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Chapter Four Structural Analysis and Design

4-1 Introduction

Concrete is a construction material composed of cement (commonly Portland cement) as well as
other cementations materials such as fly ash and slag cement, aggregate (generally a coarse aggregate
such as gravel, limestone, or granite, plus a fine aggregate such as sand), water, and chemical
admixtures. The word concrete comes from the Latin word "concretus", which means "hardened" or

"hard".

Concrete solidifies and hardens after mixing with water and placement due to a chemical process
known as hydration. The water reacts with the cement, which bonds the other components together,
eventually creating a stone-like material. Concrete is used to make pavements, architectural structures,
foundations, motorways/roads, bridges/overpasses, parking structures, brick/block walls and footings

for gates.

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

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

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

accordance with the requirements and assumptions of ACI-code.

In this project we use concrete type B300 with compressive strength fc'=30N /mm?(MPa)
for circular section and fc'=30*0.8 = 24MPa for rectangular section, and reinforcement steel

with specified yield strength {fy = 420 N/mm? (MPa)}.
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4.2 Factored Loads :-

According to ACI-Code-318-11, the minimum thickness of nonprestressed beams or one way slabs
unless deflections are computed as follow:

W,=12D_+16L, ACl-code-318-11(9.2.1)

4.3 Determination of Thickness

4.3.1 Determination of Thickness for One Way Rib Slab:

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one way slabs
unless deflections are computed as follow:

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

-The maximum span length for one- end continuous (for ribs):

L 680
hmin= — — = 36.75cm
18.5 18.5

-The maximum span length for both -end continuous (for ribs ):

L 500
hpin="" — — = 23.8cm
21 21
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-The maximum span length for cantilever (for ribs):

L 210
hmin =" — —— = 26.25cm//
8 8

Take slab thickness h=35 cm. ( deflection will be checked )
h =35cm (27cm Hollow block + 8cm Topping).

4.3.2 Determination of Thickness for Two Way Rib Slab:

**In Tow way rib we use kalkal block instead of concrete block with dimension (50%20) cm.

3 3
i bh® _ 80(40)

Ll = 426667
12

I'rib =136533

1s, = 139933 1040/ 2+ 80) = 1279997
b 426667

a, =
Is 1279997

136533

x (1170/2 +80) = 1418663

Is,

Y I 426667
2 s 1418663
o, =0.315

02<a;, <2
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_ Ln(0.8+ fy/1400)
™ 36+58(a,, —0.2)

11.7
=—=1.125
p 10.4
412
_ Ln(0.8+ fy/1400) 11700(0'8-|'1400)

=34.94 cm

™" 36+58(ar,, —0.2) 36+5x1.125%(0.315-0.2)

Select h,,;»=40 cm

4-4 —Load Calculation

4.4.1: One - way ribbed slab.

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

as follows:

One way rib slab _\ Shrinkage & Temperatuer Bar's \

Fig. (4-1) One way rib slab

Calculation of the total dead load for one way rib slab is shown in the following table:
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No. Parts of Rib Density Calculation

Rib 25 0.12*%0.27*25 = 0.81 KN/m
Top Slab 25 0.08*0.52*25 = 1.04 KN/m
Plaster 22 0.03*%0.52*22 = 0.3432 KN/m
Block 10 0.27*0.4*10 = 1.08 KN/m
Sand Fill 17 0.07*0.52*%17=0.6188 KN/m
Tile 23 0.03*%0.52*23 =0.3588 KN/m
Mortar 22 0.03*%0.52%22 =0.3432 KN/m
partition 2.3*.52=1.196 KN/m
5.79 KN/m

Table (4 - 2) Calculation of the total dead load for one way rib slab.
Nominal Total Dead Load:
D.L. tota = 0.81+1.04+0.3432+1.08+0.6188+0.3588+0.3432+1.196 =5.79KN/m of rib
Live load =5 * 0.52 = 2.6 KN/m of rib

4.4.2: Two-way ribbed slab :

Calculation of the total dead load for two way rib slab "Kalkal (50*%20) is shown in the following

table:

Dead load:

No. Parts of Rib Density Calculation
Tiles 22 0.03 x0.54x0.64x 22 =0.2281
Mortar 22 0.02 x0.54x0.64 x22 =0.1521
Coarse Sand fill 16 0.07 X 0.54 X 0.64 <16 =0.3871
Topping 25 0.08 x0.54 x0.64 x 25 = 0.6912
Concrete Rib 25 0.32 x (0.4+0.64) x 0.14 x 25=1.1648
Block 9 0.06 x0.5 x0.4 x9=0.108
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7 Kalkal 0.15 0.15 x0.26 x 0.5 x0.4 =0.0078
3 Plaster 22 0.02 x0.64 x0.54 x 22 =0.1521
9 partition 0.54 X0.64 X1.5=0.5184

