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Chapter 4. Structural Analysis and Design

4.1 Introduction:

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

material because it can be molded to virtually any form or shape.

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

stresses can be transferred between both components.

In This Project, there are 4 types of slabs: solid slabs one way and tow way
andr rib slab one way and tow way. They would be analyzed and designed by
using finite element method of design, with aid of a computer Program called "
ATTIR- Software" to find the internal forces, deflections and moments for ribbed

slabs.

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

nominal strength calculated in accordance with the requirements and assumptions

of ACI-code.

NOTE:
*Concrete B300 ........... { f,= 24 MPa for rectangular section}.
*The specified yield strength of the reinforcement {fy = 420 MPa}.
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Chapter 4. Structural Analysis and Design

4.2 Factored Loads:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use. The factored
loads on which the structural analysis and design is based for our project members,

1s determined as follows:

q.=1.2DL + 1.6L ACI-318-14(9.2.1)
4.3 Determination of Slabs Thickness.
4.3.1- Determination of Thickness of The Two-Way solid Slab.Take the critical

panel shown below:
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Figure (4-1 ) Two way solid Slab.

Let h for beam= 60 cm

hmin

_ (2#8.6)+(2+8.55) _

=0.19 m

180

take h=20 cm.

For exterior beam ( L section beam)
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Figure (4-2 ) exterior beam (L-section). }

ZAY (35%60x30)+ (75%x20x50)

v =24 — 3833

beam = g4 (35 x 60) + (75 x 20) cm
35(3833) 40 x (1.67)° 75 x (21.67)3

Ibeam = 3 - 3 + 3

Lyeqm = 9113344 cm*/b

For interior beam ( T section beam)
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Figure (4-3 ) interior beam (T-section). ]

ZAY (35X 40x20)+ (115%x20x50)

beam = g4 (35 x 40) + (115 x 20) cm
35(38.6)° 2x40x (1.4)° 115x (21.4)°
Ibeam = 3 - 3 + 3

Ipeam = 104658533 cm*/b

For the slab :

I —1bh3
S T2

b, =35+ 430 =465cm
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Chapter 4. Structural Analysis and Design

465 x 20 \
sy = ——— = 310000cm
Iy 9113344

— =293
I, 310000

a1=

b, = 35+ 427.5 = 462.5 cm

462.5 x 20°
I, = ——— = 3083333 cm*
I, 9113344

~ 1, 3083333

2.95

b; =354+ 430=465cm

465 x 203
lig = —5— = 310000cm*
lys 9113344

= b3 =293
I, 310000

by =35+ 210 +4275=6725cm

672.5 x 203
154 = 12
Iy 104658533
I, 4483333

= 310000cm*

a’4:

Xa,
lem=T =2.785 > 2
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Chapter 4. Structural Analysis and Design

_largeclearspan

~ shortclearspan

_ 586 = 1.005
’8_8.55_ '

1,(0.8+ f1\1400)

h = & not less than 90 mm.
36+98

_8600(0.8+420\1400)

n =210 mm > 90 mm.
m 36+9(1.005)

Takeh=25cm>h, =21cm

4.3.2- Determination of thickness for The One-Way solid slab.

Group A :

hm bot h end continous

L _ 640

h>—=—=228cm —control.
28 28

Group B :

hm one end continous

h > L —470— 19.5
24~ 24 Y

hm bot h end continous

h > L —470— 16.8
28 28 _ oeem

hm cant aliver
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Chapter 4. Structural Analysis and Design

JL_190_
10 10 cm

Takeh=25cm>h,, =228cm

4.3.3- Determination of Thickness of The Two-Way ribbed Slab.
Take the critical panel shown below:

kel
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Figure (4-4) two way ribbed slab . ]

For beams

1 1
Ip13 1th 17 60 x 603 =1080000cm*
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1 1
Iyps = —=bh® = — x 80 X 60° = 1440000cm*

12 12
For ribbes
Let h for slab =32 cm
o =0 5 18 , =0 pre
P > o >
g N
o oo
N ™
< =g
o
~ ~

Figure (4-5 ) section of ribb. ]

_ZAY  (40x8x4)+ (32x12x 16)
TbbT vy T (40 X 8) + (32 % 12)

= 10.55cm

~<

_52(10.55)° 2x20x(25$3+12x(214$3

L pp= 59609 cm*/ri bb

lwy)
=
Il

60+ 385=455cm

455
sy = 59609% — = 51011548 cm*

I,, 1080000
= = =211
I, 51011548

770 770
b, = (T) + 80+ (T) = 850cm

850
I, = 59609 X =5 T 974377.88 cm*
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Chapter 4. Structural Analysis and Design

I,, 1440000

= = 1.47
I, 974377.88

a2=

b; =60+ 385=445cm

445
i3 = 59609% —-= 51011548 cm*

I, 1080000

I, 51011545 11

a3=

(T) =630cm

770 380
b4 = (T) + 80+

630
i = 59609% —— = 75084413 cm*

_ Iy _ 1440000
%=, T 75084413

_ 1,(0.8+ f)\1400)
"m ™ 36+5B(apm—0.2)

& Not Less Than 125 mm.

_largeclearspan

~ shortclearspan

17
==

_ 7700(0.8+420\1400)
hm ™ 36+5(1)(1.91-0.2)

190.3 mm < 320 mm .
So Selecth=32cm

h =32 cm (24 \cm Hollow block + 8cm Toppin )
45

B

=190.3 mm >125mm.




Chapter 4. Structural Analysis and Design

4.3.4 - Determination of thickness for The One-Way ribbed slab.

hm one end continous

L 500
— =272 cm

h>185~ 185

* h .
m bot h end continous

>L—640—3047 trol
51 = 31 — 3047cm—contro

h,, =3047cm< 32 cm.

So Selecth =32 cm.

h =32 ¢m (24 \cm Hollow block + 8¢cm Toppin )
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Chapter 4. Structural Analysis and Design

4.4 Design of Topping:

Table (4 — 1) Calculation of the total dead load on topping:

No. | Material Calculation
1 Tile 0.03*24.5%1=0.735 KN/m
2 mortar 0.03%22%1=0.66 KN/m
3 Coarse sand 0.15%17*1=2.55 KN/m
4 topping 0.08%24.5*1 = 1.96 KN/m
Interior
1.25 *1 =1.25 KN/m
5 partitions
Sum 7.155 KN/m

Live load =2.4 *1 KN/m

W.=1.2DL + 1.6L =(1.2 * 7.155) + (1.6 * 2.4) = 12.42 KN/m. (Total Factored
load)

Assume slab fixed at supported points (ribs):

M— Wu *1[°?

12

1242%0.4> . . Wy = 1.20 + 161
ZTZO.MSKN.m/mofstr1pw1dth. teiddaliliillid il

40 cm

(PM)n > Mu [Strength Condition, where ®=

0.55] for plane concrete L wit

Mn =0.42x ./ fc'sm ACI-318-14 (22-5.1)

47
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Chapter 4. Structural Analysis and Design

_b*h* _1000*80°
6

S.y = 1066666.67 mm’

Mn = 0.42 x /24 ¥1066666.67 = 2.194 KN.m
® Mn =0.55 * 2.194= 1.2 KN.m
O Mn=12KN.m>Mu=0.165 KN.m

No reinforcement required by analysis. According to ACI 10.5.4, provide

A(s minyfor slabsas shrinkage and temperature reinforcement.

