 = 28.24 mm?

ASmin = 0.0018 * b xh =0.0018 * 1000 * 120 = 216 mm?

Asreq = 28.24 mm? < Asp;, = 216 mm? ... OK
~ As = 216 mm?

Use 912

As 216
n = —=

CAsgr 113

~» Take 6 12 /1m ,with As = 678 mm?/1 m strip

or 312 @ 15 cm

Check spacing:
Step (S) is smallest of:

4, 3h=3%120 =360 mm

5. 450 mm

6. s =380 (@) —2.5C, =380 (22 ) — 2.5 %20 = 330 mm ... but
f 3420

N

280

Smax >300| =— | =300 =—— | = 300 mm — control
2 2
§fs §420

s =150 mm < Smax = 300 mm -0k

- Temperature and shrinkage reinforcement for 1 m strip:

ASpin = 0.0018 * b+ h =0.0018 1000 120 = 216 mm?

91



. Take4 @12 /1m ,with As = 452 mm?*/1 m strip

or (12@ 15cm

Check spacing:
Step (S) is smallest of:

1. 5h=5%120 =600mm

2. 450 mm - control

s =150 mm < Smax = 450 mm -0k
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4-9 Design of column (C164)
fi = 24 Mpa
P, =971.71 KN

P, = 510.74 KN

P, =12P, +1.6P, =1.2x971.71 + 1.6 X 510.74 = 1983.24 KN

P, 1983.24
B, =—2=—""""

® - 065 = 3051.14 KN ... use ¢ = 0.65 — for tied column

Assume rectangular section with:
Usep=25%
B, =08xA4,(0.85xf, + p,|f, — 0.85x £.])
Use 0.8 for tied column
3051.14 = 10°* = 0.8 x A,(0.85 X 24 * (1 — 0.025) + [420 = 0.025])
A, =81574.53 mm?

Use 0.6 x 0.35 m? with Ay = 210000 mm? > Ay requireq = 81574.53 mm?

1) Check for Slenderness :

K xl,
r

M,
< 34—12(—) < 40
M;

M
(Vl) =1— for braced frame with M,;,.
2

l,: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section = 0.3 h

l, =415m
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K = 1.0 — for columns in nonsway frame.

a) In 35 cm - Dirction:

K X1,

<34-12x1.0=22<40

Kxl, 1x4.15

= = 39.53 > 22
Ty 0.3 x0.35

~ long Column for bending about X — axis.

b) In 60 cm - Dirction:

K xl,

<34-12x1.0=22<40

Kxl, 1x415

= = 21.06 < 22
r,  03x06

~ short Column for bending about Y — axis.
- long Column in one direction
2) Calculate the minimum eccentricity ey, and the minimum moment M,,;,,:
About x- axis
emin = 15 + 0.03xh = 15 + 0.03 x 350 = 25.5mm
P, =1983.24 KN

M = P, X emin = 1983.24 X 25.5 = 50.57 KN.m

3) Compute EI:

E- x1
El =04 S _9
1+ﬁdns

E. = 4750 X \/f, = 4750 x ¥24 = 23270.15 MPa
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12 xDL _12x971.71 _ 0.59
P, 198324

Bans =

_b><h3_350><6003

= 6.3 x 10° 4

Ig 12 12 6.3 X 10° mm
El = 0.4 X 23270.15x 6.3 _ 36880.99 KN.m?
- 1+059 ' -

4) Determine the Euler buckling load, P, :

w2 X EI _ 2 X 36880.99

P. = = = 21135.19 KN
¢ (K x1,)? (1 x 4.15)2 3519

5) Calculate the moment magnifier factor §,; :

M
Cm=0.6+0.4><V1:0.6+0.4><1=1.0
2

Cm 1
=B~ __dossm M
075X P 7 075x21135.19

<14 - OK
— The magnifid eccentricity and moment:
ey = emin X Ops = 25.5 X 1.14 = 29.07 mm
M, = 6,5 X My, = 1.14 X 50.57 = 57.65 KN.m
= where M, = My,;, = 57.65 KN.m
The magnifid moment are less than (1.4 X 50.57 = 70.8), are required

by — ACI — Code Section 10.10.2.1 .