3.4096 KN/m

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

Nominal Total Dead Load = 3.4096 kN/rib

WuD=1.2x3.4096/(0.54*0.64) =11.84 KN

Wul =1.6 x 5=8kN/m’

4.5 Design of Topping

Dead load calculation

No. | Material Calculation

1 Tile 0.03*23*1=0.69 KN/m
2 mortar 0.03*22*1=0.66 KN/m
3 Coarse sand 0.07*17*1=1.19 KN/m
4 topping 0.08*25*1 =2 .0 KN/m
5 Interior partitions 2 *1 =2 KN/m

Sum 6.84 KN/m

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

Live load =5 *1 KN/m
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Wy =1.2DL+1.6L = (1.2 *6.84) + (1.6 * 5) = 16.808 KN/m. (Total Factored load)

Toping

Hollow Block ( 27cm)

’\{EC‘}V
Fig. (4-2) Toping of slab

Assume slab fixed at supported points (ribs):

Innm 1]

40 cm

WLZ WL2
12 12

wiL?
24

Fig 4.3: Topping load and moment diagram.

Wu * 172
Mu=""95

16.208 *0.4°

12 =0.216 KN.m /m of strip width .

(®M)n > Mu [Strength Condition, where @ = 0.55] for plane concrete
Mn=0.42x,/ fc'Sm ACI-318-14 (22-5.1)

45



Chapter Four Structural Analysis and Design

_b*h? _1000 *80°
6 6

Sm = 1066666.67 mm>

Mn = 0.42 x /24 *1066666 .67 = 2.194 KN.m
D Mn =0.55*2.194=1.2 KN.m

® Mn =1.2 KN.m >Mu =0.216 KN.m

No reinforcement required by analysis. According to ACI 10.5.4, provide As, min) for slabs as shrinkage

and temperature reinforcement.

According to ACI 7.12.2.1, p shrinkage = 0.0018
Asmin = p * b * h=0.0018 * 1000 * 80 = 144mm”/1m

Try bars @ 8 with As = 50.26mm?

Asreq 144 . 1
No. of @8 = —— = —— = 2.86 — Spacing(S) = — = 0.348m = 348 mm
Apar 50.26 2.86

280
<380 () ~2.5*Ce <300 s

s =380* ( 280 )—2.5*20 = 330mm
Z%420
3
s =300* ( )=300mm

£%420
3

Not more than: Smax =450 mm
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Use @ 8 / 20 cm, with As ,oyigea = 251mm?/1m both directions.

4.6 Design of One Way Rib Slab

T I\WIIIIIILIUM%HHIIIIII_ [ RIB 26
R A A
IRIIIIT ]{}nmiumnuu WAL, TR ]
IR [ e g
Ll Il .

II UL s == ML ) 58
HE i ————— I
1l J_L_ ==§ e ——i |]
| ————=)
ALY L el (T TR TN
[N il ]H T
| i 2= s QU g
| | fitl
| | .
LATEERREARREECT [T
Fig. (4 - 4) Rib 26
% [Material :-
= concrete B300 Fc' = 24 N/mm?
=  Reinforcement Steel fy = 420 N/mm?

=
By using ATIR program we get the envelope moment and shear diagram as the follows:-
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Geometry Units:meter,cm
BEW BTE BTS B74 B72
1 3 3 4
A | | , a
|:: N 1T 1T 1 I
A A A By
08 437 08 241 08 5.07 08 252 028
T 5.07 L I 5.57 T
I } } }
B2 BE0 BT BT1 BTE BT BEE
5 B 7 B g 10
nl nl
T 1T 1T I 1, T 1, T 1 I
A A A Ay i A
08 3.46 08 3.42 LE} 4. LE] 3.1 LX) 3.1 08 265 08
N N L 48 L 18 EE L 345
I T T T T T
B6SE BEE BES
11 12
. Al Al ,
A A
08 22 08 5.52 08
Coa £.22 T
L I |
] 52 T 1
35. |
12.
A

Figure (4-5): Rib geometry.

52.

35.

12
A-A

Figure (4-6) : Rib Section
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Loading
Toad group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
5 .5/2. 54126 54126 5.§/2.6
k.
507 32 587 332
5 &2 5 &i2l6 5 &2 582 6 582 6 5426
| 3 L ¥y
476 ! 472 42 13 13 ! 345 '
582 6 5426
L
3. 6.32
Figure (4-7) : loading of Rib 26
Moments: spans Tio &
283
246 -25.5
- 8.1 193 -19.6 213
17.3 16.7
2.3 a3 99 . 996 12,
' ? T A
I 1 i I:!B i P .1/'1:8 i _,-"’1/?5
! 4l "'z ez, o ' D_'?[?\___/'
bes 48 g N3 d7s
) 9.8
13.8
259 241
| 228 | 279|161 181 | 293 | 294 | 1989 433| 182 234 | 211 211 |
I T T T T T T T T T T T 1
Moments: spans Tio 12
—l
1
16
37.2
| 24 | 24 | 185 | 185 | 195 | 1.95 | 2.07 ,1.3u.|15 2.85 | 379 , 253
I T T T T T T T LLI T T 1

