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Design works and full structural details of the Turkish Friendship Hospital

Working Team
Wala’aFawazHijaziHaneen Jamal Abu yousef

Ala’alesaZamara

Supervisor:

Eng. MunaAlshaer.

Project Abstract

The main objective of this project is to prepare all the structural design and
operational details of the research center. The project consists of four floors with a
total area (5975.28m2). Each floor of the building consists of several departments
with different activities.

This building is a reinforced concrete structure and a composite structure of steel and
concrete. The project contains structural analysis of vertical and horizontal loads,

structural design and details for each member of the project.

By the end of this project, structural elements will be designed in the building.
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Second Floor Slab

Rib geometry

loading of Rib

Moment Envelop of Rib

Shear Envelop of Rib.

Beam Plan

Beam Geometry

Load of beam

Moment Envelop for Beam

Shear Envelop for Beam




List of Abbreviations

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

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

b = width of compression face of member.
bw = web width, or diameter of circular section.
DL = dead loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of elasticity of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
Ln = length of clear span in long direction of two-way construction, measured
face to face of supports in slabs without beams and face to face of beam or other
supports in other cases.

LL = live loads.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

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

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force.

Wu = factored load per unit area.
F = strength reduction factor.
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Table (3 - 3) : Wind Velocity Pressure (q) According To The
German Code (DIN 1055-5).

Height Above the surface . [m] 0To8 | >8To20 | >20 To 100

Wind Speed . [ m/sec] 28.3 35.8 42
Wind Velocity Pressure (). [KN/m?] 0.50 0.80 1.1

g=10 M’/‘nf};_

gt kb o

W g

m . B.60m y=08 *N/‘m't%
—_—
Large Urban and DIN 1o85.T4 £ a‘?"" g=h5 T At .

ety center Sibtrban zre Wind SF‘“"d

Wind wvelocily pressure gf’ N i)
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Wind Resultant :-

W =Cp *q [KN/m?]
W=Cp *q *A [KN]

Wind Direction Gr=08
—

Cp: External Pressure Coefficient .

A: Exposure Area .
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o External Pressure Coefficient (Cp):-
Cp =+ 0.8 (pressure , Wind Ward)
Cp =- 0.5 (section, Lee Ward)
Cp =- 0.7 ( section , Sideward ) , for

Cp =- 0.5 ( section Sideward ) , for
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. Appendix A: Architectural Drawings 1-6

. Appendix B : Structural Drawings 2-6
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Chapter 4

4 Structural Analysis & Design

4-1 Introduction.
4-2 Determination of Slab Thickness.

4-3 Determination of Loads for rib.
4-4 Design of Rib

4-5 Design of Beam.
4-6 Design of Column.
4-7 Design of Footing.

4-8 Design of Stairs.




4.1 Introduction

The project consists of several structural elements that will be designed
according to the ACI code and by using the finite element method using much of
computer software such as “ATIR” and “STAADpro” to find the internal forces,

deflections and moments for the all structural element in order to design them.

4.2 Determination of Slab Thickness

iy v}
T 17,00y (CTmE) iefeanl | B — e
5 T S v T — o e s

EACA
o
ER[HIO]

Figure (4-1): Second Floor Slab.

4.1 According to ACI-Code-318-05, the minimum thickness of non-

prestressed beams or one way slabs unless deflections are computed as follow:
One-Way Slab:
* Ribd Slab :

- . 1
For one —end continuos hmin = Y




. _ 640 _
hmin = T 35cm

For both —end continuos hmin = %

hmin = 606 _ 28.8cm
21

hmin = 35cm (27cm Hollow Block , 8cm Topping )




Two-Way Slab:

Minimum thickness (deflection requireds) :

