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List of abbreviations:

As: Area of non-prestressed tension reinforcement

Av: Area of shear reinforcement within a distance

At: Area of one leg of a close stirrup resisting tension within ~ a(s).

b: Width of compression face of member

bw: Web of width, or diameter of circular section

DL: Dead loads

LL: Live loads

d: Distance from extreme compression fiber to centroid of tension reinforcement
Fy: Specified yield strength of non-prestressed reinforcement

h: Overall thickness of member

I: Moment of inertia of section resisting externally applied factored loads
M: Bending moment

Mu: Factored moment at section

S: Spacing of shear in direction parallel to longitudinal reinforcement
\/c: Nominal shear strength provided by concrete

\/n: Nominal shear stress

\/s: Nominal shear strength provided by shear reinforcement

\/u: Factored shear force at section

W: Width of beam or rib

@: Strength reduction factor

P: Ratio between area of concrete to area of steel
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4.1 Design of one-way solid slab (Slab 2):

fc =24 Mpa
Yplaster = 22 kKN/m3

twoltn P | tsmecktn |

fy = 420 Mpa

C=20mm

Live load = 5 kN/m?
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Solution:

1. Classification of slab one way or two-way solid slab

From top view of the slab

SO 2 =32 _ 7452 one-way solid slab
Ix 4.5
And l%y = % = 6.32> 2 one-way solid slab

Limitation of Deflection:

Minimum thickness

Simply Oneend Both end

Member ; X
supported Continuous continuous

solid one L/20 L/24 L/28

way slabs

Check of Minimum Thickness of Slabs

Minimum (h) =5.1/24 =0.21 m
Minimum (h) =4.5/24=0.19 m

— Selecth=25cm #

2. Loads:
Dead loads for 1m strip:

Slab = 25*0.25*1 = 6.25 kN/m

Mortar = 0.02*22*1 = 0.44 kN/m

Plaster = 0.02*22*1 = 0.44 kN/m

Dead loads = Sum of all above loads =7.13 KN/m #

Live load for 1m strip:

Live Load =5 *1 =5 KN/m

Factored load (q.):

Gu = 1.2%7.13 = 8.6 KN/m

=1.6*5=8 kN/m
53
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s Shear Force envelope

drawn values only at the critical section of shear force at a distance (d) from the face of support

Shear

542
424 — =381
e 206 _—
} _d__._:-__f-- } } - —'—f-f }

57 —
. 455

57.2

Shear envelope of solid slab
«» Bending Moment Envelope
design section at the face of middle support
Moments: spans 1o 2
-80.2
=351 -338
. — 217182 |
I — I — 1
L - 1 |
T~ T imegs -
05—~ R - ! ! T ) 107
348 T
437

| 2058 I 3.08 ! 3.37 2.25 !

Bending Moment envelope of solid slab

3. Design of Shear Force:
d=250-20-12/2 =224 mm

Maximum Vu from shear envelope diagram = 45.5Kn

@ *VC =0.75 *% /T *bw*d
=0.75 *% /24 *1000%224 =137.17 KN > Max Vu = 45.5 KN

So, No shear reinforcement is required #
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4. Design of Bending Moment:

a) Design of Negative moment at support (B) MU= -35.1 KN.m

Mu/@ _ 35.1¥10°/0.9
Kn= X2 _351107/09 _  77Mpa
bxd 1000%2242

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6 MPa

p:% (1_ 1_2*’;;*'"> = (1_ 1—%) =0.00188

Asreq = p X bx d = 0.00188x 1000%224 = 421.12 mm?

As(min) = 0.0018 * 1000 * 250 = 450 mm?
Asreq = 421.12 mmz2 < As(min) = 450 mm?2

Select As(min) =450 mm?

Check Strain:
T=C
As*Fy=0.85*Fc’*a*b
565*420=0.85*24*3*1000
a= 11.63 mm.
Since, fc =24 MPa <28 MPa — 3 =0.85
So, X=a/pB=11.63/0.85=13.68 mm

From Strain Diagram:

0.003 _ 0.003 + £s
13.68 224
£s=0.046 > 0.005

S0, =09 — (OK)
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b) Design of Positive moment of span (1) Mu= 43.7

_ Mu/0® _ 43.7x10°/09
Kn = b+d2 ~ 10002242 0.97Mpa

m = Fy / (0.85* £¢) = 420 * (0.85*24) = 20.6

p=-— (1 - 1- 2*""*"‘) == (1 - 1- —2*0'97*2"'6) = 0.00237
m fy 20.6 420
Asreq = p x bx d =0.00237x 1000x 224 = 530.88 mm?

As(min) = 0.0018 * 1000 * 250 = 450 mm?

Asreq = 530.88 mm? > As(min) = 450 mm?

Check Strain:

T=C

As*Fy=0.85*Fc *a*b
565*%420=0.85*24*a*1000

a=11.63 mm.

Since, f¢ =24 MPa <28 MPa — B =0.85
So, X=a/PB=11.63/0.85=13.68 mm

From Strain Diagram:

0.003 _ 0.003 + €s
13.68 224
£s=0.046 > 0.005

S0, =09 — (OK)
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c¢) Design of Positive moment of span (2) Mu= 34.8 KN.m

Mu/ @ _34.8+10°/ 0.9

Kn = =
bxd? 10002242

= 0.77Mpa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p=-— (1 - |1- 2*""*"‘) == (1 - |1- —2*0'77*2"'6) =0.00187
m fy 20.6 420
Asreq = p x bx d =0.00187x 1000x 224 = 418.88 mm?

As(min) = 0.0018 * 1000 * 250 = 450 mm?
Asreq = 418.88 mm?2 < As(min) =450 mm?

Select As(min) =450 mm?2

Check Strain:

T=C

As * Fy=0.85*Fc’ *a* b
565*420=0.85*24*a*1000

a= 11.63 mm.

Since, f¢ =24 MPa <28 MPa — B =0.85
So,X=a/B=11.63/0.85=13.68 mm

From Strain Diagram:

0.003

0.003 _ 0.003 + €s
13.68 224

€5=0.046 > 0.005 d

So0,8=0.9 — (OK)
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Check of Minimum Thickness of Slabs.

