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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 with, or diameter of circular section

DL deal 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 moments

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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CHAPTER 4

STRUCTURAL ANALYSIS
& DESIGN
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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?3.
e 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:

% 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

L)

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.

X/

% 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:-
1. Concrete: B300.. ... fc'=30*%0.8 = 24N /mmZ(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:

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

Minimum thickness (h)

Simply One end Both end )
Member supported Continuous continuous Cantilever

solid one way
slabs

Beams or
ribbed one way
E]

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

1. For Ribs: -
hminfor (one end continuous) =L/18.5=5.95/18.5=32.16 cm
hminfor (both end continuous) =1/21=7.20/21=34.28 cm
hminfor (both end continuous) =L/21=3.55/21=16.90 cm
hminfor (one end continuous) =L/21=5.6/18.5=30.27 cm

Take h =32cm.
24 cm block + 8 cm topping = 32cm.

For Beams: -

hminfor (one end continuous) =L/18.5=5.95/18.5=32.16 cm
hminfor (both end continuous) =/21=28/21 = 13.33 cm
hminfor (both end continuous) =1/21=4.44/21 = 21.14 cm
hminfor (both end continuous) =/21=3.51/21 = 16.7 cm
hminfor (one end continuous) =L/16=5.60/18.5=30.27cm.

Take h =32cm.

59



4.4 Design of Topping:
Statically System for Topping: -

Wu

" 40 cm -

Fig 4.1: Topping Load.

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

Load Calculations: -

Dead Load: -

No. | Parts of Rib Calculation

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

Sum = 4 54KN/m

Table (4.2): Dead Load Calculation of Topping.
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Live Load: -

L =2 KN/m?
L =2 KN/m2x1m=2KN/m

Factored Load: -

Wu=1.2x4.54 + 1.6x2=8.65KN/m
Check the strength condition for plain concrete, 8Mn > My, where g = 0.55-for pain

concrete

Mn = 0.42 & \/f/Sm(ACI 22.5.1, Equation 22-2)

_ b.n* 1000.80?
6 6

gMn =0.55%0.42x1x+/24 x106666.67 x10~¢ =1.207KN.m

S, = 1066666.67 mm3

Wy L?

My = T 0.115 KN.m (negative moment)
Wy L? ...
My = Yol 0.058 KN.m (positive moment)

gMp>> My= 0.115 KN.m
No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin for
slabs as shrinkage and temperature reinforcement.
Pshrinkage = 0.0018 ACI1 7.12.2.1
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:
1. 3h=3x80 =240 mm control ACI 10.5.4
2. 450mm.

280 280

3. 5=380(2%) - 2.5C; = 380 (7= | — 2.5 20 = 330mmACI 10.6.4
fs 2420

Take g 8 @150 mm in both direction, S = 150 mm < Smax = 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).

B < 3.5 OW e ACI (8.13.2)
Select h=32cm<3.5*%12= 49 cm.
tf>Ln/12 >50mm .......

Select tf = 8cm.
Material; -

= concrete

= Reinforcement Steel

Section: -

t=80mm

R

B300

B =520 mm
Bw=120 mm
h= 320 mm

ACI (8.13.2)

................................. ACI (8.13.6.1)

Fc' = 24 N/mm?
Fy = 420 N/mm?

d=320-20-10-12/2= 284 m

Statically System and Dimensions: -

]| | HiL|

[T

I
&

= 15

Be

E

Fig: 4.2 rib 1 for plan basement 1




| Ziles 3 ¢

| Mortart 3 cm

| Coarse Sand fill 7 ¢

| R Concrete Topping 8 cm
| Concrete Block

| R Concrete Rib

| Plaster 2%em

Typical Section In Ribbed Slab
Fig 4.2: One Way Rib Slab (RB1-2) in basement #1

Load Calculation: -

Dead Load:-

No. | Parts of Rib Calculation

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

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

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

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

Hollow Block 0.24*23*0.2= 1.104KN/m/rib

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

1
2
<
4
5
6
7
8

Partitions 2.38%0.52=1.24 KN/m/rib

RC. Rib 0.24*25*0.12 = 0.72 KN/m/rib

Sum = 5.54KN/m/rib

Table (4.3): Dead Load Calculation of Rib (R4).

Dead Load /rib =5.54 KN/m.

Live Load: -

Live load = 2 KN/m?2.
Live load /rib =2 KN/m? x 0.52m = 1.04 KN/m
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< 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.
Geaometry Units:meter. crm
1 2 3 3
1 2 3 4
A A A — A
A - A A -
ar 4.9 0T 218 08 6.3 5.33 0.6
— — e — — — —
51- I I 1
v
AR
Laading
] I.:J:I Ty, 1 - = =
Dead load - Servica Units: kM, mater
.54 5.54 3.04 5.54
F i
a6 235 [ T2 355 [
Live load - Servicea Load factors: 1.20,1.20{1.60,0.00
Y T I 3} T T I ' T YT A JE | I T Y
1 36 300 T2 350
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Moment Design for (RB1-2): -

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

Moments: spans 1104

-39.8

258 -30.5 , -20.9

-21.6 -19.5

126 . -16.5 . A
0. 1 | - |
i B AL RN

-15
07
MF.— E'\_/ 1.41-dl2 U

177 | 3.24 3.96 | 3.57 2.38
I

span

Deflection

Design of Positive Moment for (RibB1-2) :-( Mu=23.7 KN.m)

Assume bar diameter g 12 for main positive reinforcement

2 _ 284 mm.

d =h- cover - dyimps — 2 = 320 — 20 — 10 — =

Check if a > hs to determine whether the section will act as rectangular or T- section.
Mur = 0.85. f. be. hy. (d — D).

