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Chapter Four Structural Analysis and Design

4-1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnelsand
others.

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

can provide the needed strength in tension.

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

frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and

specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:-

[J Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
[ Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

[1 Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.
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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).

v" Strength design method:-

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

Strength provided > strength required to carry factored loads.

NOTE:-

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

e Code:-
ACI 2011

e Material:-
Concrete:-B300
fc'=30N / mm?(MPa) For circular section
but for rectangular section ( fc'=30*0.8 = 24MPa).
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Reinforcement steel:-

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

v" Factored loads:-

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

W,=12D_+16L_ ACI-code-318-08(9.2.1)

4.3 Check of MinimumThickness of Structural Member

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

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

For Rib :-
Hmin for(one end continuous) = L/18.5 =5.75/18.5=31.1 cm
Hmin for(both end continuous) = L/21 =4.15/21 = 19.76 cm

Hmin for(one end continuous) = L/18.5 =6.12/18.5 =33.1 cm

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

For Beam :-
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Hmin for(one end continuous) = L/18.5 = 6.96/18.5=37.62 cm
Hmin for(both end continuous) = L/21 =3.93/21=18.71 cm
Hmin for(both end continuous) = L/21 =6.33/21=30.1 cm

Hmin for(one end continuous) = L/18.5 = 4.85/18.5=26.21 cm

Take h=45cm

4.4 Design of Topping

v" Statically System For Topping :-

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

Wu
N\
% N
7 \
40 cm

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load:-

0.03*23*1 = 0.69 KN/m

0.02*%22*1 = 0.44 KN/m
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3 Coarse Sand 0.07*17*1 =1.19 KN/m

4 | Topping 0.08*25*1 = 2.0 KN/m

Sum = 4.32KN/m

Table (4.2): Dead Load Calculation of Topping.

Live Load :-
L, =4 KN/m?

L, =4 KN/m?x1m = 4KN/m
Factored Load :-
Wy =1.2 x4.32 +1.6%x4 =11.59 KN/m

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

_ b.h? _1000.80?

Sm G G = 1066666.67 mm?*

@M, =0.55x0.42x1x/24 x1066666.67 x10~6 =1.21KN.m

_ Wyl?  11.59%0.42

My =
12 12

= 0.155KN.m (negative moment)

_ Wyl? 1159 % 0.42

M, = = 0.077 KN.m (positive moment)
24 24

gMp>> M= 0.155 KN.m

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

Pshrinkage: 00018 ACI 71221

As=p % b X N topping =0.0018 x1000x80 = 144 mm?/m
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Step (s) is the smallest of:

1. 3h =3x%80 =240 mm control ACI1 10.5.4
2. 450mm.

280

3. S :380(1) —2.5C, = 380 <

280
2420
3

> —2.5.20 = 330mm ACI 10.6.4

Take g 8 @ 200 mm in both direction

Take 52 8 in 1m , ASprovided = 5*50.27 = 251.35mm?/m
ASprovided = 251.35 mm?/m > Asyeq = 144 mm?/m ... ok
S=200mm < Sp=240mm ........ ok

4.5 Design of One Way Rib Slab

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

BW > LOCIIL. vt ACI(8.13.2)

h <3 5% bW i ACI(8.13.2)
Select h=35cm<3.5*12= 49 cm
> Ln/12350MmMm oo 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=350 mm

t= 80 mm
d=350-20-10-12/2= 314 mm

uUu il
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v' Statically System and Dimensions:-

:
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Fig 4.2: One Way Rib Slab (R1).
Geometry Units:meter,cm
1 2 3
1 2 3
A A A
0.4 5.52 0.8 3.35 0.8 4.95

6.12 4.15 5.75
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52.

35.

12.
A-A

Loading

load group no. 1

Dead load - Service Units:kN,meter
5.11 5.11 5.11
6.12 4.15 5.75

Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.08 2.08 2.08
6.12 4.15 5.75

Fig 4.3: Statically System and Loads Distribution of Rib (R1).

v" Load Calculation:-

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
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5 RC. Rib

0.27*25*0.12 = 0.81 KN/m/rib

6 Hollow Block

0.27*%10*0.4 = 1.08 KN/m/rib

7 plaster

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

8 partions

1.5*0.52=0.78 KN/m/rib

Sum =5.11 KN/m/rib

Table (4.3): Dead Load Calculation of Rib(R1).

Dead Load /rib =5.11 KN/m
Live Load:-

Live load = 4 KN/M?

Live load /rib = 4 KN/m? x 0.52m = 2.08 KN/m.

®,

% Effective Flange Width ( b.):-

b: For T- section is the smallest of the following:-
b, =L/4=335/4=83.75cm
b, =12+ 16 t=12 + 16 (8) = 140 cm

ACI-318-11 (8.10.2)

b, = be < center to center spacing between adjacent beams = 52 cm. Control
be For T-section = 52cm .
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 3
-31.3
22.8 2rd
. a -19.3
18.4 451
| 1'16\ \1'0 |
[ | | |
[ I ] I I ] I
' 0.94!1.94 ' lo.83
| i el p_z | M- |
4. I | I 18\ |
28.6
2.45 317 3.67 2.08 2.08 3.16 2.59
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Shear

-34.1

-27.4 014 -23.3

-14.6 -16.6

19.7 16.4
24.5 23.1 25.2
31.9

Fig 4.4: Shear and Moment Envelope Diagram of Rib (R1).
v Moment Design for (R 1):-

Design of Positive Moment for ( Ribl) :
* Mu=31.7 KN.m

Assume bar diameter g 12 for main positive reinforcement
— dp 12
d —h' cover - dstirrups_? = 350 - 20 - 10 - ? = 314‘ mm
Check if a>hs to determine whether the section will act as rectangular or T- section.

h
Mas =0.85. f. be. hy. (d — )

80

:0.85><24><520><80><(314— .

) % 1076 = 232.5 KN.m

M= 232.5 KN.m >>% = % = 3522 KN.m

the section will be designed as rectangular section with be =520 mm.

_ My 317x10°
T @bd?2  0.9x120x3142

= 2.977 Mpa

Rn

420
m= 22 = = 20.6
0.85f,  0.85x24

p:1<1 11 _m> :;<1 _\/1 _M> =0.005398
m 420 20.6 420

Asreq = p.b.d = 0.005398 x520x314 = 290.06 mm?

Check for As min:-
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As min= \/_ (b w)(d) ACI-318 (10.5.1)
As min= \/ﬂ (120)(314) =110mm?

4(420)

.14
A =—— (bw)(d
s min (fy)( w)(d)

As min :%(120)(314) =125.6mm? - controls

Aseq= 290.06 mm?® >Aspip= 125.6 mm?  OK

Use 2 8 14 . Asprovided.=.307.8 mMm? >As required = 290.06_mm?Z.... Ok

120-40-20—(2x14)
1

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

Check for strain:-

Asfy _ 307.8x420
0.85b f/ ~ 0.85x520x24

= 52.809 mm

B; = 0.85 for f <28 Mpa

=2 =3280 _ 65128 mm

B, 085

= 0.003 (d _ C) = 0.003 (314 _ 62'128) =0.01216 > 0.005 0k
& = c ) 62128 ) = '

Design of Positive Moment for ( Ribl) :-
*Mu = 28.6 KN.m

d =h - cover - dyimps— 22 = 350 — 20 — 10 — 2 = 314 mm

_ My __ 286x10°
Rn= @bd? ~ 0.9x520x3142 2.686 Mpa
fy _ 420 _ 504

T 0.85f/  0.85x24

- i<1 _ 11 _%> - L(l _\/1 _M> = 0.006883
m 420 20.6 420

Asreq = p.b.d = 0.006883x520x314 = 259.33 mm?
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Check for As min:-

As min= \/_(b w)(d) ACI-318 (10.5.1)
As min= V24 (120)(314) = 110mm?
4(420)

.14
=——(bw)(d
As min (fy)( w)(d)

As min :%(120)(314) =125.6mm* - controls

ASreq= 290.06 mm? >Asyip= 125.6 mm? ... OK
USE 2 1] 14 Ag Jprovided = 3078 mm2 > Aq required = 25933 mm2 eoe Ok

120-40-20—(2x14)

S =

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

Check for strain:-

Asfy _ 307.8x420

- = = 52.809 mm
0.85b f! ~ 0.85x520x24

a=

B, = 0.85 for f/ <28 Mpa

o & _ 52809
~ B, 085

= 62.128 mm

= 0.003 (d_c) = 0.003 (314_62'128) =0.01216 > 0.005 0k
& = c ) 62128 ) '

Design of Negative Moment for ( Ribl) :-

*Mu = - 22.8 KN.m

Assume bar diameter g 12 for main negative reinforcement
dp 12

d :h' cover - dstirrups_7 =350—-20—-10 — 7 =314 mm

M, __ 22.8x10°
@bd2 ~ 0.9x120x3142

Rn:

= 2.141 Mpa

fy 420
0.85f/  0.85x24

= 20.6
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p=1<1 _ 11 _m> =L<1 _\/1 _w> = 0.005398
m 420 20.6 420

As req = p.b.d = 0.005398x120%314 = 203.4 mm?