Figure (4-8) : Moment Envelop of rib26.
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Shear
33, 338
251 212 259 26.5 25.3
135 AT 8.6 AT A
) /4 -9.2/4 /
t =t Tt 1 1 = t
16.1 134 17.4 15.8 16.9
24, 21. 24.9 353 237 247
32.8
Shear

1.2 258

s e A/‘
L'/ V L—f/ T

338

Figure (4-9) : Shear Envelop of rib26.

Design of flexure :-

d= h- cover — (db/2) = 350 — 20 — 8 =322 mm
Mu(+) = 37.2 kN.m

Check if a > hf

Mnf=0.85fc'b he (d (hf/2)=0.85* 24 * 520 * 80 (322 — 80/2) */ 10 °= 239.3 KN.m

¢*Mn>mu
215.37 >37.2

—The section will be designedas rectangular section with b =520 mm .
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Design of Negative moment of rib 18:

Maximum negative moment Mu= 31.2 kN.m

Mn =31.2/0.9=34.7 KN.m

= fy - = 412 = 20.2
0.85* fc 0.85*24
34.7*10°°
Mn = = 2.79Mpa

Rn = > 5
b*d 0.12*(0.322)

2mRn
fy

1
p=—(- 1-=0)
m

L Jl—w):o.oomz

P= 502 & 412

As = 0.007312 (120) (322) = 282.5mm’

fc’ 1.4
As =Y (bw)d)= == (bw)d e (ACI -10.5.1)
2 0= on)e)
24 1.4
As.., = ———(120)322) > ——(120)322
b = 1 1200022)> 1% (1201622)
As,,=114.86 <131.3............. the larger is control

As,, =131.30mm?

282.5mm?> As,,. =131.30mm’
# of bars = As/ AS p,r = 282.5/153.93 =2bars * Note Apis = 153.93 mm?

As provided=307.87 mm?

Select 2 @ 14mm .
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e Check for yielding

Tension = compression
As*fy=085*f *b*a

307.87*412=0.85*120*24*a
a=51.8mm

c:izi'g:m%mm OK
B 0.85
& = 322-60.95 X0.003
60.95

g, =0.0128> 0.005

Design of Positive moment of rib 18

Maximum positive moment is Mu= 37.2kN.m

Mn =37.2/0.9=41.3 kN.m

m = Ty - = 412 =20.2
0.85*fc  0.85*24

Mn 41.3*10°°

Rn = > = > =0.766Mpa
b*d 0.52*(0.322)
1 2mRn
p=—(1- |1- )
m fy

S L. \/1_ 2(0.766)(20.2) ) = 00019

20.2 412

As = 0.0019 (520) (322) = 317.38 mm’

Structural Analysis and Design

Lt 1.4
As, . = a(ty) (ow)(d)> X (ow)d).ovevvee (ACI -10.5.1)
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V24 1.4
As,. = e (120)322)> VD (120)322))

As_ =114.86 <131.30
As . =131.30mm’

317.38mm*> As, .. =131.30mm?

# of bars = As/ As ,,, = 317.38/201.06 = 2 bars * Note Agis = 201.06 mm?

As providing =402.12 mm?
Select 2 @ 12mm .

e Chick for vielding

Tension = compression
As*fy=085**h*a
402.12*412=0.85*520*24*a
a=15.62mm
c=2 1592 _1538mm
B 0.85

o 322-18.38

° 18.38
&, =0.0496 > 0.0050K

X0.003

Design of shear:

V,=25.9

e

dVe= O * wa*d

24

= 0.75* Y 0.12 * 0.322*1000

= 23.66 KN
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1.1 *® Ve=1.1%23.66 = 26.026 KN.

Check for items:-
1/ Vus® Ve/2
25.9< 13.013 (X))
2/ ®Ve/2<Vus<d Ve
13.013 <259 < 2366 ( X )

3/ ®Vec<Vu<d Ve + D Vsmin

23.66<25.9< 33.32 (V)

1 1
® Vsmin > 0.75 (5) *pw*d =0.75%( 3 )*0.12 *0.322 *1000= 9.66 KN. (control)

J24 J24

> 0.75 (F *bw*d =0.75* 5 *0.12 * 0.322 * 1000 = 8.87 kn.

® Vsmin = 9.4 KN.

So Case (3) satisfy
Take Av=2® 8=2*50
Av/s = Vs/fy * d
2*50/ s = 2.98 /322*412 > s=445mm
S < di2= 161 mm
<600 m.