80

:0.85><24><520><80><(284— -

) % 106 = 207.1 KN. m.

Mn>>% = %: 26.33KN.m, the section will be designed as rectangular section with be = 520 mm.
My _ 237x10%
Rn= @bdZ ~ 0.9x520x2842 0.62 Mpa.
Ly 29 206

m= ; =
0.85f¢ 0.85x24

p:1<1_ 1_M):L<1_\/1_w>: 1.5x 1073,
m 420 20.6 420

As,req = pbd =15% 10_3 x 520%x284 = 224.3 mmz.
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Check for As min: -

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

m

ASmin= (120)(284) = 99.38mm?.
4(420)

AS mln—l—(bw)(d)

(fy)
AS min :%(120)(284) =113.6mm? controls.
ASreq = 2243mm2 > ASmin: 1136 mm2 OK
Use 2 @ 14 Asprovided = 308 mm?> As required = 224.3mm? .... Ok
§ = 220 = 32 mm > dy, = 14 > 25 mm. Ok
Check for strain: -
_ Asfy 308x420
= - = = 12.19 mm.
0.85b f/  0.85x520x24
x=2 =22 _143mm
B,  0.85
d—x
& =0.003 (T) = 0.003(14.3) = 0.04 > 0.005. 0k

Design of Negative Moment for (RB1-2): - (Mu = 30. 9KN.m)

Assume bar diameter g 12 for main positive reinforcement

d h cover - dst|rrups =320—20—-10 ——= = 284 mm.

My _ 30.9x10°
@bd? ~ 0.9x120x2842

Rn:

= 3.54Mpa.
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420
m=-—2_— = 20.6.
0857,  0.85x24

pzi(l_ 1_%)=L<1_\/1—M>=9.34*10A—3.
m 420 20.6 420

Asreq = p.b.d =0.0093x120x284 = 318.5mm?,
Check for As min: -
4/ fc’
: ﬁ(bW)(d)
AS min = 4(fy) ACI-318 (10.5.1).
J24

AS min = 4(420)

(120)(284) = 99.38mm?

1.4
o (bw)(d)
AS min=(fy)
_ 14 )

AS min = ——(120)(284) =113.6mm controls

420
ASreq = 3185mm2 > ASnmin= 113.6 mm2 OK
Use2 g 16 ,As,provided: 402.12 mm2>As,required: 318.5 mmz. .. Ok
§ = 2D = 28 mm > djy = 16 > 25 mum. 0K

Check for strain: -

_ Asfy  402.12x420

= - = = 68.99mm.
0.85b f!  0.85x120x24

68.99
X= — =22 = 81.16 mm.
B, 0.85

d—x 284 — 81.16
& = 0.003 <—x ) =0. <—81 16

Design of Negative Moment for (RB1-2): - (Mu=19.5KN.m)

Assume bar diameter g 12 for main positive reinforcement

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

_ My __ 19.5x10°
T @bdZ ~ 0.9x120x2842

Rn = 2.24 Mpa.

) = 0..007 > 0.005 .

0k
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1 420
m= 4 7 =
0.85f/  0.85x24

pzi(l _ |1 _%> =L<1 _\/1 _w> = 0.0057.
m 420 20.6 420

Asreq = p.b.d =0.0057x520x284 = 192.9mm?,

= 20.6.

Check for As min: -
f 4
. Jfe! (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1).

J24
AS min = 4(420)

(120)(284) = 99.38mm”’

14

—(bw)(d
wsmine (i O

14

) 120)(284) =113.6mm?
ASmm:420( )(284)

controls
ASreq = 192.9mm? > Asmin= 113.6 mm?0K

Use2g12 ,AS provided:226.2mm2>AS required= 192.9 mmz. .. Ok
§ = 120740°20-CX12) _ 36 1mm > d, = 12 > 25 mm. 0K
Check for strain: -
AS.
_ Asry . 2262x420 _ g g

0.85b f!  0.85x120x24
X= — = 398 _ 45.7mm.

B, 085

—0003(d_x)—0 (284_45'7)—0015>0005 0k
85 = U. . = 457 = U. . .

Design of Negative Moment for (RB1-2):- (Mu=17.2KN.m)
Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dyimps— 2 = 320 — 20 — 10 — - = 284 mm.

