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Dr.Belal Almasri .

Project Abstract
The main aim of this project is to prepare all of the structural design and
executive details of Palestinian Academy and Fashion House. The project is
consists of 9 floors, and the total area of the building is 6671.5 meter
square, the design of the project is based on the multiplicity of spatial cluster
and distributed consistently aesthetically and functional

We used ACI-318 code and structural designing programs such, ATIR,
AutoCAD (2014), and we studied some old graduation projects, and the
project will include detailed structural study of identified and analysis of the
construction elements and the expected various loads, and then the structural
design of elements and the preparation of shop drawings based on the
prepared design .

God grants success
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Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a distance (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.

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

LL = live loads.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

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

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force.

Wu = factored load per unit area.

F = strength reduction factor.
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Chapter 4

Structural Analysis And Design

Structural Analysis & Design

4.1 Introduction.
4.2 Design method and requirements.
4.3 Slab Thickness.

4.4 Topping Design.

4.5 Load calculations for one-way Ribbed slab.

4.6 Sample Design of one-way Ribbed slab.
4.7 Sample Design of a Column.

4.8 Sample Design of Shear Wall.

4.9 Sample Design of Basement wall .

4.8 Sample Design of islated footing .

4.10 Sample Design of Combind Footing .

4.9 Sample Design of Stair .
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Chapter four Structural Analysis And Design

4.1 Introduction:-

v Reinforced concrete(RC) is a composite material in which concrete's relatively low
tensile strength and ductility are counteracted by the inclusion of reinforcement having
higher tensile strength and/or ductility. There are several examples of RC structures such as:
bridges, buildings, retaining walls, tunnels, and many others.

v Concrete is a construction material composed of cement (commonly Portland cement) as well
as other cementations materials such as fly ash and slag cement, aggregate (generally a
coarse aggregate such as gravel, limestone, or granite, plus a fine aggregate such as sand),
water, and chemical admixtures.

v Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

v Structural concrete can be classified into:-

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m?>.
 Normal weight concrete with unit weight from about 1800 to 2400 kg/m?.

e Heavyweight concrete with unit weight from about 3200 to 5600 kg/m®.

In This Project, one type of slabs: ribbed slabs. it would be analyzed and designed using
engineering software such as atire in order to calculate the internal forces, deflections, and then

hand calculation would be made to find the required steel for some members.

In this Chapter, we will show the design procedure for several structural members of our project,

so we will discuss the steps that we followed to design the Ribs, beams, slabs.

This chapter presents a sample calculation related to one of the preceding members contained in
this project. All of structural members will be designed according to the design code (ACI -
b318-code).
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4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_11).

4.2.1 Strength design method:

s In Strength design method which formally called ultimate strength design method, the

service loads are increased by factors to obtain the load at which failure is considered to be
occurring.
This load called factored load or factored service load. The structure or structural element is
then proportioned such that the strength is reached when factored load is acting. The
computation of this strength takes into account the nonlinear stress-strain behavior of concrete.

% The strength design method is expressed by the following,
Strength provided > strength required to carry factored loads.

The statically calculation and the key plans dependent on the architectural plans that we
will to use it from Code UBC: ACI 2011.

> Materials:-

L. Concrete: B300..... f¢'=30%0.8=24N/mm*(MPa)

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

4.2.2 Factored loads:

The factored loads for members in our project are determined by:
Wu = 1.2DL + 1.6LLACI — code — 318 —11(9.2.1).
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4.3 Determination of Slab Thickness:

Structural Analysis And Design

Table4-1: - Minimum Thickness of Non-prestressed Beam or One-Way Slabs Unless Deflection
calculated. (ACI 318M-11).

I — T

Member Simply One'z end BOt.h end Cantilever
supported Continuous continuous
solid one way
slabs L/20 L/24 L/28 L/10
Beams or
ribbed one way L/16 L/18.5 L/21 L/8
slabs

Table (4.1): Check of Minimum Thickness of Structural Member

For Ribs: -

hminfor (one end continuous) =L/18.5=6/18.5=29.74cm
hminfor (both end continuous) =L/21=7/21=33.3cm.
hminfor (simply supported) =L/16=5.2/16=32.5cm.
Take h =32cm.

24 cm block + 8 cm topping = 32cm.

For Beams: -

hminfor (one endcontinuous) =L/18.5=7.7/18.5=42cm .
hminfor (both end continuous) =L/21=6.8/21=32.3cm.
hminfor (simply suported) =L/16=4.25/21=26.5cm.

Take h =32cm.
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4.4 Design of Topping:
Statically System For Topping:-

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

; Wu ‘
Hnnmm
A P Y VIR Y PO P P P I R R P P P R P P ,../,.\
2N

40 cm

Fig 4.1: Topping Load.

LoadCalculations: -

Dead Load: -

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66KN/m

0.07*17*1 =1.19 KN/m

0.08*25*1 =2 KN/m

Table (4.2): Dead Load Calculation of Topping.

46



Chapter four Structural Analysis And Design

Live Load: -
L, =5 KN/m?

L. =5 KN/m*x1m=5KN/m
Factored Load: -
Wu=1.2x4.54 + 1.6x5=13.45KN/m
Check the strength condition for plain concrete, gM,, >~ M, where g = 0.55-for p;ain concrete
My = 0.42 & \/f/Sm(ACI 22.5.1, Equation 22-2)

_ b.h* _1000.80?

=} frmy 3
G G 1066666.67 mm

Sm

@M, =0.55x0.42x1x+/24 x106666.67 x107° =1.207KN.m

2
M, = Wi‘ZL = 0.18 KN.m (negative moment)
_ Wy l? "
M, = eVl 0.09 KN.m (positive moment)

oM>> M, = 0.18 KN.m

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

Pshrinkage= 0.0018 ACI17.122.1
As= pxbxhigpping =0.0018 x1000x80 = 144 mm*/m
Step (s) is the smallest of:

1. 3h=3x80 =240 mm control ACI 10.5.4
2. 450mm.

3. 5=380(%*) - 2.5¢, = 380 <§482°0> — 2.5.20 = 330mmACI 10.6.4
3

fs

Take g 8 @150 mm in both direction, S = 150 mm<S;;ax = 240 mm ... OK
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4.5 Design of One Way Rib Slab

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

bW > 10CM. . e ACI (8.13.2)
Select bw=12 cm.

h<3.5%bW (oo ACI(8.13.2)

Select h=32cm<3.5*12=49 cm .

tF> Ln/12>50Mm ..o, ACI(8.13.6.1)
Select tf=8cm.