Assume h = 35cm
e For extiror beam

Ib =22 = 2052 - 468693.33 cm*
ye = e T =116 cm*
Irib = 52*131.663 i 40*11.663 + 12*233.43 — 77683.266 cm*
v Short Direction , L =610cm
Is = Iribs(3+bw) _ 77684+(23°+40) 515404 cm®

bf 52

v" Long Direction, L= 748 cm

77684x(132+40) _

52

Is = = 618484 cm*

For interior beam :

v" Short Direction ,L =610cm

77684+(305+30+292.5) _

Is = = = 937436.73 cm*
af =2
Is
afl = 288691 _ 758
618488
468694 _
"~ 515404 0.909
468694
af3 = S16184 =0.758
468694 _
of4 = 937237 — 0.5

ofm =¥ =0.731<2
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p=2=228-124
w 610

7480(0.8+220

= 1400 = 209.406 >125mm
36+5+1.24%(0.731-0.2)

First trail thickness h=350mm > 20.406mm - OK
Take slab thickness hslab = 350mm , 80mm topping & 240mm concrete block .

Load Calculation :

Type KN/m3 T*v
Tiles 23 0.03*23*0.52*0.52
Mortar 22 0.03*22*0.52*0.52
Sand 17 0.07*17*0.52*0.52
RC 25 0.08*25*0.52*0.52
topping
RC Rib 25 0.27*25*0.12*(0.52+0.4)
Concrete 10 0.27*10*0.4*0.4
block
Plaster 22 0.03*22*0.52*0.52
Partition 2.3 2.3%0.52*0.52
Sum 3.215

Dead load of slab :

D.L=—215__119KN/m?
0.52+0.52

WD = 1.2*%11.9 = 14.27 KN/m?
Live load of slab :
LL =5 KN/m?

WL =1.6*5 =8 KN/m?
W =14.27+8 =22.27 KN/m?
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Moment Calculation :
Ma = Ca*wla? , Mb = Cb *wlb?

Case #6

Dead Load Positive
= =22=-082 ,plate 1

w7

0.85-0.82 _ 0.042—ca _
0.82-0.80 ca—0.015

ca=0.0438

Mad = 0.0438*14.27*6.1% =23.26 KN.m/m

0.85-0.82 _0.017—cb
0.82-0.80 ch—0.015

cb =0.0158

Mbd = 0.0158*14.27*7.48%= 12.61 KN.m/m

la _ 585

TR =0.78 , plate 2

0.8-0.78 _ 0.045-ca _
0.78-0.75  ca—0.048

ca=0.0462

Mad = 0.0462 * 14.27 x5.852 = 22.56 KN.m/m

0.8—-0.78 0.015—c¢b

_ —  ch=0.0138
0.78—0.75 cb—0.012 c
Mbd = 0.0138 « 14.27 +7.48% = 11.02 KN.m/m
Live Load Positive
la 610
B 78 = 0.82, plate 1
0.85-0.82  0.046—ca 009
082—-08 ca—0051 ca="9
MaL = 0.049%8*7.482 =21.93 KN.m/m
0.85-0.82 _ 0.022—cb _
0.82—0.8 cb—0.019 @ = 0.0z
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MbL = 0.02*8*7.48% =8.95 KN.m/m

a
T 0.78 ,plate 2

0.8—-0.78 0.051—ca

0.78—0.75 ca—0.055

MaL = 0.053*8*5.85% =14.51 KN.m/m

0.8-0.78 _ 0.019-ch _
0.78-0.75  cb-0.016

MbL =0.018*8*7.48 2=28.06 KN.m/m

Negative Moment
0.82 , plate 1

0.85-082 _ 0.083—ca _
0.82-08  ca-0.086

Ma = 0.085*22.27*6. 1% = 70.43 KN.m/m
Cb=0,0.78 ,Plate 2

0.8—-0.78 0.086 —ca
0.78—0.75 ca—0.088

Ma= 0.087*22.27*5.85 2=66.31 KN.m/m

Cb

1
o

* Design Negative Moment
d=350-20-8-14/2 = 315 mm

Mu =36.63 KN.m
Rn = 36.63%10°

120%3152 =3.07 Mpa
_ 420
T 0.85+25 20.59

2%20.59+3.07
= - - =7.96 1073
P 2059 =@1- \] a0 ) =

56

cb =0.053

cb =0.018

ca = 0.085

ca=0.087




As = 120*315*7.9610~3 = 300.94mm?
Asmin :%* 120*315= 126 mm?