6) Select the column reinforcement from Interaction Diagram :
About x — axis
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a) Compute the ratio e/h:

ey 29.07

h —W == 0083

b) Compute the ratio y:

d—d 350 —2x40—2x10-20

Assume @20 for bars:y = . 350

¢) Use interaction diagram A — 9a and A — 9b
selected dimention: h = 350 mm ,b = 600 mm.

assum p = 0.025

@R,
aty =0.6........ i = 2.4 Ksi
Ay
0P,
aty =0.75 ... ...—= = 2.5 Ksi
Ag
: , O, .
by interpolation y = 0.66 .... ... S 2.44 Ksi

)

1000
@ * Pnx = 2.44

145 * 600 x 350 = 3.53 MN

@ Pn = 3530 KN > Pu = 1983.24 KN — Safe

6) Select the reinforcement:

Agt = pg X Ag = 0.02 X 600 x 350 = 4200 mm? ... ... Use 14 © 20
Design of the Tie Reinforcement :

S <16d,(longitudonal bar diameter) - 16 X 20 = 320 mm

S < 48d; (tie bar diameter) - 48 X 10 = 480 mm

S < Least dimension.— Least dim.= 350 mm

Use 910 @ 20 cm.
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4-10 Design of stairs

bSO S o oS A N
\ o
=
\7 Ty
— 57 % -—
0,40 3.90 2.20
Fig.(4.20): stair plan
4.10.1 Determination of Slab Thickness:
For Flight: TRB
1=(04+39+11)=54m
l 5.4
hreq = 5 = % =0.255m
4l1—0.4m » ¢ 39m > 1Am—>
In the case presented here, where the slab Rl ke 3

end is cast with the supporting beams and Fig. (4.21): Structural analysis

additional negative reinforcement is provided,

minimum thickness can be assumed to be:

[ 54
hreq = % = % =0.182m

Take h =25 cm.
For Landing:
L=47m

l 4.7
hreq :%:%: 0.24m

Use h=25cm.
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- Load Calculations:

The stair slope by 0 = tan™?! (%) = 30.26.

For Flight :
Table (4.5): Dead Load for flight.
Material Quality Der;sity W KN/m
KN/ m
, 0.175 4+ 0.35
Tiles 27 27 X (T) X 0.03x1=1.418
0.175+ 0.3 ,
mortar 22 22 % (T) X 0.02x1=0.697
Stair steps 25 25 (OIl?SXOB) 1=2.188
— X |———)x1=2.
P 0.3 2
Reinforced Concrete 25 x 0.25 x 1 )
i 25 ——— = 7.236
solid slab cos 20.26°
Plaster 22 22x0.03x1 0764
cos 30.26°
Total Dead Load, KN/ m 12.303

Live Load =5x1 =5 KN/m.

Total Dead Load For Flight =1.2x12.30 + 1.6 x5 = 22.76 KN/m.

For Landing :
Table (4.6): Dead Load For Landing.
i i +h-1
Material Quality Der315|ty Y- n
KN/ m KN/ m
Tiles 22 22 x0.03x1=0.66
mortar 22 22x0.02x1=044
Reinforced Concrete solid slab 25 25 x0.25 x1 =6.25
Plaster 22 22 x0.03x1=0.66
Total Dead Load 8.01
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Live Load=5x%x1=5KN
Total Dead Load For landing=1.2 x 8.01 + 1.6 X 5 = 17.61 KN/m

use b =100 cm

22.76 KNfm

8.51 KN/ 8.81 KN/
e IV i i s

Ry=41.31 KN %

0.4m e 39m ——t——1.1 m —>

& g, =4131 KN

% BAm
Fig.(4.22): Structural analysis for flight

- Check for Shear strength:
Assume @ 14 for main reinforcement:

14
d=300—20—7=273mm

V, =47.31—-8.81 % (0.4 + 273) =41.38KN

_ B\f.*b,xd _0.75 %24 x 1000 * 273

DxVe 6 6

=223KN/1m

1
Vu=41.38KN<§*®*VC=83.63KN

The thickness of the slab is adequate enough. So, there is no shear Reinforcement required .