Use®8 @ 15cmcl/c
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4-7 - Design of Two way rib slab :-

co3 co4 CoO
B37(80,35)
BEEEEEE
BHEHEHBEEEE
) HEHEHBEEEHE
g BEEEEEH I
PSS SEEEEEE 5 (]
D) BEEEEEH
@ BEEEEEEH
PSS A
. HEEEEEE “
BEEEEEH =
BEEEEEEH =
EE==EEEE &
BHEHEBEEE @
EEEEEEE 0
BHEEEE588858EEEE
e =
BEEEE588EEE HEEEE58888E
=
7 E8 mm%ggmm ggmmmmm 5P
10 1T | |
Figure (4-10): Two way ribbed slab
o> Material :-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
— Dead Load DL =3.4096 kN/rib=9.9KN/m> WD =1.2*9.9 = 11.88 KN/m?
= Live load LL =5KN/m? WL = 1.6*5 = 8 KN/m?
— W=DL+LL=11.88+8 =19.88 KN/m?

Design of two way ribbed slab:
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Design for shear :
Case 1 : discontinuous
La =10.4 m —short direction .
Lb =11.7 m - long direction .
m=la/lb=10.4/11.7 = 0.89
Wa=0.612 — max
Whb=0.388

Total Load=10.4*11.7*19.88= 2419 KN.

0.612X2419X0.52
2X10.4

Load at short beam= = 37.0KN

Vud=37.0 -19.88x0.52x0.362=33.26 KN

0.75
oVe =1.1% % V24 x 140 X 362 x 1073 = 34.14

1
E(Z)Vc =171 <Vu < @Vc

No Need Shear reinforcement .

Design for positive moment :
Casel

L./L, = 10.4/11.7 =0.89
CaD=0.0498

CalL=0.0498

CbD=0.0284

56
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CbL=0.0284

Ma+ve=[Cadl.W.La’]

At short direction:

Ma+ve=[0.0498x11.88x10.4 2+0498x8x10.4%]x0.54= 57.82 KN.m
At Long direction:

Mb+ve=[0.0284x11.88x11.7 *+0.0284x8x11.7°]x0.64= 49.46 KN.m
Design of positive moment at short direction:

d =400-20-8-20/2 =362 mm

Mu=57.82 Kn.m
_ Mu 57.82 _
Rn_(z)xbxdz T 0.9%540x3622 =091
M=—212_-90.20
0.85%24
_r L 2 % 0.91 x 20.20 926 x 10-2
P =3%020 B 412 -~

As =540 X 362 X 2.26 X 1073 = 441.8 mm2

So use 2920.

Design of positive moment at long direction:
d =400 -20-8-20/2 =362 mm
Mu=49.46 Kn.m

Rp=— M4 _ 49.46 —0.66

TPxbxd?  0.9X640X3622

412
0.85x24

M= =20.20
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1

2 x0.66 x 20.20

P =3%020

-

412

) =1.6x1073

As = 640 X 362 X 1.6 X 1073 = 370.688 mm?2

So use 29 18.
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Figure (4-11): Two way ribbed slab reniforcement
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4.8 Design of Beam
%II.II (T IJ_IIJJ LI
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‘ ‘ ‘H LLE’EZ;

Fig. (4 —12) Beam 78.
% Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v" Load Calculations:-

Dead Load Calculations for Beam(B 78):-
The distributed Dead and Live loads acting upon BO-3 can be defined from the support reactions of the

R26.

The maximum support reaction from Dead Loads for R26 upon B0-3 is 21.33 KN,
The distributed Dead Load from the R26 on B78
DL =(21.33/0.52) =41.02 KN/ m

Self weight of beam = 6.72 KN/ m

Live Load calculations for Beam (B78):-
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The maximum support reaction from Live Loads for R26 upon B 78 is 11.61KN .
The distributed Live Load from the Rib 26 on B78.

LL =11.61/0.52= 22.33 KN/m.

=
By using ATIR program we get the envelope moment and shear diagram as the follows:-

Geometry Units:meter,cmn
Cid C&5 CE& 5W
1 2 ]
Ly L L L
A A A
IIII.2:.5 4.05 ﬂl.ilﬁ 4.24 ﬂl.ﬂlﬁ 3.94 IIZI.aII
s 43 o 4.59 H 427 b
I I I {
35,
20.
A-A
Figure (4-13) : Beam Geometry
Loading
load group no. 1
DeadiLive load - Service Load factors: 1.20,1.20/1.60,0.00
44jor22 {3 41(0i22 ¢ 440722 {3
K ¥ 5
& T2 : T : T
A, 455 437