Check for As min:-

4/ fc'
bw)(d ACI-318 (10.5.1
m fy)( w)(d) ( )

. 4
As min=
4(420)

As min=

(120)(314) =110mm*

.14
A =——(bw)(d
s min (fy)( w)(d)

As min :%(120)(314) =125.6mm* - controls

ASreq = 203.4 mm? >Asyip= 125.6 mm? ....... OK

Use 2 8 12 . As provided = 226.1 mMm? > A required. = 203.4_mm?>... Ok

_ 140-40-20—(2x12)
- 1

S

=56mm >d, =12 > 25 mm OK

Check for strain:-

a= Asfy  226.1x420

= - = = 38.792 mm
0.85b f! ~ 0.85x120x24

B, = 0.85 for f <28 Mpa

o= & _ 38792
B, 085

= 45.637 mm

d— c> 0 (314 — 45.637

& = 0'003( 45.637

- ) = 0.017641 > 0.005 Ok

Design of Negative Moment for ( Ribl) :-
*Mu= - 19.3KN.m

Assume bar diameter g 12 for main negative reinforcement
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d =h - cover - dsimps— 2 = 350 — 20 — 10 — - = 314 mm

M, _ 19.3x10°
@bd2 ~ 0.9x120x3142

= 1.812 Mpa

Rn:

_fy 420
T 085f,  0.85x24

o= 1(1 _ 11 _%) _ <1 _J1 _w> = 0.004526
m 420 20.6 420

Asreq = p.b.d = 0.004526 x120x314 = 170.55 mm?

= 20.6

Check for As min:-

As min = \/— (bw)(d)ACI -318 (10.5.1)

As min=

‘/ﬂ (120)(314) =110m?
4(420)

_14
As min y )(bw)(d)

As minz%(lZO)(314):125.6mm2 - controls

ASreq = 170.55 mm? >Asyip= 125.6 mm? OK

USE 2 ﬂ12 y Asvprovided = 2261 mm2 > Asvrequired = 17055 mmz... Ok

120-40—20—(2x12)
1

S= =36mm>d, =12 > 25 mm OK

Check for strain:-

Asfy  226.1x420

- = = 38.792 mm
0.85b f!  0.85X120x24

a=

B, = 0.85 for f/ <28 Mpa

a 38.792
c=—=

= = 45.637 mm
By 0.85

d—c 284 — 45.637
& = 0.003 (T) = 0.003 (—

15637 ) = 0.017641 > 0.005 Ok

48



Chapter Four Structural Analysis and Design

v" Shear Design for (R 1):-

V, at distance d from support=27.4 KN

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

== [fibwd = =V2% x 120 x 314 X 1073 = 33.84 KN
8V, =0.75x33.84 =25.38 KN
g V< V,

VSmm— f;-de>_ de
Vs minzliﬁx/ﬁ %120 * 314 = 11.54kn

VSmin =— L pw d-— x 120 * 314 = 12.56kN - control

B(Ve+Vsmin)= 0.75(33.84+12.56)=34.8kN

2(Vct+Vsmin) > Vy >0 Ve

Case 3 :

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

Use stirrups (2 leg stirrups ) 8 8@150 mm , A, = 2 x 50.24 = 100.5 mm?

AVmin \/f_c bws 1 bws

fyt — 3fyt

AV.in=100.5 :5—6@@ S s =1.145m

420

1120s
3 420

100.5 == - s =1.055m

S max—»% = 157mm — control

S max —»<600mm
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Take (2 leg closed stirrups) g8 @ 150 mm

_ 2%503
~ 015

\%

4.6 Design of Beam

«» Material :-

= concrete B300
= Reinforcement Steel

«» Section :-
= B=80cm

=  d=450-40-10-18/2= 391 mm

v" Statically System and Dimensions:-

= 670.67 mmzlmstrip

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

Structural Analysis and Design

Geometry

Units:meter,cm

—O

E A . A A .
L LA j
A A A A
03 4.55 03 6.03 03 3.38 0.3
a 4.85 - 6.33 - 3.68
1
6
5 6 8
. A A A
.y LA
A A A
3 3.55 0.3 3.3 6.66

—O
-w
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45,
80.
A
Loading
load group no. 1
Dead load - Service Units:kN,meter
49.6
62.0 62.0 29.6 57.1
28.5
L—a-ho—~
4:85 612 6:33 175 ~° 1.93
I
511 49.3 49.3 57.1
. T
385 36 3.93 896
Loading
Live load - Service Load factors: 1.20,1.20/1.60,0.00
295 295 L 1 Jeaal | | ] oda | 2
.38 8:49 8:39 1.75 320 1,03
I
25.8 J/Z.SJ‘/ J/ 25.3 J/ 25.8
3:48 3% 3:49 8:98
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Fig 4.5: Statically System and Loads Distribution of Beam (B4,B-1) .
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 8

-569.8
-526.2
-422.5 -459.6 -453.5 -407.9 -514.8 -493.3
-360.9 -360.7 -339.3 -362.
?é\ -119.7 165-2206-365 -75.5
169172, ‘ 186, -92.6 686191652 1186.5 1o 5 5, 4
. ‘ l ‘ ‘ﬁ.lsl ‘ 1,08 . 1. l ' 0.49 ! .
870 oé\/ ™0 T 37 H”?\Zi/ To.71 M —— 181124
w 124 091502 04l 068,05 -6 52
272.9 253.3 3473
515.8
194 201 | 306 306 | 316 | 317 |221 [173 212|216 118 275 | 418 278
[ [ [ [ [ [ [ \1 47\ [ [ \1 44\ [ [ [ |
Shear
454.2 -467.9
-420.8
-379.9 -388.4 -375.7 -360.4
-346.5 -283.7 -313.2 292
196225. 190.9
122.3
) ;
i it it it it ft T it H
\ 167 1813 888
199.8 : 2118
274.1 aus aing 252348 974,
4223 ' 416.2
208 7 c10, L7

Fig 4.6: Shear and Moment Envelope Diagram of Beam (B4.B-1).

v" Load Calculations:-

Dead Load Calculations for Beam (B4,B-1) :-

The distributed Dead and Live loads acting upon Beam 4 can be defined from the support reactions of
the R12¢R13¢ R14¢ and R15.

From Rib12
The support reaction from Dead Loads and live load for R12 upon B4 is 22.57 KN
and 14.35 KN respectively.

The service distributed Dead Load and Live load from the R12 on B4 in span 1,2 .
DL =(32.26 KN/0.52) = 62.03 KN/ m
LL =(14.35 KN/ 0.52) = 29.52 KN/ m

From Rib 13

52




Chapter Four Structural Analysis and Design

The support reaction from Dead Loads and live load for R13 upon B4 is 25.8 KN
and 12.21 KN respectively.

The service distributed Dead Load and Live load from the R12 on B4 in span 3,4 .
DL = (25.8 KN/0.52) = 49.61 KN /m

LL = (12.21 KN/ 0.52) = 23.48 KN /m

From Rib14

The support reaction from Dead Loads and live load for R14 upon B4 is 29.73 KN
and 13.42 KN respectively.

The service distributed Dead Load and Live load from the R12 on B4 in span 4,5,8 .
DL =(29.73 KN /0.52) = 57.17 KN/ m
LL=(13.42KN/0.52) =258 KN/m

From Rib15

The support reaction from Dead Loads and live load for R15 upon B4 is 25.68 KN
and 13.17 KN respectively.

The service distributed Dead Load and Live load from the R12 on B4 in span 6,7 .
DL =(25.68 KN /0.52) = 49.38 KN/ m
LL=(13.17 KN/0.52)=25.32 KN/ m

From concrete wall height =3.8 m:

Dead load from the concrete wall act on span 3 on beam 4 :
DL = 25*%0.3*3.8 = 28.5 KN/m

Self weight of the beam 4 :
DL = 25*0.8%0.45 = 9 kN/m

Live load acting directly upon the beam 4 :

LL = 4 kN/m?
LL= 4*%0.8 = 3.2 KN/m

v Moment Design for (B4,b-1):-
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Determine of M, max To decide id the beam will design singly or doubly :
d =450 — 40 -10 — 18\2 = 391 mm

3 3
c= 7d = ;.391 =167.57 mm
a=B.c =167.57 «0.85 = 142.44 mm
Mnpmax= 0.85* f *xa *b(d - % ) = 0.85*%24*124.22*800*(391-142.44/2 ) *10°= 548.28 KN.m
® Mnmax = 0.82* 565.4= 531.59KN.m > Mu max 515.8 KN.m .

Design as singly reinforcement.

Flexural Design of Positive Moment for (B4):-

Mu=272.9KN.m

M, 272.9 x 10°

Rn = =
"= %bdZ 0.9 x 800 x 3912

= 2.479Mpa

420
m= 2 — = 20.6
0.85f ~ 0.85x24

p=1<1_ 1_m) =L<1_\/1_w> ~ 0006313
m 420 20.6 420

As = p.b.d = 0.006313x800x391 = 1974.7782 mm?