According to ACI 7.12.2.1,pshrinkage = 0.0018
ASmin=p * b *h=0.0018 * 1000 * 80 = 144mm’/1m

Try bars® 8 with As = 50.27mm’

No. of ®g =23rea_ M _ 5 g6 Spacing(S) = ——=0.348m = 348 mm

<380 (32)-2.5* Ce <300 (52)

S =380%*( 280 )—2.5%20 = 330mm
%420
3
S =300%( 52"~ )=300mm
1420

Not more than: S,,x = 450 mm

Use ®@ 8 /20 cm, with As povidea= 251mm?*/1mboth directions.
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4.5 Determination of Loads of Ribs:

Tiles 3 o

Mortar 3 an

i oarse Sand Si15cm

R concrete Toppung § e
“oncrete hlock

R Corerefe b

WM’

[

.._.____._ 5 i Tl

indaandanntng

Figure 4.7-Typical Section in Ribbed slab. l

For the one-way ribbed slabs, the total dead load to be used in the analysis and
design is calculated as follows:

Table (4 — 2) Calculation of the total dead load for one way rib slab.

No. | Parts of Rib Calculation

1 Tile 24.5%0.03%0.52 = 0.382 KN/m
2 mortar 0.343 KN/m =22%0.03%0.52
3 | Coarse sand 17*%0.15%0.52=1.326 KN/m

4 topping 24.5%0.08%0.52 = 1.02 KN/m
S |RCrib 24.5%0.24%0.12 = 0.705 KN/m
6 | Hollow block 9*%0.24%0.4 =0.864 KN/m

7 | plaster 22%0.02*%0.52 =0.228 KN/m

8 Interior partitions | 1.25 *0.52 = 0.65 KN/m

Sum 5.52 KN/m

49



Chapter 4. Structural Analysis and Design

Nominal Total Live Load:

Live load =2.4 * 0.52 = 1.248 KN/m of rib
Factored dead Load = 1.2* 5.52 = 6.624 KN/m
Factored live Load =1.6 * 1.248 =1.99 KN/m

4.6 Design of Rib R(14) :

Eﬁ_-f&@'—':’"’l
== | BRI Fe i ) 1 m |
| | LI 1L 1| | LIL
= ol e i HE
= Wi olEEEe lpEee
i mm|m & O = " m S =
i3 B;:gﬁt ﬂ::ﬁ E::: £ :‘E ::%
= = =t _.:== (o) == =
HHHEEEE EeEHRE 1w il 10
B= Eorosaz ] =]
-, | [L] 1l 1L
ow & i I j
En 1 EDned =0

1 2 3 F |
1 2 3 4
Al : Al ! Al y
J B | | I § | V-
Ay Ay Ay
0.6 4.3 n.8 3.45 0.8 3.35 0.8 5.6
I I I I I I
5 4.25 415 6.4
L 6 F
5 6
S A R A
—_— | I
&y A
IIII BI 5.6 IIII.BI 3.3 |I:I l:“I
6.4 , A
h2.
32.

o | Figure (4-9) Designed Rib (14) |
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Chapter 4. Structural Analysis and Design

4.6.1 Introduction
The envelope for both shear and moment diagrams drawn using ATIR

program as shown below:

| 2., 3. |e23aq91her2es| 32 | 32 | 32 | 32 |24 18]

-36.1
S -33.4
31.6 27.9 g, e
'24 5 —2] -I_r’l] H g 1E 2
'” —1u.1/ﬂ
H I - 1 4 H
ME.E 13 9
216 : 21.6
27. 26.3 28.8 28.7
334 35.9

Figure (4-10) shear and moments diagrams for Rib (R14)
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Chapter 4. Structural Analysis and Design

4.6.2 Design of Positive Moment of Rib (R14) Mu max =24 KN.m

d=320—20—-—8—-6 =286mm
d =286mm
fc <28 -» B =0.85

Design of A MUy = 24 KN m
M, /P
Rn =
R = 24 X 10_3/0.9 — 0.6269 MP
"= 052x% (02862 4
1 2mRn
Preq = E 1- [1- 5
Sy
m=————
0.85 % fe
420 20.6
M= 085%x24
1 2%X20.6X%X0.6269
preq=m 1-— — 420 = 0.0015
ASpeq =p X bxd
ASreq = 0.0015X 520 x 286 = 223.08 mm?
Checkformml
/fc' X b, Xd
ASpin=0.25 5
V24 x 120X 286 )
ASpin=0.25 =100.08 mm

420
Not less than
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Chapter 4. Structural Analysis and Design

1.4 X120 % 286

ASpin = 220 = 1144 mm? = Controls

ASpoq = 223.08 mm? > Asy;, = 1144 mm?

selectAs 2912 = 226.2 mm? > As,,, = 223.08 mm?

According to Atir Program the limitation of deflection is satisfied and so, no
additional reinforcement is required.

-Check of Strain

Tension=Compression

T=C

X As=085X%X fc' XbXa

420%x 226.2 =0.85x 24 x 520X a

a= 8.95mm

a
c= 085 - 10.53mm
€s _ 0.003
d—c ¢
268—10.53
€5 = 1053 x 0.003

es = 0.073 > 0.005

Design of other spans :

selecl¢pl2with As = 226.2 m > As req.

4.6.3 Design of Negative Moment of Rib (R14) _MUpy = 27.6 KN.m

The design of the negative moment for the T-section is made as a rectangular

section with b = bw.
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Chapter 4. Structural Analysis and Design

Designof _ppyy =27 6 KN m

o Mu/9
M=%z
27.6 X 1072/0.9
Rn = = 3.124 MPa

"~ 0.12 % (0.286)2

1 2mRn
preqza 1- 1~ 5

S
m=———
0.85 % fc

420

~085x24_ 200

m

= 0.0081

_1 2 % 20.6 X 3.124
Prea =506 420

ASreq =p X bXxd
ASpeq = 0.0081x 120 x 286 = 278.59 mm?

Check for ASmin
f fc X b, Xd
A4

V24 x 120 X% 286

ASpin=0.25 20 = 100.08 mm?

As,in=0.25

Not less than

1.4 x 120 x 286 5
ASpin = 120 = 1144 mm* = Controls

ASpoq = 27859 mm? > Asy,;, = 1144 mm?

selectAs 2014 = 307.87 mm? > Asyoq = 27859 mm?
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According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.

-Check of Strain
Tension=Compression

T=C

fixAs =085X fc XxbXxa

420x 307.87 = 0.85%x 24 x 120X a

a=52.82mm
a
c= 085 =62.14mm
€s  0.003
d—c ¢
286 —62.14
T 6214

e, = 0.01 > 0.005

x 0.003

€s

Design of other spans :

selecRplawith As = 307.78 mm? > As req
4.6.4 Design of Shear of Rib (R14) Vu ,,,, =29 kN.
Design of Shear of Rib for the mid Span :

VU ax = 29 kN.