300.94 >126 - OK
Take 2¢p14

[
Asming14 = 7 14% = 307.88 mm?*
* Design Positive Moment

Mu=19.73 KN.m

_19.73%10°% _
T 12043152 1.65 Mpa
1 1 1 20.59 %2 x1.65 4.10 + 10-3
e ——— — — = 4, *
P=20.59 420

AS = 4.10%1073 * 120*315 = 155 mm?
Take 2¢12
AS = 226.19 mm?

Mu =11.3 KN.m

_ 11.3x10°

Rn=———
12043152

= 0.95 Mpa
p=2.32%1073
As=232*10"3 %120 « 315 = 87.497 < Asmin = 126 mm?

Take As =Asmin = 126 mm?
Take 2¢12
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4.4.1Topping Design

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of
hollow block length with both end fixed in the ribs.

wy = 1.2D + 1.6L

- 40 cm
12 BV
w
Dead Load calculations 24
Dead load y*o *1 KN/m
Tiles 0.03 *23 0.66
Mortar 0.03 * 22 0.66
Coars Sand 0.07 * 17 1.19
Topping 0.08 * 25 2
Partition 23*1 2.3
X=6.48
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Liveload =5*1=5KN/m

Wn =1.2*0.8 +1.6*5 =16.16

KN/m

wxl2 _ 16.16%0.4%
Mu = = =
12 12

=0.215 KN.m/m of strip

width

OMn > Mu-Strength condition, where @=0.55 for plain

concrete. Mn = 0.42)\fc’' Sm (ACI 22.5.1, Equation 22-2)
Where Sm for rectangular section of the slab:

Sm= b*:z = 10006*802 = 1066666.67 mm?

$Mn =0.55% 0.42*1~/25 * 1066666.67 * 107 = 1.232 kN.m >>Mu= 0.215KN.m

NO Reinforcement is 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, pshrinkage = 0.0018 .

As = pbd = 0.0018*1000*80 = 144 mm? /m strip

Try bars @8 with As =50.27

bar # a4 _ 2.87 bars = 3 bars
50.27
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Take Use 3@8 mm, As = 150.8 mm2/m strip or @8 @ 300 mm in

both directions.

Step(s) is the smallest of:

1.3h =3*80 = 240 mm —
Control

2. 450 mm

3.5=380 (Zfis")- 2.5Cc

= 380 (222)- 2.5%20 =349 mm
5400

280 280
< e -
but S <300 () = 300 ( oo

=315mm

Take O 8 @ 200 mm in both directions. S = 200mm < S max = 240 mm - Ok

From practical concederation, the secondary reinforcement parallel to the ribs shall
be placed in the slab and spaced at distances not more than half of the spacing’s

between ribs (usually two bars upon each width block).
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4.3 Determination of Loads for rib

4.3.1. A Determination of Dead loads

Type ybh KN/m
Tiles 0.03*23*0.52 0.359
Mortar 0.03*22*0.52 0.343
Coars sand 0.07*17*0.52 0.619
Topping 0.08*25*0.52 1.04
R.Crib 0.27*25*0.12 0.81
Hollow 0.27*10*0.4 1.08
block
Plaster 0.03*22*0.52 0.343
Partition 2.3*0.52 1.196
Sum 5.79

4.3.2 Determination of live loads

LL =5*0.52 = 2.6 KN/m of rib

The Effective Flang Width (be) According to ACI

= 5({%: 1257.5 mm

IA

a. be<:
4

b. be<bw+ 16 xhf =120+ 16 * 80 = 1400mm

c. be< center to center spacing between adjacent beams = 520mm

Take be = 520mm




Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 2

-40.3
-33.1 -33.1

1.731.78
I

1
1.bol1h |
I \ 3.4

4.6
26.1 25.1
217 | 3.26 3.21 | 2.14 \
[ [ 1 [ 1
Shear
-37.6
-31.9
-23.6
-18.5
; ; ; ;
18.4
24.1
31.6
37.3
Reactions
Factored
L— 1 [ |
[ LI L
DeadR 14.22 46.81 13.87
LiveR 9.87 28.03 9.75
MaxR 24.09 74.84 23.62
MinR 12.86 60.68 12.43
Service
DeadR 11.85 39.01 11.56
LiveR 6.17 17.52 6.09
MaxR 18.02 56.53 17.65
MinR 11. 47.68 10.66




