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Description Of Graduation Project "'structural design for Embassy of
Palestine in Sweden™
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Theidea of the proposed project architecturally reflect the ideas
Palestinian Architecture by finding the Embassy of Palestinein

Sweden.

WE'll do full structural design for this proposed project and we will
gpecify the structural system for columns and footing and slabs and
beams . Embassy building consists of two floors" the ground and

first .

The area of the ground floor is 1300 sgr meter , and the area of the
first floor is 940 sgr meter , the total area of the building amounted

to 2440 sgr meter.
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Chapter 4 : Structural Design & Analysis
4.1 Introduction
4.2 Determination of Slab thickness
4.3 Determination of dead load

4.3.2 Determination of factored dead & live loads

4.4 Design of topping
4.5 Design of rib 2
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Figure (4-3): Rib 2 geometry.

Figure (4-5) : loading of Rib 2

Figure (4-6) : Moment Envelop of rib2.

Figure (4-7) : Shear Envelop of rib 2.

Figure (4-8) : Beam (25) Geometry.

Figure (4-9) : loading of Beam (25).

Figure (4-10): Moment Envelop for Beam (25).
Figure (4-11): Shear Envelop for Beam (25).

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of oneleg of aclosed stirrup resisting tension within a (S).

b = width of compression face of member.



bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression stedl.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of easticity of concrete.

fc¢= compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.

LL =liveloads.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or 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 at section.

Wc = weight of concrete. (Kg/md).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€c = compression strain of concrete = 0.003mm/mm.
& = strain of tension steel.

és= strain of compression steel.

p =ratio of steel area.
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Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Determination of Dead Load

4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam.

4.7 Design of Long Column.

.8 Design of Isolated Footing.
4.9 Design of strip footing.

4.10 Design of Stairs.
.11 Design Of Shear Wall
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4.1 Introduction

The project consists of several structural elements that should be designed according to the ACI code,

using the finite element method by means of computer software such as “ATIR” *“safe” “etabs” for analysis
and design.

4.2 Determination of the Slab thickness:

BEAM 2 EH

2l

BE  BEAM 14

BEAM 15
Bl \BEAM 18
BE  BEAM 17

b REBE 2

L1
R ﬁ BEAM 3 EF BER
- [
‘5 RIB 3 ‘5
[ BEARS! B2 EZ BEAM 4 ]

Figure (4-1): Slab.
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According to ACI-Code-318-08, the minimum thickness of non-prestressed beams or one way slabs

unless deflections are computed, given in table ( 9.5 -a), as follows:

hmin for Simply supported = L/16 longest simply supported is4.4 m
4400/16 = 275mm.
hmin for one-end continuous = L/18.5 longest one-end cont. is6.4 m
= 6400 /18.5 =345.9 mm.
hmin for both-end continuous = L/21 longest both-end cont. is6.6 m
= 6600/21 =314.3mm.
Select Slab thickness h= 35 cm with 27cm block & 8cm Topping.

4-3 Determination of Dead Load :

Topping Load Calculations

material ama h b KN/m
tiles 23 0.03 1 0.69
mortar 23 0.02 1 0.46
sand 17 0.07 1 1.19
topping 25 0.08 1 2
Live Load 5 1
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Rib Load Calculations

material ama h b KN/m
tiles 23 0.03 0.52 0.3588
morter 23 0.02 0.52 0.2392
sand 17 0.07 | 0.52 0.6188
block 9 0.27 0.4 0.972
RC 25 0.27 | 0.12 0.81
topping 25 0.08 0.52 1.04
plaster 23 0.02 0.52 0.2392
partitions 1.5 ‘ .52 ’ 0.78
Live Load 5 0.52

4.4 Design of Topping:

Pu=12* 434+ 16*5=13.21 KN/m?. (Tota Factored Load)

w,*1% _13.21¥0.4°
12 12
=0.176KN.m

N Mu =

2
> Mn =042 fc'*%

* 2
=042 J24* % = 2.2KN.m.

f *Mn=0.55*22=1.21KN.m
f *Mn=2121>Mu=0.176KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement :-
~ p=0.0018
~A, = p=b=h=0.0018 =1000 =80 = 144 mm?=,

A.\,-[.q _

1 ~ 287 Spacing(S) = — = 0.347m = 347 mm.

Apgr 5027 287

#0f @8 =
31



280 280

<380(")-25* Co < 380(7)

280 280

=380* (z,)-25"20<380* (7 )
=y 3'¥

280 280

=380 (E* M“)—2.5 20< 380 (':;_42“)
=330 mm. < 380mm.
<3*h=3*80=240mm........... controlled.