Material:-

— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?
Section:-

B =520 mm

Bw= 120 mm

h=320 mm

t= 80 mm
d=320-20-8-12/2= 286 mm

U duy
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Statically System and Dimensions: -

Fig 4.2: One Way Rib Slab (RB1-2) in basement #1
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Load Calculation: -

N =G

Typical Section In Ribbed Slab

Dead Load:-

0.03*23*0.52 = 0.359 KN/m/rib

0.03*22*0.52 = 0.229 KN/m/rib

0.07*17*0.52 = 0.620 KN/m/rib

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

0.24*25*0.12 = 0.72 KN/m/rib

0.24*10*0.4 = 0.96 KN/m/rib

0.02*22*.52=0.229 KN/m/rib

1.5*0.52= 0. 78 KN/m/rib

Table (4.3): Dead Load Calculation of Rib (R4).
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Dead Load /rib = 4.94 KN/m.

Live Load: -
Live load = 5 KN/m?.

Live load /rib = 5 KN/m?x 0.52m = 2.6 KN/m.
% Effective Flange Width ( b_): -ACI-318-11 (8.10.2)

bE For T- section is the smallest of the following: -
b. =L /4=525/4=131.25cm.
b =12+16t=12+ 16 (6) = 115.2 cm.

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

bE For T-section = 52cm.
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By using ATIR Program we get the envelope momemt and shear force diagram as the follows:-

Geometry Units:meter,cm

1 2 3 4 5
1 2 3 4
A A A A
L1 L | IS L j E——
A A A A
0.8 4.48 0.8 5.2 0.8 5.55 0.8 3.2 0.8
| | 5.28 | | 6. | | 6.35 | | | |
[ [ [ [ |
52.
32.
12.
A-A
Loading

load group no. 1

Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00

4.9/2.6 4.9/2.6

(o))

4.9/2.6 4.9/2.

5.28 6. 6.35 4,

Fig 4.3: Statically System and Loads Distribution of Rib (RB1-2).

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 4

-35.9
-31.2
239 /\ -23.2 189 /\ -20.9
\ | \ 11.7 | \ 2.3 |

— Z?ll ! l?4l ! T |

t T T t
0.96 0.9 \/‘

8 1.05 0.98 55

12.1
18.9
243 23.9

211 | 3.17 3. | 3. 52 | 3.17 | 3.18 24 | 16

[ [ [ [ [ [ [ [ |
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Shear

-33.1 -32.2 -33.

-26.2 254 -26.1
-15.7
-8.8
— 1 1 1 1 1
I I I I I LI
15.3
21.1
22.1 25. 26.9 o8,

31.9 33.8

Moment/Shear Envelope (Factored) Units:kN,meter
Reactions
Factored

— T 1 1 T T |
1 1 1 LI L 1 1 |

DeadR 12.11 36.85 37.12 34.53 7.62
LiveR 10.04 28.14 28.89 26.43 8.04
Max R 22.15 64.99 66. 60.96 15.66
Min R 10.57 48.47 48.34 42.23 4.92
Service
DeadR 10.09 30.71 30.93 28.77 6.35
LiveR 6.27 17.59 18.05 16.52 5.02
Max R 16.37 48.3 48.98 45.29 11.37
Min R 9.13 37.97 37.95 33.59 4.66

Moment Design for (RB1-2):-

Fig 4.3: Moment andShearEnvelope Diagram of Rib (RB1-2).

Design of Positive Moment for (RibB1-2) :-( Mu=24.3KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dyimps— 2 = 320 — 20 — 10 — = = 284 mm.

Check if a>h¢ to determine whether the section will act as rectangular or T- section.

M =0.85. £ be. hy. (d — D).

= 0.85 x 24 X 520 X 80 X (284 — 82—0) % 1076 = 207.1 KN. m.
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_243_

Mn>>% = 5" 27 KN.m, the section will be designed as rectangular section withb, =520 mm.

M 24.3%x10°
R=—"%= = 0.645 Mpa.
" @bd2 T 0.9x520x2842 p

/i 420
m= 4 7 = =
0.85f 0.85%24

p=i<1— 1—%> =L<1—\/1—M> = 1.561 x 1073,
m 420 20.6 420

Agreq = p.b.d =1.561 x 1073 x520x284 = 230.49 mm®.

20.6

Check for As min: -
. fc'
ASmin=""—"_(bw)(d)ACI-318 (10.5.1).
4(fy)( )(d) ( )

24
4(420)
14

AS minzm(bw)(d).

ASmin=

(120)(284) = 99.38mm?.

AS min= % (120)(284) =113.6mm? controls.

ASreq= 230.49mm? >As = 113.6 mm* ‘OK

USG 2 [1] 14 ,Asypro\/ided: 307.88mm2>A3’required= 230.49 mm2 cose Ok .

_ 120-40-20—(2X14) _
= - =

S

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

Check for strain:-

_ “4sry _ 307.88x420

= - = = 12.19 mm.
0.85b f/  0.85X520x24

12.19
c=2 === — 1434 mm.
B,  0.85

d—c 284 — 14.34
& = 0.003 (T) = 0.003 (T%) = 0.056 > 0.005. Ok
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Design of Positive Moment for (RibB1-2) :-( Mu=12.1KN.m)

Assume bar diameter g 12 for main positive reinforcement.
d =h- cover - dyimps— 22 = 320 — 20 — 10 — — = 284 mm
Check if a>h; to determine whether the section will act as rectangular or T- section.
- ’ hy
Mut =0.85. f¢'. be. hy. (d — ).
= 0.85 X 24 X 520 x 80 x (284 —2) x 1076 = 207.1 KN.m.
Mn>>% = %: 13.4KN.m , the section will be designed as rectangular section withb, =520 mm.

M, _  12.1x10°
@bd2 ~ 0.9x520x2842

R, = = 0.321 Mpa.

f; 420
y - = = 20.6
0.85f/  0.85x24

| e B O PRy PR
m 420 20.6 420

Asreq=p.b.d=7.7 x 10~ ~* x520%284 = 113.77 mm®.

Check for As min:-

AS min= \/_(bw)(d)ACI -318 (10.5.1)

AS min= V24 (120)(284) = 99.4mm>
4(420)

AS mln-m(bw)(d)

AS min :%(120)(284) =113.6mm? controls
ASreq= 113.77mm? >Aspyin= 113.6 mm* ‘OK
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Use 28 10, provided= 157.1 MM*>Aq required= 113.77 mm?.... Ok

_ 120-40-20—(2x10)
o 1

S

Check for strain:-

_ Asfy  157.1x420

= - = = 6.22 mm.
0.85b f!  0.85x520x24

6.22
C= = = 222 — 7318 mm.
B, 0.85

d—c 284 —7.318
& = 0.003 (T) = 0.0 (W

Design of Negative Moment for (RB1-2):- (Mu=-23.9KN.m).

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dyimps— 2 = 320 — 20 — 10 — = = 284 mm.

_ M, __ 239x10°
" @bd2 T 0.9x120x2842 2.74 Mpa.
f 420
m L4 = 20.6.

" 0.85f/ 0.85x24

=40mm > d, = 10 > 25 mm.

) =.113 > 0.005.