4.4 Design of Rib :

*Design of rib for Positive moments
Assume bar diameter @12 for main positive reinforcement:
d =350-20-10-3 = 314 mm
1. Mu=+26.1KN.m
Check if > hy :
Mnf = 0.85*25*520*80*(314 -%)*10-6 = 24222 KN. m

Mnf =242.22>> 26.1/0.9 = 29KN.m - a < hf

The section will be designed as rectangular section with b = 520 mm.

26.1
__ =29KN.m.
Mn 0.9
m=—JtY =-_%20 _ 1976

0.85+fc’  0.85+25

29+10°
Rn=—-—
520%3142

1 (| _2x057x1976\__
= — — = 1. *
P= 1976 420

As=p x b xd =1.376*1073 *520*314= 224.67 mm? .
Check for min :

= 0.57 Mpa

Asmin = 0.25*% £120 * 314 = 112. 14 mm?

Asmin:% %120 * 314 = 125.6 mm? — Control

As =224.67>Asmin =125.6 mm? — OK




Use2@ 12mm As = 226.19 mm?

As =226.19>As=224.67
e Check for strain :

_ 226.19%420

T 0.85+25+520 8.6 mm

_ 86 _
C—E—10.12mm

314 —-10.12

€=0.003 * 10.12

= 0.090 >0.005 -OK

2. Mu=+251 KN.m

25.1x10°
0.9+520%3142

_ 1 1 1 2 % 0.54 % 19.76)
=To76" ( 420

p=1.30%1073

Rn = = 0.54 Mpa

As = 1.3*1073 x 520 « 314
= 212.26 mm?

Check for Asmin

As = 212.26> Asmin =125.6

Use 2012 Asmin = 226.19

As = 226.19 > As = 212.26 mm?




Check for Strain:

_226.19+420

T0.8525:520 8.6 mm
c=2% —10.12 mm
0.85
es = 0.003 » 221912 _ 4 09 > 0.05 — OK
10.12

*Design of rib for Positive moments:

1. Mu=-33.1KN.m

33.1x10°
Rn=—"—_=3,11 Mpa
0.9x120+314

p=— (1—\/1—M)=8.04*10‘3
19.76 420

As=8.04*10"3 120 * 314 = 302.95mm?

Check for Asmin :
As = 302.95> Asmin =125.6 mm? - OK
Use 2014 Asmin=307.88mm?

As=307.88>As=302.95mm?

Check for Strain:

_ 307.88+420

= .71 mm
0.85%25%120 50.7

_ 5071
~ 085

= 59.66 mm

314 — 59.66

= 0. — =0.1 . — OK
€s = 0.003 = T066 0.13>0.005 — O




* Design of rib for Shear :
1 1
PVc=0.75+1.1 *g*\/fc’ *bwxd=0.75%1.1 *EVZS 120 * 314 1073 = 155.43 KN

1
EQVC =77.72>Vu=31.9KN ,Casel

1
E@Vc =77.72>Vu=31.6 KN ,Casel

No Reinforcment is Required




4.5 Design of Beam

7kl E Bl
LL»h.Lﬂ-m IR T

VRN - 7 =T e P TR o Lokt
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Figure (4-6): Beam Plan