Check for Agmin:-

f !
Asmn= L bwyd) = Y24 xgoo*301 = 9121 mm?

4( fy) 4*420
ASpin = ﬂ(bw)(d) = £*800*391= 1042.7 mm? - Controls
(fy) 420

ASreq = 1974.7782 mm?® >Aspin= 1042.7 mm* OK

Use 5 g 25 Bottom, Asprovided = 2454.37 mm? > As, required = 1974.7782 mm?... Ok

Check spacing :-
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800—40+2—20—(5X25)
4

S= =143.75mm > d, =25 >25mm OK

Check for strain:-

Asfy 245437 X420
0.85b f! ~ 0.85x800x24

= 63.16 mm

B, = 0.85 for f. <28 Mpa

63.61
= = = = 7431 mm
B, 0.85

391-74.31
74.31

&, = 0.003 (=5) = 0.003 ( ) =0.012785 > 0.005 0k

Flexural Design of Positive Moment for (B4):-

Mu=253.3 KN.m

o My 2533x10°
m = %bdZ 09 x800x3912 -riipa

_fy 420
0.85f]  0.85x24

p= l(l -1 _M> = L(l _\/1 —w> = 0.005829
m 420 20.6 420

As = p.b.d = 0.005829x800x391 = 1823.2216 mm*

= 20.6

Check for Agmin:-
ASmin = ~——— (b w)(d) = V24 Y27 _xg00*391 = 912.1 mm?
(fy) 4*420
ASmin = iy )( w)(d) = 0*800*391 1042.7 mm? - Controls

ASreq = 1823.2216 mm?® >Aspin= 1042.7 mm?  OK

Use 4 g 25 Bottom, As provided. = 1963.495 mm?® > As, required = 1974.7782 mm>... Ok

Check spacing :-
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800—40%2—20—(4X25)
3

S= =200mm >d, =25>25mm OK

Check for strain:-

_ Asfy _ 1963.495 x420
0.85b f/ ~ 0.85x800x24

= 50.531 mm

B, = 0.85 for f <28 Mpa

= = = &361 = 59.448 mm
B, 085

391-59.448
59.448

&, = 0.003 (=%) = 0.003 ( ) =0.0167314 > 0.005 0k

Flexural Design of Positive Moment for (B4):-
Mu=347.3 KN.m

oMy 3473x10°
"= GbdZ  09x800x3912 pa

fy 420
0.85f,  0.85x24

o= i(l _ _ﬂ> _ <1 ‘\/1 _M> — 0.008205
m 420 20.6 420

As = p.b.d = 0.008205x800x391 = 2566.6224 mm*

m= = 20.6

Check for Agmin:-
Smin = — (b w)(d) = V24 Y% _%800*391 = 912.1 mm?
4(fy) 4*420
ASmin = iy )( w)(d) = 0*800*391 1042.7 mm? - Controls

ASreq =2566.6224 mm? >Aspin= 1042.7 mm’  OK

Use 6 g 25 Bottom, Asprovided = 2945.243 mm?* > As, required = 2566.6224 mm?®... Ok

Check spacing :-
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800—40+2—20—(6X25)
5

S= =110 mm >d, = 25 >25mm OK

Check for strain:-

_ Asfy _ 2945.243 x420

= - = = 75.797 mm
0.85b f, 0.85x800x24

B, = 0.85 for f <28 Mpa

a 75.797
c=—=

= = 89.173 mm
Bi 0.85

391-89.173
89.173

&, = 0.003 (=%) = 0.003 ( ) =0.010154 > 0.005 0k

Flexural Design of Positive Moment for (B4):-

Mu=133.6 KN.m

R = M, 3 133.6 x 10° 1214 M
"= %bdZ 09 x800x391Z pa

fy 420
0.85f]  0.85x24

p=1<1 _ 11 _%> =L<1 _J1 _w> = 0.002981
m 420 20.6 420

As = p.b.d =0.002981x800%391 = 932.556 mm?

= 20.6

Check for Agmin:-
Asmin = ‘/ﬂ V24 . 800%391 = 912.1 mm?
(fy) %420
Asmin = 2 bw)(d) = ﬂ*eoo*391 1042.7 mm? - Controls
(fy) 420

ASpeq = 932.556 mm? < Aspi,= 1042.7 mm? - not OK
Use 4 g 20 Bottom, As provided = 1256.6 mm?* > As, required = 1042.7 mm?... Ok

Check spacing :-
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800—40%2—20—(4X20)
3

S= = 206.66 mm > d, =20 >25mm OK

Check for strain:-

_ Asfy _ 1256.6 X420

= - = = 32.34 mm
0.85b f, 0.85x800%x24

B, = 0.85 for f <28 Mpa

c= 2 =323% _ 38047 mm
B, 085

391-38.047
38.047

&, = 0.003 (=%) = 0.003 ( ) =0.0278 > 0.005 0k

Flexural Design of Positive Moment for (B4):-
Mu=129.3 KN.m

oMy 1293x10°
m = GbdZ  09x800x3912 pa

fy 420
0.85f,  0.85x24

o= i(l _ _ﬂ> _ <1 ‘\/1 _M> — 0.002882
m 420 20.6 420

As = p.b.d = 0.002882x800x391 = 901.594 mm*

m= = 20.6

Check for Agmin:-
Smin = — (b w)(d) = V24 Y% _%800*391 = 912.1 mm?
4(fy) 4*420
ASmin = iy )( w)(d) = 0*800*391 1042.7 mm? - Controls

ASreq = 932.556 mm® < Aspip= 1042.7 mm? - not OK
Use 4 g 20 Bottom, Asprovided = 1256.6 mm? > As, required = 1042.7 mm?... Ok

Check spacing :-
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800—40%2—20—(4X20)
3

S= = 206.66 mm > d, =20 >25mm OK

Check for strain:-

_ Asfy _ 1256.6 X420

= - = = 32.34 mm
0.85b f, 0.85x800%x24

B, = 0.85 for f <28 Mpa

c= 2 =323% _ 38047 mm
B, 085

391-38.047
38.047

&, = 0.003 (=%) = 0.003 ( ) =0.0278 > 0.005 0k

Flexural Design of Positive Moment for (B4):-
Mu=515.8 KN.m

oo Mi _ 5158x10°
"= GbdZ  09x800x3912 pa

fy 420
0.85f,  0.85x24

o= i(l _ _ﬂ> _ <1 ‘\/1 _M> — 0.012859
m 420 20.6 420

As=p.b.d =0.0012859x800x391 = 4022.3532 mm?

m= = 20.6

Check for Agmin:-
Smin = — (b w)(d) = V24 Y% _%800*391 = 912.1 mm?
4(fy) 4*420
ASmin = iy )( w)(d) = 0*800*391 1042.7 mm? - Controls

ASreq =4022.3532 mm? >Aspin= 1042.7 mm?  OK

Use 7 g 28 Bottom, Asprovided = 4310.3 mm? > As, required = 4022.3532 mm®... Ok

Check spacing :-
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_ 800-40%2-20—(7x28) _
= - =

S 84mm>d, =28>25mm OK

Check for strain:-

_ Asfy _ 4310.3 x420

= - = = 110.927 mm
0.85b f, 0.85x800x24

B, = 0.85 for f <28 Mpa

o @ _ 110927
~ B, 085

= 130.502 mm

391-130.502
130.502

&, = 0.003 (=%) = 0.003 ( ) = 0.05988 > 0.005 0k

Flexural Design of negative Moment for (B4):-

Mu= -360.9 KN.m

o My 3609x10°
"= GbdZ  09x800x3912 pa
m= 2 120 _ 0.6

T 0.85f/  0.85x24

o= 1(1 _ 1 _M> - L(l _\/1 _w> = 0.008561
m 420 20.6 420

As=p.b.d =0.008561x800x391 = 2677.8342 mm?

Check for Agmin:-
f ’
Smin = 0 (bw)(d) = V2% %800*391 = 912.1 mm?
A(1y) 4% 420

ASpmin = ﬂ(bw)(d) = £*800*391: 1042.7 mm? - Controls
(fy) 420

ASreq =2677.8342 mm? >Aspin= 1042.7 mm’  OK

Use 6 8 25 Top , Asprovided = 2945.243 mm?* > As, required = 2677.8342 mm®... Ok

Check spacing :-
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S— 800—40*2;20—6X25) =110mm >d, =28 >25mm OK

Check for strain:-

_ Asfy _ 2945.243 x420

= - = = 75.797 mm
0.85b f, 0.85x800x24

B, = 0.85 for f <28 Mpa

110.927
c= = =-—"22=89.173 mm
B, 0.85

391-89.173
89.173

&, = 0.003 (=%) = 0.003 ( ) =0.0101542 > 0.005 0k

Flexural Design of negative Moment for (B4):-

Mu= -459.6 KN.m

M,  459.6x 105

Rn = —
"= BbdZ ~ 0.9 x 800 x 3912

= 4.175 Mpa

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

p:1<1 _ 1 _M> :L<1 _\/1 _M> = 0.011242
m 420 20.6 420

As=p.b.d=0.011242x800%391 = 3516.6328 mm?