OK

Ok

p= i(1 ~- |1- Z'm'R"> = <1 —\/1 —w> = 7.03 x 1073,
m 420 20.6 420

Asreq = p.b.d =7.03 X 1073x120%284 = 239.58 mm?>.
Check for As min:-

AS min=31¢ (bw)(d) ACI-318 (10.5.1).
4(fy)

24

20 (120)(284) = 99.38mm

AS min=
4
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AS min:%(bw)(d)

AS min= % (120)(284) =113.6mm?controls

ASreq = 239.58mm? >Aspin= 113.6 mm°OK

USG 2 (7] 14 ,Asyprovided: 3078 mm2>Aslrequired: 23958 mmZ... Ok

S— 120—40—210—<2Xl4> =32mm>d, =14 >25 mm. OK

Check for strain:-

A, 307.8%x420
=Ly - ST - 5781 mm.

0.85b fc 0.85x120%X24

52.81
= — =222 = 62.13 mm.
B,  0.85
= 0.003 (d _ C) = 0.003 (284 _ 62'13> = 0.0107 > 0.005 0k

ES = V. c = U. 6213 = V. . .

Shear Design for (RB1-2):-

V, at distance d from support= 26.9 KN

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

Ve == [fibyd = =-V2% x 120 x 284 X 1073 = 30.6 KN.
BV, =0.75x30.6 =22.95 KN.

0.5 8 V; =0.5%22.95 =11.48 KN.

050V<V, <oV,

V>0V

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

Vsmin =—/fibwd 2 7 bw d
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Vs miHZi\/Z_ * 120 % 284 * 1073 = 10.35KN .

VSmin == > bw d—— %120 % 266 * 1073 = 10.64KN.

B(Ve+Vsmin)= 0.75(30.6+10.64)= 30.93KN.

gV <Vu <@g (V+Vsmin) Case Il

22.95<26.9<30.93.

For shear design, minimum shear reinforcement is required (A4, ;,in), Reinforcement.

Use stirrups (2 leg stirrups) g 8@150 mm, A, = 2 x50.24 = 100.5 mm?®.

fyt 3 fyt

120s

AVpin=100.5=—+24 2% _ s = 1.149m.
16 420

1120s

1005 =—— - s = 1.055m.
420

S max—i2 = 142mm.

S max —<600mm.

Take (2 leg stirrups) 2 8 @ 150 mm.

2x50.3
Ay = === 670.67 mm*/Mip
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Geometry Units:meter.cm
1 2 3 4 5
1 2 3 4
A A A Al
E J LI L J —
A A 4 A
IEII.I:T.I 4.1 ﬂ.ﬁl 29 ﬂ.GI 3.65 Iﬂ.ﬁl 5 0.6
b 47 L 3.5 L 425 L 5.6
I T T T
5 6 7 3
5 B T
- A - A - A
|D'E| 5 ID.GI 5 ID.GI 2.9 IIZII.I:T.I
I T 5.6 T T 5.6 T T 1.5 T 1
L 1 [l |
I T T 1
32,
30.
A-A
Loading
Toad group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
59.5/34.7 59.5/34.7 59,5/34.7| £9)5i34.
¢
& &5 i34 BE
T3|1/38.% 73]1/38. 73.1/38.5
25 ! 58 L
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Moment/Shear Envelope (Factored)  Units:kN.meter

Momenis: spans._ 110 7

4671
4269
2877 3337 3102 5 2972 -333.4 ) 333, '353-2618
480.7 . 2036 4685 -235.8 , -224.3 -242. ¢
1 1047 199.1
i i
w 765
1518
260.2
| 188, 282 | 21 14191 238 | 28 | 28 | 28
1] T | T T 1 | T T
Shear
-468.8 -445.5
3768 467 409 3814 357.8
3338 :

2327 M8 2138
trt H H t H
'39“ |7/ L/ 7/ /
2251 206.2
264.6 300.3 2814 309.8 291.8

385. 368. 382.6 3795
485.7 4703

Fig 4.5: Momentand Shear envelope Diagram of Beam (BB1-2).

Load Calculations: -

Dead Load Calculations for Beam (BB1-2): -

The distributed Dead and Live loads acting upon BB1-2 can be defined from the support reactions of the
RB1-1 and RB1-2.

From Rib(RB1-1):
The maximum support reaction from Dead Loads for RB1-1 upon BB1-2 is37.99
KN

DL = (37.99/0.52) = 73.1 KN / m.

Self-weight of beam = 8 KN / m.
DL =73.1+8 =81.1KN / m.
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From Rib(RB1-2):
The maximum support reaction from Dead Loads for RB1-2upon BB1-2is 30.93 KN,.
DL =(30.93/ 0.52) =59.5KN/m.

Self-weight of beam = 8 KN /m.
DL=595+8=67.5 KN /m.

Live Load calculations for Beam (BB1-2): -

From Rib(RB1-1):
The maximum support reaction from Live Loads for RB1-1 upon BB1-2 is20 KN

LL =20/ 0.52= 38.5 KN/m.

FromRib(RB1-2):
The maximum support reaction from Live Loads for RB1-2 upon BB1-2 is 18.06 KN

LL =18.06/ 0.52= 34.7 KN/m.

Moment Design for (BB1-2): -

Flexural Design of Positive Moment for (BB1-2) :-( Mu=280.6KN.m)

Assume bar diameter g 20 for main reinforcement
d =320 — 40 -10 — 20\2 = 260 mm.

c=2d =2.260 = 111.4mm.

a=B.c = 0.85x111.4 = 94.69 mm.

Mnine,= 0.85 £ +a*b (d - £ ) = 0.85%24*94.69*1000%(260-94.69/2) *10° =410.78KN.m
@ Mnimay = 0.82* 410.78 = 336.84KN.m>280.6KN.m.

Design as singly reinforcement.

My, 280.6x10°
Rn = 5 = 2
®bd 0.9X1000X260

= 4.61Mpa.

£ 420
m= —< - = = 20.6.
0.85f]  0.85x24
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p=l<1— 1—M> =L<1—\/1—M> = 0.0126.
m 420 20.6 420

As = p.b.d = 0.0126x1000x260 = 3276mm>.

Check for Agmin:-
ASin = i(bW)(d) = 4 *1000* 260 = 758.18 mm?
4( fy) 4*420
14 1.4 2
Asmin = —— (bw)(d) = == *1000* 260= 866.67 mm“Controls.
(fy) 420
A= 3276 mm?

Use 118 20 Bottom, A provided= 3456.2MM*>A; required= 3276mm°... Ok

Check spacing:-

__1000—40%2—20—(11X20)
= o =

S

68mm >d, =20>25mm OK

Check for strain:-

AS.
a= Ty - = 34562 X420 _ 71.16 mm.
0.85b f/  0.85x1000x24
c= a _ 7116 83.72mm.
B,  0.85
= 0.003 (d — C) = 0.003 (260 _ 83'72) = 0.00632 > 0.005 0k
&= c )77 8372 ) :

Flexural Design of Positive Moment for (BB1-2) :-( Mu=145.9KN.m)

M, _ 145.9x10°
Obd? 0.9x1000x2602

= 2.398Mpa.

n

f 420
m= Y ;= =
0.85f!  0.85x24

20.6
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p=1<1 _ 1 _m> =;<1 _\/1 _M> = 0.0061.
m 420 20.6 420

A = p.b.d = 0.0061x1000x260 = 1586 mm?.