Figure (4-14) : Load of beam
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Moment/Shear Envelope (Factored) Units:kM,meter
Moments: spans 1to 3
-194.5 -192.6
-164.5  -167. -165.2  -162.9
| 1.231.81 | | 1.2 |
I T 1 T | 1
: > ’
0.730.87 .72
o2.m
148.4 146.4
| 172 2.58 | 2.3 , 2.3 | 2.56 L 1r |
f T T T T T 1
Figure (4-15) : Moment Envelop for Beam
Moment/Shear Envelope (Factored) Units:kM,meter
Shear
2066 -245.2 2248
T -186.2 4652
-115.6
[ 11 P |
L/ i | o
127.T /
166.2
gong TEF 205.1
: 2437

Figure (4-16) : Shear Envelop for Beam

Design of flexure:-

4.8.1. Design of Positive moment:-

b, =80cm, h=35cm
d =350—-40-10-10=290mm

Mu= 148.4 KN.m
3 3
C= 7 d= 7 *290=124.29 mm .

a=B*c=0.85*124.29 = 105.65 mm .
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Mnmax = 0.85* fc *a * b * (d- a/2)
=0.85* 24 *0.10565 * 0.8 * (0.290 — 0.10565/2) = 409.0 kn.m
® Mn =0.82 *409.0 = 335.38 kn .m
® Mn > 148.4 kn.m
The section is singly

Mn = 148.4 /0.9 = 164.9kN.m

m = fy _ = 412 =20.2
0.85* fc 0.85*24
Mn 164.9*10°°
Rn = 5= > = 2.45 Mpa
b*d 0.8*(0.290)
1 2mRn
p=—(1- 1- )
m fy
1 2(2.45)(20.2)
=— (1-.]1-——————=)=0.00635
P~ 502" \/ 2 )

As = 0.00635 (800) (290) = 1474.23 mm?

e 1.4
As... _m(bw)(d)zf—y(bw)(d) ................... (ACI —10.5.1)

V24 1.4
As. . = 21D (800)(290)> ViE (800)(290))

As_ . =689.7<788.35
As . =788.35mm?

1474.23mm?* > As_. =788.35mm”

# of bars = As/ As ,r = 1474.23/254.5 = 6 bars * Note Apis = 254.5 mm?
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As providing =1527 mm?

Select 6@ 18mm .

. Check for vielding

Tension = compression
As*fy=085* b*a

1527*412 = 0.85%800* 24*a
a =38.55mm
o=@ 3835 a5 45mm
B 085
. _290-3545
* T 3545
¢, =0.0215> 0.005

X0.003

ok
4.8.2.Design of negative moment:-

b, =80cm, h =35cm
d =350-40-10-10 = 290mm

Mu= 167 KN .m

Mn =167 /0.9 =185.6 KN.m

m = fy _ = 412 =20.2
0.85* fc 0.85*24
Mn 185.6*107°
Rn = 5= > =2.76 Mpa
b*d 0.8*(0.290)
1 2mRn
p=—(1- [1-=")
m fy
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L Jl‘w ) = 0.00723

412

As = 0.00723(800) (290) = 1676.5 mm?

Structural Analysis and Design

AL 1.4

As, . = W(bw)(d )> f—y(bw)(d) ................... (ACI -10.5.1)
24 1.4

As,. = m(800)(290) > m(800)(290))

As . =689.7 <788.35
As . =788.35mm?

1676.5mm° > As_. = 788.35mm?
# of bars = As/ As ,,, = 1676.5/254.5 = 7 bars

As providing =1781.5 mm?

Select 7 @ 18 mm .

Check for yielding
Tension = compression
As*fy=085* b*a

1781.5*412=0.85*800*24*a
a=44.97mm
o :i :ﬂ =52.91mm
g, 0.85
~290-52.91

%= 501
¢, =0.0134> 0.005

X0.003

Ok
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4.8.3.Design of shear

Vu = 206.6KN

e

dVe=* wa*d

= 075* 1* 800 *290

J24
6
= 142.1 KN

4/ fc!
O Ve +(2/3) D * wa*d = 1421 +94.7=236.8 KN .

236.8 > vu=206.6 KN. - the dimension is big enough .

Check for items:-
I/ Vus®Ve2 (X )
2/ ®Ve/2<VusdVe ( X )

3/ ®Ve<Vu<®Ve+®Vsmin ( vV )

1 1
® Vsmin > 0.75 (5) *pw*d =0 .75*(5 )*800 *290 =58 KN.  (control)

\24 \24
> 0.75 ( *pw*d =0.75* * 290 * 800 =53.3 kn.
16 16
®d Vsmin = 58 KN.

So item (3) satisfy

Take Av=4 @ 10 =4* 785

65



Chapter Four Structural Analysis and Design

Av/s= Vs/fy *d
4*78.5/ s = 58 /290*412
S < d/2=145mm
<600 mm.
Select S=10.0 cm

Use @ 10 (4legs) @ 10.0cm c/c

4.9 Design of column

Select column (C85) for design in basement floor.

p, = 470.66 KN
nreq = 47066 _ 724 1KN
Usep = pg =1%

Pn=0.8*Ag{0.85* fc+pg(fy—0.85fc)}
0.7241=0.8* Ag[0.85* 24 +0.01* (412 —0.85* 24)]
Ag = 0.0372m?