45.1 A Determination of Dead load for beam

O.W = 25%0.6*0.35 =5.04 kN/m
D.L =(11.75*1.67)+( 11.75*2.37)= 58.05 KN/m

4.5.2 B Determination Live loads for beam

L.L = (5%1.67)+(5*2.37) = 20.2 KN/m




Geometry

Units:meter,cm

1 2
j S » Aj 1t Aj
‘ 0.8 ‘ 2.55 \ 0.8 ‘ 4.5 \0.3‘
[ | I 3135 I | I 5.05 I | |
[ I |
80.
25.
50.
40.
A-A
Figure :Beam Geometry
Loading
load group no. 1
Dead load - Service Units:kN,meter
0319, 27.3 27.3
17.9 17.9
1.67 e 1.67 2.37 0582 2.36
1 1 1
Live load - Service Load factors: 1.20,1.20/1.60,0.00
g4Vg 4 11.8 11.8
TV Vaged A R R Y I
1.67 1 1.67 2.37 9321 2.36
1 1 1

Figure :

Load of beam




Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 2
-171.2
|0.97 |
| |
f—t——— } i } =
! | 1.73/0.88 | !
14. | \
084 251 2.78 1754 2.27
I 1
Shear
) _137.7144.4
105.4 122.5
':34.6 17.5
192.
210.8
Reactions
Factored
L 1 ] 1 1
[ T ] T ]
DeadR 15.74 228.21 97.01
LiveR 18.82 105.04 47.36
MaxR 34.56 333.25 144.37
MinR 1.43 252.59 95.63
Service
DeadR 13.12 190.18 80.84
LiveR 11.76 65.65 29.6
MaxR 24.88 255.83 110.44
MinR 4.17 205.41 79.98

Figure :Moment& shear Envelop for Beam




4.5.3 Design for flexure

Design of beam for Positive moments
Assume bar diameter ¢20

d =500 - 40 - 10 - (22) = 440 mm.

Mu=+1754KN. m:

175.4 *10%
RN = o 800+ as0z — 1:26Mpa
1 2+¥19.76%1.26 _

As =3.09 *1073 * 800 * 440 = 1087.68 mm?
As min = 0.0018 * 800 *250 = 360 mm?
As=1087.68 > Asmin =360 mm? - OK
Take 6016 , As =1206.37 mm?

As = 1206.37 > As = 1087.68 mm?

Cheak for strain:

q _Asfy _ 120637420
T 085fc’be  0.85%25x800
_a _298

C_ﬁ —E=3506mm

=29.8 mm

190-35.06

506 0.013>0.005 -OK

es = 0.003 % =0.003 *

_ 800-40%x2-10%2—-6%16

S 5

=120.8 mm
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Mu=+14KN.m

14x10°
Rn = _—
0.9+800+440

_ 1 _ _ 2%19.76x0.1 { _ —4
p=——(1 /1 2200 =2.39%10

As =2.39* 10~* * 800 * 440 = 84.13 mm?

=0.1 Mpa

Asmin = 0.0018 * 250 *800 = 360 mm?

As = 84.13 < Asmin = 360 mm? , Take As = Asmin = 360 mm?
Take 3014 ,As = 461.81mm?
As = 461.81 > 360

Cheak for strain:

_ 461.81+420
a

=————=11.41 mm
0.85+25+800

1141
~ 085

C =13.42 mm

440-13.42
13.42

es=0.03 =0.095>0.005

S= 800-40%2—-10+2—-3+14
2

=329 mm

* Design of beam for Negative moments :

Mu=-171.2 KN.m

171.2+10°
Rn=——"———=123 Mpa
0.9+800+ 440

o= L (1 _\/1 _ 219761123 ) _ 555 g3
19.76 420

As=3.02*10"3 « 800 * 440 = 1063. 04 mm?