CheCk for As’min:'
Jic \/24 )
As *1000*260 = 758.18 mm
min = (f)( W) = 25120
ASin = ( w)(d) = 14 x1000*260= 866.67 mm’Controls.
(f ) 420
As= 1586 mm?

USG 6”20 Bottom, As’providedz 18852 mm2>As,required= 1586mm2 oo Ok

Check spacing:-

1000-40%2—20—(6%20)
5

S=

= 156mm > d, = 20 > 25. OK

Check for strain:-

AS.
a= fy = 1885.2x420 _ 38.8 mm.

0.85b f! ~ 0.85x1000x24
c=2 = 388—456mm

B, 085

d—c 260 — 45.6
& = 0.003 (—) = 0.003 (—) = 0.014 > 0.005 0k
c 45.6

Flexural Design of Negative Moment for (BB1-2) :-( Mu=-333.4KN.m)

R = M, 333.4 x 10° _ca8 M
"= 0bdZ T 0.9 x 1000 x 2602 e MPa

__fy _ 420
0.85f!  0.85x24

= 20.6
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o=t (1= o) = g (- -2 s
m 420 20.6 420

As=p.b.d = 0.0155 x1000x260 = 4030 mm>,

CheCk for As’min:'
“24 * 2
As v 1000*260 = 758.17 mm
min = (f)( W) = 5220
ASpin = ( w)(d) = 14 x1000*260= 866.67 mm’Controls.
(f ) 420
A =4030mm?>.

USG 13@ 20 ,As'pro\/idedz 40846mm2>A51requ|red= 4030mm2... Ok

Check spacing:-

1000—40%2—-20—(13%20)
12

S=

= 53.33mm >d, = 20 > 25. OK

Check for strain:-

Asfy  4084.6x420

= ;= = 84.09 mm.
0.85b fc 0.85%xX1000%24
c=2 =% _ 9892mm.
B, 085
= 0.003 (d — C) —0.003 (260 _ 9892) = 0.005 > 0.005 0k
SS = V. c = V. 9892 = V. . .

Flexural Design of Negative Moment for (BB1-2) :-( Mu=-104.7KN.m)

R = M, 104.7 x 10° 172 M
"= 0bdZ T 09 x 1000 x 2602 < MPa

fy 420

- 0.85f! ~ 0.85x24 =206
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p=l<1 - |1 —%> =L<1 —\/1 —w> = 0.00428.
m 420 20.6 420

A = p.b.d =0.00428 x1000x260 = 1112.8mm?,

CheCk for As’min:'
“24 * 2
A v f 1000*260 = 758.17
Smin = (f )( )( ) * 420 mm
ASnin = ( w)(d) = 12 «1000%260= 866.67 mm’Controls.
(f ) 420

A, =1112.8mm?.

USG 3ﬂ 25 ,Asiprovidedz 14712mm2>A5‘requ|red= 11128mm2... Ok

Check spacing:-

1000—40%2—20—(3%25)
2

S=

=412.5mm > d, = 20 > 25. OK

Check for strain:-

Asfy _ 1471.2.x420

a= ; = = 30.29 mm.
0.85b f! ~ 0.85x1000X24
== = 30.25 35.6mm.
B, 085
d—c 260 — 35.6
& =0.003 (T) = 0.003 <T) =0.0189 > 0.005. 0k

Shear Design for (B 3): -

1. Case3:-

For shear design, minimum shear reinforcement is required (A4, ;4in), Reinforcement.

Use stirrups (4 leg stirrups) @ 8/ 150 mm, A, = 4 x50.24 = 200.96 mm?®,
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1. V,=382.6 KN.
Ve==\fc'by d == <V24 1000 % 260 * 10 — 3 = 212.29 KN.

® V=0.75*212.29 =159.22 KN.
® Vsmin> 0.75 (% ) * bw * d =0 .75* (% )*¥1000%260*10° = 65KN Controls.
,J fc' \24
® Vsmin >0.75 (W) *bw *d = 0'75*(T) * 1000 * 260107 = 59.71 KN.
D Ve<Vu<®d Ve + & Vsmin.
159.22<382.6< 224.22...... not satisfied.
Cases 1&2&3 is not suitable.

Case 4:-
vy = 2y/fc'by, d = 3v24 + 1000 * 260 + 10 — 3 = 424.58KN,

@(vc + Vs min) < Yy < Q(vc + 1.75') .
0.75(212.29+ 86.67)<382.6< 0.75(212.29 + 424.58)
224.22<382.6<477.65.

Shear reinforcement are required:

Use4leg ® 10
Av =312 mm?
Vi = Vo= Ve = 222221229 = 297.84KN
Avfyrd 312 %420 * 260
S = = = 114.39
v 297.84 1000 mm
d 260
Smax = 2= 5 = 130 mm control
or Smax < 600 mm

Use 4 leg @ 10 @100mm.
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4.7 Design of Column

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

Load Calculation:- (From Column Group 2)

Service Load:-

Dead Load =907.44KN
Live Load =489.74 KN

Factored Load:-

Py =1.2 x907.44+ 1.6x489.74 =1872.5 KN
Dimensions of Column:-

Assumeopg = 0.01

#*Pn=0.65x0.8x Ag{0.85 fc (1— pg) + pg * Fy}
1872.5=0.65x 0.8x Ag {0.85*24(1-0.01) + 0.01*420}
Ag= 147604 mm?2

Assume Rectangular Section

h =450mm

b =147604 /450 = 328 mm

select b = 600 mm

Fig 4.6:Column section
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Check Slenderness Parameter:-

& < 34—12ﬂ <40
r M 2

Lu: Actual unsupported (Unbraced) length.

Structural Analysis And Design

K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,

shall be permitted to be taken as 1.0.

R: radius of gyration = \/IA: ~03h............