Use 0.25x 0.5cmwith Ag =0.125m?> Agreq = 0.0372m?

Check Slenderness Effect:

e |n 0.25m-Dirction

Mu _gp ML ACI —(10.12.2)

r M2
Lu: Actual unsupported (un braced) length.

K: effective length factor (K= 1 for braced frame).
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/ |
R: radius of gyration=0.3 h = K

Lu=3.8 m
M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be permitted to be taken as
1.0.

Klu g4 oML ACI - (10.12.2)
r M2

1x380 _cog7<22

0.3x0.25

.. LongColoumn in 0.25m:dirction

e |n 0.5m-Dirction

Klu <34—12% .............. ACI - (10.12.2)

r
1x3.80

0.3x0.5
. longColoum in 0.5m:dirction

=25.33<22

E.l
El =04——2 .o .. [ACI 318 — 2002(Eq. 10 — 15)]
1+ By,

Ec = 4700,/fc’ = 4700/24 = 23025.20 Mpa

_1.2DL  281.22

= = =.598
17 P, T 470.66

_b><h3 B 0.5 x 0.253

ly=— = = 0.000651
L _ 04X 2302520 X 0000651 _
- 1+ 598 - 2/oMpd
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2EIl 3.14% x 3.75

P. = = = 2.56KN
o T KLw?  (1x3.8)2
Cm 1
0.75P; 0.75%2.56x1000

=15+0.03x h =15+ 0.03x 250 = 22.5mm = 0.0225m
e, x5, =0.0225x1.32 =0.0297mm

e
e
e 00297 _ 0.1188
h 025

min

From Interaction Diagram

o,  470.66 8 145
A, 0.25x0.5 1000

9

p, =0.01

= 0.55Ksi

A = px A, =0.01x500x 250 =1250 mm?*’
s.usel2¢12

Design of the Reinforcement:

S <16 db (longitudonal bar diameter)....................... ACI-7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.

spacing <16xd, =16x1.6 =25.6 cm
spacing <48xd, =48x1.0=48cm
spacing < least.dim.=30cm

Usegl0@ 30 cm
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. g 1610830 12 2 c

o i Ties

A E = iz [
1910810 40

=t P10 L=29

17@1 7 @10 L=178

Figure (4-17) : columns section

4.10 Design of Footing

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

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :- (From Column Group 2)

Dead Load = 234.35Kn , Live Load = 118.4Kn

Total services load = 234.35+118.4 = 352.75Kn

Total Factored load = 1.2*234.35+ 1.6*118.4 = 470.66Kn
Column Dimensions (a*b) = 50*%25 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400Kn/m2
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Assume h =50cm

Opnet-aow = 400 — 18*0.40— 25*0.5 — 5= 375.3kn/m2

v" Area of Footing :-

Pt 352.75

qnet—allow
Assume Square Footing
Select B = 1.10m

v’ Bearing Pressure :-

qu = 470.66/1.10*1.10= 389Kn/m’

v" Design of Footing :-

1- Design of One Way Shear Strength :-

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

Assume h = 50cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d =500-75-20=405mm

B

Vu=gue (S2—d)+L

VU =389- (L“5

_ 0.405) 1.1 = 8.558Kn

70

Inclined crack

|

Critical section for
one-way shear “l

d

Column \D

RN

One-way shoar,

[~ 5 KN/m?

Tributary area for
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¢.\/c=¢%*\/f_c'*bw*d

Ve = o.75*%*\/ﬂ*1100*405 = 272.8Kn

¢Nc=272.8KN >Vu=_8.558Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR

FR, =q, *area of critical section

Vu = 389[* (0.0.25+0.405) * (0.5 +0.405) | = 462.7Kn

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

1, 2\
¢.\/C =¢€(1+FCJ\/?bOd
AV, =¢.é£ % +2j\/?bod

b, /d
N = ¢%\/ f'b.d
Where:-

B Column Length (a) 50

¢ ColumnWidth (b) 25

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

b, = 2*(0.25 +0.405) + 2* (0.5 + 0.405) = 3.12m

%s = 40 for interior column
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PN = ¢%(1+ ﬂi}l fc'bod = %*(n%) 24*3120* 405 =1547.6Kn

c

! *
oV, =g %o |1 bd = L[ 207405 5 N 523100405 = 2782.7Kn
12\ b, /d 12 3120

PN = ¢%J? b,d = %* 24*3120*405=1547.6Kn

OVe =1547.6 KN>Vu=462.7KN

3- Design of Bending Moment :-

Critical Section at the Face of Column

Mu = 389*1.1*0.425*0.425/2 = 38.6Kn.m

_ My 386x10%
Rn= @bd? ~ 0.9x1100x4052 0.24 Mpa
420
m= 2 = 20.6

T 0.85f/  0.85x24

p:l<1 -1 _M> :L(l _\/1 _M) = 0.00057
m 420 20.6 420

Asreq = p.-b.d = 0.00057x1100%x405 = 256.1 mm?