Check for Agmin:-
f’
Asmin = 1°_(bw)(d) = —Y2%_*800*391 = 912.1 mm’
A(Ty) 4% 420

ASpin = ﬁ(bW)(d) = 14 *800*391= 1042.7 mm?> - Controls

(y) 420
ASreq =3516.6328 mm? >Aspin= 1042.7 mm’  OK

Use 6 8 28 Top, Asprovided. = 3694.512 mm? > As, required = 3516.6328 mm®... Ok

Check spacing :-
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§ =22 = 53.6mm > dy, =28 >25mm  OK

Check for strain:-

_ Asfy _ 3694.512 x420

= - = = 95.079 mm
0.85b f, 0.85x800x24

B, = 0.85 for f <28 Mpa

a _ 95079

B, 0.85

=111.858 mm

391-111.858
111.858

&, = 0.003 (=%) = 0.003 ( ) = 0.00748651 > 0.005 0k

Flexural Design of negative Moment for (B4):-

Mu=-362 KN.m

M, 362 x 10°

Rn = =
"= %bdZ 0.9 x 800 x 3912

= 3.289 Mpa

f 420
=2 = = 20.6
0.85f/  0.85x24

p= l(l -1 _M> = L(l _\/1 —M> = 0.008590
m 420 20.6 420

As = p.b.d = 0.008590x800x391 = 2686.8725 mm?

Check for Agmin:-
f 1
Asmin = L (bw)(d) = —Y24_*800*391 = 912.1 mm’
A( fy) 4*420
ASpmin = ﬂ(bw)(d) = £*800*391: 1042.7 mm? - Controls
(fy) 420

ASreq =2686.8725 mm? >Aspi,= 1042.7 mm?*  OK

Use 6 @ 25 Top, As provided = 2945.243 mm? > As, required = 2686.8725 mm®°... Ok

Check spacing :-
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S— 800—40*2;20—6X25) =110mm >d, =28 >25mm OK

Check for strain:-

_ Asfy _ 2945.243 x420

= - = = 75.797 mm
0.85b f, 0.85x800x24

B, = 0.85 for f <28 Mpa

110.927
c= = =-—"22=89.173 mm
B, 0.85

391-89.173
89.173

&, = 0.003 (=%) = 0.003 ( ) =0.0101542 > 0.005

Flexural Design of negative Moment for (B4):-

Mu=-92.6 KN.m

M,  92.6x105

Rn = —
"= BbdZ ~ 0.9 x 800 x 3912

= 0.841 Mpa

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

p=1<1 _ 11 _%> =L<1 _J1 _w> = 0.002046
m 420 20.6 420

As = p.b.d = 0.002046x800x391 = 640.0110 mm?

Check for Agmin:-
f’
Asmin = 1°_(bw)(d) = —Y2%_*800*391 = 912.1 mm’
A(Ty) 4% 420

ASpin = ﬁ(bW)(d) = 14 *800*391= 1042.7 mm?> - Controls

(fy) 420
ASreq = 640.0110 mm?® < Aspip= 1042.7 mm® - not OK
Take ASreq =< ASmin = 1042.7 mm?

Use 4 g 20 Top, As provided = 1256.6 mm? > As, required = 1042.7 mm?

Ok

... Ok

Check spacing :-
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800—40%2—20—(4X20)
3

S= = 206.66 mm > d, =20 >25mm OK

Check for strain:-

_ Asfy _ 1256.6 X420

= - = = 32.34 mm
0.85b f, 0.85x800%x24

B, = 0.85 for f <28 Mpa

c= 2 =323% _ 38047 mm
B, 085

391-38.047
38.047

&, = 0.003 (=%) = 0.003 ( ) =0.0278 > 0.005 0k

Flexural Design of negative Moment for (B4):-
Mu=-166.5 KN.m

o My _1665x10°
m = GbdZ  09x800x3912 pa

fy 420
0.85f,  0.85x24

b= l<1 _ - 2.m.Rn> _ <1 _ \/1 B 2x20.6><31.513> — 0.003746
m 420 20.6 420

As = p.b.d =0.003746x800x391 = 1171.7201 mm?

m= = 20.6

Check for Agmin:-
Smin = Al (b w)(d) = 24 Y27 _x800*391 = 912.1 mm?
4( fy) 4*420
ASmin = iy )( w)(d) = 0*800*391 1042.7 mm? - Controls

ASreq = 1171.7201 mm? >Aspin= 1042.7 mm*  OK

Use 4 g 20 Top, Asprovided. = 1256.6 mm? > As, required = 1171.7201 mm®... Ok

Check spacing :-
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800—40%2—20—(4X20)
3

S= = 206.66 mm > d, =20 >25mm OK

Check for strain:-

_ Asfy _ 1256.6 X420

= - = = 32.34 mm
0.85b f, 0.85x800%x24

B, = 0.85 for f <28 Mpa

c= 2 =323% _ 38047 mm
B, 085

391-38.047
38.047

&, = 0.003 (=%) = 0.003 ( ) =0.0278 > 0.005 0k

Flexural Design of Negative Moment for (B4):-
Mu=514.8 KN.m

oo Mi _ 5158x10°
"= GbdZ  09x800x3912 pa

fy 420
0.85f,  0.85x24

p:l<1_ 1_m>_ <1_\/1_w>=0.01283
m 420 20.6 420

As = p.b.d =0.001283x800%391 = 4013.1547 mm?

m= = 20.6

Check for Agmin:-
Smin = Al (b w)(d) = 24 Y27 _x800*391 = 912.1 mm?
4( fy) 4*420
ASmin = iy )( w)(d) = 0*800*391 1042.7 mm? - Controls

ASreq =4013.1547 mm? >Aspin= 1042.7 mm?  OK

Use 7 8 28 Top, Asprovided. = 4310.3 mm? > As, required = 4013.1547 mm®... Ok

Check spacing :-
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800—40%2—20—(7%28)
6

S= =84mm>d,=28>25mm OK

Check for strain:-

_ Asfy _ 4310.3 x420

= - = = 110.927 mm
0.85b f, 0.85x800x24

B, = 0.85 for f <28 Mpa

o @ _ 110927
~ B, 085

= 130.502 mm

391-130.502
130.502

&, = 0.003 (=%) = 0.003 ( ) = 0.05988 > 0.005 0k

v" Shear Design for (B4,B-1):-

1. V,=346.5 KN

==Jfc'b, d == V24 %800 * 391 = 255.4 KN

® V= 0.75*255.4 =191.55 KN
® Vsmin> 0.75 (%) * bw * d =0 .75* (% )*800*391*10° = 78.2 KN — Controls

\/_

@ Vsmin >075(‘/_) *bw *d = 0.75%(*' =) * 800 % 391*10° = 71.83 KN

D (VC+Vspin) = 269.75 KN

@ (Vc+Vsmin ) <Vu

Calculate v

vy = 2\/fc’b, d =324 « 800 391 =518.638 KN

Q)(vc + Us,min) <y = Q(UC + 1.75!)

0.75(255.4 + 104.26) < 346.5 < 0.75(255.4 + 518.638)
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269.745<346.5<580.528

Case 4 :

shear reinforcement are required
Use2leg @ 12

As =226 mm?

_ 3465
0.75

Vs=Vh—-V¢ 255.4 = 206.6 KN

Aypfyed 226 x 420 * 391

g = = = 179.64 trol
Ve 206.6 * 1000 mm.contro
d 391
Smax = E = T = 195.5mm
or Smax < 600 mm

Use 2 leg @ 12 @150mm

2- V,=379.9 KN

Ve==y/fc'b, d == —V24 800 * 391 = 255.4 KN
® V= 0.75%255.4 =191.55 KN
® Vsmin> 0.75 (%) * pw * d =0 .75* (% )*800*391*10° = 78.2 KN — Control

Nex

g ) 800 391*10° = 71.83 KN

® Vsmin >0.75 (1£f6c) *pw *d =0.75%(

@ (VC+VSmin ) = 269.75 KN

Calculate vy

vy = 2\/fc'b, d =v24 + 800 + 391 =518.638 KN
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DV + Vsmin) < vy < O(v, + vy)

0.75(255.4 + 104.26) < 379.9 < 0.75(255.4 + 518.638)
269.745<379.9<580.528

Case 4 :

shear reinforcement are required

Use2leg @ 12

As =226 mm?

_ 3799
0.75

Vs=Vh—-V; 255.4 = 251.13 KN

S_Avfytd_226*420*391_14778 trol
= Ty, 251131000  remm. comtro

391
= T = 195.5mm

N &

Smax S

or Smax < 600 mm

Use 2 leg @ 12 @125mm

3-V, =416.2 KN

Ve==\fc'b, d == <V24 %800 391 = 255.4 KN

® V= 0.75*255.4 =191.55 KN

® Vsmin> 0.75 (%) * pw * d =0 .75* (% )*800*391*10° = 78.2 KN — Controls

f 1
® Vsmin >0.75 (%) *pw *d = 0.75*(%) * 800 * 391*10° = 71.83 KN

@ (VC+VSmin ) = 269.75 KN

Calculate vy
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vy = 2yfc'b, d =v24 + 800 x 391 =518.638 KN

(v, + Us,min) <v < O(v + vs’)
0.75(255.4 + 104.26) < 416.2 < 0.75(255.4 + 518.638)

269.745<416.2<580.528

Case 4 :
shear reinforcement are required
Use 2 leg @ 12

As =226 mm?