Lu=350-0.45=3.15m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.50 m)

w < 34—12ﬂ <40

r M2
_1x3.05 —16.94 < 22
0.3x0.60

Column Is Short About Y-axis

e about X-axis (h=0.450m)

m<34—12m
r M?2

1x3.05

———=226>22
0.3x0.450

............... ACI —(10.12.2)

...... For rectangular section

Column Is Long About X-axis
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Minimum Eccentricity:-

Mux
Pu

ey = 0

Structural Analysis And Design

miney =15+ 0.03xh =15+ 0.03x450=28.5mm = 0.0285m

ey = 0.0285m

Magnification Factor:-

5. ——CM __ ~10and<1.4
T

~ 0.75P,

Cm=0.6+0.4 M1 >0.4
M 2

Cm=06+04*1=1>=04

3 7El
T (KLu)?
E I
El =04—2
1+ B,

E, = 4700,/ fc' = 4700x /24 = 23025Mpa
_1.2DL _ 1.2*(907.44)

=0.581<1
Ps Pu 187244
3 3
I, = bxh _ 0.60x0.45 _ 0.004556m*
12 12
£y _ 0:4x23025x0.004556 _ . 1 oo
1+0.581
2%26.54
P, =2 2227 _28.12MN
(1*3.05)
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1
Spe = 187244 =1.1>1.0and <1.4
0.75*28129

Interaction Diagram:-

ey=e,, xJ, =0.0285x1.1=0.03135m

ey 003135
h 06

y _450-2%40-2*10-25 _
h 450

From the interaction diagram chart

fromchart A9 -a for% =0.6 > pg =0.01
fromchart A9 - b for% =0.75—- pg =0.01

then for % =0.722—> pg =0.01

Selectreinforcenent
Ast = pg x Ag = 0.01x450*600 = 2700mm*?
Select9 ¢20 with As = 28.3mm? > Ast = 2700mm? .

Design of the Stirrups:-
The spacing of ties shall not exceed the smallest of :-

spacing<16xd, =16x2.0=32cm
spacing<48xd, =48x1.0=48cm
spacing < leastdim =45cm

Usegl0@ 20 cm
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Structural Analysis And Design

_Ea_
52 i
= . 11 i
T 11 117
P F j 42 42 1M
= 37 37 52
L. I @10/20 L=0.74
. .3 28
1020, L=1 62

@10/20,L=2

Fig 4.7:Column Reinforcement Details.

4.8 Design of Shear Wall

6.75

Fig 4.8:Shear Wall.
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240

308.12

401.65

705.5

Fig 4.9:Shear Diagram of Shear Wall.

1560.1

2934.17

5421.94

Fig 4.10:Moment Diagram of Shear Wall.
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+ Material and Sections:- (From Shear Wall 2)

= concrete B350 Fc' = 24N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h = 25cm

= Shear Wall Width Lw = 6.75m

= Shear Wall Height Hw 4 =m

Design of Horizontal Reinforcement:-
D> Fx=Vu=7055 KN

The critical section is the smaller of:-

M = E =3.375m....Contral
2 2
h—W = E =8m

2 2

storyheigh{Hw) = 4m.

d=08xLw=0.8x6.75=5.4m

5 !
OVmax = Q)g\/fc hd
= 0.75 * 0.83 * V24 * 250 * 5400 = 4116.97 KN > V,, = 705.5KN

V. is the smallest of :
1

1- V. = %,/fc’hd = gm * 250 * 5400 = 1102.27KN ........ Control
N,d
2— V. =027/f hd +—
41,
Ly (01YF +0.27%)
3— V. =]0.05/f. + T m—

Vy 2

= 0.27v/24 % 250 * 5400 + 0 = 1785.67KN

hd = 3501.27KN
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= M, = 2934.17 + 705.5 * (4 — 3.375) = 3375.1KN.m

M,
Vu

l, 33751 6.75
2 7055 2

= 1.408

Vc =1102.27KN

@ *vc + Quvs = vu

@ * vs=VU-Q * vc

Vs=vu/@ — vc

Vs=705.5/0.75-1102.27= -161.6KN ........ No need reinforcement

Minimum shear reinforcementis required:

Min(Avh/Sh)=0.0025*h
=0.0025*250=0.625

Select @10 ,two layers

Avh=2* 7 *10?/4=157 mm?

157/Sh=0.75

Sh=157/0.625=251.2

Select Sh=200mm<Smax=Lw/5=675/5=135 cm.
=3*h =3*25=75 cm.

Use $10/200 mm for two layers.

Design of Vertical Reinforcement:-

P = [0.0025 +0.5 (2.5 —7) (2 - 0.0025)] *250

Lw Sp*h

AS— = [0.0025 +0.5 (2.5 - %) (203350 - 0.0025)]*250

AUU
— =0.635
S

14

Select 10 in Two Layer

_ 2xm*102

A,p = =157 mm2
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7
= 0.635

v
S,=247.24 mm
- Maximum spacing is the least of :
M = 67_50 =2250 mm

3 3
3*h = 3*250 = 750mm
450 mm ....... Control

Use ¢$10/200 mm for two layers.

10 1050 18 10020
?u B 100 ?u
R |
s iom — — i
3 inm — —
EF
o T i a
ol sl 21020
=07
3 inm — —
EF
j% e j% —
" " 21020
=07
Foso i0m — —
jE EF ﬁ
i i@ i 1
21020
=07
Foso i0m — —
jE EF ﬁE
HK i@ H i 1
21020
=A75
e nm — —
EF
g Al B 1A
e =
|1 | 21020
=07
| 875 |

Fig 4.11:Shear wall Reinforcement Details.
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4.9 Design of Basement wall :-
Backfill wight = 18 KN\m?3 , Angle of friction © = 35, fc =24 Mpa ,fy = 420 Mpa

Wall height = 4m, weight of surcharge hs = 5 KN\m?
Solution:Cy = 1 - sin = 0.426, due to surchargeh, = % = % =0.278 m

Due to soil pressure Py = Co*w*h = 0.426*18*4 = 30.672 KN\m

Pyxh _ 30.672x4
2 2

Hy= =61.344 KN

Due to surcharge P, = Co*w*hy= 0.426*18*0.278 = 2.13 KN\M?
Hg= P,*h = 2.13*4 = 8.53 KN

Reactions:

M, = 1.6*(2) + 1.6*(”;* ) = 16%(2=

) 4 16%(2

) 59.2KN.m

61344 8753) % =24.75 KN

)= 16%

Rp= 1.6%(2 + =

R,=1.6*(H, + Hs) - Rp = 1.6%(61.344 + 8.53) - 24.75= 87.048 KN

Max moment where V,=0 = 24.75—1.6*0.5* 30:'72 X?% - 1.6%2.13*X =0

6.13X2+ 3.408X - 24.75=0 > X=1.8m

Positive moment:

1.82

30672*1 82* +2.13*=2)=27.1KN.M

Mooy = 24.75%1.64 — 1.6%(0.5*

Moment/Shear Envelope (Factored) Units:kN,meter

Moments:

spans 1lto

-59.2

0.92

2.2 77 1.8 |
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Shear

228 -24.7

87.

77.3

Fig 4.12:Shear and Moment Dimgram for Beasement Wall.

For negative moment:
Assume wall thickens = 20 Cm with 40 mm cover and 20 mm diameter bar used in
reinforcement.

d= 200-40-22—0= 150mm, take ¢ = 0.9 for flexure.