_ My, __ 17.2x10°
T @bd?  0.9x120x2842

Rn

= 1.97 Mpa.
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1 420
m= 4 7 =
0.85f/  0.85x24

pzi(l _ 1 _%> =L<1 _\/1 _w> = 0.0049.
m 420 20.6 420

Asreq = p.b.d =0.0.0049x120x284 = 168.8mm?.

= 20.6.

Check for As min:-

St (bw)(d)

AS min = 4(fy) ACI-318 (10.5.1).

J24
AS min = 4(420)

(120)(284) = 99.38mm?

1.4
. (bw)(d)
AS min=(fy)
S i ﬂ(lzo)(284)=113.6mm2
A> Min=420 controls
ASreq = 168.8mm? > Asmin= 113.6 mm? OK
Use 2 @ 12 ,ASprovided= 226.2 mm? > ASrequired= 168.8mm?Z... Ok
s =222 = 36 mm > d,, = 12 > 25 mm. 0K
Check for strain: -
_ Aspy  2262x420 38.8
T0.85bf. 0.85x120x24 mm.
X= — = 3881 _ 45.7mm.
B, 085
—0003(d_x =0 (284_45'7>—0015 0.005 0k
ey = 0.003(4=%) = 0.003 (222 =227) _ 0,015 > 0.005
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Shear Design for (RB1-2):-

Moment/Shea

r Envelope (Factored)

LInits: kN, meter

Shear
-32.3
-27.1 -27.3
217 175 18.8
V %
H 1 —— N |
14.4 15.8 104
19.8 ) 29 7 26.4
28.5 31.4 ’

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 ==[fIb,d = =V2& x 120 X 284 X 107 = 30.6 KN.

oV =0.75%30.6 =22.95 KN.
0.58 V¢ =0.5%x22.95 =11.48 KN.
058V<Vi<o Ve

V> o Ve

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

Vsmin=—/fibwd = 7 bw d

Vs min=1—16\/24 * 120 % 284 * 1073 = 10.35KN .

VSmin :;1 bw dz;l %120 % 284 + 1073 = 11.36KN.
@(Ve+Vsmin) = 0.75(30.6+11.36) = 31.47KN.

gVc<VU <@ (Vc+VSmin)
22.95<27.3<31.47

Case Il

For shear design, minimum shear reinforcement is required (4, 1,i»), Reinforcement.

Use stirrups (2 leg stirrups) g 8@150 mm, Ay = 2 x50.27 = 100.54 mm?.

1 by s 1 bys
Aveio =4 [F7bwS S 1bws
MmN~ 16 fé fyt = 3 fyt
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AVmin = 100.54v24 2% 5 = 1.149m.

420

— s = 1.055m.

100.54 ===

3 420

S max—>% = 142mm.

S max — <600mm.

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

2+50.3
A, =
0.15

= 670.67 mmZ/mstrip
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4.6 Design of Beam:

< Material: -

=

= Reinforcement Steel

7
A X4

Fc' = 24 N/mm?
Fy = 420 N/mm?

concrete B300

Section: -

R

B =80 cm.
h=32 cm.
Assume bar diameter g 12 for main reinforcement

d=320-40-10-18/2= 261mm.

Statically System and Dimensions: -

’i‘iJ i
1 - il Ly (= IRl
10 ‘—\ ' T | IF!‘I B
i A T
| i n
B B6 I/ Y [] Tl 0
| TN \
B13 u/ &
= Bl4 | - - ;
NN

Fig 4.4: beam 6 for plan basement 1(BB1-2).
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B 5.13 6.03 to 4.15 ol
f ; ; i
32,
To.
AN
load group no. 1
Dead load - Service Units:kN,meter
q
56 61.4 69.2 69.2
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Moments: spans 1to 7

-269.5
-204.6

20ss -248.
203.2
-183.1 » -189.6
-168.4 142.7 -154.7 144.3 1449
-116.9 , 1168 g34 935 -104.2, 004
1 98/\#\93 1 /'I\'DEI B | I'1 '12| | (1 |
0,63 N 4 A2 'A.23 !

SO C N A N S \/HH\,/

68.5

103.5 20.8 122.3 105.2
169.9
|16, 233 | 245 | 3245 | 185 185 | 214 314 | 257 | 357 | 302 | 302 | 27  14s|
I T 1 T T T T T T T T 1 T T 1
Shear
255, -273. 270.4
217.2 210.9 2159 oo 7 -222.6 225
171.5 160.6 159.6 1371
91.7
I i I I i I
T 1T T T T T T ]
90.5 L/
o2 732 o 1e43 178.9 200.5 2312 199.1
223.5 : 235.2 254, - 244.5

276.6

Fig 4.5: Moment and Shear Envelope Diagram of Beam (BB1-2).

The deflection of beam 6 from atir

span

Deflection

The deflection in all spans > L/240 .................. #OK

Moment Design for (BB1-2): -
Flexural Design of Positive Moment for (BB1-2) :-( Mu=169.9KN.m)

Assume bar diameter g 18for main reinforcement
d =320 - 40 -10 — 18\2 = 261 mm.