As min = 0.0018*1100*500 = 990 mm?

As,req:AS,min = 990 mm2 ......... iS Contl'()l

Check for Spacing :-

S =3h =3*500 = 1500mm
280

) — 2.5%75 = 192.5 mm
420

S = 380*(3
5*
S =500 mm

S=500 mm ......... is control

Use 714 in Both Direction, As providged= 1077.6 MM*>As requirea= 990mm>... Ok
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Check for strain:-

Asfy _ 1077.6X420

= - = = 20.17 mm
0.85b fc 0.85X1100%x24
c=2=227_9373mm
B, 0.85
= 0.003 (d _ C) =0 (405 _ 23'73> = 0.048 > 0.005 ......0k
& = 0. e 5373 = 0. .005 ...

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = ®(0.85fc'A, x E)

A; = 0.5%0.25 = 0.125 m?
A,=11*1.1=1.21m?

\/E: [12L 96852 i, A,
A V0.125 A

®Pnb =0.65%(0.85x24x110x 2) = 2917.2Kn
dPn=2917.2 > Pu=470.66......... ok

No Need For Dowels
As,min = 0.005 * Ac = 0.005 * 500 * 250 = 625 mm2

USE 8ﬂ20, Asvprovided: 2512 mm2>AS'required: 600 mmz... Ok
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S N
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| < 1 ,7/ A1
—| — = +|[
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Fig 4.18 : Foundation Reinforcement.

74



Chapter Four Structural Analysis and Design

|
1.50
1
H
/ 1.50

2.24 3.00 1.60

e - - -~

4.11 Design of Stair

[

Fig 4.19: Stair Plan.
s Material :-

— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

Load Calculation & Design of stair :-

hmin = L/28
hmin = 6.84/28 = 24.4 cm
Take h=25cm

The Stair Slope by 0 = tan™(17/ 30) = 29.56°
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glzm concrety

Jitles
17
B

Fig 4.20: Stair Section.

Dead Load For Flight For 1m Strip:-

23*0.03*1*(0.33+0.17/0.3 ) = 1.15 KN/m

22*0.03*1*(0.3+0.17/0.3 ) = 1.04 KN/m

25*%0.5*0.17*1 = 2.13 KN/m

25*0.25*1 / cos 29.56 = 7.19 KN/m

22*0.02*1 / cos 29.56° = 0.51 KN/m

Table (4.5): Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip =5*1 =5 KN/m
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Factored Load For Flight :-

Wy = 1.2 x12.02+ 1.6%5 =22.42 KN/m

Dead Load For landing For 1m Strip:-

22*0.03*1= 0.66 KN/m

22*0.03*1= 0.66 KN/m

25*0.25*1= 6.25KN/m

22*0.02*1= 0.44 KN/m

Table (4.6 ): Dead Load Calculation of landing.

v" Load Calculation:-

Dead Load For Landing For 1m Strip = 8.01 KN/m
Live Load For Landing For 1m Strip = 5*1 =5 KN/m

Stair reinforcement Design of one meter strip :- (for fligh)

The value of V, at the center of support = (22.42*3)/2= 33.63KN .

d= 250-20-7 =223 mm .

sV = (0.75/6) *v24 * 1000*223= 136.56 KN > 33.63 KN ...... ok .
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22.42KN/m

N O W Wl Wl il Wl W i W W W W

R=33.63 KN

R=33.63 KN 3.00 1.60

2.24

Figure (4-21): Load distribution on stairs

Mu max = (33.63%(6.84/2))-(8.81*1.6%(1.6+3/2))-(22.42*3/2*3/4=57.37 KN.m
d =250-20-7 =223 mm
I T

0.85fc'  0.85(24)

I 6
_Mn_ 5737+Q0)f° | g0
bd?Z  (0.9)(1000)(223)

p:i[l— 1_2man 1 [1_\/1_2 20.6 1.28}20_00315

Rn

m fy ) 206 420

AS =0.00315%(100)* (22.3) = 7.024 cm?

Use 50 14 @ 25 cm c¢/c with As =7.696 cm?®> 7.024 cm”

Min reinforcment :-

AS min =0.0018 * 1000 * 250 =4.5cm? Use4 @ 12 @ 20cm c/c
As 7,648 > 4.5 cm’
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Design of landing:-

Design of S2:-

Mu = (18.5%(3.6/2))-(8.81*1.5/*(1.5+0.6/2)17.61*0.6/2*0.6/4= 18.63KN.m
d =250-20-7 =223 mm
m= fy = 420 =20.6

0.85fc'  0.85(24)

_ Mn _ 18.63*(10)°
bd? (0.9)(1000)(0.223)>

o1 fp_2mRn)_ 1 1_\/1_2 20.6%0.416 | _ 501
m fy 20.6 420

Rn =0.416Mpa

As =0.001*(100)* (22.3) = 2.23 cm?