My _  59.2%10°
Rn= ®hd2 ~ 0.941000%1502 2.923 MPa
m= —2 420 _50.588

T 0.85+fc  0.85%24

0= 1(1_ ,1 _ Z*m*Rn)= 1 (1_\/1 _ 2*20.588*2.933)= 7574*10_3
m fy 20.588 420

Ag rec=p*b*d = 7.574*1073*1000*150 =1136.074mm?* /M

Minimum reinforcement for vertical Ag,in= 0.0015bh=300mm? /M

Ag min for flexure = 0.25* fﬂ;* b, *d = 1?:* b, *d

0.25* %‘* 1000*150=437.408 mm? /m=> 2 1000*150 = 500mm? /m
_ 1136.074 _

T(113+154) 4.25
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- select (5¢12 + 5 ¢14)/m or ¢12/20 Cm + ¢14\20 Cm

For positive moment:

d= 200-40-12—2= 154mm assuming 12 diameter used, take ¢ = 0.9 for flexure.

M. 27.1%10°
R,= 3 L= =1.27 MPa
bd?  0.9%¥1000%1542

m= fy _ 420
T 0.85+fc  0.85%24

_1 ) _2¥mARn, 1 ) _ 2%20.588%1.27 - %103
p—m(l /1 i )= 20_588\1 \/1 0 )=3.124*10

Agrec=p*b*d = 3.124*1073%1000*154 =481.14 mm? /m

=20.588

Minimum reinforcement for vertical Agpin= 0.0012bh=240mm? /m

e

As,min for flexure = 0.25* fLyc*bw*d > %;*bw*d

V24

0.25% E* 1000*154=449.07 mm? /m > %* 1000*154 = 513.3mm? /m
513.3
=) 4.5

- select 5 ¢12/m or $12/20 Cm
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40 4@12 M)

12
E12-20 M[-U HOOK |_|13

.
(==)
JZ

R'° 4@6\M -5 hook &

I: @12-20 {3
1

e . {BE12-20

Fig 4.13:Basement Wall Reinforcement Details.

4.10 Design of Isolated Footing
% Material :-

= concrete B300 Fc' = 24N/mm?
= Reinforcement Steel Fy = 420 N/mm?

Load Calculations :- (From Column Group 2)
Dead Load = 907.44 KN,

Live Load = 489.74 KN
Total services load = 907.44+ 489.74 = 1397.2 KN
Total Factored load = 1.2%907.44 + 1.6%487.74 = 1872.5 KN

Column Dimensions (a*b) = 45*%60 cm
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Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2

J.

l

Structural Analysis And Design

;HH—;‘ R

N
A
<§,
R

o o o e

4
-
Lo

Assume h = 60cm

T 4‘1"
N A I O A

Horizontal section in footing FQO0X200X50 em)

Fig 4.14 :Isolated Footing Section.

Qet—aliow = 400 — 25*0.6 — 18*0.4 = 377.8kn/m2

Area of Footing :-

Pt 1397.2
A= =

Onet—atiow
Assume Square Footing
B required =1.923 m
SelectB=2m

Bearing Pressure :-

qu = 1872.5/2*2 = 468.125 Kn/m?

3778

3.7m
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1- Design of One Way Shear Strength :-

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

[~ 5 KN/m°

Assume h = 60cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover /\l
d=600—75-14 =511 mm wcined cack” |

|
Vu = qu= (B;a - d) * L g:em:;;:%‘e-g? 'o"‘f /;::u:z': :;:.;'!ov

2—0.45 V

VU = 468.13*( 045 _ 0.511) % 2 = 247.2Kn

d

Column \D

<

$NC :¢%*\/f_c'*bw*d

A

AV 0.75*%*\/ 24*2000*511=625.8Kn

One-way shear,

¢pVc =625.8KN >Vu =247.2Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu =18725-468.13[(0.6 +0.511) *(0.45+0.511)] = 902.5Kn

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

V. =¢.1(1+3}/ f.'b,d
61 B
1l « !
V. =g—| % 120t b,d
¢ C ¢ 12[b0/d + ] C [0}
V. = ¢%w/ t'b.d
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Where:-

B Column Length (a) 60
€ ColumnWidth (b) 45

=1.33

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

b, =2*(51.1+ 60) + 2* (51.1+ 45) = 414.4cm

%s =40 for interior column

AT =¢-l 1+i \ fc'bod :E*(uij* 24*4144*511=13246.7Kn
6 B 6 1.33

Ve = 4. 1(

*
o ]\/ bd—075 (40 >11 2)* 28*3744*511=4720Kn

b,/d 12 3744

AV =¢%\/ fc'bod =%* 24*4144*511 = 2594Kn

®Ve =2594 Kn>Vu=902.5Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column

2-0.45

) « [ = 468.13 * ( ) *2 =725.6Kn

FR = qu« (%

Mu = 468.13* 2*0.6x ( ) 168.23Kn.m

M, 168.23x10°
R=—"%= = 0.36 Mpa
" obd2 T 0.9%x2000%x5112 p

fy 420
0.85f!  0.85x24

p=i<1— 1—2’””)— <1—Jl—w>=0.00865
m 420 20.58 420

As req = p.b.d = 0.00865x2000x511 = 8840.3 mm?

= 20.58

m=

As min = 0.0018*2000*600 = 2160 mm?

Asyreq>Asﬁmin = 8840.3 mm2 ......... iS COIltl'Ol
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Check for Spacing :-

S =3h =3*60 = 180cm
280

S= 380*(2 ) 2.5*75=192.5¢cm

S=45¢cm ......... is control

Use 12616 in Both Direction, Asprovided= 8842.24mMM*>A required= 8840mm°... Ok

Check for strain:-

Asfy  8842x420
0.85b f/  0.85Xx2000x24

=91 mm

c=2 =22 _107mm
B, 0.85

d—c 511 — 107
& = 0.003 (T) = 0.003 (T) = 0.011 > 0.005 ...... Ok

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = @(085ch1><\/7)

Al— 0*45= 0270m

=200* 200 = 4 m?
i = i = 3,85> 2 ................ i = 2
A V0.270 A
®Pn.b=0.65x%(0.85%x24%x270x2) =7160.4Kn
®Pn=71604 > Pu =18725.......... .0k

No Need For Dowels

Load Transfer In Column :-

®Pn.b=0.65%(0.85x24x270) =3580.2Kn
®Pn =3580.2 > Pu =18725kn.......... .0k
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No Need For Dowels
As,min = 0.005 * Ac = 0.005 * 600* 450 = 1350 mm2

Use 8816, As provided= 1608 MM*>A; required= 1350 mm®... Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

_ 29 Fy  Yepsipe
Ldy req — 1o * m * izfcb * db> 300mm

Ktr = 0 (Nostripes)
16 150
cb = 75+7= 83mm Or cb =T=75mm

ktr+cb_0+75

= 4, 2.
b 16 68 > 2.5
ktr + cb — o
db
Ldr req = o * moex 2224 16 = 395 mm> 300mm
Ldt available = 20002_600 -75= 625 mm
LdT a\/ai|ab|e: 625 mm >ldreq = 395 MMaeeeeooen OK

Compression Development Length In Footing :-

Ldcreq™ “22222> 0.043*Fy*dB >200mm
Ldoreg= *2422018 = 329 2> 0,043*420+16 = 288.96>200mm

Ldc req= 329.2 mm

Ldc available= 600 — 75 — 16 — 16 = 493mm >Ldc req=329.2 mm ........ Ok

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb = 0.071x420 x16 = 477.12 mm > 300 mm
Select Lsc =500 mm
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L1 )
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T
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'
,
i
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Fig 4.15 :Isolated Footing Reinforcement Details.
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4.11 Design of Combind Footing :-

v concrete B350 Fc' = 24 N/mm?

v' Reinforcement Steel Fy = 420 N/mm?