1063.04 > 360
Take 6016 ,As = 1206.37 mm?
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Cheak for strain:

_1206.37+420

"~ 0.85%25%800 =29.80 mm
2980 _
C —m = 35.06 mm
£s = 0.003 * 22023306 _ 135> 0.005 - OK
35.06

Cheak for shear :

@Vc = 0.75 *% VZ5 + 800 * 440 * 10~3 =220 K
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4-6 Design of column
f. =25 Mpa

Pp =114.68%4 =458.72 KN

Own weight = 25*0.4*0.8*4.05 = 32.4 KN

25%0.4*%0.8*4.2 =33.6 KN

25*0.4*0.8*3.9=31.2 KN

25%0.4*%0.8*3.75 =30 KN
X=127.2KN

PD = 458.72+127.2 =585.92 KN
PL=24.49*4 =97.96 KN

Pu = 1.2*%(585.92)+1.6*(97.96) = 859.84 KN

Assume rectangular section with:
Usep=2% ,® =0.65 for tied column

Pu = 0.65*0.8*(0.85*fc'(Ag — Ast ) + Ast*fy )
AST = 0.002 * A,
859.84*103= 0.65*0.8%(0.85%25(Ag — 0.02*Ag) + 0.02*Ag*420 )
Ag = 56579.59 mm?
Use 800*400 mm? with Ay = 320000 mm? > Ag requirea = 56579.59 mm?

1) Check for Slenderness :
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K*l,
T

M1
<34-12(5) <40
2

M,
(ﬁ) =1 — for braced frame with Mmnn.
2

L.: Actual unsupported (unbraced) length.

r: radius of gyration of its cross section =0.3 h
l.,=420m

K = 1.0 — for columns in nonsway frame.

a) In 40 cm - Dirction:

K*l,
r

<34-12*1.0=22<40

* 1*4.2
Kb _ =35> 22
Tx 0.3*0.4

~ long(selender) Column for bending about X — axis.
b) In 80 cm - Dirction:

K*ly

<34-12*1.0=22<40

K*lL, _ 1%42

= =17.5< 22
ry  03*0.8

~ short Column for bending about Y — axis.

2) Calculate the minimum eccentricity emin and the minimum moment Mmin:
About x- axis

emin =15+ 0.03 * h =15+ 0.03 * 400 = 27 mm
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Mmin = Py* emn = 859.84 * 0.027 = 23.22 KN.m

3) Compute EI.

EC*Ig

EI=04 ——
1+ Bdns

E.=4700*v25 = 23500Mpa

1.2*D 1.2*585.92
= 08 082
Pdns " gsosga
P,

__bxh® _ 800x 4003
T 12 T 12

Ig =4.27*10°

23500%*4.27
EI =0.4* = 22053.85 KN. m?

1+0.82

4) Determine the Euler buckling load, P. :

wZ * El w2 *22053.85

P(;= (K*l u)z = (1 *42)2

=12339.16 KN

5) Calculate the moment magnifier factor &xs:

M1
Cn=06+04* —=06+04*1=1.0
M2

cm
ons = 1 P
0.75 * pc
1
859.84 110

1

~0.75+%12339.16

=1.10 >1.0 — The magnifid eccentricity and moment
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€ = emin * 6ns = 27*1.10 = 29.7 mm

Mc=6ns* Mz =1.10*23.22 = 25.54 KN.m

= where M2 = Mmin = Py * emn=23.22 KN.m

The magnifid moment are less than (1.4 *23.22 = 32.51), are required

by — ACI — Code Section 10.10.2.1 .

6) Select the column reinforcement from Interaction Diagram :
About x — axis

a) Compute the ratio e/h:

—29'7—0074
h 400

b) Compute the ratio y:

d—d _400—2%40—2%10—20

Assume @20 for bars:y = 5 200

c¢) Use interaction diagram A —9a and A — 9b
selected dimention: h = 800 mm , b = 400 mm.

assum p = 0.02

@P
©  859.84+10°
Ag =~ "400+800

aty =06.............. x0.145 = 0.39Ksi

aty =0.75........ gp,
Ag

= 0.39 Ksi
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Diagram A-9
(fory=0.6 &y = 0.75)

pg =0.7=0.01

7) Select the reinforcement:
Ag=pg* Ay = 0.01* 800 * 400 = 3200 mm? ... ... Use 16 D 16
As = 3217 >Ast =3200 mm?

Design of the Tie Reinforcement :

S <16 di(longitudonal bar diameter) — 16 * 16= 256 mm
S <48 d; (tie bar diameter) — 48 * 10 = 480 mm
S < Least dimension. — Least dim. = 400 mm

Use 310 @ 15 cm.