58
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@@12820 L=600 B.B. [SIEEED 6L3=565U BE. i
Reinforcement of solid slab
4.3 Design of one-way ribbed slab (R3 in Roof floor):
fc =24 Mpa fy = 420 Mpa C =20mm @ =12mm
Yplaster = 22 KN/m3 Live load = 2.5 KN/m? Ymortar = 22 KN/m3
Ysand = 16 kN/m3 Ytiles = 23 kN/m3 Yblock = 10 kN/m3
1) Check the minimum thickness of slab:
Minimum thickness
Member Simply One_z end BOt.h end Cantilever
supported Continuous continuous
Beams or
ribbed one- L/16 L/18.5 L/21 L/8
way slabs




Here, the next system that we will design it:

One end Continuous Both end continuous Boihend continuwus

Picture 46: system that we will design

hminfor (one end continuous) = L/18.5 = 6.3/18.5 =34 cm
hminfor (both end continuous) = L/21 =5.4/21 =25 .7 cm
hminfor (both end continuous) = L/21 = 4.8/21 = 22.8 cm

hminfor (cantilever) =L/8 = 1.5/8 = 18.7 cm

We select from one-way ribbed slab, The Thickness of Ribbed slab= 35 cm

2) Design of Topping

The loads that act on the topping strip:

Dead Loads:

NO Parts of topping 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*16*1=1.12 KN/m
4 Topping 0.08*25*1=2.0KN/m
5 Interior 25*1=25KN/m

partitions
Sum 6.75 KN/m

Table4: Dead load of topping
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Live Load: -
LL = 2.5 KN/m2 (by Jordan code for shop rooms).
LL=2.5KN/m2x1m=2.5KN/m

Factored Load: -

qQu=12x6.75 + 1.6x25 = 121 KN/m

3) Design of topping as a plain concrete section:

au

System & Analysis:

Vu= qz;*l _ 12.12*0.4 — 242 KN ) B L
g I
2 «0.42 2
Mu= % =22 = 0.161 KN.m g
—gu. L
2

a) Design of Shear Force

Plain concrete section, one-way shear:
Q*Ve=0*0.11*1*VfE*bw*h
=0.6 *0.11 * 1 * /24 *1000* 80=25.87 kN > Vu — SAFE

b) Design of Bending Moment:

“‘b=1m & h=8cm”Plain concrete section:

bxh? 1000802

- =0.6*0.42*y24 *
=1.32 KN.m > Mu — SAFE

@*Mn =0.6*0.42 */fec *

“The magnitude of (A) is 1.0 for normal weight concrete”

So, Plain Concrete Section is SAFE #

Minimum (As) = 0.0018 * Ag
=0.0018*b*h
=0.0018 * 100 * 8
=1.44 cm3/m

— Select Mesh ©8/20cm in both directions #

As = (*8%/4) *(100/20) = 2.5 cm?*/m > min As = 1.44 cm*/m
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4) Design of rib R (3) as a reinforced concrete (T-Section):

Check of the selected dimensions.

e ht=8cm

e bw=15cm > 10cm

e hr=35<3.5(15) =52.5cm
e LC=40<75cm

v" Load Calculation: -

Dead Load: -
No. Parts of Rib Calculatio
n

1 Tiles 0.03*23*0.55 = 0.38 KN/m/rib
2 Mortar 0.02*22*0.55 = 0.242 KN/m/rib
3 Coarse Sand 0.07*16*0.55 = 0.62 KN/m/rib
4 Topping 0.08*25*0.55 = 1.1 KN/m/rib
5 RC. Rib 0.27*25*0.15= 1.01 KN/m/rib
6 Hollow Block 0.27*10*0.4 = 1.08 KN/m/rib
7 plaster 0.02*22*0.55= 0.242 KN/m/rib
8 partitions 2.5*0.55=1.375 KN/m/rib

Sum = 6.05 KN/m/rib

Table5: Dead Load Calculation of Rib

Dead Load / rib = 6.05 KN/m
Live load = 2.5KN/m2

Live load /rib =2.5 KN/m? x 0.55m = 1.375KN/m.
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Effective Flange Width (bE)

be for T- section is the smallest of the following:
1-be=L/4=630/4=157.5cm
2-be=15+16t=15+ 16 (8) =143 cm

3 - be < center to center spacing between adjacent beams =55cm

Select (be ) for T-section = 55cm.

Factored loads:

Dead Load =1.2 *6.05+1.6 * 1.375 = 9.46KN /m
d=350-20-10-(12/2) =314 m

«» Design of Shear Force:

Shear

-34.1 29,

t : t t } i
217 =205
279

29.
36.7

Shear envelope of Rib

Maximum (Vu) at the critical Section = 34.1 kN

1.1*@*Vn=11*Q *% * VEE *bw*d < vu=34.1 KN

=1.1*0.75 *% * 24 *150* 314=28.84 KN <VU =34.1 KN

So. shear reinforcement is required according to (ACI) :

CASE 3:
B*Ve<Vu <0 * Ve+ 0 * Vsuin
@ * Ve = 0.75% « VFE *bw*d = 0.75* > » V24 *150*314=28.84 KN
BV Smin= 0.75% * VFE *bw*d = 0.75% — x \24 *150*314=10.82 KN
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OR
B *VSin=0.75%; *bw*d=0.75*  *150*314=11.78 KN... Controlled

D*VC+ D *VSpin = 28.84KN + 11.78 KN = 40.62KN <Vu =34.1 KN

102
Av =NO. of legs*As= 2*""T =157mm?
d 314
Sreq < 2 3 157mm
< 600mm
Select @10/15cm
+» Design of moment:
Moments: spans 1to 4
54,
-30. 337 283 -335
5. A 153 -205 -19.3
. /166255 | /g8 5 .
L I 1 l 1 ‘»I |4:3 1 - T zli:|8 1 \\“x |
1 1 1 1 1 1 1 1
1.3611.7 - - 092, ™ 7
> — 0.92 — 12
N 179 16.8
435
| 2.94 | 441 | 358 | 292 | 293 | 294 21

Moment envelope of Rib

Design positive moment:

v' Design of positive moment in span (1)— Bottom Reinforcement:

Span (1) maximum Mu* =43.5KN.m

Check (a <t):

@*Mn=@*C=*(d-%*t)
=09*(0.85*fc*t*bE) * (314 - %2 * 80)
=0.9*0.85*24 *80 * 550 * (314 - ¥ * 80)
=221.35kN.m > Mu+ =43.5kN.m

—a<t
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Design of rectanqular section: (b = bE)

Mu/@ _43.5¥10°/0.9
b+d?  550%3142

Kn = = 0.89 Mpa

m = Fy / (0.85* f¢) = 420 / (0.85*24) = 20.6

fy T 206 420

p= l 1— [1— 2xKnsmy\ L 1— [1-— 2%0.89%20.6 = 0.00217
m

As (req) = p * bE *d = 0.00217 * 550 * 314 = 374.32 mm?2.

Check As(min):

As (min):% xbw xd = % * 150 * 314 = 157 mm2. ............ « controlled

OR

As (Min)=0.25 % «bw  d = 0.25 » 24 150 « 314 =137.35m>

So, As = 374.32 mm? > As (min) = 157 mm?
— Select 20316 with As = 402.12 mm?2.

Check Strain:
T=C
As*Fy=0.85*Fc' *a*bE
402.12*420=0.85*24*a*550
a= 15.05 mm.
Since, fc' =24 MPa <28 MPa — = 0.85
So,X=a/p=15.05/0.85=17.71mm
0.003

From Strain Diagram:

0.003 _ 0.003+¢s
1771 314

€ =0.0502 >0.005
S0, =09 — (OK)
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v" Design of positive moment in span (2) — Bottom Reinforcement:
Span (1), maximum Mu*=179KN.m
Check (a <1):
@*Mn=@*C*(d-%*)
=0.9*(0.85* fc *t*bE) * (314 - ¥2* 80)
=0.9*0.85* 24 * 80 * 550 * (314 - %2 * 80)
=201.22kN.m > Mu"'=179kN.m _—a<t

Design of rectangular section: (b = bE)

Mu/@ _17.9¥10%/ 0.9

Kn =
bxd? 550+3142

= 0.37 Mpa

m = Fy / (0.85* f¢) = 420 / (0.85*24) = 20.6

p== (1_ 1_2*’;';*"1) = (1_ p%) =0.00088

As (req) = p * bE *d = 0.00088 * 550 * 314 = 151.87 mm2.