< 450 mm.

=Use ®8 @ 20 Cm C/C in both directions.

4.5 Design of Rib :
Factored dead load = 1.2* Dead load = 1.2*5.04 = 6.048KN/m of rib.

Factored Live load = 1.6*liveload = 1.6*2.6 = 4.16 KN/m of rib.
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Figure (4-2): Rib geometry.

Geometry Units:meter,cm
1 2 3 4
1 2 3
A ' A ' A
‘0.5‘ 3.6 ‘0.5‘ 4.7 0.5‘ 5.3 ‘0.5‘
4.1 5.2 ‘ 5.8 C
| 52. | | i
35.
12.
A-A
Loading
1 | 1
oaga UIUU'J Mo I
Dead load - Service Units:kN,meter
5.04 5.04 5.04
4.1 5.2 5.8
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60
Mdment/SNHear I:n\/nlnr_n (IZ ts:kN,meter
4.1 5.2 5.8
Moments: spans 1to 3
-35.4
-28.1 _
21.9 26.8
-15.6 -15.7
. 3}1. | | }1.45 |
= 0 élio I81 2.(??’IO I99 t
4.1 1.16 .8
15.5 12.9
29.5
1.85 ‘ 2.25 | 2.34 } 2.86 | 3.48 ‘ 2.32 |
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear
-30.5
-26.3 24.8 -24.6
-20.6 -18.9
; T T ;
12.2
17.8 20.4
26. 30.1
35.7
Reactions
Factored
1 [ | [ |
[ N L 1 1

DeadR 9.63 29.14 38.52 14.02
LiveR 8.2 23.15 27.65 10.53
Max R 17.83 52.29 66.17 24.55
Min R 8.07 36.56 48.82 13.14
Service
DeadR 8.03 24.29 32.1 11.69
LiveR 5.12 14.47 17.28 6.58
Max R 13.15 38.75 49.38 18.27
Min R 7.05 28.92 38.54 11.13
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Design of flexure:-

Design of Negative moment of rib R2:
1) Maximum negative moment Mu © =28.1 KN.m.

Mn=Mu/ ¢ =28.1/0.9=312KN.m

m=—2_ =% -6
085 f; 0.BG24
M 31.2:1073
R =—1=_""""" _-264MPa
bed® 012« (031432
1 2¢ Rpam
p=r(l- 1-Z0m,
1 ZeZ64e206
k- 1 1 e = 0.00676

~As=p* by *d=0.00676 * 120 *314 = 254.72 mm-.

r

Aspin = 025+ —sh, +d = }—“ sh,*d ... (ACI-10.5.1)
v b
=025+ 4120+314 > 12 +120+314
420 420
=109.88mm? < 125.6 mm?® ............. Larger value is control.

— ASpin = 125.6 mMM® < ASeq = 254.72 mn’,
= As= 25472 mm?,
2 ®14 = 307.9 mm® > ASeq = 254.02 mm?. OK. *Note: Agy4 = 153.9 mm?,
~Use 2 ®14
— Check for strain:- (£, = 0. 005)

Tension = Compression

As*fy =0.85* f'*b* a

307.9* 420=0.85* 24* 120* a

a=52.83 mm.
€ =4, = s = 6215mm. * Note: f.! = 24 MPa< 28 MPa—. fi; = 0.85
=

_ 314-62.15
215

* 0.003=0.012> 0.005 - =0.90K
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2) Negative Moment Mu © = 15.7 KN.m.
Mn=Mu/¢p=15.7/09=174KN.m

_ My _ a0 _

m=es fi 08524 206
M T.4+1073

Ry = ha:a = u.:lza (L;.:'J 432 =147 MPa

_ 1 . . ZeRypsm
p=—(1 1==——=)

261474206
=— 1—- 1-=2"""2 =000364
20.8 420

~As=p* b, *d=0.00364* 120 *314 = 137.16 mm-.

‘qs:lru'n = ™ bw * = ;__4 * bw =d (AC|-1051)
¥

=2 1120+314 = 122120 +314

Geq 20

=109.88mm?< 1256 mm>............. Larger value is control.
~ ASpin = 125.6 mm? < Aseq = 137.16 mm?,
~As=137.16 mn?’.
2 ®10 = 157.14 mm? > Asq = 137.16mm?. OK. *Note: Agyq = 78.6 mm?.
+ Use 2 @10
— Check for strain:- (£, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
226.2* 420=0.85* 24* 120* a

a=38.8 mm.
£ = ;T = E = 45.7mm. * Note: f! = 24 MPa< 28 MPa— [, = 0.85
j Ns
£, =% 0.003
_ 314-457

= * 0.003=0.018 > 0.005 - =0.9 OK.