- Calculate the maximum bending moment and steel reinforcement:

0.4+3.9
2

Mu=47.31* (22) ~8.81* 0.4 %(
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My, req =Mu/0.9 =76.88/0.9 = 85.43 KN.m .
Assume bar diameter @14 for main reinforcement.
d=300-20-(14/2)=273 mm.

R, = Mn
b-d?

*1N6
R, = M =1.15MPa .

" 1000*(273)?

__ v
0.85x fc'
m =229 __2s
0.85x 24
1 2mR, 20.6%
p=—|1- J1- _ 1 1—\/1—2 20.6*1.15 ) _ ) 1008
m f, 20.6 420
AS eq = 0.0028 * 1000 * 273= 764.4 mm* ........ control

As min =0.0018 * 1000 * 300= 540 mm?

AS req > AS min _ eeeeee Ok

Use @14 , Then

As 7644

N = = =496
As @314  153.9

1 1
S=—=—+-=0201m
N 496

Take5@314/1m

or @14 @ 20 cm
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Check for spacing:
S =3h=3%300 =900 mm.
S =450.

280

§ =380 (0.667 « 420

)—2.5*24=320mm

S = 300( 250 ) = 300 mm...... control.
0.667x420

S =200 mm < S =300 mm (Ok)

- Secondary Reinforcement:
For shrinkage & Temperature As provide equal :

AS min =0.0018 * B * h = 0.0018 * 1000 * 300 = 540 mm?

Use @14 , Then

As 540
N = =
As 314  153.9

s=2=L1-0285m
N 3.5

Take4@14/1m or @14 @ 30cm

Check for spacing:
S =5h=3>300 =1500 mm.
S=450 mm. ......... control

S=300mMm< Spmex=450mm (OK)

101



4.10.5 Design of landing:
same thickness =25 cm.

Total Dead Load For landing = 1.2x8.01 + 1.6 x5 =17.61 KN/m.

17.61 KN/m

8.81 KN/m 8.81 KN/m
4l$ir+++¥+u Y Y Y VYVYVYY ]
- A
R =2273KN 4, 228 rhe— 0.3 M—> 2 98m R =22.73KN
- 486 m
Fig.(4.23): Structural analysis for landing.
- Design of bending moment for landing:
4.86 2.28+0.3 03,03y = 59 19 KN.m.

Mu=22.73*(T)—8.81*2.28 *(T)—N.Gl*(?*—

4

Mn req =29.12 /0.9 = 32.36 KN.m

Assume bar diameter @14 for main reinforcement.

d=250 — 20 — 14 — (14/2) = 259 mm.

Mn  32.36%10°

R _ = 22D = _(.48MPa .
"“b*d?  1000*(259)

__ a0
0.85x fc'  0.85x 24

1 2mRn * *
p=—1- [1- __1 1_\/1_M =0.00116
m f, 20.6 420

AS (g = 0.00116* 1000 * 259 = 300.44 mm?® ... control

=20.6

AS min=0.0018 * 1000 * 300 = 540 mm?
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AS req < AS min _ ceee-- Ok

A 5
AS po=540 mm? , Use ®14, Then N = ——— = 2> -35
As 014 153.9
1 1
S=—=—=0.285m
N 3.5
Taked4d@14/1m or @14 @ 30cm
e Check for spacing:
S =3h =3*300 =900 mm
S =450
S =380 ( 280 ) 2.5 %24 =320
= — | —25%x% =
0.667 420 mm
S =300 (—=—) = 300 mm ....... control
0.667%420
S =300 mm < S =300 mm (Ok)
014020
Al A
' Nafs@30 |

#714@20

SIAB 414030

Fig. (4.24): Reinforcement Detail for Stair.
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4-11 Design of Isolated Footing (F8):

P, = KN
P, = KN
P, = 2476.41 KN
Column Dimensions = a *x b = (40 * 65) cm
Allowble bearing capacity = qg;; = 400 KN /m?