1 ’
dVce = q)g fe bwxd

0.75
PVce = TX V24 x120x 286 =21.01 kN
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Chapter 4. Structural Analysis and Design

1
1
DVspin= 0.75X §>< 120 x 286 = 7.58 kN
oy
DVspin= 1—6\/24 X 120%x 286 = 7.88 kN == Control
o [
dVec+ OVsyin<Vu <(DVc+§ fc bwxd

0.75
21.01+ 7.88 <29 <2101+——Vp4 X 120x 286

28.89< 29<63.04

Cat e‘%oryNoA IsSatisfied
u

V5=E—Vc
29
Vs :ﬁ_28'01: 10.65 kN
Av _ bw 120 3
(T)min_ 3x 5 3xazo 2095x10

bwx /e 120x 24
16X f#  16x 420

Av Vs 0.0106

s dx fy 420x0.286

Ay 2x50x10°°
—= = 0.08866x 1073

=0.087x 1073

= 0.08866x 1073
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4.7 Design of two way ribbed slab (R05)

R

0]
Figure 4.1 Rib 05,

4.7.1 Load calculation:

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

Material Quality W=yx*xV
Density (KN)
(KN /m?)
Tiles 24.5 24.5x 0.03 x0.52x0.52=0.199
Mortar 22 22x0.03 x0.52x0.52=0.179
Sand 17 17x 0.15 x0.52x0.52 =0.69
Topping 24.5 24.5x 0.08 x0.52x0.52=10.53
Concrete Rib 24.5 24.5x 0.24 x0.12 x(0.52+0.40)= 0.649
Hollow block 9 9x0.24 x0.4 x0.4= 0.3456
Plaster 22 22x0.02 x0.52x0.52=0.119
Partition = 1.5 KN /m? 1.5 x0.52x0.52 =0.405
Total Dead load, KN 3.1166
Dead Load of slab:
DL = _ 31166 11.526 KN/m?
0.52x 0.52

wp =1.2%11.526 = 13.83 KN/m?
LL = 2.4 KN/m?
w, = 1.6 % 2.4 = 3.84 KN/m?

w = 13.83+ 3.84 = 17.67 KN /m?>

4.7.2 Moments calculations:

m =la/lb="7.7/7.7 =1 with case

Ma = Cawl &bf and Mb = Cbw

4.

L Bbf
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Chapter 4. Structural Analysis and Design

-Negative moment

Caneg = 0.05
Cpneg = 0.05

Mgneg = (0.05 % 17.67  7.72)  0.52 = 27.24 KN.m
My ey = (0.05 % 17.67  7.72) % 0.52 = 27.24 KN.m

-Positive moment

Cap pos = 0.027
Cpppos = 0.027
Carpos = 0.032
Cppos = 0.032

Mg pos (arsp = (0.027 + 13.83 + 7.72 + 0.032 + 3.84 * 7.7%) * 0.52

=29.425 KN.m
Mp posai+1y = (0.027 % 13.83  7.7% + 0.032 * 3.84 * 7.7%) x 0.52

=29.425KN.m

- Short direction or long , It is the same:

- Mid span (Mu = + 29.425 KN.m)

bf =520 mm
Assume bar diameter ¢p14 for main positive reinforcement.
d
d = h— cover — dstirrups—7b =320—-20-10 -5 = 283 mm.
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Chapter 4. Structural Analysis and Design

p - M, 29.425 x 10° — 0.785 MP

"= ObdZ 0.9 x520x2832 @
420

N =206

T 085fc  0.85x24

p=i<1— 1 _2.m.Rn> _ 1 <1 _Jl_w> = 0.0019
m 420 20.6 420

As = p.b.d =0.0019% 520 % 283 = 280.57 mm?

e CheckforAs,min.

' 1.4
]]:wa*d>—bw*d
y

As,min= 0.25 >
fy

* 120 X 283 = 99.03 mm?

, V24
As,min= 0.25* 120

As,min = 0>|<120><283= 113.2 mm? .....Control

e As,required 280.57 mm?>As,min=113.2mm? (0K)

Use 2314, bottom with As =308 mm?2>A4s,requi red= 280.57 mm?

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

As x fy = 085+ f/ x b * a
308 * 420 = 0.85 * 24 * 520* a

a =12.19mm

x=i== @z 14.346mm
B 0.85

£, = 0003 (—2
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Chapter 4. Structural Analysis and Design

283-14.346
14.346

- 0.003*( ) = 0.056 > 0.005 - =09 .. OK.

Design for Discontinuous edge 4.7.3

1 1
A, = §As’pos =3 308mm? = 102.67mm? < As,min

= 113.2 mm?

Provide As, mi n= 113.2 mm?

__As 132
T Aspl0~ 7854

Use 26 10, Top ..with As = 157.08 nm 2

4.7.4 Design for continuous edge (Mu = — 27.24 KN.m)
bw = 120mm

, dp 14
d = h—cover—dstlrrups—7= 320—20— 10—7 = 283 mm.

o My 2724%x10°

T Pbd2 09 x 120X 2832 @
420

N =206

T 085fc’ 08524

p=i<1— /1 _2.m.Rn> _ 1 <1 _\/1_%> = 0.00819
m 420 20.6 420

As = p.b.d =0.00819% 120 x 283 = 278.13 mm?

Checkfor As, mi n.
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' 1.4
]{wa*dz—bw*d
y y

As,min= 0.25

) V24
As,min = 0.25 * 270 120 X 283 = 99.03 mm?

As,min = 0>|<120><283= 113.2 mm? .....Control

o As,required= 27813 mm?>As,min= 1132 mm? (0OK)

Use 20014, Top .with As=308 mm? >As,required= 278.13 mm?

Check for strain: (e = 0.005)
Tension = Compression
As * fy = 085+ f/ x b * a
308* 420 = 0.85 * 24 * 120* a

a =5284mm
_a_5284_
*= B Togs oot mm
— X
& =0.003x*( )
—0.003 (w) =0.01 > 0.005 ~d =09 ... OK.
62.17

4.7.5 Check shear strength:

W, = 0.5
Wb = 05

Short direction or long...the same

0.52
Au, = 17.67 7.7 7.7 % 0.5 x 0.5 % X
62

= 17.688KN
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Vu= Au, —W x052xd = 17.688—17.67 % 0.52 % 283 = 15.087KN
0.75

* V24 %120+ 283

DV, = 1.1% *fc'*bwxd =11+

= 22.87KN

Casel

1
Vu<E* ¢ * 1L

1
Vi, =1587> 5% ¢+ V, = 11435KN .. Not OK

Case?2

1
SH OV <V < =l

1
5%V =11435<V, = 15087KN < ¢ + ; = 2287 KN - OK

~Case (2) is satisfy minimum shear reinforcement ..

VI sy = ]
16() 305)

157= V24
16(420)

S=1794.6 mm.
Use 2 Legd 10 for stirrups with Av = 157 mm2.

(bw)(S)

Aymin =

(120)(S)

Spax <5 = 22 = 1415 mm,
2 2

< 600 mm.