Check As(min):

As (min) = % *bw xd = 412;; * 150 * 314 = 157 mm?. ............ « controlled

OR
As (min) = 0.25 * % *bw xd = 0.25 * E\/Z_g * 150 * 314 =137.35mm?>.

So, As = 151.87 mm? < As (min) = 157 mm?
Select, As(min) = 157 mm? > As (req) = 151.87 mm?

— Select 2 @10 with As = 158 mm?2

Check Strain: 0.003

T=C

As* Fy = 0.85 * Fc' * a * bE ;
158%420=0.85*24*a*550

a=5.87 mm.

Since, fc' = 24 MPa < 28 MPa — B = 0.85 I
So, X =a/P=5.87/0.85=6.92 mm
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From Strain Diagram:

0.003 _ 0.003+€s
692 314

€:=0.133 >0.005

S0, 2 =09 — (OK)

v"Design of positive moment in span (3) — Bottom Reinforcement:

Span (3). maximum Mu*=16.8KN.m

So, Select As(min) = 157 mm?

— Select 2 @10 with As = 158 mm?
Because positive moment in span (2) = 17.9KN.m > positive moment in span (3)=16.8KN.m

Design of negative moment:

Design as a rectangular section with (t = 150 mm)

v" Design of negative moment at support (A) — Top Reinforcement:

Support (B), minimum Mu = -33.7 kKN.m___section with bE = bw

Mu/@ _33.7¢10°%/ 0.9
bxd? 150%3142

Kn = = 2.53 Mpa

m = Fy / (0.85* f¢) = 420 /(0.85*24) = 20.6

o :% (1 _|1— 2*1;1;*”1) _ ;1.6 <1 N 2*2.i2;20.6> — 0.00645

As (req) = p * bE *d = 0.00645 * 150 * 314 = 303.92 mm>.

Check As(min):

As (min) = % *bw*d = % * 150 * 314 = 157 mm?. ............ « controlled

OR

As (min) = 0.25 * % *bw * d = 0.25 * % * 150 * 314 =137.35mm?>.

So, As = 303.92 mm? > As (min) = 157 mm?
— Select 2 @14 with As = 307.87 mm?
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Check Strain:
T=C
As * Fy=0.85* Fc’ * a * bE
307.87*420=0.85*24*a*550
a= 11.52 mm.
Since, f¢ =24 MPa <28 MPa — 3 =0.85
So,X=a/B=1152/0.85=13.56 mm

From Strain Diagram:
0.003 _ 0.003+¢€s
13.56 314

€s=0.0666 >0.005

So, 3 =0.9 — (OK)

v" Design of negative moment at support (B) — Top Reinforcement:

Support (B), minimum Mu = -15.3 kN.m_section with bE = bw

Mu/@ _15.3%x10°%/ 0.9
bxd? 150%3142

Kn = = 1.15 Mpa

m = Fy / (0.85* f¢) = 420 / (0.85*24) = 20.6

p=- (1_ 1_2*’;’;*’”) = <1_ k%) = 0.00282

As (req) = p * bE *d = 0.00282* 150 * 314 = 132.8 mm2

Check As(min):

As (min) = % #bw xd = —=+150 x 314 = 157 mm?. ............ « controlled

OR

As (min) = 0.25 * g «bw x d = 0.25 » 24 150 » 314 =137.35mm

So, As =132.8 mm? < As (min) = 157 mm?
Select As(min) = 157 mm?
— Select 2 @10 with As = 158 mm?
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Check Strain:

T=C

As * Fy=0.85* Fc’ * a * bE
158*420=0.85*24*a*550

a=5.91 mm.

Since, f¢ =24 MPa <28 MPa — B =0.85
So,X=a/p=5.91/0.85=6.96 mm

From Strain Diagram:

0.003
0.003 _ 0.003+es

696 314

£€:=0.133>0.005

So, 2 =09 — (OK)

v" Design of negative moment at support (C) — Top Reinforcement: Support (B

minimum Mu = -20.5 kKN.m ___section with bE = bw

Mu/@ _20.5%10°/ 0.9
bxd? 150%3142

Kn = = 1.54 Mpa

m = Fy / (0.85* &) = 420 /(0.85*24) = 20.6

p=l <1 _[q _Z*Kn*m> _ 1 (1_ 1_%) = 0.00382
m fy 20.6 420

As (req) = p * bE *d = 0.00382 * 150 * 314 = 179.8 mm2,

Check As(min):

As (min) = % #bw xd = —=+150 x 314 = 157 mm?. ............ « controlled

OR

As (min) = 0.25 * % ebwd = 025+ Y224 150 « 314 =137.35mm>

420
S0, As = 179.8 mm? > As (min) = 157 mm?
— Select 2 O12with As = 226.2 mm?
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Check Strain:
T=C
As * Fy=0.85* Fc’ * a * bE
226.2*420=0.85*24*3*550
a= 8.47 mm.
Since, f¢ =24 MPa <28 MPa — 3 =0.85
So,X=a/pB=8.47/0.85=9.96 mm

From Strain Diagram: 0.003

0.003 _ 0.003+es

9.96 314

€s=0.092 >0.005

So0,9 =09 - (OK)

12 |T.B 18 T.B. 2818 L=500 [T.B
Bl &850 473 23

200 760 835 25

o 720
ﬂ La\i BB o BE SR BE 2@16 L=860 B.B.

Picture 45: Reinforcement of Ribbed slab
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4.4 Design of Beam B22:

% Material: -
= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

« Check of Minimum Thickness of beam:

one end continuous both end continuous both end contimuous  both end continmuous  both end continuous  one end continuous

Minimum thickness

Member Simply Om_e end BOt.h end Cantilever
supported Continuous continuous
Beams or
ribbed one- L/16 L/18.5 L/21 L/8
way slabs

hminfor (one end continuous) =L/18.5 = 3.62/18.5 = 19.5 cm
hminfor (both end continuous) =L/21 = 7.05/21 = 33.6 cm
hminfor (both end continuous) =L/21 = 6.5/21 = 31 cm
hminfor (both end continuous) =L/21 = 6.9/21 = 32.8 cm
hminfor (both end continuous) =L/21 = 6.26/21 = 29.8 cm
hminfor (one end continuous) =L/18.5 = 3.55/18.5 = 19.2 cm

+ Section: -
= B =120cm.
= h=40cm.
= Assume bar diameter g 25 for main reinforcement
=

d=400 - 40-10 - 25/2 = 337.5 mm.
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Design of moment for Beam:

_Moments: spans 1o 8
_“1-2 -m-r
-553.9

-521.5 5 -527.8 -503.9 ; -495, -538.7 » -541.7 -506.2
473.6 4452 /\l 20682160
1 }4& 1 1. | L /&? |
' B3 24 Pl TN e, -
1 IR L)

||I i \\I et Y 1y

|| S ! [P T

X 128 et Tt v T2t dea 13;?36'1
44T7.5

380.1

Moment of Envelope of Beam

v" Design of Positive Moment in sapn (2) Mu = 456 KN.m
Assume bar diameter g 25 for main positive reinforcement

= d=400 - 40-10 - 25/2 = 337.5 mm.