X =2d=2.261=111.9mm.

a=B.X = 0.85*111.9 = 95.12mm.

Mnimax= 0.85+ f7 xa *b (d - 2 ) = 0.85%24*95.12*1000%(260-95.12/2) *10°® =412.23KN.m
@ Mnmax = 0.82% 412.23 = 338.03KN.m >169.9KN.m.

Design as singly reinforcement.

M 169.9x10°
Rn=—% = - = 2.93Mpa.
®bd? 0.9x1000x2612
420
m= 2 — = 20.6.

0.85f] ~ 0.85x24

74




p= 1(1 P Z-m-Rn) - L(l — \/1 - w) = 0.0076
m 420 20.6 420

As=p.b.d = 0.0076x1000x261 = 1975mm?.

Check for Asmin: -

Jfc m

ASmin = = ————*1000*261 =761.1 mm?

T ( W) = 25120
_ 14 _ 14 2

ASmin = ( W)( ) —7 *1000*261= 870 mm-Controls.
(fy) 420

As= 1975mm?

Use 8¢ 20 Bottom, AS provided= 2514mMmm?> AS required= 1975mm?... Ok

Check spacing: -

1000-40%2—20—(6X20)

S= n =78mm >d, =20 > 25mm OK
Check for strain: -
AS.
=y 2P0 _ 59 76 mm.
0.85b f/ ~ 0.85x1000x24

X=2 =375 _ 60.89mm.

B, 085

= 0.003 (d_X> = 0.003 (261_60'89) = 0.01 > 0.005 0k
& = x )° 6089 ) = '

Flexural Design of Positive Moment for (BB1-2) :-( Mu=104.2 KN.m)

M, __ 104.2x10°
@bd? ~ 0.9x1000x2612

Rn= = 1.7Mpa.

fy 420
0.85f!  0.85x24

- i<1 _ - Z.m.Rn) _ <1 _ \/1 _ 2><20.6><1.71) — 0.0042.
m 420 20.6 420

As = p.b.d = 0.0042x1000x261 = 1096 mm?,

= 20.6
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Check for Asmin:-

[fc 4
ASmin = = *1000*261 = 761.1 mm?
" a4ty Ay ©9O = 4%420
ASmin = (fy )(b w)(d) = —0*1000*261 870 mm? Controls.
As= 1096 mm?
Use 5918 Bottom, AS provided= 1272 mm?2> AS srequired= 1096mm? ... Ok

Check spacing: -

1000-40%2-20—(5%18)

S = - = 162mm > d,, = 20 > 25. 0K
Check for strain: -
— As_fy = 1272%420 — 2619 mm.
0.85b f! ~ 0.85x1000x24
X=2 =219 _ 3081 mm
B, 085
= 0.003 (d _ X) = 0.003 (261 _ 30'81) = 0.022 > 0.005 0k
=0 X ) 30.81 - '

Flexural Design of Negative Moment for (BB1-2) :-( Mu = -204.4 KN.m)

o M 2084x10°
"= 0bd? T 0.9 x 1000 x 2612 00 MPA
Ly 20— 206

" 0.85f/ = 085x24

p:l<1_ 1_m>_ <1_\/1_m>=0.0088.
m 420 20.6 420

As=p.b.d =0.0088 x1000x261 = 2297 mm?,

Check for As min:-

A fc! 24

. ASmin = i(bw)(d) = L*1000*261 = 761.1 mm?
4( fy) 4*420

ASmin = ( w)(d) = 14 =7 *1000*261= 870 mm? Controls

(f ) 420
As =2287mm>.
Use 109 18, AS provided= 2545mm?> As required= 2297mm?... Ok
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Check spacing: -

1000—40%2—20—(10%18)

S= = = 60 mm > d, = 20 > 25. 0K
Check for strain: -
_ Asfy - 2545%x420 — 5239 mm.
0.85b fc 0.85X1000x%x24
X= 2 = 5239 _ 61.6mm.
B,  0.85
= 0.003 (d _ X) = 0.003 (261 _ 45'47> = 0.011 > 0.005 0k
SS = U. X = U. 4547 = V. . .

Flexural Design of Negative Moment for (BB1-2) :-( Mu=-116.9 KN.m)

o Mo _ 1169x10°
"= 0bd? T 09 x 1000 x 2612~ P
=D 0 _ 906

0857 ~ 0.85x24

p=1(1 _ 11 _M> =L<1 -1 _w> = 0.0048.
m 420 20.6 420

As = p.b.d =0.0048 x1000x261 = 1253mm?,

Check for As min:-
Jfc m
Smin = = *1000*261 = 761.1 mm?
T ( W) = 520

- _ 14 _ 14

Asmin = ———(bW)(d) = =2 *1000*261= 870 mm? Controls.
(fy) 420

As =1253mm?.
Use 68 18 ,AS provided= 1527mm?2 > As required= 1253mm?&... Ok

Check spacing: -

1000—40%2—20—(6%18)
2

S =

=396 mm > d;, = 20 > 25. OK
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Check for strain: -

As.
_ Asry = 1527.x420  _ 31.44 mm.
0.85b fc 0.85X1000%x24
X=2 = 3144 _ 37mm.
Bi 0.85
d—X 260 — 37
& = 0.003 (T) = 0.003 (3—7> = 0.0181 > 0.005. 0k

Shear Design for (B 3): -

1. Case3:-
For shear design, minimum shear reinforcement is required (A4, i), Reinforcement.
Use stirrups (4 leg stirrups) @ 8/ 150 mm, Ay = 4 x50.27 = 201.1 mm?.