Select 2 leg 10 @12cm.
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4.8 Design of one-way solid slab:

Figure 4.12 one wav solid slab.

4.8.1 Load calculations:

Table (4.4) calculation loads for one way solid slab.

Material Y xhx1 Load (KN/m)

Tile 0.03x24.5x1 0.735

mortar 0.03x22x1 0.66

sand 0.15x17x1 2.55

plaster 0.02x22x1 0.44

Partition 1.25x1 1.25

Self weight 0.25x24.5x1 6.125

> 7

Dead Load = 11.76 KN/m.
Live load = 5x1=5 KN/m.

By using ATIR program use b =100 cm.
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Moments: spans 1to 4

-62.1
HE 414 N\ 415 s
322 A 296 285 5 -30.5
1 31\1 | | \1'5 | I /I1\$7\ |
f T 1 I 161 1 .24 1
| | 1 | 1 |
N s " ' 1MU
8.4 1.21 1.04 9
176 20.3
356 2.7
142 283 3.23 ‘ 3.28 3.15 ‘ 3.15 252 1.8
I T T T T T T T 1
Shear
-50.7
452 456 406 a5
-35.1 i
-25.8
-15.7 ‘
| Il
I T T I T I T ||
13.9
24,
i wr ' 35.5
52.3 54.8 ’

Figure (4.13) envelon moment and shear diagrams of solid slab.

4.8.2 Check whether the thickness of the slab is adequate for shear:
d =250-20-(16/2) =222 mm.

Vmax = 45.6 KN.

Ve=cAfiby d = V24X 1000x 222 107 = 18126 ——
oV, =0.75x181.26 =135.9—
1mstrip

Vu,max <9 Vc
No need to increase the slab thickness, its adequate enough.

4.8.3 Design for positive moment:

For M, =+17.6 KN.m

—_ Mu
" gpaz
17.6x10°
Rn = = 0.397 Mpa
fo.9><1ooo><2222
m= —>—
0.85f
420
m= = 20.59
0.85x24
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1 2.m.Ry,
p—;(l— 1- 420 )

o= 1 (1 _\/1 _ 2X20.59x0.397 >= 0.00095
20.59 420

A,=p.b.d=0.00095% 1000 % 222 = 212 mm?2
Agmin = 0.0018x b x h =0.0018X 1000 x 250 = 450 mm” ...cont.

250 = 3918 - 416@300.

N6 =—— =
¢l 201 mstrip

Step (S) is the smallest of:
- 3xh =3x250 =750mm.

- 450mm.
oS- 380(@) — 2.5C, = 330mm
37y
$<300( 222 ) = 300mm cont.
3y
S=300mm Ok

For M, =+35.6 KN.m

_ My
" @bd2
35.6x10°
Rn = = 0.8 Mpa
fo.9><1000><2222
m= —>—
0.85f/
420
m= = 20.59
0.85%24

1 2.m.Ry,
p= ;<1 T )

1 2%20.59%0.8

As=p.b.d=0.00195x 1000 222 = 43292 mm?2
Agmin=0.0018x b X h =0.0018x 1000X 250 = 450 mm” ...cont.

450 _ 3016 . $16@300.

Ng1g=—— =
¢l 201 mstrip

Step (S) is the smallest of:
- 3xh =3%x250 =750mm.
- 450mm.
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- S= 380(?) — 2.5C, = 330mm
3y
ss3oo<iﬂ> = 300mm cont.
3/y
S=300mm
Ok

The other spans has a smaller values of moment , so let the reinforcement be as
the previous spans: ¢$16@300.

4.8.4 Design for negative moment:

For M,=-32.2 KN.m
It will be smaller than the minimum As , so take ¢16@300.

For M,=-41.5KN.m
M

R,=—

" @bd2

41.5x10°

Rn =

0.9%1000x2222
__fy

0.85f/

m=—22_ _ 2059

"~ 0.85x24
1 2.m.R
m 420

! (1_J1_2x20.59x0.935 >=0.00227

P= 2059 420

As=p.b.d=0.00227x 1000x% 222 = 506.1 mm?2 ...cont.

Agmin = 0.0018x b X h =0.0018% 1000X 250 = 450 mm”
506.1 _ 3016

Ng16 = = . (1)16@300

201 mstrip

= 0.935 Mpa

Step (S) is the smallest of:
- 3xh =3x250 =750mm.
- 450mm.
- S= 380(?) — 2.5C, = 330mm

Ty
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SS3OO<22ﬂ> = 300mm cont.

oy

S=300mm

For M,=-30.5KN.m
It will be smaller than the minimum As , so take ¢$16@300.

4.8.5 Temperature and shrinkage reinforcement:

A min = 450mm”>

450 412
1131 mstrip ,$12@250mm .

Step (S) is the smallest of:
- 5xh =5%250 =1250mm.
- 450 mm.....cont.

S =250mm < 450mm. ok.

Ng12

4.9 Design of two way solid slab (R05)

Figure (4.14) two wav solid slab (R05).

4.9.1 Load calculation:

For the two-way solid slabs, the total dead load to be used in the analysis and

design is calculated as follows:
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Table (4.5) calculation loads for two way solid slab.

Material ¥ xhx1 Load (KN/m)

Tile 0.03%x24.5x1 0.735

mortar 0.03x22x1 0.66

sand 0.15x17x1 2.55

plaster 0.02x22x1 0.44

Partition 1.25%1 1.25

Self weight 0.25%x24.5x1 6.125

> e

Dead Load = 11.76 KN/m.
Live load =2.4x1=2.4 KN/m.

wp =1.2%11.76 = 14.1 KN/m?

LL =5KN/m?

w, = 1.6 x5 =8KN/m?

w =141+ 8 =22.1KN/m?
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4.9.2 Moments calculations:

m = la/lb="7.7/7.7 =1 with case 4.

Ma = Cawl &bf and Mb = Cbwl Fbf

-Negative moment

Caneg = 0.05
Cpneg = 0.05

Mgneg = (0.05%22.1+7.7%) = 65.5 KN.m
Mpneg = (0.05%22.1+7.7%) = 65.5 KN.m

-Positive moment
Cap pos = 0.027
Cyppos = 0.027
Carpos = 0.032
ChLpos = 0.032

M o pos,ar+1y = (0.027 x14.1% 7.7 4 0.032 8+ 7.7%) =37.8 KN.m
Mpposai+1y = (0.027 x14.1+ 7.7 + 0.032 8+ 7.7%) = 37.8 KN.m

Design of positive moment
- Short direction (Mu = 37.8 KN.m)
b =1000 mm
Assume bar diameter ¢p20 for main positive reinforcement.
d =h—cover—db/2=250—-20—-8=222mm.
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R = M, 37.8 x 10° — 087 MP

" 3bdZz 09 x1000x 2222 @
420

N =206

T 085fc  0.85x24

o= l<1 _ - 2.m.Rn> _ 1 <1 _\/1 B 2><20.6><0.87> — 0.0024
m 420 20.6 420

As = p.b.d =0.0024% 1000x% 222 = 532.8 mm?