Mu/@ _456+¥105/0.9
bxd2 ~ 1200%337.52 3.71 Mpa

Kn =
m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p :i 1— [1-— 2xKnxm — L 1— [1 - 2%3.71%20.6 — 0.00983
m fy 20.6 420

As (reqg) = p * b *d = 0.00983 * 1200 *337.5 = 3980.5 mmz.

Check QM

24 3
Pmax = 0.85 X 20 % 0.85 x o= 0.0177

Check As(min):
2 ebsd=-24%1200*337.5 = 1350 mm2 « control
fy 420

As (min) =
OR

As (min) = 0.25 = % xb*d=0.25=* % * 1200 * 337.5 = 1181mm2.

So, As = 3980.5 mm2.> As (min) = 1350 mm>.
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As g 20 = 314.16 mm?

N _ ASpeq 39805
req AS# BARS  314.16

Select 13 g 20 AS = 4084.1 mm?2

= 12.67basrs

Check Strain:
T=C = S
As*Fy=0.85*Fc’*a*b
4084.1 *420=0.85*24*a*1200
a=70.1 mm. d
Since, f¢c =24 MPa <28 MPa — 3 =0.85
So,X=a/B=70.1/0.85=82.47 mm

From Strain Diagram:

0.003 _ 0.003+¢s
82.47 3375

£€s=0.0093>0.005

S0, =09 — (OK)

v" Design of Positive Moment in span (4) Mu = 447 5KN.m

e Assume bar diameter g 20 for main positive reinforcement

Because positive moment in span (2) = 456 KN.m =positive moment in span (4)=447.5KN.m

So, Select 13 g 20

v Design of Positive Moment in sapn (3) Mu = 360.1KN.m

e Assume bar diameter g 20 for main positive reinforcement

Mu/@ _360.1x10%/ 0.9

Kn = =
bxd? 1200%337.52

= 2.93 Mpa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p== (1_ 1_2*’;’;*’”) =— <1_ 1-%):0.00757

As (req) = p * b *d = 0.00757* 1200 * 337.5 = 3065.85 mm?.
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Check As(min):
As (Min) =22« b+ d = == x 1200 * 337.5 = 1350 mm?. « control
fy 420

OR

Ve V24
420

As (min) = 0.25 * f—;c *bhxd=0.25% — 1200 * 337.5 = 1181mm2,

So, As = 3065.85 mmz2 > As (min) = 1350 mm?

As 920 =314.16 mm?

ASreq 3065.85
Nre —_— —_—
q AS# BARS 314.16

= 9.75basrs

Select 109 20 AS = 3141.6 mm?

Check Strain:
T=C
As *Fy=0.85*Fc’ *a*b
3141.6*420=0.85*24*a*1200
a= 53.9 mm.
Since, f¢ =24 MPa <28 MPa — B =0.85
So,X=a/pB=53.9/0.85=63.41 mm

From Strain Diagram:

0.003 _ 0.003+es
63.41 3375

£s=0.0013>0.005 d
So0,2 =09 - (OK)

v Design of Positive Moment in sapn (5) Mu = 397.4KN.m

e Assume bar diameter g 20 for main positive reinforcement

Mu/@ _397.4%10%/ 0.9
b*d2  1200%337.52

Kn = = 3.23 Mpa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p:% (1 _|1- 2*1;1;*m) _ %.6 <1 . 2*3.22;20.6) — 0.00842

As (req) = p * b *d = 0.00842* 1200 * 337.5 = 3410.45 mm?.
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Check As(min):

As (min) = % #bxd = — 1200 x 337.5 = 1350 mm2. « control

OR

As (min) = 0.25 * \]{—ff xbxd=0.25%* % * 1200 * 337.5 = 1181mm2

So, As = 3410.45 mmz2 > As (min) = 1350 mm?

As 920 =314.16 mm?

N _ ASpeq 341045
req AS# BARS 314.16

Select 11g 20 AS = 3455.76 mm?2

= 10.86basrs

Check Strain:
T=C
As*Fy=085*Fc'*a*b
3455.76*420=0.85*24*a*1200
a= 59.29 mm.
Since, f¢ =24 MPa < 28 MPa — B =0.85
So, X =a/B=59.29/0.85=63.41 mm
0.003

From Strain Diagram:

0.003 _ 0.003+es
59.29  337.5 d

£5=0.0141>0.005

S0, =09 — (OK)

v" Design of Positive Moment in sapn (6) Mu = 34.2 KN.m

e Assume bar diameter g 16 for main positive reinforcement

Mu/@ _34.2%10%/ 0.9

Kn = =
bxd?  1200%337.52

= 0.278 Mpa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p=—(1- [1-ZT) = — (1 - [1-Z22020%) = 0000666
m

420

As (req) = p * b *d = 0.000666* 1200 * 337.5 = 270 mm2,
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Check As(min):
As (Min) =22« b+ d = == x 1200 * 337.5 = 1350 mm?. « control
fy 420

OR

As (min) = 0.25 * \;—f xbxd=0.25=* % * 1200 * 337.5 = 1181mm2,

So, As (req) = 270 mm? <As (min) = 1350 mm?
Select As (min) = 1350 mm?

As 216 =201.1 mm?

N _ ASpeq 1350
req AS# BARS  201.1

Select 7g 16 AS = 1407.7mm?2

= 6.7basrs

Check Strain:
T=C
As*Fy=085*Fc'*a*b
1407.7*420=0.85*24*a*1200
a= 24.15 mm.
Since, f¢ =24 MPa < 28 MPa — = 0.85
So, X =a/pB=24.15/0.85=28.41 mm

From Strain Diagram: 0003

0.003 _ 0.003+€s
2841 3375

€s=0.033>0.005 d

S0, =09 — (OK)

v" Design of Positive Moment in sapn (1) Mu = 23.3 KN.m

Because positive moment in span (6)= 34.2KN.m > positive moment in span (1)=23.3KN.

So ;selsect AS(min)= 1350 mm?2 > As (req) .
So, Select 79 16
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v Design of Negative Moment in support (D) Mu = - 541.7 KN.m
Negative Moment in support (B, D) = Mu =-541.7 KN.m
Mu(B)=-527.8 KN.m

e Assume bar diameter g 25 for main positive reinforcement

= d=400 - 40-10 - 25/2 = 337.5 mm.

Mu/ ¥ _541.7¢10%/ 0.9

Kn =
bxd? 1200%337.52

= 4.4 Mpa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p :i 1— 1— 2xsKnxmy\ L 1 — 1 — 2%4.4%x20.6 = 0.012
m

fy " 206 420

As (req) = p * b *d = 0.012* 1200 * 337.5 = 4842.5mm2,

Check Pmax
24 3
pmax = 0.85 X 230 x 0.85 X o= 0.0177
p = 0012 < pmax: 00177

Check As(min):
As (min) = % #bxd = —x1200 * 337.5 = 1350 mm2. « control

OR

As (min) = 0.25 * % *bxd=0.25* % * 1200 * 337.5 = 1181mm>.