45.7

=~ Use 2 ®10 for all Mu® <15.7 KN.min rib 2.
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Design of Positive moment of rib R2 :-

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350-20-10-==314mm.
- Muymax =29.5 KN.m

be < Distance center to center between ribs = 520 mm............ Controlled.

IN

Span/4 = 3600/4 = 900 mm.

IN

(16* t;) + by, =(16* 80) +120 =1400 mm.
- bg =520 mm.

' t
— ,:r:O.SS_ﬂ*bE*t}'* d"'_

)
2

.08

=0.85%24+052+0.08=* 0314 == 2 10% = 23253 KN.m

MMy = 0.9 * 232.53 = 209.27 KN.m
- My =209.27 KN.m >> My max= 29.5 KN.m.

= Design as rectangular section.

1) Maximum positive moment Mu ) =29.5 KN.m

Mn=Mu/®p=29.5/0.9=32.8 KN.m.

vy _ 420

=———= =20.6
085 [, 0E524
M 3281073
K,=—2=_"""""__-064MPa
bed®  052e (031475
1 Z¢ Ryp*m
p=i(- 1-ZEemy
o064+ 2006
=— 1- 1-=""20 =0.001549
26 420

~As=p* bg *d = 0.001549 * 520 *314 = 252.9 mm>.

r

Je

‘qs:lru"rz = 4(fy) *

b, *d = }—’* sh,*d ... (ACI-10.5.1)

VZ4
44420

«120=314 > ﬁ*lZO +314
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=109.88mm?< 1256 mm-............. Larger value is control.
— ASpin = 125.6 mM® < ASeq = 252.9 mm?”,

=~ As=252.9 mm?,

2 ®14 = 307.9 mm® > ASeq = 252.9 mm*. OK. *Note: Agy4 = 153.9 mm?,
~Use?2 ®14

— Check for strain:- (g, = 0. 005)
Tension = Compression
As*fy =0.85* f'*b* a
307.9* 420=0.85* 24* 520 * a

a=12.19 mm.
£= ;T = ]j;: =14.34 mm * Note: £ = 24 MPa< 28 MPa- fi, =0.85
j Ns
£, = —* 0.003
_ 314-14.34

2% 0.003=0.063 > 0.005 - (h=0.9 OK

2) Positive moment Mu ®) =155 KN.m.

Mn=Mu/¢=155/09=17.2 KN.m.

T F20
= ;= =20.6
085 [, EG«24
_ My _ 17.2e107
R?!

3
= -2 - 335MPa
hed? 052« (03143

p=l(1—~ 1___2*1?,;*:11 :l
m Fr

1 2¢0,335+20.6
= 1- ] ="

. : =0.00043
20.6 420

~ As= p* be*d =0.00043 * 520 *314 = 70.2 mn’.

‘qs:lru"rz = A x bw = d = ;__4 * bw * d ............ (AC'-lOSl)

V2§

= V2 £120+314 = 21 +120+314
4a4 20 420

=109.9mm?< 1256 mm?............. Larger value is control.
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— ASpin = 125.6 mm* > ASg = 70.2mm?,
~As=1256 mm?.
2 ®10= 157.1 mm® > As = 125.6 mm?®. OK. *Note: Agyq = 78.5 mm>.
= Use 2 @10
— Check for strain:- (£, = 0. 005)
Tension = Compression
As*fy =0.85* f'*b* a
157.1* 420=0.85* 24* 520 * a
a=6.2mm.

c=2="% —735mm * Note: f,' =24 MPa< 28 MPa- fi, =0.85

ffy 085
! i
£, =~—*0.003

=17 % 0,003=0.1257 > 0.005 ) =0.9 OK.

7.32

~Use2 ®10for Mu® <155 KN.m.

Design of shear of rib R2 :
Vug = 30.1 KN.

-

1.1 Ve =1.1% * ‘*bw d

-\.'I

=1.1*0.75* ;*012* 0.314*10° = 25.38 KN.

- Check for items:-

1- Item1: V, < %.

23.38_

301 < ——=1219 ...... Not satisfy

2- ltem 2 % < Vi< Ve

12.19 < 30.1 < 25.38....... Not satisfy

OVsmn 2 = f1% b, *d="" v24* 0.12*0.314* 10° = 8.653 KN.

16

Ob * Py * d= 22 0.12% 0.314* 10°= 9.42KN.......... Control.