Load Calculations :- (From Column Group 2)

DL=H25.28 KM DE=507.44 KM
LL=379.35% KN LU=4889.78 KN
= R

GOXAS SOHAS

A4 9.45m

C111 Cl15

21

(NN RANNNERRRRNNRRNEREY

T p= Z2B0E. 45

Dead Load = 829.28KN , Live Load = 379.95 KN (Col 111)

Dead Load =907.44KN , Live Load = 489.78KN (Col 115)

Total services load (P) = 829.28 + 379.95 + 907.44 + 489.78 = 2606.45 KN
Column Dimensions (a*b) =60*45 cm

Soil density = 18 Kg/cm3

Allowable net soil bearing presure = 400 KN/m2

Footing dimention :-

> Mcol111=0
(907.44+489.78) * 2.1 — 2606.45 *x = 0
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X =(907.44+489.78) * 2.1/ 2606.45 =1.12 m

GO AS 0145

.4 0.55m

A= pPNn/Qa et = 2606.45/400 = 6.52 m?

A =B*L take B=3.65m, L=A/B=6.52/3.65= 1.8 m _ Rectanguler combind
Depth of Footing and shear design:-

Py, = 1.2*( 829.28) + 1.6%(379.95) = 1603.1 KN
Pou = 1.2*( 907.44) + 1.6%(489.78) = 1872.6 KN
Pu = 1603.1 + 1872.6 = 3475.7 KN

(u = 3475.7 / (3.65*1.8) = 529 KN/m?

Flu=1603.1 KH FPZu=187Z.8 EH

E0x45

D.4m G.55m

IRRRRARRA RN R AR AR

529%3.65=1930.85 KN/ m

Design of reinforcement concrete :-

Check for one way shear :-
assume h =0.6 m
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Cover =75 mm, ® =16 mm , thickness = 600 mm
d=600—-75-16/2 =517 mm

PN = ¢%\/ fcrbod = %* 24*3650*517*10"-3 =1146.6Kn

At column 111 P,, = 1603.1 KN
Vu =1603.1-529*3.65*(0.517+0.6+0.4) = - 1318.2KN

At column 115 P,, = 1872.6 KN

Vu = 1872.6-529*3.65*(0.517+0.6+0.55) = - 1338.2KN
®Ve =1146.6 > VUmax = -1338.2

The thickness h=60 cm is adequate enough.

Check for two way shear action (punching) :-

At column 111 P4, = 1603.1 KN

d/2 =0.513/2 =0.2565 < 0.6

as edge peremeter by = 2*(0.45+0.6+0.517/2)+(0.45+0.517) = 3.594 m
Vu = 1603.1-529%(0.45+0.6+0.517/2)*(0.45+0.517) = 937.53 KN

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

1, 2\ [,
¢'Vc = ¢E(1+ﬂ_j\/?bod
e = (b /d er d
#V. =951, n,d

Where:-

Column Length (a) 60
B - : =~ -1.333
ColumnWidth (b) 45

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

%s = 45 for interior column

PV = ( }/ b,d = 075 75 (1+1 3233)* 24*3650*517 = 2867Kn
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1( «a , 0.75 ( 45*517
V. =g—| % 120f bd= * +2 |*\/24*3650%517 = 4772.67Kn
Ve ¢12[bo/d J °e 12 ( 3650 )

A =¢.%\/ fc'bod =%* 24*3650*%517 = 2293.27Kn

®Vce =2293.27 Kn>Vu=937.53Kn The thickness h=60 cm is adequate enough.

1- Design of Bending Moment :-

Critical Section at the Face of Column:

V =0=23475.7 - 1930.85* y=0.0 — y= 1.8 at middle
Assume with clock direction positive and negative movement :
M —ve = -3475.7*1.2 + 1930.85* 1.8*1.8 /2 = -515. KN.m

M +ve =1930.85* 0.6=1158.51 KN.m

For negative moment:

M, __  515.1x10°

R.,= = =
" gbaz 5172

0.9%X3650%

f 420
m= Y ; =
0.85f; 0.85%24

p=l<1 -1 —%> :;<1 —J1—w> = 0.00147
m 420 20.58 420

Asreq = p-b.d = 0.00147x3650x517 = 2752.5 mm?

= 20.58

Asmin = 0.0018*3650*600 = 3942 mm?

Asvreq = As,min = 3942 mm2 ......... iS COHtl‘Ol

Check for Spacing :-
S =3h =3*60 = 180cm
259 ) 25%75=192.5cm

- *
S =380 (2*420

S=45¢cm ......... is control
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Use 20916 in Both Direction, A provided= 4019.2MmM*>A; required= 3942 mm?... Ok

Check for strain:-

_ Asfy  4019.2x420

a= - = = 22.67mm
0.85b fc 0.85%X3650%24
c=2 =22 _ 9667 mm
B,  0.85
—0.003 (d — C) = 0.003 (513 _ 26'67) — 0.054 > 0.005 ......0k
& =0. —)=0 667 = 0. 005 ...

For positive moment:

M, 1158.1x10°
R=—"%= = 1.33Mpa
" @bdZ T 0.9%3650x5172 p

£ 420
m= Y 7 =
0.85f!  0.85x24

p=l<1 - |1 _m> =;<1 —J1 —w> = 0.003277
m 420 20.58 420

Asreq = p.b.d =0.003277x3650x517 = 6136 mm?

= 20.58

Asmin = 0.0018*3650*600 = 3942 mm?

As req = 6136 mm? ......... is control

Check for Spacing :-
S = 3h = 3*60 = 180cm
259 ) 25*75=192.5cm

- *
S =380 (§*420

S=45cm ......... is control

Use 32616 in Both Direction, A provided= 6430.72MM*>A required= 6136 mm°... Ok

Check for strain:-

_ Asfy _ 6430.72x420

a= - = = 36.27mm
0.85b f! = 0.85X3650x24
a 3627
C=—=——=42.67mm
B,  0.85
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d— c) —0 (513 —42.67

& = 0.003 (T 1267 ) = 0.033 > 0.005 ...... Ok

2-Design of Bending Moment in transverse direction :-

At column 111 Py, = 1603.1 /3.65 =439.2
The maximum moment = 439.2/2 *(3.65/2+0.45/2) =450.18 KN.m

D= 600-75-16/2 = 517
The band width = c+d =(0.45+0.6+0.517/2) =1.31 m take band width = 1.5 m

M, __  450.18x10°
Rn= @bd? ~ 0.9x1500x5172 1.24Mpa
m= -2 =20 _5g5g
0.85f! ~ 0.85x24
1 2mR,\ _ 1 _ _ 2x2058x1.24\ _
p= E(l - T 420 > "~ 2058 <1 \/1 420 > = 0.00304

Asreq = p.b.d=0.00304x1500x517 = 2363.7 mm>

As min = 0.0018*1500*600 = 1620 mm?