As,min = 0.0018*1000%250 = 450 mm?

o As,requiredAs,min (OK)

Use 30316, with As=602.88 mm?>As,required

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

As * fy = 085+ f/ x b * a
602.88 * 420 = 0.85 * 24 = 1000* a

a =1219mm
_a__1219_ ..
x_.31__ ogs — 4 mm
d—x
& =0.003x*( )
=0.003 % (Z222) = 0.043 > 0.005 ¢ =09 ... OK.
14.346

Design for Discontinuous edge
1 1
A = §As’pos =3 * 60288 = 20096 mm? < As,min

Provide As, mi n= 450 mm?

71



Chapter 4. Structural Analysis and Design

As 450

= = =3
Aspl4 ~ 15386

n

Use 30 14, Top .. with As = 461.58 nm 2
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- Long direction (Mu = 37.8 KN.m)
b =1000 mm

It will be the same as the previous direction :

Use 3316, for bottom.

Design for Discontinuous edge

Use 30 14, Top

Design of negative moment ( Mu = 65.5 KN.m)
b =1000 mm

Assume bar diameter $p20 for main positive reinforcement.

dp 20
d =h—cover—7= 250—20—7: 220 mm.

o _ My 655x10°
"= BbdZ 0.9 x 1000x 2202 ¢
420
m=_1Y =206

T 085fc  0.85+24

p=i<1— /1_z.m.Rn> _ 1 <1_\/1_M> = 0.0037
m 420 20.6 420

As = p.b.d =0.0037%x 1000% 220 = 814mm? > As,min

Use 30320,with As =942 mm? >As,required= 814 mm?

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

73



Chapter 4. Structural Analysis and Design

942 420 = 0.85 * 24 x 1000%* a

a =19.4mm

X
)

220-22.8

d
& =0.003x*(

=0.003*(

) =0.026>0.005 ~ ¢ =09 .. 0K,
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4.10 Design of stairs.

4.10.1 thickness :

For Flight:

L=5.55 m

hreq = L/ 20.

hyeq =5.55/20=0.2775 m = 27.75 cm.
take h=32 cm.

For Landing:

L=37m.

h;q =L/ 20.

hyeq =3.7/20=0.185 cm.
Use h=32 cm.

4.10.2 Load Calculations:

The stair slope by 0 = tan™?! (ﬁ) = 28.96

300
For Flight :

Dead Load for flight:
0.166+ 0.35
Tiles 24.5( )*0.03*1 =126 KN/m
0.166+ 0.3
Mortar= 22 (T) *0.03x1=1.025KN/m
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. 245,0.166%0.30
StCll“lStlpSz (

0.3 2

L (245003251 T
> a‘( c0528.96 )‘ ' /m

0.02x1
c0s28.96

)* 1=2.03KN/m

Plaster 22( )=0.502KN/m

Total Dead Load = 13.777 KN/m.
Live Load=2.4%x 1 =2.4 KN/m.
Total Load For Flight = 1.2x13.777 + 1.6x2.4 =20.37 KN/m.

For Landing :

Dead Load For Landing:

Tiles =24.5x0.03x1 =0.735 KN/m
Mortar = 22%0.03x1 =0.66 KN/m
Slab = 24.5x0.32x 1= 7.84 KN/m
Plaster = 22%0.02* 1= 0.44 KN/m

Total dead load for landing = 9.675 KN/m.
Live Load =2.4x1 =15 KN /m.
Total Dead Load For landing = 1.2%9.675 + 1.6x2.4=14.49 KN/m.
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4.10.3 Design for flight:

By using ATIR program use b =100 cm.

1725 ,lllriz;slllﬁ

0.8 i 2.7 L

_Moments: spans 1to 1

Figure (4.15) loads on flicht with shear and moment .

Design of Shear for flight:

= Assume O 14 for main reinforcement:

So, d =320 — 20 - (14/2) =293 mm..
» Vu=49 KN.
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oot

_0.75%4/24*1000%293%107

v
gre c

=1794KN

" Vu=464 KN< O.Vc=179.4 KN..

Depth of flight is ok. Since, there is no shear Reinforcement .

Design of Bending Moment for Flight:

Mu =75.2 KN.m.
Mnreq=Mu/0.9=752/0.9=83.56 KN.m.

Assume bar diameter 14 for main reinforcement.
d=320-20—(14/2)=293 mm.

_ Mn
" b-d?
%1N°
R, =300 6 98v1py.
1000*(293)
m = f
0.85x f¢'
m = 420 =20.588
0.85 % 24
1 2m * *
p——[l— _ &] 1 [1_\/1_2 20.588 0.98}20.0024
m f, 20.588 420
As req = 0.0024% 1000% 293=700.92 mm*........... control

Aymin=0.0018x 1000* 320= 576 mm”
S=153.9/700.92 =0.219m.
Use 5 @ 14 /m OR use @14 @ 20 cm.

e Check for spacing:

3h=3%320=960 mm.
S=450.

280
s = 380(
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s = 300(&) = 300mm...... control.
0.667%420

Use 10 14@ 20 cm.

e Secondary Reinforcement:

For shrinkage & Tempreture As provide equal :

As min = 0.0018 x B x h=0.0018x 1000 320 = 576 mm’

Use4 ®14 /mor 1 ® 14 @ 25 cm.

A Check for strain:

Tension = Compression
A *fr=085%fc' *b*q
769 .5*%420 =0.85*24 *1000 * a

a=15.84mm
c:i=M=18.63mm
B 0.85
¢ = 293 —18.63 %0003
18.63

£, =0.044 > 0.005 —> ok

4.10.4 Design of landing:
same thickness =32 cm

144
725 T%S
L F ¥ L i v ¥
A
1.67 , 04 1.67
I I
—Moments: spans 1to 1
t
| 1.88 184 1.88

-16.7

-18.1

18.1

Figure (4.16) loads on landing with shear and moment.
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Design of Shear for Landing:

Vu=16.7 KN.
'k *
gre 01 6bw d

~0.75%4/24*1000%293*107
6

Vu=16.7KN < .Vc=179.4 KN.

dVe =179.42 KN

Depth of flight is ok. Since, there is no shear Reinforcement.

4.10.5 Design of bending moment for landing:

Mu = 18.4 KN.m.
Mnreq=18.4/0.9 =20.44 KN.m.
Assume diameter bar 14 for main reinforcement . because the bar in the landing
will be placed on the top of the main reinforcement .
d=320-20—- 14 — (14/2) =279 mm.
Mn

R, = >

b-d

* 100
Rn= M =0.262MPa .

 1000%(279)>
Sy

m =
0.85x f¢'
420

1 2mR,
p=l1- I- _ 1 1_\/1_2*20.588*0.262 — 0.00063
m S, 20.588 420

As req = 0.00063* 1000x279= 175.77 mm™
Asmir= 0.0018x 1000% 320 =576 mm>... control
As < Asmin ..

Use4 @14 /mor 1 ® 14 @ 25 cm with As = 615.6 mm”.
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e Check for spacing:

3h=3*320=960mm.