Area of Footing:
Soil Density = 17 KN /m?

Assume h =70 cm
Gatl—net = 400 — 0.6 * 18 — 0.7 = 25 = 371.7 KN /m*

P, +P, 1895.28
all-net 371.7

=51m?

Area =

Assume square footing a = b = 2.25m
Selecta = 2.3m

b=23m

Depth of footing

Assume h=70cm

40
=
439 |[]]
£ HE 1 AT

EASEARER SRS RS GRFRLRIR BT R 7

0.95

L
=
=
T 1T

0.70

5

21 2.30 91

Fig. (4.25): Footing- F8.
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e Check one-way shear:

P, 247641
5.29

Quie = = 468.1 KN /m?

Area

d=700—-75—-14 =611 mm

a B
Vh=quzt*b*(§*5—d)

— 468.1 % 2.3 (22—3 L 0.611)

2

= 364.98 KN

VI

6

0.75 =

oV = byd

V2

= 0.75 =

V, = 364.98 <<  * V. = 860.57

e Check two-way shear:

a_s_ 305.5 mm
2 2

Frp = Quie * A = 468.1 x 1.011 * 1.261

= 596.77 KN

V, = P, — Frp = 2476.4 — 596.77

=1879.6 KN

o= 20 for corner column

g, =22 =1625

0.4

b, = (2%1.261) 4+ (2*1.011)
=4.544m

Inclined crack

Critical section for

one-way shear Tributary area for

one-way shear

Column\

One-way shear.

* 2300 * 611 %10 ~3 = 860.57 KN

- 0K

YN

Inclined crack

Tributary area for
two-way shear

Critical section
for two-way shear ™

Two-wav shear.
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According to ACI, V. shall be the smallest of:

Vo=(1+2) §b0d= (1+22) « 4 4544 5 611 = 5056.9 KN

Be 1.625

Vo= (5242) §b0d= (2 4 2) « u 45444 611 = 53151 KN

b, 4.544 12
7 VEZI
V. = %bod = T* 4.544 x 611 = 4533.8 KN — Control

V, =1879.6 KN < ¢V, = 34004KN —h =70 cm is OK.

e Design of Bending moment:

a B 23 0.65

Fru = Quic * b * (E = E) = 468.1 % 2.3 * (7 = T) = 888.22 KN

875
M,, = 888.22 * = 366.4 KN.m
Mn = Mu/$ = 366.4/0.9 = 407.11KN.m

m=-—22_-220__ 906

0.85 f! ~ 0.85%24

% 6

R, =—m - 2719 _ 0.474 MPa

T bxd? ~ 2300 (611)2

1 2%Rp*
p=—(1- /1—Tm)

=L<1 B \/1 . 2*0.474*20.6) — 0.0011
20.6 420

Agreq = pbd = 0.0011 * 2300 * 611 = 1605.11 mm?

Check for Agmin
Agmin = 0.0018 % 2300 = 611 = 2529.54 mm
Asreq = 1605.11 mm? < Agmin = 2529.54mm?.... OK

 Agmin = 2529.54 mm?
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Select 17014 with Ay, = 2616.98 mm? > Ag oy = 2529.54 mm? .... OK

For both directions use 34914

_ 2300 —75%2—17 = 14
Spacing = 6 =119.5mm

The smallest S:

1- 3h=3%700=2100mm
2- 450 mm — Control
S=12cmis OK

Development length of flexural reinforcement
Lyt for 914

9 e x

req Lg; :E*A\/ﬁ* (Cb +Ktr) *d, =300mm
dp
9 420 1x1%0.8
req Ly = * 14 = 345.7mm > 300mm —OK

—_— % E 3
10 1+v24  (25)

2300 — 400

available Ly = < >

)—75=875mm

available Ly = 875 mm > req Ly = 345.7mm — OK

Load transfer at the column-foundation interface (Dowels design ):