_416.2
0.75

Vs =Vh— V¢ 255.4 = 299.53 KN

Aypfyed 226 x 420 * 391

S = =
Vs 299.53 « 1000

=1239mm  control

=——= 195.5mm

d 391
2 2

or Smax < 600 mm

Use2leg @ 12 @120 mm

4-\V/, = 313.2 KN

Ve==y/fc'by d == —V24 800 391 = 255.4 KN

® V= 0.75*255.4 =191.55 KN

® Vsmin> 0.75 (%) *pw *d=0.75* (% )*800*391*10°° = 78.2 KN — Controls
f 1

® Vsmin >0.75 (\/_C) *bw*d= 0.75*(%

ST ) * 800 * 391*10° = 71.83 KN

@ (VC+Vsmin ) = 269.75 KN

69



Chapter Four Structural Analysis and Design

Calculate v

1/fcb d—— V24« 800 * 391 =518.638 KN

D(ve + Us,min) <v < O(ve + 1.75')
0.75(255.4 + 104.26) < 313.2 < 0.75(255.4 + 518.638)

269.745<313.2<580.528

Case 4 :
shear reinforcement are required
Use 2 leg @ 12

As =226 mm?

3132

Vs=Vp—V¢= —255.4=162.2 KN

Apfyed 226 % 420 %391

S = - — 28881 trol
Ve 162.2 * 1000 mm.contro
d 391
Smax = S5 < 195.5 mm
or Smax < 600 mm

Use2leg ® 12 @175 mm

5-V,=451.7 KN

-\ fc'b,d == -+v24 %800 *391 = 255.4 KN

® V= 0.75%255.4 =191.55 KN
® Vsmin> 0.75 (%) * bw * d =0 .75* (% )*800*391*10°® = 78.2 KN — Controls

fc
® Vsmin >075(\/_) *pw*d = 075*(J_) * 800 * 391*10° = 71.83 KN
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@ (VC+Vsmin ) = 269.75 KN

Calculate vy
vy = 2y/fc’b, d =v24 + 800 + 391 =518.638 KN

D(ve + Us,min) <v, < O(v. + 1.75')
0.75(255.4 + 104.26) < 451.7 < 0.75(255.4 + 518.638)

269.745<451.7<580.528

Case 4 :

shear reinforcement are required

Use2leg @ 12
As =226 mm?
V=V, -V, = % — 255.4 = 346.86 KN
S_A,,fytd_226*420*391_10699 ol
T Ty, 34686+1000 - mm. contro
d 391
Smax S E = T = 1955 mm

or Smax < 600 mm

Use2leg @ 12 @100 mm

6-V, =128.4 KN

Ve==y/fc'by d == —V24 800 391 = 255.4 KN

® V=0.75*255.4 =191.55 KN
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® Vsminz 075 ( Ly s pw*d =0 757 (5 L 1+800%391*10° = 78.2 KN — Controls

® Vsmin >0. 75(\/f_) *pw*d = 075*(‘/_) * 800 * 391*10° = 71.83 KN

DdVec>Vu>05d Ve
191.55>128.4>95.77

Case 2 :

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

Use stirrups (2 leg stirrups ) 8 8@150 mm , A, = 2 x 50.24 = 100.5 mm?

bws 1b s
AVmin \/fc - -

fyt 3 fyt
AVpin=100.5 = \/_ 8402"05 - s=0.172m
100.5 _1 8005 L, ¢ =0.158m

S max—% = 157mm — control

S max —»<600mm
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WuD = 1.2*Dead load = 1.2%9.48 = 11.38 KN/m?.
WuL = 1.6*live load = 1.6*4 =6.4 KN/m®.

Wu = 11.03+6.4 = 17.8 KN/m?

(4.12.3) Shear Design :

lo/l,=0.63

W, =0.28

Wa =0.72

The total load on the panel being ( 7.2*4.55*17.43) = 571.01 KN
The load at face of the long beam is (0.72x571.1/(2*7.2))=28.55 KN
Assume the @ 16

d=200-20-12\2=174mm

Ve =(\24 *1000%174*10~-3)\6 =145KN

OV 075~ 145= 108.75 KN
V< o Ve,

The thickness of the slab is adequate enough

(4.12.4) Flexural Design:
(1/1,=0.632)

Positive moments :
Cda=0.068

Cla=0.073

Cdb=0.0132

Clb=0.0127
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Manepr = C*W* L2 =0.068*11.38*4.55°= 16.05 KN.m\m
Maser = Ca*W* L2 =0.073%6.4*4.55 >= 9.67KN.m\m
I\/|a+ve = |\/|a+ve,L+ I\/|a+ve,D = 258KNm\m

Mpive = Mpive L + Mpivep =12 KN.m/m

(4.12.5) Positive Moment:

*Mu,b = 25.8KN.m/m
Assume the dgar =14 mm
d = h- cover - (dgs\2) = 200-20-7 = 173mm

* 6
R - Mn _ 2587107709 /2'9:.958MPa.
n=—7  1000*173
b-d
fy 420

- 0.85x fc' ~ 0.85x 24

2 K * *
PR Y DL\ I 1—\/1_M — 0.002234
m f, | 1764 420

As,,, = 0.00229+1000*173 =404.33mm?/m

=20.59

As i, =0.0018*b*h =0.0018*1000* 200 = 360mm2/m

As = 404.33 mm2 > M = 360mm2/m

Use 4@ 12with As = 452.4mm?/m

75



Chapter Four Structural Analysis and Design

*Mua = 12 KN.m/m
Assume the dggr =12 mm
d =h- cover - (dga\2) = 200-20-6 = 174mm

My, 12x10°

R.,= =
"™ 9bd2 ~ 0.9x1000x1742

= 0.4403 Mpa

__ v 420
0.85x fc' = 0.4403x24

1 2mK * *
Sty fo2mK, ) 1 1—\/1—2 20.59*0.4403 | _  0010c
m f 20.59 420

y

20.59

ASreq = 0.0021000%174 = 183mm?m

As i, =0.0018*b*h =0.0018*1000* 200 = 360mm2/m

As = 183mm2 < AS iy = 360mm2/m
As = 360mm2/m

Use 4 ® 12 As = 452.38 mm?/m

(4.12.5) Negative Moment:

*Mu,a = 26.05 KN.m/m
Assume the dgar =14 mm
d =h- cover - (dgar\2) =200-20-7=173mm

_ My __ 26.05x10°
" @bd2  0.9x1000x1732

Ry = 0.97 Mpa

__ v a2
0.85x fc'  0.85x 24

p=i<1 _ |1 _M) =L<1 _Jl_w> = 0.00237
m 420 20.6 420

=20.58
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ASreq = 0.00224%1000%173 =409.6mm?/m

AS i =0.0018*b *h =0.0018*1000* 200 = 360mm2/m

As = 409.5mm2 > = 360mm2/m

Used @ 12 As = 452.4mm?/m

Note: other moments requires areinforcement less than minimum, Use @ 8 \ 12.5cm with
As=400 mm?/m

Check the max spacing:

1. 3h=3*20=60
2. 450mm

3. S=380*(280/FS)-2.5Cc=330....Control.

1A

-
I

v TB$12(@250 L=5.00

Fig(4-8) : Reinforcement of solid slab

4.8 Design of two way ribbed slab (R5)

4.8.1 Minimum thickness for Waffle (R2) slab h=35 cm:

77



Chapter Four Structural Analysis and Design

Check for the minimum thickness of the slab:
-All Exterior and interior beams have a rectangular section of 60 cm width and 60 cm depth:

p _b>l<i13_0.8>|<0.353
b= 12— 12

= 28.58 x 10~* m*

The moment of inertia for the ribbed slab:

5284+ 27 %12 %215

Ye = 52+84 2712 1nb6em

11.663 A0 3.663 +12 23.333
— * *
3 3 3

Ly = 52 % = 77616.86cm*

Short directionl = 10.6 m = 1060 cm
Long directionl = 10.63 m = 1063cm

l
Liip * (G +bw) 7761686 + 610

Iy = b; ) = 910505.47
l
Lip * G+ bW)  77616.86 x 611.5
[z = b; = ) = 912744.42
l
Lip * G+ bw)  77616.86 x 1140
I3 = = = 1701600.392
by 52
l
Lip * G+ bW)  77616.86 * 1143
[s4 = b; = ) = 1706078.288

I, 28583333
%= 1. T 91050547

I, 28583333 0167
I,  1706078.288

O(fz
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I, 285833.33

%3 = 1. = 1701600392 ~ 167
_lp_ 2858333 _
%4 = 1.~ 1706078288 ~

_ (3%0.1675 +0.314)