2. Vy=225 KN.

Ve==\/fc'b, d == <V24 %1000 * 261 + 10 — 3 = 213.11 KN.

® V= 0.75%213.11 =159.83 KN.

® Vsmin> 0.75 (% ) * bw * d =0 .75* (% )*¥1000*261*10°3 = 65.25KN Controls.
Jfc V24

® Vsmin 2075 (3 =) *bw *d = 0.75%(= =) * 1000 * 261*10°° = 59.94 KN.

DO Ve<Vu < d Ve + @ Vsmin.

159.83 <225< 225.1 satisfied.

Cases 1&2 is not suitable.

#Shear reinforcement are required:

Use 4 leg @ 8
Av =201.1 mm?
G cpA”fyt d — 0.75 201.1 * 420 = 261 — 253.39 mm
Vg 65.25 * 1000
Smax = g = = 130.5 mm control
or Smax < 600 mm

Use 4 leg ® 8 @100mm.
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DESIGN OF SOLID SLAB

(A)Limitation of Deflection

-Approximate value of minimum (h) according to (ACI):

Maximum Clear Perimeter

minimum (h) >180

Maximum clear perimeter resulted for slabs minimum (h) >180

2 % (5.54 — 0.25) + 2 = (4.91 — 0.25)

minimum (h) = 180

=19.9cm

Select (h = 25cm) > minimum (h); Resulted value (h) > hmin must be accurate checked according
to (ACI).

- Loads of Slabs:
Dead Loads:

Dead loads = 10.44kN/m?2 Dead Loads kN/m?

from
Live loads = 2kN/m?2 2cm 0.2x22

Plaster
25cm Slab 0.25%25
— Factored Loads = 1.2xDead 7em Sand 0.07%16
2cm 0.02x22

loads + 1.6xLive loads Mortar
3cm Tiles 0.02x23
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=1.2x10.44 + 1.6%2

= 12.53 KN/m? + 3.2 KN/m?

d=250—-20-12 =218mm

Vu = 37.6 — 15.33x0.468 = 31.22 Kn

(2) Calculation of ratio 5 Wm
(Short span / Long span = La/Lb).
-La/Lb =4.91/5.54=0..85
For Slab (1):
or Slab (1) e 6 491 pu =76
376 kN i.zz

Positive moment in short way

Mu(a)* = CaDLxquDLxLa? + CaLLxquLLxLa?

= 0.05x12.53%4.912 + 0.05%3.2x4.91%= 18.9 kN.m

Positive moment in long way
Mu(b)" = CbDLxquDLx*Lb? + CbLLxquLLxLb?

= 0.026x12.53x5.542 + 0.026x3.2x5.542= 12.55 KN.m

Design of positive Moment (Bottom Reinforcement)
As > minimum As
As(min) for solid slabs = 0.0018 * b* h = 0.0018*100*20 = 3.6cm?/m

Select 12/25 cm with As = 254 cm?/m

80



Calculate @xMn for selected minimum reinforcement mesh

?10/20cm
@xMn>Mu ?!

0.003
b= V]
452%400 = 0.85%24xax1000 — a=8.86mm ’;

— x=8.86/0.85 =10.42mm i |
So, € =0.051>0.005— ©=09 (OK)
LA\

So, ©*Mn=10.9%452%420%(218-8.86/2)=36.4 kN.m

All of positive moments (Mua®) & (Mub®) with values <36.4 kN.m are safe by the
reinforcement of @12/25cm

4.7 Design of Column
< Material: -
= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

Load Calculation: - (From Column Group 2)

Service Load: -

Dead Load =876.05KN
Live Load =102.05 KN
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Factored Load: -
Pu=1.2 x876.05+ 1.6x102.05 =1214.54KN

Design of Column:-

Assumepg = 0.01

$*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
1214.54=0.65x 0.8x Ag{0.85*24(1-0.01) + 0.01* 420}
Ag=95739mm2

Assume Rectangular Section

h =300mm

b =95739 /300 = 319 mm

select b = 500 mm

Check Slenderness Parameter:-

m < 34—12ﬂ <40
r M 2

Lu: Actual unsupported (Unbraced) length.