S0, As =4842.5 mm?> As (min) = 1350 mm?>.
As g 25=490.78 mm?

ASreq 48425
AS# BARS ~ 490.78

Select 10 g 25 AS = 4908.74 mm?
Check Strain:

T=C

As*Fy=0.85*Fc’*a*b

4908.74*420=0.85*24*a*1200

a= 84.22 mm.

Since, f¢ =24 MPa <28 MPa — 3 =0.85

So, X =a/pB=284.22/0.85=99.1mm

Nyeq = = 9.86 basrs
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From Strain Diagram:
0.003 _ 0.003+es

99.1 337.5

€s=0.00722>0.005
S0, 2 =0.9 - (OK)

v" Design of Negative Moment in support (C)Mu = - 503.9KN.m

e Assume bar diameter g 25 for main positive reinforcement

Mu/@ _503.9¥10°/ 0.9

Kn =
bxd? 1200%337.52

= 4.09 MPa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

P :% (1 _ |1— Z*I;?,*m) _ Klﬁ <1 _ 1= 2*4.2;20.6) — 0.0109

As (req) = p * b *d = 0.0109* 1200 * 337.5 = 4414.5 mm?.

S0, As =4414.5 mm? > As (min) = 1350 mm?2,
As 225 =490.78 mm?

ASreq 44145

N =
req AS# BARS  490.78

= 8.99 basrs

Select 10 g 25 AS = 4908.74 mm?

Check Strain:
T=C
As*Fy=0.85*Fc *a*b
4908.74*420=0.85*24*a*1200
a= 84.22 mm.
Since, f¢ =24 MPa <28 MPa — 3 =0.85
So, X=a/pB=284.22/0.85=99.lmm

From Strain Diagram:
0.003 _ 0.003+es

99.1 337.5

€s=0.00722>0.005
S0, =09 — (OK)
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v Design of Negative Moment in support (E)Mu = - 416.9KN.m

e Assume bar diameter g 25 for main positive reinforcement

Mu/@ _416.9¥10%/ 0.9

Kn = =
b*d? 1200%337.52

= 3.39 MPa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p :% (1 _ 1= Z*I;Z*m) _ %.6 <1 _ 1= 2*3.;2;20.6) — 0.00888

As (req) = p * b *d = 0.00888* 1200 * 337.5 = 3598.2 mm?.

So, As = 3598.2 mm? > As (min) = 1350 mm?.
As g 25 =490.78 mm?

N _ ASpeq 35982
7
req AS# BARS  490.78

Select 8 9 25 AS = 3926.24 mm?

= 7.33 basrs

Check Strain:
T=C
As*Fy=0.85*Fc’*a*b
3926.24*420=0.85*24*a*1200
a=67.36 mm.
Since, f¢ =24 MPa <28 MPa — B =10.85
So,X=a/B=67.36/0.85=79.25mm

From Strain Diagram: ) 0.003

0.003 _ 0.003+&s
7925 3375

£s=0.01>0.005 d

S0,8=0.9 — (OK)
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v Design of Negative Moment in support (A)Mu = - 473.6KN.m

e Assume bar diameter g 25 for main positive reinforcement

Mu/@ _473.6x10°%/ 0.9

Kn =
bxd? 1200%337.52

= 3.85 MPa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6

p:% (1 _ 1= Z*I;Z*m) _ %.6 <1 N 2*3.zzzzo.6> ~ 00102

As (req) = p * b *d = 0.0102* 1200 * 337.5 = 4150.64 mm?.

So, As = 4150.64 mm? > As (min) = 1350 mm?2.
As 725 =490.78 mm?

ASreq _ 4150.64

= = 8.45 basrs
AS# BARS ~ 490.78

Nreq =

Select 9 9 25 AS = 4417.02 mm?

Check Strain:
T=C
As*Fy=0.85*Fc'*a*bh
4417.02*420=0.85*24*a*1200
a= 75.78 mm.
Since f¢ =24 MPa < 28 MPa — 3 =0.85
So, X=a/pB=75.78/0.85=89.16 mm

From Strain Diagram:

0.003
0.003 _ 0.003+€s
89.16  337.5

£€s=0.0084>0.005 d

S0, =09 — (OK)
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Design of shear for Beam:

Shear

-604.8 5727 o 587.3

T4 4528 4808 138 -400 .4
-3325 2418
-152.9 /ﬂ
| N e e ' N N
||?/ Tt NI NI H Il |
97.3
186.1
368.5
4747 4738 4B88.1 504.8 4044

550.5 585.8 600. 826.8

Shear Envelope of Beam

= For shear force Vy =-513.8 KN.
d=337.5mm

@ * Ve = o.75*% « VFE *b*d
= 0.75* % /24 *1200*337.5=248 KN < Vu =513.8 KN

So, we need shear reinforcement.

Region 1&2 is not suitable.

1) Region 11I: -
@*Ve<Vu<s@ * Ve+ 0 * Vspin
@ *Vc==0.75* % * 24 *1200*337.5=248 KN
DB *VSymin = 0.75*1—16 « V¢ *b*d=0.75* 116 /24 *1200*337.5 = 93 KN
OR
D *VSmin= O.75*§ *b*d=0.75* § *1200*337.5=101.25 KN — CONTROL
D*NVC+ B *Vsin=248+101.25 =349.25 KN <Vu = 513.8 KN

— O Ve<Vu<d Ve + D Vsmin
248 < 513.8 <349.25 —not satisfied.
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2) Region 1V : -
1
Ve + OVspin < Vu < @Vc + §><®>< fc' xbw xd

1 1
§x®x1/fc’xbw><d= §><0.75><«/ﬁ>< 1200 x 337.5 = 496kN

349.25 < 513.8<744 —satisfied
#Shear reinforcement are required:
Use stirrups (4 leg stirrups) @ 10, Ay = 4 x79 = 316 mm?,
Apfye d _ 316 x 420 X 337.5

v 35127 X107 - L26:44mm control
d 337.5
Smax = 2 = 5 = 168.75 mm
or Smax < 600 mm

Use 4 leg @ 10 @100mm & Use 4 leg ® 10@ 150mm — for all spans

4.5 Design of Column C14

fc =32 Mpa fy = 420 Mpa
Dead =2560 kN Live =520 kN
Solution:

Check Slenderness:

Kl oy 12 (™Y < 40
r (mZ) -

About X:
B =55 cm, Lu=2.65m
K =1 for braced 1% 2.65
= < <
0.3%0.9 8<22 40
About Y:
h =90 cm, Lu=2.65m
K =1 for braced 1% 2.65
161 < <
037055 16.1 <22 <40
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Its Short Column in X &Y Direction

Pu = Dead +Live
=1.2*2560+1.6*520 =3904 KN

® = 0.65 for tied Column
Ag = 550 *900 =495000 mm?

Pu=0x0.8xA4,{0.85x fc (1—pg)+pg*fy}
3904 * 10% =0.65 * 0.8 * 495000 { 0.85 * 32 (1 — pg) + pg * 420 }
As
=0.01 =5
Pg —Pg ry
As=pg * Ay =0.01*495000 =4950mm?