Uy Z =0.204 < 2.0
The minimum slab thickness will be:
L,(0.8 +-2= 10.63 * (0.8 + ~2%)
36 +56(am —0.2) 3645« ——*(0.204-02)

h=35cm > 3246 cm — OK

4.8.2 Load calculation for (R5):

=== Eaers
) ]
IR e e e .
o | | e [
]
I | | . -
0] |
Bl IS I
..
O I I g |
o | o o [
]
| o o o o
~ N A e

£ [

fig.(4.9): Two way Ribbed slab.
For the two-way ribbed slabs, the total dead load to be used in the analysis and design is
calculated as follows:
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Rb(1)

Hollow Block ( 17 ecm ) —

Fig.(4.10): Two way ribbed slab

Table (4-3) Calculation of the total dead load for two way rib slab (25). Table (4

Quality Density

No. | Material KN/m?® Calculation
1 Topping 25 0.52x0.52x0.08x%25 = 0.54
2 Rib 25 (0.4+0.52)0.27x0.12x25 = 0.745
3 Sand 16 0.52x0.52x0.07x17= 0.322
4 Mortar 22 0.52x0.52x0.02x22 =0.119
5 Tile 22 0.52x0.52x0.03%23 =0.1866
6 Plaster 22 0.52%0.52x0.02x22 =0.119
7 Block 9 0.4x0.4x0.27x9 = 0.388
8 Partitio 15 1.5x0.52*.52 = 0.41

2.8267 KN/unit

Z:
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Dead Load of slab:

2.8267

_ _ 2
= 052052  LOASKN/m

DL
wp = 1.2 * 10.45 = 12.54KN /m?
LL = 4KN/m?

w, = 1.6 x4 =64 KN/m?*

w = 12.54 + 6.4 = 18.85 KN /m*

4.8.3 Moments calculations:

Ratio = 6.55/6.73 = 0.973

Ma = Cawla?bf and Mb = Cbwlb?bf

92 cm

..................

40 em —=

§2cm
12¢m
. . I S

-

—40 cm

12 cm
40 em 40 cm

Fig.(4.11): Two way ribbed slab
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*Negative moment

Cameg = 0.075

Maneg = (0.075 * 18.83 x 6.552) * 0.52 = 31.5KN.m

*Positive moment

Cap,pos = 0.0345

Coppos = 0.0255

Carpos = 0.0365

Chipos = 0.0305

M pos ariy = (0.0345 * 12.54 * 6.55% + 0.0365 * 6.4 * 6.55%) x 0.52 = 14.86 KN.m
My pos ar+iry = (0.0255 * 12.54 + 6.73% + 0.0305 x 6.4 x 6.73%) » 0.52 = 12.13 KN.m

Design of positive moment
*Short direction ( Mu = 14.86 KN.m )
bf = 520 mm

Assume bar diameter ¢14 for main positive reinforcement.

_ dy 14
d = h— cover — dstirrups —— =350—20—-10 —— =313 mm.

2 2
o Mo 1486x10°
n T PbdZ 09 x120x 3132 ¢
420
m=_JY = 20.59

T 085fc  0.85x24

o= 1(1 _ 1 _m> - ;<1 _\/1 _w> = 0.00345
m 420 20.59 420

As = p.b.d =0.00345 x 120 x 313 = 129.8 mm?
Check for As,min..

Vf'e 1.4
b,*d> —b, xd
fy 7 fy "

As,min = 0.25

120 x 313 = 109.53 mm?

V24
A in = 0.2
s,min =0 5*420
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1.4
As, min = 220" 120 X 313 = 125.2 mm? .....Control.

As,required = 129.6 mm? > As,min = 125.2mm? (0K)

Use 2@12, with As = 227 mm? > As,required = 129.9 mm?

Check for strain: (¢ = 0.005)
Tension = Compression
As x fy = 085 * f/ b * a
227 x 420 = 0.85 * 24 x 120 * a
a = 37.388 mm
a 52.48

=— == 22" _ 43098
XT3 0.85 mm
— X
g = 0.003 * (—)
=0.003 + (222%) = 0.018 > 0.005 ¢ =09 ... OK.
43.98

Long direction (Mu =12.1 KN.m) -
bf =520 mm

Assume bar diameter ¢ 12 for main positive reinforcement.

, d, 12
d = h— cover — dstirrups — 5 = 350 —20-10 — - = 313 mm.

o My 121x10°
nT PbdZ 09 x120 x 3132 a
420
m=_JY = 20.59

T 085fc’  085+24

- 1(1 _ 1 _m> = ;<1 _\/1 _w> = 0.00279
m 420 20.59 420

As = p.b.d =0.00248 x 120 x 313 = 104.968 mm?
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Check for As,min e

f”bw*dz ﬁbw*d
fy

As, min = 0.25
fy

120 x 313 = 109.53 mm?

V24
A in = 0.2
s,min = 0.25 = 220

1.4
As, min = 220" 120 X 310 = 125.2 mm? .....Control.

As,min = 125.2 mm? > As,required = 104.83 mm? ..ok

Use 20312, with As = 227 mm?* > Asmin = 125.2 mm?

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

As x fy =085 f/ *b *xa
227 x 420 = 0.85 *x24 * 120 a

a =38.9mm

a 389
x=’671 = @=45.82mm
d—x
& =10.003 = ( . )
=0.003 * (2=2%) = 0.017 > 0.005 + ¢ =09 ... OK.

Design of negative moment ( Mu = 31.5KN.m)
bf = 520 mm
Assume bar diameter ¢ 14 for main positive reinforcement.
d = h— cover — d.stirrups — % =350-20—-10— % = 312 mm.

M, 31.5 x 10°

0bd? _ 0.9 X 120 x 3122 @

Ry
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_fy 420
~0.85fc’ 0.85%24

p= i 1— [1— 2ZmRp ) _ 1 1— [1— 2X20.59%3 = 0.00776
m

420 |~ 2059 420

m = 20.59

As = p.b.d =0.00773 x 120 x 312 = 273.3 mm?

heck for As,min..

Vf'e
fy

1.4
b, *d > —>b, xd

As,min = 0.25 >
fy

V25
As,min = 0.25 * 230 120 x 312 = 111.43 mm?

1
As, min = 220" 120 X 312 = 125 mm?.....Control.

As,required = 273.3mm? > As,min = 125.2mm?..0K

Use 2@318, with As = 508.9 mm? > As,required = 273.3 mm?

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

As x fy =085 f/ *b *xa
402.1 « 420 = 0.85 * 25 * 120 * a

a = 66.22mm
_a__5248
¥=pB T7 0gs oMM

312-78

g, = 0.003 * (=2 =0.003 «
Check shear strength: 4.8.4

W, = 0.73

85
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Short direction

0.52
Aug, = 18.83 * 6.55 x 6.73 * 0.75 * 0.5 * 673 24.1 KN

Vu= Au, — W *0.52 x Wa = 24.1 — 18.83 ¥ 0.52 * 0.73 = 17 KN

0.75

75
6 * V25 %120 * 313 = 25.82 KN

0
DV, = 1.1% xJfc'xbwxd=1.1%

Case 1l
V< 2% bxV
V, =17.KN > %* ¢ *V. =13.KN ... Not OK

Case 2

N =

* ol < < o1t

1
5*&* Ve =13.KN <V, =17. KN <+ V = 25.82 KN - 0K
provide minimum shear reinforcement

Vsmin > = /f*bw*d =+ V25 *120*313*10° = 11.73 KN.

¢Vsmin = 8.8
<Zsxby+d=3%0.12%0.313*10° = 12.52 KN
¢Vs,min =8.8.............. control
dVe= 25.82 KN < Vu=17 KN < ¢(VctVspin) =25.8 KN ...... satisfy

~Case (3) is satisfy shear reinforcement is required.
Use 2 Legd8 for stirrups with Av = 100.53mm2

Vsmin — ¢Vsmin _ 8.8 _ 1173
smin = D =075 = )
Avsfyxd 100.53 %420 %313
s = = *x 1073 = 1126.6Vmm

Vsmin 11.73
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smaxggz 322: 157 mm. < 600 mm.

Select 2 leg $8 @ 15¢m

4-9 Design of Stair

Fig 4.12: Stair Plan.

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

= Reinforcement Steel Fy = 420 N/mm?
1- Design of Flight :-

v" Determination of Thickness:-

hmin = L/20
hmin = 520/20 = 26 cm
Take h=30cm

The Stair Slope by 6 = tan™(17/ 30) = 28.07°
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v" Load Calculation:-

J 2cm The=

AT P ST

Fig 4.13: Stair Section.

Dead Load For Flight For 1m Strip:-

No. | Parts of Flight Calculation
1 Tiles 23*0.03*1*(0.35+0.16)/0.3) = 1.173 KN/m
2 Mortar 22*0.03*1*(0.3+0.16)/0.3 ) = 1.012 KN/m
3 Stair 25/0.3*(0.3*%0.16/2)*1 = 2 KN/m
4 |R.C 25*0.3*1 / cos 28.07 = 8.5 KN/m
5 Plaster 22*0.02*1 / cos 20.07 = 0.499 KN/m

Sum 13.184 KN/m

Table (4.5): 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 x13.184+ 1.6x4 =22.22KN/m

v" System of Flight:-

T e el o— L W = L oo il -

Earutcess Deood Load =13 1880 m

4 kn/m

D=—13 184 =ra
L— 4 =

Fig 4.14: Statically System and Loads Distribution of Flight.