. ] A

12016 )

Fig 4.6:Column section

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 = \/L\: ~03h .o For rectangular section

Lu=3.10 - 0.45=2.65m
M1/M2 =1
K=1 for braced frame.
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e about Y-axis (b=0.50 m)

Klu 54 1oM1 40

r M2
X831 _5064<22
0.3%0.50

Column Is Short About Y-axis

e about X-axis (h=0.300m)

m<34—12E ............... ACI —(10.12.2)
r M?2

1x3.1

——— =34.44> 22
0.3x0.300

Column Is Long About X-axis

Minimum Eccentricity:-

_ Mux _0
Pu
miney =15+ 0.03xh =15+ 0.03x300= 24mm = 0.024m

ey = 0.0285m

Magnification Factor: -

S5.——CM __ >10and<1.4
1_ Pu
0.75P,
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Cm=0.6+04 M1 =04
M 2

Cm=06+04*1=1=0.4

_ 72El
T (KLu)?
E.Il
El =04—2
1+ B,

E, = 4700,/ fc' = 4700x /24 = 23025Mpa
_1.2DL _ 1.2*(876.05)

=0.865<1
Ay Pu 121454
3 3

I, = bxh _ 0..5x0.3  0.001125m*

12 12
E| _ 0-4x23025x0.001125 o\ o

1+0.8651
2 x
= %56 _ g isvN

(1*3.1)2

S.. = 1 =1.39=1.0and <1.4

T, 121454
0.75*5751

Interaction Diagram: -

ey=e_, xJ, =0.024x1.39=0.03336m

ey _0.03336_
h 05

7 _300-2%40-2*10-25 _ . .
h 300

From the interaction diagram chart
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fromchart A9 -a for% =0.6—> pg =0.01
fromchart A9 - b for%=0.75—> g =0.01
then for %=0.66—> oy =0.01
Selectreinforcenent

Ast = pg x Ag = 0.01x300*500 = 1500mm?
Select12 ¢16 with As = 24mm? > Ast =1500mm° .

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

spacing<16xd, =16x2.0=32cm O 50
spacing<48xd, =48x1.0=48cm =~

. : s Q
spacing < leastdim =30cm 52} ;::K
12016 Z,\[\
Usegl0@ 20 cm
@1 a@ 20
L=148 022
" 19938/

Fig 4.7: Column Reinforcement Details.

4.8 Design of Shear Wall
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Fig 4.8: Shear Wall.



730

1350

2010
220

3180
310

4770

Fig 4.9: Shear Diagram of Shear Wall. Fig 4.10: Moment Diagram of Shear Wall.

+ 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=6.4m

=  Shear Wall Height Hw =3.42 m
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Design of Horizontal Reinforcement: -

D Fx=Vu =310 KN

The critical section is the smaller of: -

M = E =3.2m....Contral
2 2
2 2

storyheigh(Hw) = 3.1m.
d=08xLw=0.8x6.4=5.12m

5 4
@Vnmax = QE f;. hd
= 0.75 * 0.83 * V24 * 250 * 5120 = 3903.5 KN > V,, = 310KN

is the smallest of : V.

1— V, = </f'hd = <24 * 250 » 5120 = 1045.11KN ........ Control
N,d
2— V. =027/f. hd + ﬁ = 0.27v/24 * 250 * 5120 + 0 = 1693.1KN
w
Ly (0.1 +0.2:%)
3— ¥, =(0.05/F + | hd = 3501.27KN
Ve 2

= M, = 4770+ 310 = (3.42 — 3.2) = 4838.2KN.m

M, 4838.2 6.75

w = =
V, 2 310 y ~ a4
Vc =1045.11KN
@ *vc + Qvs = vu
@ * vs=Vu-@ * vc
Vs=vu/@ — vc
Vs=310/0.75-1045.1= -631.7KN ........ No need reinforcement
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Minimum shear reinforcements required:

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

Select @14 ,two layers

Avh=2* 7 %142 /4=307.9 mm?

307.9/5h=0.75

Sh=307.9/0.625=492.6
Select Sh=200mm<Smax=Lw/5=640/5=128 cm.

=3*h =3*25=75 cm.

Use ¢$14/200 mm for two layers.

Design of Vertical Reinforcement:-

AS— =[0.0025 + 0.5 (2.5 - h—W) (2 - 0.0025)]*250

Lw Sp*h

Ay _ 16 307.9
f = [0.0025 +05 (25 - 22) (e — 0.0025 )]*250
A
—~ =0.635
Sy
Select @12 in Two Layer

Agp, = 212 = 296 mm2

6

= 0.635

v

Sy=247.24 mm

- Maximum spacing is the least of:

Lw_ 84000 _ 5133 mm
3 3

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

Use ¢$12/200 mm for two layers.