L2 amm<120mm
£ [ |
= » -
b 2
£ 16016 ~
B —] . L, a J -

J.80

67




4-7 Design of Footing

4-7-1 Isolated Footing
Pp = 585.92N
P, =97.96KN
P, = 1.2%(585.92)+1.6*(97.96)=859.84 KN
Column Dimensions =a * b= (40 » 80) cm
Allowble bearing capacity , qau= 400 KN/m?
Soil Density ,ysoil = 17 Kn/ m3

4-7-2 Area of Footing:
Assume h =60 cm

qaii-net = 400 — 0.6 * 25 — 1*17 = 368 KN/m?

_ pn _ 585.92+97.96

= = = 1.86 KN/m?
qanet 368

Assume squar footing a = 2 m? , b=2 m?

4-7-3 Depth of footing:

¥ _859.84
q T1.5+1.5

= 382.15 KN/m?

70
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Inclined crack

Critical section for
one-way shear

Tributary area for
one-way shear

Column —__p R

One-way shear.




Check one-way shear:

04 d)

Vu :qu*b(é — g — d) =382.15 *2*(% _ T

Let Vu =gVc (¢ = 0.75)
1 2 04
Ve =2 V25 *2000* d = 382.15%2*(: - = - d)

d=025m
Assume cover 75 cm, §20
h=250+75+20=345mm , Takeh =400 mm
d= 400-75-20=305mm

e Two Way shear (punching shear ) H
Let Vu=o@Vc | < ]
—
Vu = 382.15(2*2 — (0.4+0.305)*(0.8+0.305) ) =1230.9 | IneNec orack
400 ksl bl
ﬁ :m =2
bo = 2(0.8+0.305)+2(0.4+0.305) = 3.62 .
ritical section

as = 40 — interior column T0 e -y, SRR

Ve =§(1+§) Jfe bo*d =2 (1+7) =0.33

1 as«d - 1 ,40+0305 .\ _
VC_E( bo +2)w/fC bO*d—E(W"'Z) =0 .45

Two-wav shear.

Ve :% Jfc' bo*d=0.33 - Control

Take Vc =0.33v25 %3620 305 « 1073 =1821.77

PVec=0.75%1821.77 = 1366.33 KN <Vu = 1230.9 KN -NOT OK




Design for flexural in long direction

Take steel bar 20
h =400 mm , d =400 - 75 -?: 315mm

Mu=382.15*2*0.8 * % = 244.58 KN.m

244.58+ 10°
—_— = 1.37 Mpa
0.9¥2000+315

420
m = 58525 159.76

p= F176 (1- \/1 B 2*19‘.1-726;1.37) —3.37%10-3
As=3.37*1073 *2000*315 = 2123.1mm?

Asmin = 0.0018 * 2000 * 400 = 1440 mm?
As = 2123.1 > Asmin = 1440 mm?
Take 11016 , As =2211.68 mm?

2000-75+2—-11x16
S= 0 =167.4 mm

Steps is smallest :
1. 3h=3%*400=1200 mm

2. 450 mm - Control

S=167.4mm < Smax=450mm -0K

Design for flexural in short direction
Mu = 382.15 * 2 * 0.6 *2° = 137.57 KN. m

137.57+10°
Rn=——>""_ =0.77 Mpa
0.942000+3152

1 2+%19.76%0.77 _
p = m(l-\/l—T):].S?*lOs
As =1.87*1073 « 2000 * 315 = 1178.1 mm?

Asmin = 0.0018 * 2000*400 = 1440




Take As = Asmin = 1440

Take 10 @14 , As=1539.38

2000-75%2—-10x14
S= 9 2 =190 mm

S=190mm <450 mm -O0K




4-8

Design of Stairs:-

—221 S.L

Section 11

Scale 1325

——

<

B4 3OXA0)

e Determination of Slab thickness:

78




L=5, rise = 175mm,
run=300mm

_5 _
h—5—25cm

Use h= 25 cm.