- In Footing

fA
@P,, =@ x| 0.85* f/ x A, A—Z *1000
1

A; = 0.65%0.4=026m

A, =23%23=529m

Ay _ [529_, ., 4 _,
Al - 0.26 - . aEs sms ams owws Al -
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@P,p = 0.65 * (0.85 * 24 * 0.26 * 2) * 1000 = 6895.2 KN > B, = 2476.41 KN — OK

The Dowels are not needed for the footing

- InColumn
@P,, = 0 * (0.85 * f, * A;) = 1000

A; =0.65%0.4=026m
@P,, = 0.65 * (0.85 * 24 x 0.26) * 1000 = 3447.6 KN > B, = 2476.41 KN — OK
The Dowels are not needed for the column

Agmin = 0.005 % Ay = 0.005 * 65 * 40 = 130 mm?

Lap splice of column

Ly = 0.071 * f, * d = 0.071 % 420 * 18 = 536.8 mm — use l; = 550 mm

Development length of column reinforcement

_0.24 %420

=— %18 =370.4 mm
1++vV24

= min Ly, = 0.043 * f,, * d}, = 0.043 = 420 *18 = 325.08 mm

available embedment = 700 — 75 — 2 x 14 = 589 mm >req Ly = 3704 mm — OK
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4-12 Design of Basement wall

f! = 24 MPa 035 N
fy =420 MPa 0.20—=] f= ]
y = 18 KN/m3 4325 -
@ = 30° -
LL = 5KN/m? -
Thickness = h = 20 cm, cover = 2 cm E| e1=KY'h e:=KLL

=38.93 =25

The desi ill be for 1 idth .
© design Wil be for 2 m wi Fig.(4.26): Basement wall

- Analysis

V=33.46 Ax=33.46 KN

— pr— i — — —T——
T -+
10.81 KN y=2.5m
Eqe 415 m -
84.19 KN L i ______ I Mma=524
- KN.m
- A —t
38.93 25 V=615 * Bx=615KN
KN/m KN/m
Fig. (4.27): Shear and Moment diagram.
-  Loads

Neglect the axial load, since its low value.

et =K,*y*h
e, =K, *LL
K,=1—-sin®
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So,

K,=1-sin30=1-0.5=0.5

e; = 0.5 % 18 * 4.325 = 38.93 KN /m?

5
E, = 38.93 * = 84.19 KN /m?

e, =0.5%5=25KN/m?

E, = 2.5%4.325 = 10.81 KN/m?

Support reactions:

MRA == OO
. 325
10.81 * +84.19 % 2 * — By *4.325 = 0.0
By = 61.5 KN
MRB = 00
4.325 4.325
84.19 * 4+ 10.81 * — Ay *4.325 =0.0
Ay = 33.46 KN

V=0 at y=?
y
33.46—P(y)*§—2.5*y=0

38.93
=9

B _
y 4325

33.46—9*y*%—2.5*y=0

45y% 4+ 2.5y —33.46 = 0

y=25m

110



2.5

2.5 2.5
My max = 3346 2.5 —9 % 2.5 % * > 2.5 %25 - =524KN.m

Factored internal forces

V, = 1.6 * Vypgy = 1.6 % 61.5 = 98.4 KN

M, = 1.6 * M,y = 1.6 % 52.4 = 83.84 KN

- Design

Design of shear

d=200—-20—-14 =166 mm

V, = 98.4KN

' 4
oV, = 0.75 * ﬁbwd = ¢V, = 0.75 * «1000 x 166 = 101.65 KN > V, = 98.4 KN

6

The thickness of Wall is Adequate Enough

Design of flexure

Vertical reinforcement of Tension face

M, = 83.84 KN.m

Mn = Mu/$ = 83.84/0.9 =93.16 KN.m

f 420
=2 -2 _ 06
0.85 f; 0.85%24

_ My _ 93.16%10°
" bxd2  1000% (166)2

1 2*Rp*
p=ta- f1- )

= L<1 - J1- —2*3'38*20'6> = 0.0089

" 206 420

= 3.38 MPa

Ry

Agreq = pbd = 0.0089 * 1000 * 166 = 1477.4 mm?
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Ag min = 0.0012 % 1000 * 20 = 240 mm
Asreq = 14774 mm? > Ag pin, = 240 mm? ... OK
& Agreqg = 1477.4 mm?