S=450
380( 280 ) 2.5 %20 = 330m
= —_— | — 2.5 % =
S 0667 420 m
s = 300(0 66fo420) — 300mm...... control .

Use 10 14@ 25 cm.

e Secondary Reinforcement :

For shrinkage & Tempreture As provide equal :
As min =0.0018 x B x h=0.0018x1000x 320 = 576 mm’
Use4 ®14 /mor 1 ® 14 @ 25 cm.

A Check for strain:

Tension = Compression

A *fr=085%fo' *b*gq
615.6%420 = 0.85* 24 *1000 * g

a=12.67Tmm
=@ 1267 ot m
B 0.85
g, = M)*O.O%
14 .91

g, =0.049 > 0.005 —— ok
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diEa20

o o
AFLDES

i 7) Reinforcement of stair. l

4.11 Design of Beam (B6) in the ground floor slab:

g
4
¥

h

[
ri |
1A
by

B
B
1!
z

JHH I EEFHEH ]
oERHEE Tliss 5 H JE: SR |
IS aleh o= saatt | ::%77 4ZH =) i
=B bt = HEEHE e [~ ek |
o LE H

| Fisure (4.18) location of beam (B6) |
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1 2 3 4
1 2 3
4 T B ! 4
P Ll P Lol X
05, 78 83 0.5

83

a8

60.

B0

Figure (4-19) Designed Beam (B6).

AA

4.11.1 Introduction

The envelope for both shear and moment diagrams drawn using ATIR

program as shown below:

-976.1
-812.3  -833.2

| 12| |2-1 |
f | I |
bt FH HH H
112, {2213 Has=28 11874
396.8
Boed 898.4
! 5.9 o 4.98 ! 4.2z I 4.22 ! 5.28 , 3.52 !
672 -508.1
-566.4 5025 -490.3
-384.8
[ Ll L 1
I 1 NI ||
< i
464.5 - ABZ.F
L88.7 bO4.
709.5

Figure (4-20) shear and moments diagrams for Beam ( B6).
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25
d=600—40—10—7

d =5375mm
3
Cymax =;d
CMAX == 23035mm

a=0.85 * 230.35 = 195.79
f6'<28 -» =085

4.11.2 Design of Positive moment of Beam (6):
Designof gy, =89 84 KNm
Check if the section can be designed as a singly reinforced section or must be as a

doubly reinforced section

Mny,x = 085X fe' XbXxax(d—a/2)

Mny,x = 0.85% 24 % 0.8 x0.196 X (0.5375—0.196/2)
Mnyax = 1405.84 kN.m

250
® =0.65+ (ES - OOOZ)T

250
= 0.65+(0.004~ 0.002) —— = 0.82

M,
Mnyax = E

dMny x = 0.82 x 140584 = 115278kN.m > my

Design the section as a singly reinforced section

o Mu/9
=X az
898.4 x 1073/0.9
Rn = — 432 MPa

0.8 X (0.5375)2
84
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1 2mRn
preqza 1- [1- 5

Jy
m=———
0.85 % fc
__ 40
Mm=085x24 “
_1 2x206x432\_ o
Prea =506 420 -

ASpeq = p X bg X d

ASyeq = 0.0117 X 800 X 537.5 = 5038mm?

Check for ASmin
/ fc Xb, xd
Jy

V24 x 800 537.5

ASpin=0.25

ASpin=0.25 270 = 1253.9 mm?
Not less than
1.4 x800x%x 5375
ASpin = 270 = 14333 mm? = Controls

ASpeq = 5038mm? > Asy,;, = 14333 mm?

selectAs 11025 = 5399.6 mm? > As,,, = 5038mm?

According to Atir Program the limitation of deflection is satisfied and so, no

additional reinforcement is required.
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-Check of Strain
Tension=Compression

T=C

fixAs =0.85X fc XxbXxa

420% 5399.6 = 0.85x 24 x 800x a

a= 1389 mm
a
c= 085 = 163.48mm
€ 0.003
d—c ¢
537.5—-163.48
~ 7 16348

es = 0.0068> 0.005

x 0.003

€s

Design of + Mu =396.8 kN.m

selecbd25with As = 2454.36 mm? > As = 20581 mm?
Design of + Mu =145.5 kN.m

selectl0¢p25wi th As = 49087 mm? > As = 4449 mm?

4.11.3 Design of Negative moment of Beam (6):

Design of MU,y = 9 238 KN.m

Check if the section can be designed as a singly reinforced section or must be as a

doubly reinforced section

Mny,x = 085X fc' XbXxax(d—a/2)

Mnyax = 0.85% 24 x0.8%x0.196 % (0.5375—0.196/2)
Mnyax = 140583 kN.m
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250
= 0.65+ (€5~ 0.002) —~

250
® =0.65+ (0.004— O.OOZ)T = 0.82

M,
Mnyax = E

dMny,x = 0.82 X 140583 = 115278 kN.m > my

Design the section as a singly reinforced section:

o Mu/9
M=% az
o 9238X107%/09 _ a45 up
"= 08x% (053752 ¢
1 2mRn
preq:a 1- [1- 5
Jy
m = ,
0.85 % fe
__a0
M=085x24 “
_1 2x206x445\ _
Prea =506 420 -

ASpeq = p X bg X d

ASpeq = 0.012X% 800 x 537.5 = 52039 mm?

Check for ASmin
/fc' X b, Xd
Jy

V24 x 800% 537.5

ASpin= 0.25 220 = 12539 mm?

ASmi n= 0.25

Not less than
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1.4 x 800x%x 5375

ASpin= 220 = 14333 mm? = Controls

ASpeq = 52039 mm? > Asp;, = 1433.3 mm?

selectAs 11925 = 5399.6 mm?

According to Atir Program the limitation of deflection is satisfied and so, no
additional reinforcement is required.

-Check of Strain

Tension=Compression

T=C

fixAs =0.85X fc XxbXxa

420% 5399.6 = 0.85x 24 x 800x a

a= 1389 mm
a
c= 085 =163.4mm
€s 0.003
d—c ¢
5375 —-163.4
T 1634

es = 0.0082 > 0.005

€ x 0.003

Design of - Mu = 833.2 kN.m
selecl0¢p25 wi h As = 49087 mm? > As = 4619.7 mm?
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4.11.4 Design of Shear of Beam (6):
4.11.4.1 Design of Shear of Beam(6) for the right Span :

VU . = 604 kN.

O
¢Vc=g>< /fc'xwad

0.75
dVc = —— X V24 x 800% 537.5 = 263.32 kN

1
DVspin= CI>§>< bw x d

1
PVspin= 0.75% z X800 5375 = 107.5 kN == Cont ol

1
DVSpin= CDE fc X bwXxd

P
DVsSpin= EV24 X 800x%x 537.5 =98.74 kN
o [
DVec+ PVspin< Vu <¢Vc+§ fe bwxd

0.75
26332+ 107.5 < 604 < 263.32 +T@ X 800X 537.5

370.82 < 604 <6269

Cate%oryNoAls Satisfied
u
Vs ZE_VC

_ 604 B
Vs = 075 351.09 = 454.24 kN
Av bw 800
( )min

_— = = = -3
3% 5 3x420 0.63 %X 107> == Control

S

>bWX\/f°" _ 800x VZ4

= =10x 1073
16x 5 16xaz0 _ 10x10
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Av Vs 0.454 0,002
s dx f 420x0,5375
Ay 4%x79x107°
— = =0.63x1073
S S
s=50cm
SS£=%= 27cm
2 2
s<60cm,selecs =20cm = Use®10 — 4 Leg — Stirrup at 20cm

60

Figure (4.21) Reinforcement of beam (B6).