Asreq = 2363.7 Mm? eueen... is control

Check for Spacing :-
S =3h=3*60 = 180cm

2% ) 2.5%75=192.5cm

S =380 (2*420

S=45¢cm ......... is control

Use 12916 in Both Direction, As provided= 2411.52Mm*>A required= 2363.7 mm?... Ok

Check for strain:-

Asf 2411.52X420
a=——2> = = 33.1mm
0.85b f! ~ 0.85x1500x24
a 331
C=—=—7—-=389mm
B, 085
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d—c 513 — 389
& = 0.003 (T) = 0.003 (W) = 0.036 > 0.005 ...... Ok

At column 115 P,, = 1875 /3.65 =513.7
The maximum moment = 513.7/2 *(3.65/2+0.45/2) =526.54 KN.m

D= 600-75-16/2 = 517
The band width = c+d =(0.6+0.517) =1.117 m take band width = 1.5 m

My _ 526.54x10%
" pbd?z T 0.9x1500x5172 1.45Mpa
m=-2_ =40 _ 58
0.85f/ ~ 0.85x24
_af [ 2mRy\ _ 1 |, _ 2x2058x1.45)\ _
P= (1 420 ) ~ 2058 (1 \/1 420 > = 0.0036

Asreq = p.b.d = 0.0036x1500%517 = 2791.8 mm?

As min = 0.0018*1500*600 = 1620 mm?

Asreq=2791.8 mm? ......... is control
Check for Spacing :-
S =3h=3*60 = 180cm
S= 380*(23‘;0) ~2.5%75=192.5 cm
3

S=45¢cm ......... is control

Use 1416 in Both Direction, As provided= 2813.44Mm*>A required= 2791.8 mm?... Ok

Check for strain:-

Asf 2813.44%420
a=—2>% = = 38.6mm
0.85b f/  0.85x1500%x24
a 38.6
C=—=—""=454mm
B, 0.85

d—c
& =0.003 (T) = 0.003(45.4) = 0.032 > 0.005 ...... 0k
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Fig 4.16:Combind Footing Reinforcement Details.

4.12 Design of Stair

Fig 4.17: Stair Plan.

94



Chapter four Structural Analysis And Design

« Material :-

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-
Determination of Thickness:-
hmin = L/20

hmin = 6/20 = 0.3 cm
hmin = L/28

hmin =5.6/28 = 0.214 cm
Take h=25cm

The Stair Slope by 6 = tan™(150 / 300) = 26.5°

Load Calculation:-

Dead Load For Flight For 1m Strip:-

23*0.03*1*((0.35+0.15)/0.3 ) = 1.15Kn/m

22*0.02*1*((0.3+0.15)/0.3 ) = 0.66Kn/m

25/0.3 *1*((0.3*0.15)/2 ) = 1.875Kn/m

25*0.25*1 / c0s26.56° = 6.99Kn/m

22*0.03*1 / c0s26.56° = 0.738Kn/m

Table (4.4): Dead Load Calculation of Flight.
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Live Load For Landing For 1m Strip = 4*1 = 4 Kn/m

Factored Load For Flight :-

Wy = 1.2 x11.413 + 1.6%4 =20Kn/m

System of Flight:-

\ 21 51. 2.1

Fig 4.18: Shear and Moment Envelope Diagram of Flight.

1- Design of Shear for Flight :-

Assume bar diameter g 14 for main reinforcement

d =h- cover — < = 250 — 20 — = = 223 mm

Assume beam width 30 cm

Vu =42.15 - 8(0.15+0.223) = 39.17 kn

Ve==y/fc'by d == =v24 %1000 * 223 = 182.1 Kn
® V.-0.75*182.1 = 136.6 KN

Vu,max = 39.17kn < 0.5 ® V. =68.28 kn

The thickness of the slab is adequate enough
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2- Design of Bending Moment for Flight :- (Mu=76.85 Kn.m)
Mu = 42.15 — (6/2) — 8*1.5 ((1.5+3)/2) — 20.1 — (3/2)-(3/4) = 76.85 kn.m

Mn = Mu/0.9 = 76.85/0.9 = 85.39 kn.m/m

Assume bar diameter g 14 for main reinforcement

M, __  76.85x10°

Rn= ObdZ  0.9x1000x2232 1.71 Mpa
m=—22_ =42 _ 06
0857/  0.85x24
1 2.M.Ry, 1 2%20.6X1.71
P=E<1_ - Zo>=ﬁ<1_\/1_ 420 >=0'00428

Asreq = p.b.d = 0.00428 x1000x223 = 954.44 mm?/m

Asmin= 0.0018*1000*250 = 450mm?/m

ASreq = 630 mm?>A min=450mm?/m

Check for Spacing for shrinkage and temperature reinforcement smallest of :

S =5h =5*250 =1250 mm
S =450 mm

S =300mm
S=300 <Smax=450 mm - OK

Use 3614 @ 150 mm A provided= 461.7 MM*>A required= 450mm°... Ok
2- Design of Landing :-
Determination of Thickness:-

hmin = L/20

hmin = 6 /20 = 0.3m = 30cm

Take h=25
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Load Calculation:-

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

23*0.03*1= 0.69Kn/m

22*0.03*1= 0.44Kn/m

25*0.25*1= 6.25Kn/m

22*0.05*1= 0.66Kn/m

Table (4.5): Dead Load Calculation of Middle Landing.

Mu= 13.6(3.2/2) — 811.5((1.5+0.2)/2) — 16*(0.2/2) —(0.2/4) = 11.48 kn.m
Mn = Mu/0.9 = 12.76 kn/m
d=250-20-14—-(14/2) =209 mm

M. 11.48x10°
R=—%= = 0.292 Mpa
"7 @bdZ ~ 0.9x1000x2092 p

_ _fy _ 420
T 085f]  0.85x24

o= i(l _l1- 2.m.Rn> _ L(l B \/1 _ 2><20.6><0.292) — 0.007
m 420 20.6 420
Asreq = p-b.d = 0.0007 x1000x209 = 146.35 mm’/m

= 20.6

m
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Live load = 4 kn/m?

Total factored load w=12D+16L

For flight w=1.2*11.413+ 1.6 *4=20.1 kn/m
For landing w=12*8.04+16*4=16kn/m

Landing carried tow distance only half the load will be considered in each direction 16/2 = 8 kn

&10@20 cm

X
-
E- 3

B12@25 em

| | Manerd gm

E10@20 cm

Fig 4.18:Stair Section
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