Select 10014 with A ro = 1539.3 mm? > Ag,pq = 1477.4 mm? ....OK

Vertical reinforcement of Compression face:

!

fc 4 5
y *bw*d = 0.25 * * 1000 * 166 = 484 mm*“/m

Agmin for flexture = 0.25 20

Agmin for flexture = —xbw x d = * 1000 * 166 = 553 mm?/m

fy 420

Select 5¢12 with Ag pyo = 565 mm? > Ag min = 553 mm?/m

For inside wall ?14@10 cm =15.3cm? > 14.77 cm?

For outside wall 12@20 cm =5.65cm? > 5.53 cm?

Horizontal Reinforcement due to Cracking:
Agreq = 0.002 % b *h =0.002 « 100 * 20 = 4 cm?/m
For one side As = 2 cm?/m

Select for one side horizontal reinforcement @10@30 cm = 2.36 cm? > 2 cm?
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4-13 Design of Strip Footing for Basement Wall

Allowable Bearing Pressure = 400 KN/m?
Dead Load= 430.74 KN

Live Load = 137.59 KN

Surcharge y = 18 KN /m3

Live Load over Surcharge =5 KN/m?

Assume h=40cm

- Select foundation Area:

. KN
q footing = 0.4 % 25 = 10 —

KN
q soil = 1.25 %18 = 22.5—2
m
qu = qau — q footing — q soil
KN
q, = 400 — 10 — 22.5 = 367.5F

L P _4074113759
Tl 367.5 -

2

Selectb=100cm, a=150cm

Pu =430.74 * 1.2+ 1.6 * 137.59 = 737.03 KN

_ Pu_ 737.03
W= T 151

= 491.4 KN /m?
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- Design of shear

20
d=400—75—7=315mm

Vu =491.4 % (0.65—0.315) * 1 = 164.6 KN

075

oV, = —

0.75
*fc'xbwx*d = G * V24 %1000 * 315 = 192.9 KN

@V, = 1929 KN >Vu =164.6 KN — OK

- Design of Moment

0.4
Mu = 4914 % 0.4 *— = 39.31 KN

2
o MU _3931_
"=09 " 09 -
K _Mn_43.68*106_044M
"= b4z T 10003152 P
420
m Iy =206

T 085+ fc 08524

1 1 L 2Kn*m 1 1 L 2x0.44 % 20.6 0.0011
= — % — — = * — - = 0.
= fy 206 420

Asreq = 0.0011 = 1000 * 315 = 346.5 mm?

Asmin = 0.0018 * 100 * 40 = 720 mm? — is controlled
select 12@15 cm

for shrinkage and tempreature select 12@20cm
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-@T} 248l d, L=4 4G

446 am

En2ami10, L=1 42
22 cm > T
5 o=
E =
124712-20
A sz
@128 P, L=ddcm "’f":f
vz LT
4
z
=
=
£
N
ka

il 2, L=1 2

9F12
221490
£ 124754320
1847 12-15
A

k } 1
& razi2-20

122212 L 35

135cm

ez, L= A5

IET

';11 1335 cm

Fig.(4.28): Basement wall reinforcement.
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@l 4-5

Appendix (A)
Architectural Drawings

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

Structural Drawings

This appendix is an attachment with this project

Appendix (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED
Minimum thickness, h

Simply One end Both ends
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 cne-

way slabs £M6 £M18.5 ef21 L8

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

(density w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
tlons the values shall be modified as follows:
w, |n the range

) For structural Ilghtwelght concrete having unit density,
1440 1920 kg/m?, the values shall be multiplied by (1.65 — 0.603 ) but not

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

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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