4.12 Design of Short Column (C3):
C3 in the fourth basement of the building.

4.12.1 Load Calculation:

P, = 6880 KN .
¢ P.=P,
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4.12.2 Check Slenderness Effect:

In both direction:

Klu M1
—<34-12x 2 ACI(10.12.2)

r
L, : Actual Unsupported Length .
r: Radius Of Gyration = 0.3xh = \/%

K = 1.0, According to ACI 318-08 (10.12.2) the effective length factor (K) shall be
permitted to be taken as 1.0

L,=3.58m.
B0
M,

r=0.3x0.6 =0.18

SC <34-12x 1.0
19.8 < 22 , short column in both directions .

4.12.3 Select the longitudinal bars:

¢ Pomax=0.65 X 0.8[0.85 x 24(600000— A;) + 4204,]
Agreq=2479 mm’ , try $20 with A, =314 mm®
Use 8 $20with A;=2512 mm*> A, ok

_ As _ 2512 _ ;
= 8 500000 = 0.0.0042< 0.01(min

assume p=0.015 > min
As As

P= Ag 600000
As=9000 mm”.
Use 16 $25 with A > Ag e ok

4.12.4 Check for code requirements:

1000—40%X2—-10X2—5%25

- clear spacing between longitudinal bars = " = 193.7mm

193.7 mm > 40mm

>1.5d,=30 mm. ok
- gross reinforcement ratio = 0.015 0.01 < 0.015<0.08 ok
- NO of bars = 16 > 4 bars for square columns.
- min ties diameter : ¢$8 for $32 longitudinal bars and smaller.
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T T T L) 5028
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& = = = B (31165010
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Figure (4.23) Reinforcement of column ( C3).

4.13 Design of long column (C 20) :

4.13.1 Check the slenderness effect:
(non sway system)

KLy,
r

r=\/§% 03h=03%x04=0.12

L,=3.9-0.32=3.58m
Mu _ X558 _ 998> 34—12 =22
T 0.12

So the column is long at y direction .

<34-12 (%) ACI(10.12.2)

2
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r=\/§ ~ 0.3h=03x%x0.6=0.18
L,=3.9-0.32=3.58m

My _ X358 _ 1988 < 34— 12 = 22
T 0.18

So the column is short at x direction .
4.13.2 Calculate e, sMpin:

emin =15 +0.03h =15+0.03%x400 =27mm.
Mpnin= Py % €min=1056%0.027 =29 KN.m
E. =4700,/f; = 4700724 =23025.2 Mpa.

3
12D 840
Bdns = E = E 2079 <1
EI _0.4EC Ig _ 0.4%x23025.2%X32 — 164647.4‘7 KN-mZ

1+f3dns 1.79

4.13.3 Determine of Euler buckling load:

m2El _ m?X164647.47

~ i~ Gser = 1266641 KN

P
4.13.4 Calculate the moment magnifier factor:

C=0.6+04(32) =1
M

8= — = — T — = 11> 1

0.75P¢ 0.75X126664.1
The magnified (e) and (M):
€ = Ops €min =1.1 27 =29.7 = 30mm
M = 8,s Mpin =1.1 X29 =32 KN.m
From the interaction diagram constructed in PCA _ COLUMN program:

p=10.012> 0.01 (min)

4.13.5 Select the longitudinal bars:

Ay =p xA, =0.012 x(600*400) =2880 mm’
2880
Ng20 Za = 12(1)20

Use 1220
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4.13.6 Design the stirrups:

The spacing of ties shall not exceed the smallest of:
- 16xd,=16%x20 =320 mm cont.
- 48%xd; =48 x8 =384 mm
- Least diminution of the column =400 mm
Use ¢8@300mm.

4.13.7 Check for code requirements:

600—40X2—-10X2—-4X20

- clear spacing between longitudinal bars = . = 140mm
140 mm > 40mm
>1.5d,=30mm. ok
- gross reinforcement ratio = 0.012 , 0.01 < 0.012<0.08 ok

- NO of bars = 8 > 4 bars for square columns.
- min ties diameter : ¢8 for $32 longitudinal bars and smaller.

| — 24220
60
ﬁ ] ] T T '.'T:' QB g
IR Tf 28 E}
| = 15 &8 S
1 o_f" J.'_,-'-"I"
— @ 4320

Figure (4.23) Reinforcement of column (C20) }
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4.14 Shear wall (SW13) design:

4 e — Pk

e

WM; i

W~ —

Fieure (4.24) location of shear wall (SW13).

g7 7% .
| ®
\-\\ 386 p7.24 108.32 |
4
\_ 12061 s 122.51 &
hY s
\ 25125 32907 | 133 87 b,
~ °
Y
AN L2 462.94 142.7 &
L‘*. 675476 605.64 15395 2 .
2 o
\\ St g 77076 166.12 |
\ 134454 937.88 | 18236 @
. > g
\\ 178333 12024 | 594 3]
=
Yo 1327.89 3
41m [
Moment Diagram (KN.m) Shear Force Diagram (KN)

Figure (4.25) shear and moment for the shear wall (SW13).

Shear wall thickness, h = 30 cm.
Story height, hy, =3.97 m

4.14.1 Check max shear strength permitted:

OV o max =0.75 x0.83%,/f xhxd
let that d= 0.8 L, =0.8 x4.1 =3.28 m

OV nmax =0.75 x0.83xv24 x300x3.28=3000.8 KN >V, =1327.89 KN
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4.14.2 Calculate shear strength provided by concrete:

Critical section for concrete is the smallest of:

L 4.1

- ?‘”=7=2.05m cont.
h 4x3.9

] szz = 7 —794m

- Story height =3.97 m.

V. 1s the smallest of :

- Ve=\/ff hd =-VZ4 x300x 3.28 = 80343 KN , cont.
- V.=0.27,/f hd + ’:’;'d = 0.27v24 x 300x 3.28+ 0.0 = 130156 KN
Ly (0.14/F7+0.2
; VC=[0.05A fi + ( T i)
Vu 2

M, at critical section =17833.3 + 207.65*(3.97-2.05) = 18231.988 KN.m

18231988 4.1 _ 11.68 > 0.0 ok.
1327.89 2

ch[o.osm +

| na

4.1(0.1v24+0.0)
11.68

] 300 % 3.28 = 410.25 KN _cont.

4.14.3 Determine required horizontal reinforcement:

V,=1327.89 KN.
0.50V.=0.5%0.75%x410.25 = 153.84 KN.
V. > 0.50V. need reinforcement.

V,=V,— V= ‘%‘ — V. =222 41025 = 1360.27 KN.