-1 175

200 — 50-26°

0 = tan

e Load calculation:
Flight dead load compulation :

Quality W(KN/m)
Material Density(KN/ m3)
Tiles 23 23*1*0.03*0'175‘*0'35 1.21
03
Mortar 22 22*1*0.03*0'1754'0'3 1.05
03
Stair steps 25 0.25,1%0175%03 2.188
0.3 2
RC Solid 25 M , 7.236
Slab cos 30.26
Plaster 22 22%0.03 ‘1 0.764
c0s 30.26
¥=12.448

landing dead load compulation :

Quality W(KN/m)
Material Density(KN/ m3)
Tiles 23 23*1*0.03 0.69
Mortar 22 22*1*0.03 0.66
RC Solid 25 25%0.25x1 6.25
Slab
Plaster 22 22%0.03x1 0.66
X =8.26
L.L=5 KN/m?

D.L
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for flight:
w=(1.2*12.448)+(1.6*5)=22.94KN/m
for landing:
w=(1.2*8.26)+(1.6*5)=17.91KN/m

Cheak for shear strength:
d =250-20- - = 223mm
Take the maximum shear as the support
reaction vu =39KN
_1 7 _1
Ve=¢ Jfc bwd= g\/ZS *1000*223*
= 185.83KN/m strip

@VC = 0.75 x185.83 = 139.3783KN/m

Vumax =39 KN>§ @Ve = 13‘;37 — 69.69KN case 1l

Calculate the max. bending moment

Mu = 39*(0.8+1.7) — 22.94 * 1.7 *1.7/2 =64.35 KN.m

Mn =222 = 71, 5KN.m/m

d =223mm

71.5+10°
Rn =

~ 100042232 =1.44 Mpa

1 g _ 2#19.76+144  _ _3
P = 1976 (1 \/1 420 ) =3.55*10

As = 3.55%1073*1000*223 = 791.65 mm?

Asmin = 0.0018 * 1000*250 = 450mm?

88




As =791.65> Asmin =450 mm? -- OK
Use 014 , As :g * 142 = 153.94 mm?

_ 791.65

= =5.14 =6 bars
153.94

n

s=1-_1 -0194m=194mm
n 5.14

Take 6014 or P14@150mm

Step is the smallest of :
1 3h=3*250 =750 mm

2. 450 mm
3. S=380%(2) _ 2.5 Cc = 380 *(2 ) — 2.5%20 =330mm
fs 3+420
But s< 300(>)=300 mm - Control
5*420

S=150 < Smax=300mm - OK
Temerature & shrinking reinforcement :

As sh&T = 0.0018*1000*250 = 450 mm?

_ 450 _ _
n_m_z.gz =3 bars

_ 1 _
S—E—O.S4mm

Take 3014 or 014@300mm

Steps for shrinking & temperuter :
1. 5h =5*250 = 1250mm

2. 450 mm
S =300 < Smax =450mm

*Design of landing :

88




17.91 KN/m

8.96 KN/m 8.96 KN/m

15 04 15
3.4

h7.02 n7.02

Mu = 17.91*0.2 — 17.02*(1.5+0.2) + 8.96*1.5(0.2+1?5)
Mu = 12.58 KN.m

d:250—20—14-12—4:209mm

_ 14+10%
Rn = 0.910002092 0.32 Mpa

_ 1 _ _ 2%x19.76%0.32 - -4
p=5-(1 \/1 ) =167 10

As = 4.67 = 10~* * 1000 *209 = 160.303 mm?
Asmin = 0.0018*1000*250 = 450 mm?
As = 160.303 < Asmin = 450mm?

Take As =Asmin =450 mm?

Use 14 ,As = 153.9 mm?

450

=——=2092=3bars
1?3.9
3:520.34m:340 mm

Take 3014 or P14@350mm

Steps is the smallest :
1. 3h=3*250 = 750mm

2. 450mm
3. S=380(22 ) - 2.5% 20 = 330 mm
5420
S<300( 2280 ) =300 mm - Control
5*420
S =300 mm
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