Select 16 @ 20 As = 5024mm? As longitudinal bars

Design for Ties:

Use @ 10
1. 48* dg = 48*10 =480 mm
2. 16*d;, = 16 *20 = 320 mm

3. The least dimension of the column =550 mm

Use @ 10@ 20cm as stirrups bars

Check code required

1. Clear spacing between longitudinal bars:

In direction x:

Clear spacing = 550_40*2_310*2_4*20 =123.3>40mm ......... (OK)
In direction y:

Clear spacing = ———2-2=10"270"20 _ 136> 40 mm ......... (OK)

5
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2. Gross reinforcement ratio:

001 < p <0.08

_ 5024

= =0.01>0.01.............. (OK)
495000
90
. 7/ 7 6020
I I ] I I i
N x.'r KL —
2010
\~| Tt 1910
l{“\ R _:zi::
\ |ttt e
220 2520
50
11
iﬁ* B0
\\11
41 ! 4 i 82 —
47 47 11
50
50

Reinforcement of column
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4.6 Design of Basment wall:

Fy=420 Mpa
Vsoir = 18 KN/m3
@soil = 30

solution:

1) System and Loads:
ko=1-sin@=1-sin30=0.5

fc =24 Mpa
Yrc = 25 KN/m?3

cover = 4cm

€0=kox y xh=0.5x 18 x 2.875 = 25.875 kN/m?

2.875

Eozeox§= 25.875 x 222 = 37.2 kN/m

Nu - Neglect it

25cm | meemssss s se—— = -

L=2.875m
2.753m

For (1m) strip:

ZMRA =0

41.4x0.5%2.875%(2/3) x2.875- Byx2.875=0

By=39.675 kN , Ay= +19.84 kN

84

«— Eo-27.2KM/m

e

eo = 25575 KN /m?

19.34KM

19.84KN

9875 KN

33675 KN




2)Design of Shear Force:
Assume (h) of wall =30 cm

d=300—-40-12 =248 mm

1.

Quw = 5= X (2.875 — 0.248)
= 37.83 KN/m?

VU max = -39.675+37.83% 0.248+(41.4-37.83)x

=29.85 kN

@ch:0.75x§xm x 1000 x 248

=151.86 kN

@ x Ve =151.86 > VUmax=29.85 kN

h=30cm : is Ok

3)Design of Bending Moment:

MuUmax at Vu=0

Vu=0 — 1984-qupx =0

4
W@= 5575 X ¥

41.4

———xx?=0
2X2.875

19.84 —

41 4KMm

19.84KN 39875 KM

19.84KN

39675 KN

0.248

41 4KMm

19.34KN 39875 KM

15.84KM

39.675 KM
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7.2x* =19.84

x=1.66 m

Q@ 5 gz X 1.66 = 23.9kN/m
Section at (x) = 1.66m

MU max= 19.84 x 1.66 — 23.9 x 1.66 XO.5X§ x 1.66=21.96 kN.m

Fy  _ 420

m=ss fc'  0.85(24) =206
Assume @ =0.9
Mn= 2 = 2198 — 94 4 KN.m
0] 0.9
_ 24.4x10% _
n= M = 0.397 Mpa

20.6 42

preg=—— [ 1 — \/ 1 — 2220222 120.000954

AS req = preq Xbx d=0.000954x100 x24.8= 2.37 cm?/m
Asmin=0.0012*100*30= 3.6 cm?/m > AS req= 2.37 cm?/m
Select @ 10@20cm /Im with As = 3.95 cm? /m ( Tenion Face)

Design of Compression face:

Asmin=0.0012*100*30= 3.6 cm?/m
Select @ 10@20 cm/1m with As = 3.95 cm? /m (Compression Face)

Design of Horizontal Reinforcement:
As = ASmin
According to ACI:

Asmin for the two layers =0.002 x b x h
for one layer; Asmin = 0.001 x 100 x30 =3 cm?/m
Select p10@20 cm
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Reinforcement of basement wall
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4.7 Design of stair:

) I
0.2 1.20 2.40 1.20 0.2
SLeJsleelele el N NG
_ (D) =
NN B
: -
2 %
.-'_': %’h’:ﬂh Fh A M L KN M
. B X 3&
o & . ]
S K 3 )
] < ] e
&
—s2— ||~
R
N > -
Plan of stair
solution:
Material: -
concrete B300 Fc' =24 N/mm?
Reinforcement Steel Fy = 420 N/mm?

a) Design of Flight :-

1) Determination of Thickness:-
hmin = L/20
hmin = 3.8/20 = 16 cm
Take h =20 cm

The Stair Slope by 6 = tan"/(17 / 30) = 29.5°
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2) Load Calculation:

Dead Load For Flight for 1m

Strip: -

Dead Load Calculation of Flight

Dead Load Calculation KN/m
Flight 0.2*25*1*(1/cos 29.5) 5.74
plaster 0.03*22*1*(1/cos 29.5) 0.758
Horizontal Mortar 0.03*22*1 0.66
Vertical Mortar 0.03*22*(0.17/0.3) 0.37
Horizontal Tiles 0.04*23*1*(33/30) 1
Vertical Tiles 0.03*23*(0.17/0.3) 0.39
Triangle 0.5*0.17*25 2.125
SUM 11
Live Load For Landing for 1m Strip =5*1 =5 Kn/m s
q,= 212 kN/m
..... R
Factored Load For Flight:- el o _
qu = 1.2 x11+ 1.6x5=21.2Kn.m S
A5 Au=25.44 KN
/’/.,-' .
Shear Force Diagram: TR
Max. Vu of Flight = 22.14 kN [ Au=25.44 kN
Wher :Max. Vu = 25.44x c0s(29.5)= 22.14KN by by
04m 7 24m D4 m
g,= 212kN/m
Bending Moment Diagram: [ bbbl .], ‘
Max. Mu of Flight : e /F: T = 250000
b4
///
Mu=25.44x1.6 — 21.2x1.2.x0.6 =25.44 kKN.m i< o
Au -'-'25.44!(N'l_A “

89
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3) Design of Shear for Flight:-

Assume bar diameter g 12 for main reinforcement

d =h- cover — 2 = 200 — 20 — = = 174 mm

Vu =22.14 KN

@xV:=0.75 = [fc'b,, d = = 0.75 x =V24 x 1000 * 174 = 106.5Kn
Vu, max = 22.14KN < 106.5 KN

The thickness of the slab is adequate enough

4) Design of Bending Moment for Flight :- (Mu=25.44 Kn.m)

Mn = Mu/0.9 = 25.44/0.9 = 28.67 KN.m/m
Assume bar diameter g 12 for main reinforcement

6
Kn= 2 = 2272 = 0.95Mpa

bd? 1000x1742

1 420
m= 4 ; =
0.85f  0.85x24

p= l(l -1 _M> = L(l _Jl _m> = 0.0023
m 420 20.6 420

AS req = p.b.d = 0.0023 x1000x174 = 400.2 mm?/m

= 20.6

As min=0.0018*1000*200 = 360mm>?/m
ASreq = 400.2 mm?>As min=360mm?/m
Check for Spacing for shrinkage and temperature reinforcement smallest of:

S =5h =5*200 =1000 mm

S =450 mm

S =300mm

S=300 < Smax=360 mm - OK

Use @12@20cm with AS(prov.)=565.48mm?> AS(reg.)=360 mm?
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b) Design of Landing:
Determination of Thickness: -
hmin = L/20
hmin = 5.1 /20 = 0.25 = 25cm
Take h = 25cm
1) Load Calculation: -

Dead Load For Solid 2 & 3 Landing for 1m Strip: -

Dead Load Calculation of Middle Landing

No. Parts of Calculation
Landing

1 Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.02*1= 0.44Kn/m
3 Sand 0.07*16*1=1.12

4 slab 0.25*25*1= 6.25Kn/m
5 Plaster 22*0.02*1= 0.44Kn/m

Sum 8.94Kn/m

2) Design of Slab (3) away from the flight:

g, = 18.73kN/m
Live Load For Landing for 1m Strip = 5*1 = 5 Kn/m [TTTTTTITLTY
Factored Load For Flight: - . J
47.8KN 47.8KN
{
qu = 1.2 x8.94+ 1.6x5=18.73 KN.m >.1m
d =h- cover — 22 = 250 — 20 — 22 = 224 mm
2 2 Tt 44 34.9m =
4?|Em'?.._:1.uJKN A
-Analysis: ) W
Vu (at distance d from the face of support) L 349m TN 47504

Vu =47.8-18.73x0. 349 = 41.7 Kn
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v" Design of Shear for Flight:-

Assume bar diameter g 12 for main reinforcement

d=224mm

@xV, =0.75 %,/fc’bw d==075+ =*V2&*1000 * 224 = 137.2Kn
Vu, max =41.7 KN < 137.2 KN

So, No shear reinforcement is required

v" Design of Bending Moment(Mu=60.9KN.m):

Mn =60.9/0.9 = 67.66 KN.m

M 67.66 X10°
Kn=—=—"-"+

T bdZz _ 1000x2242 1.35 Mpa

_fy 420
0.85f,  0.85x24

o= l<1 _ 1= 2.m.Rn> _ L<1 B \/1 _ 2x20.6><1.35> — 00033
m 420 20.6 420

AS, req = p.b.d = 0.0033 x1000%x224 = 775.5 mm?/m

m = 20.6

Use @12@14cm with AS(prov.)=8.1mm?> AS(req.)=775.5 mm?

2)Design of Slab (2) :

qu = 18.73 + Support reaction of flight
=18.73 + 25.44 = 44.17 kKN

g,= 44.17kN/m
|
b LITITIT i

“Ti2.6KN -

Vu=112.6 - 44.17x0.349 = 97.2 kN _
44.17+5.12 i g 12O
Mu=——-==143.61 Kn.m 5.1m
Vu, max = 97.2 kn <=137.2 kn ,
RER: < Ham
L,
i g -""xh
So, No shear reinforcement is required S ““mm_‘ 7
Y
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v' Design of Bending Moment(Mu=143.61KN.m):

Mn = 143.61/0.9 = 159.6 KN.m

M 159.6 x10°
Kn=—=——""—-=3.18 Mpa
"~ baz 1000%x2242 p

= 20.6Mpa

_fy 420
T 0.85f.  0.85x24

AS, req = p.b.d = 0.0083 x1000x224 = 1859.2 mm?/m

m

Use @14@8cm with AS(prov.)=1925mm?> AS(req.)=1859.2 mm?

[y ] ; ] 3 A ; - [y ]
201.20 2.10 1.70 .20
O10e0en @213 dam
@ @mg‘?u% .
@21020cm __ | L@10200m
438/m"2 ____'ij T
@14/20cm | -
—_ g @ | [l —@14/20am
|©@10/20am = W,
@1020am || | \ [ @10Z0em =
Chairs o I i o oy
o )
@14/30am @14/20am "‘| | | —@142pem .
—_— (©@10/20am —
-
™1

D@10/20am L=2.78m

20
\?{P:ﬂ ﬁﬁﬁ% 156 T.B
.\df" "-'.é’ ¥ @31020cm =230 m |20
a2 % 1308.8
SCh
4T TOTH
P
® ¥
@@1020cm L=185 m_go% =
Yk
100TH &3,55“ - dﬁd 2
R
=% 5
@‘3‘6@,@%@5
TOEBE
TOBE

Reinforcement of Section (A-A) in stair
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4.8 Design of Shear wall :

SW3

I _______________ SWe2
L. ——
SW3[|  Swi JSW1
sSwio
SW4

Plan of shear wall

solution:
F¢ =24 Mpa Fy = 420 Mpa
Lw=52m Hw =36 m

1) Design of horizontal Reinforcement:
Fx =Vu =950 KN

Critical section of shear the smaller of:

l 5.2

X2t 26m............. Controlled
2 2

h 36

== =18m

2 2

Story Height (HW) =3 m

d=08*Lw=0.852=4.16m
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shear strength of concrete V¢ ( V¢ is smallest of):

Ve = % « VFE*b *d = é 24 *200 *4160 = 679.33 KN ............ (Controlled)
VC - \/ﬁ*b*d + Nuxd — \/ﬁ*ZOO*416O + 0x4160 — 1019 KN
4 4xlw 4 4%x5200
: w (VFe+ 2L .
Ve = { VZ—F_ 4 Oy *% ( Mu=4824-2.6%950 =2354 KN.m)

vu 2

= 17140 KN

2354 5.2 10
950 2

2%0
= V24 n 5.2(V24+70 000 )y 520054160
2

@*Vc =0.75*679.33 =509.5 KN
@*Vc =509.5 KN <Vu =950 KN —Horizontal Reinforcement is required

@* Vc + p*Vs=Vu
Vs =Vu/@ - Vc = 950/0.75 - 679.33 = 587.34 kN

Avh _ Vs
s fyxd
Avh B 587.34 % 1000 _ 034
s 420x4160
Avh _ _ _
— = 0.0025 *h = 0.0025 * 200 = 0.5
S min

A
(Lh> = 0.5 is controlled
min
S must not be greater than:
Smax = Lw/5 =5200/5=1040 mm —  controlled
=3*h =3*200 = 600 mm

= Select @12

Avh =2 * /4 * 122 = 226 mm?

Avh/s=0.5

Sreq = Avh/0.5 = 226/0.5 = 452 mm

select S= 200 mm < Smax = 1040mm (Ok ) Select @ 10
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Avh =2 * /4 * 10? =157 mm?
Avh /s =0.5

Sreq = Avh/0.5 = 157/0.5 = 314 mm
select S= 200 mm < Smax = 1040mm (Ok )

2) Design of uniform distributed vertical reinforcement:

Aw/s =p, *h ph= Avh/(S horizontal*h)

py = 0.0025 + 0.5 (2.5 — hw/Lw) *( pj,) -0.0025 ) > 0.0025
=(10.0025 +0.5 (2.5 — 36/5.2) * (2*79 /( 200*200) — 0.0025)
=-0.0039<0.0025
Select p,,=0.0025

Awv/s=200*0.0025=0.5

Select @14, 2 layers

Avv = 2*154 =308 mm?
308/S=0.5
Sreq =616 mm
select S =20 mm
Smax = Lw/5 = 5200/5= 1040 mm

= 3*h = 3*200 =600 mm

= 600 mm controlled

S=200mm <600 mm — Ok

3) Design of Bending Moment:
Mu = 4824 KN.m

Mu = Muv + Mu boundary

Asv = 2*79 * 5200/200 = 4108 mm?
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z 1 1

w 2+ 0.85* f * fc' «Lw*h 2_|_0.85>I<O.85>r<24>r<5200*200
Asv x fy 4108 * 420

= 0.08

Muv = 0.9 (0.5*Asv*fy*Lw*(1- ﬁ)

=0.9 * (0.5 *4108*420*5200*(1-0.08/2) = 3875.8 KN.m< Mu =4824 KN.m

Mub = Mu — Muv = 4824-3875.8 = 948.2 KN.m
X = (Lw /(600 *Awhw)) = 5200/(600*0.007) = 1238.1mm
LB >X/2=1238.1 /2 =619.05 mm

>x-0.1*Lw =1238.1 - 0.1*5200 = 718.1 mm

Select LB=80cm

Mub /@

Asp = ————
SB fy*(Lw—LB)

_948.2%10"6/0.9
420%(5200—800)

= 675.8 mm?