Ay Ay Ay 1360%103 _ mm?
P=5n s T fa " azox3aso 0.987 <
0.987
= o0 = 0.00493> 0.0025
by using $¢12
2x113
=00 0.00493——» s=229.2 mm.
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max. spacing is the smallest of:

- w2 082m
5 5
- 3h=0.9m.
- 450mm .... cont.

For horizontal reinforcement use ¢/2@200mm.

4.14.4 Determine required vertical reinforcement:

h 9x3.97
Lhw _ =8.71m.
Ly 4.1

Pumin > 0.0025 +0.5(2.5 — E) (5, 0.0025)> 0.0025

take p,= 0.0025.

max spacing is the least of,
- == 1366m

- 3h=09m.
- 450mm cont.

Use ¢10@300mm.

4.14.5 Design for flexure (uniformly distributed flexure reinforcement):

Check moment strength based on required vertical reinforcement for shear,
The uniformly distributed vertical reinforcement ¢10@300mm.

A= 43100 X 2 X 785 = 2145.66 mm?

w = (Ast)fy (214566 )420—0046

Lyh fc 4100%x200/ 24
a = =0.0
LWfC
C w+a 0.046+0.0

— = = = 0.056
Ly 2w+0.85B;  2x0.046+0.85x0.85

oM, Q[O 5AstfyLy (1 t Sfy) (1 B i)]
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=0.9 [0.5 x 2145.66 x 420 X 4100(1 — 0.056)] X 1076 =1569.56 KN.m
oM, <M,

the uniformly distributed vertical reinforcement ¢$10@300, is not adequate for
flexure therefore the amount of vertical reinforcement must be increased.

Try $16@150.

w = ( 10988 )@ = 0.3126

4100%x150/ 24

c 0.3126
— = = 0.232
Ly  2X0.3126+0.85x0.85

oM, =0.9 [0.5 X 10988 % 420 x 4100(1 — 0.232)] x 107 =6539.63 KN.m
>M,

Use ¢16@150 for vertical reinforcement.

Vertical bars
@16@15cm

Horizontal bars
2312720cm

Figure (4.26)Reinforcement of the shear wall (SW13).
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4.15 Design of Basement wall:

A Loads on basement wall :

ql = Earth pressure soil

ql=y*h*kO0

Ko =1-sin30=0.5

ql=18 *3.97 * 0.5 =35.73 KN/m2

factored load (q, )=1.6 *ql =1.6 *35.73=57.2

h wall = 30 cm

A Design of shear force :
From Attir Vu=759 KN

d=300 -20 - 16/2 =272 mm

O* Ve =0.75* @bw *d =0.75 *%* 272* 1000 = 166.56 KN > Vu

(h =30 is enough )

A Design of the Vertical reinforcement :

° In tension side:
Max Mu from Attir = 122.3 KN.m
Rn = Mn
b*d*
6
n= 162.3*10° /0.9 — 1.84 MPa
1000 * (272)>
1 2mRn
p=—-(1- I-22%)
m Jy

_ b ] 2020.6)01.84)
P (1 \/1 o) = 0.0046
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Asreq=p*b *d=0.0046* 100 *27.2 =12.512 cm?*/ m.
As min = 0.0012 * b * h = 0.0012%100 * 30 = 3.6 cm’*/m
As req> As min

select ®16@ 15 cm 4, provided =13.4cm® I m

e In compression side :

As min = 0.0012 * b * h = 0.0012%100 * 30 = 3.6 cm’/m

select ®12@ 20 cm 4, provided = 5.65cm> /' m

A Design of the Horizontal reinforcement :

For One layer :
As min = 0.001 * b * h=0.001*100 * 30 = 3 cm’/m

select ®12@ 20 cm 4, provided = 5.65cm> /' m

b
i, o
g
I .‘/,/
N
.

Fieure (4.26)Reinforcement of the basement wall.
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4.16 Design of Isolated Footing (under column 13):

Pp =1100 KN (service).

P =409 KN (service).

Py =1.2*¥1100+1.6*409= 1974.4 KN ( factored).
Column Dimensions D = 80*50 cm.

Allowable bearing capacity qu= 450 KN/m”.

4.16.1 Area of Footing:

Soil Density = 18 KN/ m*

live load =5 KN/ m 2.

assume h= 60 cm.

q attenet =450 - 5—(0.6x25) —(0 .6x 18) =419.2 KN/m 2
PD+PL _ 19744
qallnet 419.2

Use L=2m,B=24m, A=48m?’

Area A= =14.7

4.16.2 Depth of footing:

Assume h =60 cm.

e Check one-way shear:

g, =t =19744- 41133 KN/ m>
“ Area 4.8

d =600 — 75 — 20-9 = 496 mm

L 075 & 24%2.4%0.4961000 = 729KN
v, ~osbd = 6

B -
(5o

24-0.5

Vud=411.33x( —O.505j><2=366.1KN
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oV, =729 KN > V,4=366.1 >>—>—> 0ok

e Check two-way shear:

- “Zﬁ — 248 mm.

d
2
V. = qu (outer area — inner area) =411.33 x(4.8 — 1.3) =1439.6 KN

According to ACI, Vc shall be the smallest of :

:%[H; J\/f?bod: 0.5\/Zb0d

=Ll % s bd 0.585) /.
12\ b, /d
1 [
- b d ....Control
3\/fc 0

Where:

B=a/b=80/50=1.6

b, = 4584 mm.

a, =40 for interior column.

@V, =0.75x0.33v24 x4584x496x1000=27568KN

@Vc=27568KN > Vu = 1439.6 KN
SO h=60cm Is OK.

4.16.3 Design of flexural reinforcement:

Mu = (quh X Wx(é—gjij.S(é—ﬁj
2 2 2 2

=(411.33x2.4x[£—£j} os[ﬁ-ﬁj 4455 KN.m
2 2 2 2

Mn = 445.5/0.9 =494.96 KN.m.
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Rn = an
b*d
-3
2.4%(0.496)
m=— 2= 420 _5)s9
0.85* fc'  0.85%24
1 2mRn
=—(- [1- )
P m %
o= 1 (1- \/1_2(20.59)(0.83))20.002
20.59 420

Areq=px b x d=0.002 x 2400% 496=2380.8 mm?

Aq min = 0.0018x2400% 600 = 2592 mm’..... control

So, Use 10 ® 18 with As =2543.4mm?* > As req = 2380.8 mm?... in both
directions .

4.16.4 Development length of flexural reinforcement:

Ld for @ 18:

_ix fy Xaxﬂx;/x;t b 9 420><1X1X0'8X1x18=444.5mm

f=1 o (ko) TT0 Y 2s
%)
Available length = ((2400-800)\2)-75=725mm
725mm>4445mm ............... ok

4.16.5 Development length of column reinforcement:

Ld for® 22 :

_ 420 x18=286Tmm ...... cont.

N 424
L,=0.043 x db x £ =0.043% 18x420 = 245.3 mm

Available embedment =700 — 75 — (2 x18) = 589 mm > 286.7 mm
.. OK.

L,
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Figure (4.27)Reinforcement of isolated footing under column (C13).
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