LI Hook 2 1006 X

LT H ook &8 1005 e

o1 i i
L=athm
extival hars in both side o
(51 4G W
L= E.ihm
Howismial bk in bath sid
1 2 T L
Lo &him
1 s it ik

B4
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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 = 1660.23 KN,

Live Load = 266.29KN

Total services load = 266.29+ 1660.23 = 1926.52 KN

Total Factored load = 1.2*1660.23+ 1.6*266.29 = 2418.34KN
Column Dimensions (a*b) = 30*50 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 300 Kn/m2

Assume h = 60cm

Qet-aiiow = 300 — 25*%0.6 — 18*0.4 = 292.2kn/m2

Mesh F10&8Z0cm

| ™

22@14 1=3.15
22¢14 1=3.15

— o

EE T S P SR R i R g
B ST A B A LA
AR

4

&0

e 115 p S0, 115 5

lﬁ;” 880 ILEI

P 300 y
Fig 4.12: Isolated Footing Section.
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Area of Footing :-

Lo Pt 192652
= 2922 ™M

Onet—atiow
Assume Square Footing
B required =2.9 m
SelectB=3m

Bearing Pressure: -

Qu = 2418.34/3*3 = 268.7Kn/m?

1- Design of One Way Shear Strength: -
Critical Section at Distance (d)From The Face of Column

Assume h = 60cm, bar diameter g 14 for main reinforcement
and 7.5 cm Cover [~ 5 KN/

d=600-75-14 =511 mm

—_— pd

_ B—a 2
Vu = QU*( > d) * L Inclined craCK/
|
2-0.3 ‘
Vu=268.7- (352 — 0.511) + 2 = 182.17Kn Gritical section for _| R tiion
one-way shear / one wayy shear
V//
1 ]
pNCc =¢.=*,/fcC *bw*d _.1 d
6 1 Column ~
pNC = 0.75*6* 24*3000*511=938.7Kn
¢pNc =938.7KN >Vu =247.2Kn
.. Safe /

One-way shear,



2- Design of Two Way Shear Strength :-

Vu = Pu — FRy

FR, = q, *area of critical section

Vu = 241834 — 268.7[(0.5 +0.511) * (0.3 + 0.511)] = 2198Kn

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

1(, 2\ [,
oV, _¢.E£1+ﬂ—cj\/?bod
AV, :¢.$( % +2]Hbod

b, /d

m =¢.%\/f7bod

_ Column Length (a) 50 _166
~ ColumnWidth (b)) 30

Where: - .

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

b, = 2*(51.1+50) + 2* (51.1+ 30) = 364.4cm

s = 40 for interior column

oV, =42 142 . b,d :E*(HLJ* 24*3644*511=2514.13Kn
6" 5 6 1.66

1 a , 0.75,(40*511
Ve=¢—| ——+2yf bd=""* +2 |*+/28*3744*511= 4720Kn
Pe ¢12(b0/d J cTT 12 ( 3744 j

YA =¢%\/ f, byd =%* 24*3644*511= 22805Kn

®Ve=2594 Kn>Vu=2198Kn
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3- Design of Bending Moment: -

Critical Section at the Face of Column

B—-a
2

FR = qu-(52) L = 268.7% ((=22) 2 =725.5Kn

Mu = 268.7* 2%0.5% (%5):67Kn.m
My, __  67x10°

R.— _
" 9bd2 ~ 0.9x3000x5112

= 0.1 Mpa

1 420
m= 4 ; =
0.85f  0.85x24

o= 1(1 _ 11 _m> - ;<1 ‘Jl _M> = 0.00055
m 420 20.58 420

AS, req = p.b.d = 0.00055%x3000x511 = 843.15 mm?

= 20.58

As min = 0.0018*300*600 = 324 mm?

ASreq> AS, min = 8840.3 mm? ......... is control

Check for Spacing :-

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

S =380*(——) — 2.5*75 =192.5 cm
5*420

S=45¢cm.......... is control

Use g14@10in Both Direction, As provided = 1540mm? > AS required = 843.15mm?... Ok



Check for strain:-

Asfy _ 1540x420
0.85b £/~ 0.85x2000x24

= 15.85mm

a 15.8
c=—=—=18.6 mm
B, 0.85

d—c 511 —18.6
& = 0.003 (T) = 0.003 (—) = 0.07 > 0.005

18.6

4- Design of Dowels: -

Load Transfer in Footing: -

®Pnb = @(085ch1X\/7)

A1 50 * 30=0.15 m?

=3 00* 300 = 9 m?
ﬁ = i = 77 > 3 ................ i = 2
A V0.5 A
®Pn.b=0.65x(0.85x24%x270%x2) =7160.4Kn
dPn=71604> Pu=18725.......... .0k

No Need for Dowels

Load Transfer in Column: -

®Pn.b =0.65x(0.85x24x 270) =3580.2Kn
®dPn =3580.2 > Pu =18725kn.......... .0k

No Need for Dowels
As, min = 0.005 * Ac = 0.005 * 500* 300= 750 mm2

Use 214, AS, provided= 1540 mm? > AS required= 1350 mmZ... Ok
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5- Development Length in Footing: -

Tension Development Length in Footing: -

Ldr req — 19_0 )f/y_ ll,}ft:«pfcll;,t * db> 300mm

Ktr = 0 (Nostripes)

16 150
cbh =75+ — =83mm 0rcb=T=75mm

2

ktr+cb_0+75_468>25

d 16 '
ktr + cb — ot

db 7
Ldr roq = 15 * 1oz * —5 = * 16 = 395 mum> 300mm
LdT available = 3000-600 -75= 625 mm
LdT available = 625 mm >ldreq = 395 mm........ OK

Compression Development Length In Footing :-

0.24xFy*dB
V24

0.24%420%16
LdCreq T
Ldc reg=329.2 mm

Ldcreq= > 0.043*Fy*dB >200mm

= 329.2> 0.043*420*16 = 288.96>200mm

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

Lap Splice of Dowels in Column:-

Lsc = 0.071xfyxdb =0.071x420 x16 =477.12 mm > 300 mm
Select Lsc =500 mm

Ok
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Fig 4.15 :Isolated Footing Reinforcement Details.