Use 4D 14 @ 25 cm c¢/c with As =6.16 cm®> 4.91 cm?

Min reinforcment :-

As min=0.0018 * 1000 * 250 =4.5cm?> Used ® 12 @ 25 cm c/c

As4.91>4.5 cm?
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4-12-Design of solid slab of the stair roof :-

Determination of load:

Dead load=.2*25%1= 5 KN/m’
Live load = 1.5 KN/m?

qu= (1.2*5)+(1.6*1.5) = 8.4 KN/m
h=20cm

d=h-2-.5=20-2-.5=17.5cm
Mu=(q,*I)/8 = 8.4%6.2°/8 = 40.36KN.m

me_ V%0 g
0.85fc' 0.85(24)

* -3
_Mn_ 4036%A0)° ) o0
bd? _ (0.9)(1)(0.175)

Rn

* *
ooy [p_2mRn)_ 1 1_\/1_2 20.6*1.46 ) _ 1036
m fy 20.6 420

AS =0.0036*%(100)* (17.5) = 6.3 cm*

Min reinforement:

As min =0.0018*b*h = 0.0018*100*20 = 3.6 cm’
Select As =3.6 cm®

Use ®14@ 20 cm c/c with As =7.7 cm”> 6.3 cm’

Longelir reinforcement for one meter strip:
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As = 0.0018*100*20 = 3.6 cm’

Use @ 12@ 25 cm with As =4.52 cm? > 3.6 cm?

Top reinforcement :

Use ® 8@ 15 cm in both direction

Design of shear reinforcement :
Vu max =q,*L/2 =(8.4*6.2)/2= 26.04 KN

®Vc=> Vumax

07 J_

®Vc=——7(bw)(d)

ove= 75‘/_ =22V (1000)(175) =107 .165 KN

107.1> 26.04 KN/m

No Shear reinforcement is required .
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4.13 Design of Shear Wall

+ Material and Sections:- (From Shear Wall 1)

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

= Shear Wall Thickness h=15cm

= Shear Wall Width Lw=3.6m
= Shear Wall Height Hw =26.4 m
=

v" Design of Horizontal Reinforcement:-

> Fx=Vu=700KN

The critical Section is the smaller of:

wW_36_518m

2
26.4

2
hw_ 264 _135m
2

2
storyheigh(Hw) = 3.4m....... Control

d=08xLw=0.8x3.6=2.88m

5 !
(Z)Vnmax = Qg fc hd
= 0.75%0.83 * V24 * 150 * 2880 = 1317.4 KN >V, = 700 KN

V. is the smallest of :

82



Chapter Four Structural Analysis and Design

1-V, = % £.'hd = §\/2 «150 * 2880 = 352.7 KN ........ Control
N,d
2— V. =027/f hd + 4’1‘ = 0.27v/24 » 150 * 2880 + 0 = 571.4 KN
w
Ly (047 +025%)
3— ¥, =|0.05/F + | hd
Ve 2

21099.6 — 16339.4 M, — 16339.4
~ 3.95-—34

- —3% = _1.78<000....... Neglected
Vi 2 1205.1 2

= M, = 16.881 KN.
305 u 6.88 m
My, L, _ 16.88

Vu =700 KN

@*Vc = 0.75*%352.7 = 264.5 KN

NS
Vs,min :1—;* bw*d = % * 150 * 2880 = 232.3 KN .......... Control
Vs,min = %* bw*d = % * 150 * 2880 = 244KN
@ *(VC + Vs,min) = 0.75%(352.7 + 232.3) = 740.75 KN

_ 2%mw*102

App = Y 157.1 mm2

157.1 075
S,

Sp=200 mm

- Maximum spacing is the least of :

% = 3600/5 = 720 mm

3*h = 3*150 = 450mm
360mm ....... Control

Use ¢ 10/150 mm for two layers
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v" Design of Vertical Reinforcement:-

o [0.0025 + 0.5 (2.5 — 2) (222 — 0.0025) ] 150

Lw
26.4

ey _ | 0.0025 + 0.5 (25-22)(

3.6

AUU
— =0.350
Sy

Select @ 16 in Two Layer

_ 2%mw*162

App = =402 mm2

2
= 0.350

v

S,=401 mm

Sh*h

157.1
150%150

- Maximum spacing is the least of :

% = 3600/3 = 1200 mm

3*h = 3*150 = 450 mm
450 mm ....... Control

Use ¢ 16/150 mm for two layers

- 0.0025)]*150
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