IFILF RO - DOk YR N E~] 1_Lnr 1
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Fig 4.15: Shear and Moment Envelope Diagram of Flight

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—”= 300—20—12—2= 274 mm

Ve==/fc'by d = <V2& x 1000 * 274 = 224KN

® V.-0.75*224 = 167.7 KN > Vu = 28 KN...... No shear reinforcement are required

My 27x108
T @bd2 ~ 0.9x1000%2742

=.399 Mpa

Rn

1 420
m= Y ; =
0.85f¢ 0.85%x24

- l(l _ 1o 2.m.Rn) _ 1 (1 _ Jl _ 2><20.59><.399) — 0.0012
m 420 17.65 420

Asreq = p-b.d = 0.00123x1000x274 = 262.9 mm?

= 20.59

As min= 0.0018*1000*300 = 540 mm?
As=540 mm-......... is ok

Use 12 @ 150mm , A provided=_678.558MmM*>A required= 540mm>... Ok
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Check for Spacing :-

S =3h=3*300=900 mm
S =450 mm

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

Use g14 @ 150mm |,

Check for strain:-

_ Asfy _ 678.5%x420

= = =14 mm
0.85b f  0.85X1000x24

14
== =—=165mm
B,  0.85

d—c 274 — 16.5
& = 0.003 (T) = 0.003 (T) = 0.0468 > 0.005 ...... Ok

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

USE ﬂlO@ 150mm , Asvprovided: 5.65mm2>As required: 540mm2... Ok
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Structural Analysis and Design

Table (4.6 ): Dead Load Calculation of Landing.

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

Sum

9.3KN/m

2- Design of Landing :- (For First One Meter)

Determination of Thickness:-

hmin = L/20

hmin = 3.1/20 = 15.5 cm

Take h=30cm

v" Load Calculation:-

Dead Load For Landing For 1m Strip:-
Live Load For Landing For 1m Strip = 4*1 =4 KN/m

Reaction From Flight:-

DL =29.63 KN/m
LL =11 KN/m

Total Dead Load =9.3 + 29.63 = 38.93 KN/m
Total Live Load =4 + 11 = 15 KN/m



Chapter Four

Factored Load For Landing :-

Wy = 1.2 x38.93+ 1.6%15=69.6KN/m

v" System of Landing:-

Structural Analysis and Design

load group ne. 1
Dead load - Service

Units:kN, mater

29.6
90
34
Live load - Service Load factors: 1.20,1.20/1.60,0.00
| T "
L] ¥ [ '] ] '] W W PP W ] ¥ W 0] K] '] W
31

Fig 4.16: Statically System and Loads Distribution At First 1m Of Landing

Moments: spans 1to 1

1.55

86.9

1.55

Shear

-112.1
-83.9

1121

839
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Fig 4.17: Shear and Moment Envelope Diagram At First 1m of Landing.

1- Design of Shear:- (Vu=83.9 KN)

Assume bar diameter g 12 for main reinforcement
d =h- cover —"2—” — 300 — 20 —12—2 = 274 mm
Ve==y/fc'by d = V28 1000 * 274 = 242 KN

®* V;-0.75*% 242 = 181.5 KN >Vu =83.9 KN...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=86.9 KN.m)

Assume bar diameter g 12 for main reinforcement
d:h-cover—dz—b = 300—20—§= 274 mm

M, __ 83.9x10°

R.— —
"™ @bd2 T 0.9x1000x2742

= 1.242 Mpa

_fy 420
0.85f,  0.85x24

p:1<1 _ 1 _M> :;<1 _\/1 _w> = 0.003039
m 420 20.59 420

Asreqg = p.b.d=0.003039x1000x274 = 832.58 mm?
Asmin = 0.0018*1000*300 = 540 mm?

Asreq = 832.58 mm?

Check for Spacing :-

m = 20.59

S =3h =3*300 =900 mm

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

Use 212@ 125mm _, A provided= 904.8 MM>>A; required= 832.58 mm>... Ok

Check for strain:-

_ Asfy _ 855.5x420

= - = = 15.1 mm
0.85b f ~ 0.85x1000x28

= — = 1 _ 17.765mm
B, 0.85
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d—c 274 —17.76
& = 0.003 (T) = 0.003 (W) = 0.0433 > 0.005 ...... Ok

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

USE ﬂlO@ 150 mm y Asyprovided: 549-7 mm2>As’required: 540mm2... Ok

Fig 4.18: Stair Reinforcement

4.10 Design of Column

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

v Load Calculation:- (From Column Group H)
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Service Load:-

Dead Load = 2146 KN
Live Load = 225 KN

Factored Load:-

Pu=1.2 %2146 + 1.6x 225 = 3703 KN

v Dimensions of Column:-

Assumepg =0.01
¢*Pn=0.65x 0.8x Ag{0.85 fc (1- pg) + pg * Fy}
3707*1000 = 0.65x 0.8 x Ag {0.85* 28 (1 — 0.01) + 0.01* 420}

Ag=248784.315 mm?2
Assume square colum with a=500 mm

v" Check Slenderness Parameter:-

m < 34—12ﬂ <40
r M 2

Lu: Actual unsupported (Unbraced) length.

K: effective length factor
R: radius of gyration = \/'IA\: O03h .o For rectangular section

Lu=4.1m
M1/M2 =1
K=1 for braced frame.

about X-axis (b=0.7m)

m<34—12m <40
r M2

1x3.2
0.3x0.5

=2133<22
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Column Is Short About X-axis and y- axis

3707*1000 = 0.65 0.8 x 500*500{0.85* 28 (250000 As) + As * 420}

As=2120mm?

AS = 0.01*500*500=2500 mm>

S in > AS., SO use As= 2500 mm’

Use 8 @ 20 with As= 2513 mm?

v" Design of the Stirrups:-

Use @ 10 for ties

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

spacing <16xd, =16x20.0=32.0cm
spacing <48xd, =48x1.0=48cm
spacing < leastdim =50 cm

Use#10@ 20 cm

8920

AN

AL W ™
3
I I s100200m

050 7

Fig 4.19: Column Reinforcement
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4.12 Design of Footing

«» Material :-

= concrete B350 Fc' =28 /mm?

= Reinforcement Steel Fy = 420 N/mm?

Structural Analysis and Design

v Load Calculations :- (From foundation cat2)

Dead Load = 1180KN, Live Load =177 KN

Total services load = 1180+ 177 = 1357 KN

Total Factored load = 1.2*1180+ 1.6*177=1699.2 KN

Column Dimensions (a*b) = 30*50 cm
Soil density = 18 Kg/cm3
Allowable Bearing Capacity = 500 KN/m2

Assume h = 55¢cm

Qret_aow = 400 — 18 = 382.3kn/m2

v" Area of Footing :-

Pt 1357

_ 2
382 3.55m

A=

qnet—allow
Assume Square Footing

B required =1.9m
v' Bearing Pressure :-
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Qu = 1699.2/1.9*%1.9= 470.7 Kn/m?
v' Design of Footing :-

1- Design of One Way Shear Strength :-

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

[\" S KNIm2
Assume h =55cm , bar diameter g 20 for main reinforcement  and
7.5 cm Cover N
d =550 —-75—-20 =455 mm Inclined crack

Tributary area for
/ one-way shear
7,

!

3

B-a Critical section for
VU - qu*( > _ d) * L one-way shear

1.9-3

Vu = 470.7*( .

_ 0.455) « 1.9= 308.54Kn

d

Column \D

One-way shear,

#NC :¢%*,/ fc' *b,, *d

NI

pNC = 0.75*%*\/28 *1900*%455=571.81Kn

¢NVc =571.81KN >Vu =308.54Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

VU = 470.7 -1.9*1.9 - [(0.5 + 0.455) * (0.3 + 0.455) | = 1359.84Kn

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

1, 2\[.°
PV, = ¢.€[1+ﬂ—c]\/fbod
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Ve = (b /d J‘/»b ‘
oV, =21, b

Where:-

Column Length (a) 50

= _ =— =167
Column Width (b) 30

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

b, = 2*(455+.5) + 2*(.455+.3) = 3.42m

%s = 40 for interior column

PN = —( j\/ bd—075 ( %)* 24 *3420* 455 = 2094.125Kn

0.75 ( 40* 455
V. = 2V f. b.d = +2 |*/24 *3420* 455 = 3488.44Kn
We =91, (b /d j 12 ( 3420 j

oV, = ¢_%,/ f, b,d = %*\/2_8*3744*511: 1905.825Kn

®Ve =1905.825 Kn>Vu=1359.84Kn ....safe .