4.12 Design of Stair

Fig 4.17: Stair Plan.
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«» Material :-

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

1- Design of Flight :-

Determination of Thickness:-
hmin = L/20

hmin = 2.7/20 = 13.5 cm

Take h=20cm

The Stair Slope by 6 = tan}(16.9 / 30) = 29.3°

Load Calculation:-

Dead Load For Flight For 1m Strip:-

Dead Load Calculation KN/m
Flight 0.2*25*1*(1/cos 29.3) 5

plaster 0.03*25*1*(1/cos 29.3) 0.756

Horizontal Mortar 0.03*22*1 0.7

Vertical Mortar 0.03*22*(0.169/0.3) 0.37

Horizontal Tiles 0.04*23*1*(33/30) 1

Vertical Tiles 0.03*23*(0.169/0.3) 0.38

Triangle 0.5*0.168*25 211

SUM 10.3

Table (4.4): Dead Load Calculation of Flight



Live Load For Landing for 1m Strip = 4*1 = 4 Kn/m

Factored Load For Flight: -

/WU = 1.2 x10.3+ 1.6x4 =18. 76Kn.m

Max. Vu of Flight = 22.1 kN

: Where
Max. Vu = 25.3 x ¢0s(29.3)= 22.1kn

:Max. Mu of Flight

=26.9kN.m Mu=25.3%x1.9 — 18.76x1.5x0.75

Ay =253 kNT

q,= 18.76 kN/m,

l

Tﬂu = 253 kN

Au = 253 Y
kn |
|
Y b b b
40em 7 1 .m 77 40em

2.7

q,= 1867 IcN/m

Mazimum Mu |

1.6 11.6 | ‘

2.7
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System of Flight: -

1- Design of Shear for Flight:-

Assume bar diameter g 14 for main reinforcement

d =h- cover —"2—” =200 — 20 —12—2 = 174 mm
Assume beam width 30 cm

Vu=22.1kn
Ve=0.75<\/fc'b, d = = =24+ 1000 * 174 = 106.5Kn

Vu, max = 22.1kn < = 106.5 kn

The thickness of the slab is adequate enough

2- Design of Bending Moment for Flight :- (Mu=26.9 Kn.m)

Mn = Mu/0.9 = 26.9/0.9 = 85.39 KN.m/m

Assume bar diameter g 12 for main reinforcement

_ My 269x10°
T @bdZ ~ 0.9x1000x1742

Rn

= 0.98Mpa

420
m= 2 = = 20.6
0.85f ~ 0.85x24

p:l<1 -1 _M> :L(l _\/1 _M) = 0.0024
m 420 20.6 420

AS req = p.b.d = 0.0024 x1000%x174 = 419 mm?/m

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

ASreq = 419 mmM2>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 812 @ 20 mm, AS, provided = 565.48 mm? > AS, required= 360mm?... Ok

2- Design of Landing: -
Determination of Thickness: -

hmin = L/20
hmin = 2.8 /20 = 0.14m = 14cm

Take h =20

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

Parts of Landing  Calculation

Tiles 23*0.03*1= 0.69Kn/m

Mortar 22*0.02*1= 0.4Kn/m

Sand 0.07*16*1=1.1

slab 0.2*0.25*1= 5Kn/m

Plaster 22*0.02*1= 0.04Kn/m

7.6Kn/m

Table (4.5): Dead Load Calculation of Middle Landing
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Mu = 15.19 KN.m
Mn = Mu/0.9 = 16.8 kn/m
d=200-20-(12/2) =174 mm

M, __ 15.19x10°

Ri.— —
" BbdZz T 0.9x1000x1742

= 0.56 Mpa

_fy 420
0.85f,  0.85x24

p:1<1_ 1_m> :;(1_
m 420 20.6

\/1 B 2><20.6><0.56> — 0.0013

= 20.6

m

420

AS,req = p.b.d = 0.0013 x1000x174 = 235 mm2/m

Use 12 @ 20 mm

Live load = 4 kn/m?
Total factored loadw=12D+16L
For flightw=1.2*10.3+ 1.6 *4 =18.76 kn/m

For landingw =12*76+1.6*4=155kn/m

Section A1-Al

Sca
- '-_-..1

e 1:00

1T oy, Dasnimin
‘)b"'-m.uﬁma_ W
!Iimmm-mrr—-:l

Fig 4.18: Stair Section
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