Select 5 @14 additional reinforcement at boundary with As=770 mm?

.20

Mw )_@1_0/20::1’1’1 ]_M_{.LZO_QDJ_ /L'I_Q/Zﬂcm 5:2514‘g
2{)

[LEEISSHSESSEEHESH [T

A \1210,/20cm @14/ 20cm w }
2910@20CM L=540
18] 510 |16
16| 2610@20CM | =540 |16
510
1 11 [
12\1\ 12 12
11 1 11
5¢10/20cm L=35CM 498 /1m2 L=35CM 5610/20cm L=35CM

section A-A of shear wall
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4.9 Design of one-way solid slab of stairwell (Slab 3):

fc =24 Mpa

Vplaster = 22 kN/m3

fy =420 Mpa C=20mm

Live load = 2kN/m?

6.40

—=A

@ =12mm

Ymortar = 22 KN/m3

— —+—— mortar 3cm

——=+—— plaster 2cm

o
o
o

Plan of slab stairwell

N S

//
{ 7 / _ / \ 7 25
section A-A

Solution:

1) Classification of slab one way or two-way solid slab:

From top view of the slab

SO

- = 2.28> 2 one-way solid slab
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Limitation of Deflection:

Minimum (h) =2.8/20=0.14 m — Selecth=15cm #

Loads:
a) Dead loads for 1m strip:

Slab = 25*0.15*1 = 3.75 kN/m
Mortar = 0.02*22*1 = 0.44 KN/m
Plaster = 0.02*22*1 = 0.44 KN/m
Dead loads = Sum of all above loads =4.63 KN/m #

b) Live load for 1m strip:
Live Load =2 *1 =2 KN/m
Factored load (u):
Qu=1.2*%4.63+ 1.6*2 =8.756 KN/m

Shear Force envelope:

drawn values only at the critical section of shear force at a distance (d) from the face of support

Shear

Shear envelope of solid slab

Bending Moment Envelope:

design section at the face of middle support

1.4 ae 14

Bending Moment envelope of solid slab
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2) Design of Shear Force:

d =150 -20 - 12/2 = 124 mm

Maximum Vu from shear envelope diagram = 10.6 kN

@ *VC =0.75 *% * VE *bw*d
=0.75 *% V24 *1000%124 =75.9 KN > Max Vu = 10.6 KN

So, No shear reinforcement is required #

3) Design of Bending Moment

Design of Negative moment at support (B) MU= 8.6 KN.m

Mu/@ _ 8.6x10°/ 0.9

Kn = =
b*d? 1000%1242

= 0.62MPa

m = Fy / (0.85* f¢) = 420 * (0.85*24) = 20.6 MPa

p=1 (1_ 1_2*1;1;%):% (1_ 1-%):0.0015

Asreq = p x bx d =0.0015% 1000x124 = 186 mm?
As(min) =0.0018 * 1000 * 150 = 270 mm?

Asreq = 186 mm? < As(min) = 270 mm?

Selsect As(min) =270 mm?

For shrinkage and temperature :
As(min) = 0.0018 * 1000 * 150 = 270 mm?

4) For top reinforcement:

In Both Direction —
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Check Strain:

T=C
As*Fy=0.85*Fc’*a*b
395*420=0.85*24*a*1000

a=8.13 mm.

Since, f¢ =24 MPa <28 MPa — 3 =0.85
So,X=a/p=8.13/0.85=9.6 mm

From Strain Diagram:

0.003 _ 0.003 + €s
96 124

€:=0.036 > 0.005

So, 2 =09 — (OK)

0.003

" ewez
30 -ﬁ/
1010

o @r10e20 L=676 T.B. E E i\
— 656 o D

iy my o

N W =

@910@20 L=676 B.B. b b

o a

oo —

= =

§

P
3

Reinforcement of solid slab

101

i
[




Outcomes and Recommendations

Chapter 5

5.1 Introduction

5.2 Outcomes

5. 3 Recommendations

5. 4 Reference
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5.1 Introduction

In this project, architectural plans were obtained that lack a lot of things. After studying all
the requirements, architectural plans and comprehensive structural plans for the college
proposed to be built in the city of Hebron were prepared.

Some construction plans were prepared in a detailed, accurate and clear manner to facilitate

the construction process. This report provides an explanation of all the architectural and
structural design steps of the building

5.2 Outcomes

- Every student in the work team will be able to design the structural elements manually so
that they have sufficient experience and knowledge in using computerized design programs.

- Among the factors that we must take are the natural factors surrounding the building such as
wind, rain, snow, the nature of the site and the impact of natural forces on it, such as

earthquakes.

- Through what we have done from the design of the building, we must take a comprehensive
view of the building to link the various structural elements and then divide these elements to
design them individually and know how to design taking into account the surrounding

circumstances.

- In this project, the one-way ribbed system was used and two-way ribbed slab in the
building, drops beams were used due to the nature and shape of the building. Solid Slab has
also been used in the staircase slabs and cars' parking because they are more effective than
nerve nodes in carrying concentrated loads.

— The computer programmers that used are:

A — Microsoft office programs
B — AutoCAD program
C — Atir program
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5. 3 Recommendations

This project worked to clarify and expand our understanding of the nature of construction
projects, including the details, designs, architectural and construction analyzes.

From this experience we want to present a set of important recommendations:

- To obtain comprehensive information about the nature of the site, its soil and its durability,
through an examination and a report specific to that region.

- The architectural design should be chosen and then all architectural and Construction plans are

coordinated and prepared.

- At this stage, the appropriate structural system must be chosen in the construction process,
such as a structural system or a system of load-bearing walls of reinforced concrete and stone

faces.

- A complete agreement and coordination must be found between the civil engineer and the
architectural designer. The structural engineer must design the structural elements according to
the plans. He must design a structural system that is resistant to vertical loads and horizontal
forces caused by wind and earthquake loads.

- The electrical and mechanical design of the project must be completed before starting in a

worksite to make any possible modifications to the project from a structural point.

5. 4 Reference

1-ACI-318 16 > American Code *’

2 - Jordan Code

3 — Reinforced concrete I, IT ©” DR. Nasser Abboshi’’ & Dr. Maher Amro
4- Wikipedi
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