3- Design of Bending Moment :-

Critical Section at the Face of Column

Mu =470.7*1.9**.8*.8/2=286.2KN

_ M, __ 2862x10%
"7 @bdZ T 0.9x1900x4552 -808 Mpa
420
- = 20.59

0.85f!  0.85x24

p:i<1_ 1_m>_ <1_\/1_w>=.000196
m 420 17.6 420

Asreq = p.b.d = 0.00196x1900x455 =1697.44 mm?
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Aqmin = 0.0018*1900*550= 1881 mm?
Asreq = 1881 mm?
Use 13ﬂ14 In BOth DlreCtion, Agvprovided = 20012mm2>A§'requ|red = 1881 mm

Check for Spacing :-

S =3h =3*55 = 165cm

289 ) 2 5*75=192.5cm
5*4-20

S = 380%(

S=450cm ......... is control

USE 13%14 |n BOth DIFECtiOI’], Asyprovided = 2001.2mm2>A51requ|red = 1881 mm

Check for strain:-

Asfy _ 2001.2x420

= - = = 21.68mm
0.85b fc 0.85X1900x%x24
C=i=%=25.51mm
B,  0.85
= 0.003 (d _ C) = 0.003 (511 _ 3058) =0..05 > 0.005
85 = U. c = U. 3058 = U.. .

Critical Section at the Face of Column

Mu =470.7*%1.9**0.7*0.7/2=219.11KN

_ My __ 21911x10°
Rn= @bd? ~ 0.9x1900x4552 6189 Mpa
m= 2 420 _ 20.59

T 0.85f/  0.85x24

p= 1(1 -1 _w> _ ;<1 _ \/1 _M> =.000149
m 420 20.59 420

Asreq = p.b.d =0.00196x1900x455 =1293.83 mm?
As min = 0.0018*1900*550= 1881 mm?

A req = 1881 mm?
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Use 13914 in Both Direction, Asprovidea=_2001.2Mm*>A required= 1881 mm?®... Ok

_3.45'm
| i A [
</ L < G
ooy || SIS
GRERELRLY GO
SHEEHESH | | S -4.20m
L0 I
w
o ‘ -4.65 m
— | | -4.75m
O
0.10 0.7 030 0.7 0.10
— A~
0.10 1.9 0.10
2.1
210
o.10 1. .90 010
—_, —
.10 O_.70 0.50 0.7FO 010
. eled -
o hPo B i —
=
= 0.50
o P o
N
= o | = < =1 }
o4 — CI'\\_ D\I\ _II"'—";I'—"'I
-
L]
= | i
— __\CI*-\\_ _I
N orohr

Fig 4.20 :Foot Reinforcement Details.
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4.13 Design of Basement Wall:

-

3.4

SLITTTTTT

| 30.6

Figure (4-21): Geometry of basement.

Fc’ =24Mpa Fy =420 Mpa
@ = 30° Yy = 18.00KN/m3
Ko=1-sin®

=1 —sin30

= 0.50

4.11.1 Load on basement wall:

For 1m length of wall:
* Weight of backfill:

gl =Koxy=xh
= 0.50*18.0*3.4 =30.6 KN/m
01 (Factored) = 1.6 *30.6 = 48.96 KN/m

* Load from live load (CAR) :
LL=2.5 KN/m2
g2 = Ko * LL

=0.50 * 2.5 =1.25 KN/m
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q2 (Factored) = 16 *125 :20 KN/m

4.11.2 Design of the shear force:

Assume h =300 mm,
d=300—-20—-16 = 268 mm

Vmax =47.7 KN

WCJJF;bW*d

 ¢24*1000* 264
6

PVe =161.66KN

Vu <g¢Vc

No shear Reinforcement is required.

4.11.3 Design of bending moment:
Mu max =49.9 KN.m

Mn = U _ 499 _ o 4 kN
P09 09 7 -m

Mn * 10° _ 5544« 106
bxd2 =~ 1000 % 2642

__v =20.59
T 0.85xfc’ 0.85%24

1 1 1 2*Rn*m
= — % —_ —_—
P Fy

Rn = = 0.772 Mpa

m

1 2 *1.0468 * 17.65
=——=x(1— |[1-—
17.65 420

= 0.00187

Asreq =pxb*d = 2551073 %1000 * 266 = 502.3mm/m
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.Control.

I-Flowods 1 OGE 15

b d>1'4b d
w*ad = —— Dy *
fy

e
o

1000 x 266 = 772.6 mm?*

V24

420

* 120 x 310 = 886.6 mm? ....

fy

Jre

1.4
420

4.10.4 Design of the horizontal reinforcement:

Select 5016Vertical reinforcement at compression face:

Selectp10@20cm/m, in two layer.

As, min = 0.25 %
Asmin = 0.0012 xb xh = 0.002 * 1000 * 300 = 360cm?/m

Select 4916 Vertical reinforcement at compression face

Chapter Four
Amin > Areq

A Check for As,min
As, min = 0.25
Amin > Areq

As, min

L)
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i
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AR
NN
e

AN

T-Heok & 1015

I

105

| &1
[ |

S

140

NRRRRI

Scal= 1

R

YN
ROURRRRA

Ssction A-A of bessment wall

9.1

A Jv A



Chapter Four Structural Analysis and Design

4.14 Design of shear wal

shear &moment diagramm es

86 7TKN — 86.7 KN
1075 KN ' 194 2 KN 286.11 KN.m
220 6 KN Y 414 8 KN 727 .56 KN m
300 3KN Y 7151 KN 2096 4 KN.m
380.7 KN ‘ 10958 KN 4656 23 KN.m
520.7 KN - 4 1616 5 KN 807237 KN.m
63545 KN— 2251 95KN 12406 82 KN.m
854 2KN — 2850 95 KN 15036 695 KN
o e o 32457 2KN.r
Loads &system thear diagramme moments d agramme

« Material and Sections:- (From Shear Wall 2)

= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h=25cm
= Shear Wall Width Lw=6m

=  Shear Wall Height Hw=29.5m

v" Design of Horizontal Reinforcement:-

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

w295

3m
2 2
h—W = & =14.75m
2 2

storyheigh(Hw) = 29.5m........ Control

d=08xLw=0.8x6=4.8m

5 1A
OVmax = Q)g\lfc hd
= 0.75x0.83 * V28 x 250 * 4800 = 3952.8 KN >V, = 3850.8KN

I.is the smallest of :

1-V, =§ £ hd = %\/28 250 * 4800 = 10583 ........ Control

N,d
2— V. =027/f'hd + 4‘; = 0.27+/28 * 250 * 4800 + 30.4 = 1617.9KN

w
I Nu
L (01F +0.27%)
3— V. =[0.05/F + — T hd = 3239.41KN
Vo 2

6123.1 —3637.3 M, —3637.3

= M, = 4224.22KN.m

3.6 ~ 3.6-2.75
My L, _ 320572103 6000
v, 2" 38508 g T onesbrmm
Vc =1058.3KN

@ *vc + Qvs = vu

@ * vs=vu-@ * vc

Vs=vu/® — vc

Vs=3850.8/0.75-1164.2= -3723.33kn No need reinforcement

Minimum shear reinforcementis required:
Min(Avh/Sh)=0.0025*h
=0.0025*250=0.625

Select 10@200mm , two layers
Av,h=2* 7 *102/4=157 mm?
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157/Sh=0.625

Sh=157/0.625=251.2

Select Sh=200mm<Smax=Lw/5=600/5=120 cm.
=3*h =3*25=75 cm.

v" Design of Vertical Reinforcement:-

T~ [0.0025 +0.5(2.5 — 2 (2L — 0.0025)] *250

Lw/ \Sp*h

AS— - [0.0025 +05 (2.5 - %) ( 7 _ 0.0025)]*250

200%250

A
2 =0.736
Sy

Select @10 in Two Layer

A, = 272~ 157 mm2
7
~ 0.621375
v
Sy=252 mm

- Maximum spacing is the least of :
Lw _ 6000

—— =2000 mm
3 3
3*h = 3*250 = 750mm
450 mm ....... Control

Use $14/200 mm for two layers
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v" Design of Bending Moment:-

6000
Ay = ( O)*2*79=4710mm2
( )f _( 4710 )420_00471
h) £~ \6000 * 250/ 28 ~
a= =0
lwhfc
C w+a 0.0471+0

l, 2w+ 0858, 2x0.0471+ 0.85 = 0.85 0.0576

B, c
OM, = @ [0.54,.f, 1, (1 + stfy)(l — 2L, )

= 0.9[0.5 * 4710 * 420 * 6000(1 + 0)(1 — 0.0576/2)] = 5170.223 KN
> 32457.2KN.m

Mub=Mu-@Mn=32457.2 — 5170.223=-69.83 KN.m

l 6000
X> —=——"_=1428.57 mm
600+ 600%.007
hw

Lb>==714 mm

m|><

Mub (moment carried by boundary steel)=27287 KN.m

_ _ (27287%10%6)/0.9 _
ASb—Mn/{Fy*(LW-Lb)}— m = 1375 mm”"2
select 8¢ 16 with As=1608 mm“2 for each boudary element
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