1\
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a'm (*) VSmin = 942 KN

® Ve
2538 <301 <348 ... satisfy

IN

Vu S (*)Vc+(bVSm|n

N

=~ Item (3) is satisfy — minimum shear reinforcement is required.

I -
E)min 2 == —*b,=—= Y24 4120 = 0.0875

16 fyt 16 G210

Tobw 1,129 0005 tevrrrrerr......Control.

3 fir 3 420

Try @8 (2 Legs):

1.5

= - 0.095 - S=1057.9 mm

d/2=314/2 =157 mm
Use ®8 (2 Legs) @12.5cm

4.6 Design of Beam :

beam load calculation

material ama h b KN/m
tiles 23 0.03 0.8 0.552
morter 23 0.02 0.8 0.368
sand 17 0.07 0.8 0.952
R C beam 25 0.35 0.8 7
plaster 23 0.02 .8 0.368
partions 1.5 0.8 1.2
Live Load 5 0.8
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Figure (4-3): beam geometry.

Geometry

Units:meter,cm

1 2 3 4
1 2 3
L, I J I L1 J S|
A A A
0.5 3.7 0.5 1.6 0.5 45 0.5
} } 42 } 21 } } } }
} } } }
35,
80.
A-A
Loading
Live load - Service Load factors: 1.20,1.20/1.60,0.00
24.9 22.9 22.6
27 27X 50
load group no. 1
Dead load - Service Units:kN,meter
37.9 33.3 32.6
10.4 19.4 19.4
41 4.2 2.1 5.




Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3
-213.4
-153.3 -7
1
—1 [ |
T T
43) 2
169.3
1.89 | 231 | 084 126 | 3. 204.4 2.
I I I I I I
Shear
-255.8
-198.3 -170. » 7—196.6
-117.4 ~Llas.
1 1 1 1 1 1
1 1 1 1 1 1
70.
130.8 122.6
188.3 226.8
278.7
Reactions
Factored
—1 1 | [ |
= 1 1 1 1 L
DeadR 103.76 178.87 223.17 107.12
LiveR 84.5 199.53 225.54 89.5
Max R  188.26 378.4 448.72 196.62
Min R 102.11 168.96 229.03 105.92
Service
DeadR  86.46 149.05 185.98 89.27
LiveR 52.82 124.71 140.96 55.94
Max R 139.28 273.76 326.94 145.2
Min R 85.43 142.87 189.64 88.51
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Design of flexure:-

Design of Positive moment:-
by=80Cm. , h=35Cm.

d = depth - cover — diameter of stirrups— (diameter of bar/ 2)
=350- 40-10-20/2 =290 mm.
Crnax == * d == * 200 = 124.29 mm.
8max = F1* Chax = 0.85* 124.29= 105.64 mm. *Note: f." =24 MPa< 28 MPa- fi; =0.85

Mnina = 0.85* f/*b* a* (d-Z)

=0.85* 24* 0.8* 0.10564 * (0.29- = ) * 10°
= 408.91 KN.m .
— OMnimax = 0.82 * 954.32= 335,305 KN.m . * Note: €s= 0.004 — ¢ =0.82

— M Nmax = 335.305 KN.m > Mu = 204.4 KN.m.
~ Singly reinforced concrete section.
1) Positive moment Mu ™ =204.4 KN.m .
PMnNmax = 335.305 KN.m > Mu =204.4 KN.m .- Singly reinforced concrete section.
Mn = Mu /tp=204.4/ 0.9 = 227.11 KN.m .

iy 420

m=—2_= =206
N85 Ic N.B5:24
o 1B
R, = MH? _ 22711 “I:: —~ 3.38 MPa.
bl B0 {290
ﬂ:—ll::].— 1_2aﬁ,!am }
m I
=1 - 1 Z3WHE _(0o8ess
2.6 420

-As=p* by, *d 0.008855 * 800* 290 = 2054.43 mn2.
1

ﬂs:lm"rz = 4 (fy) *

b, *d = F sh,*d ... (ACI-10.5.1)

V24 L 800 «290 = - «+800 =290
1] 420
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=676.53mMm?<773.33mm* ............. Larger value is control.
— ASpin = 773.33 MM’ < A, = 2054.43 mm?”.
 As=2054.43 mn?.

Afppy _ 205443
Apgr  314.2

#0f ®20 = =6.54 - #of bars=7 bars.

% Use 7020 — As=7*314.2 =2199.1 mm?® > Asyeq = 2054.43 mnv’.
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*% f'*b* a
2199.1* 420=0.85* 24* 800 * a
a= 56.6.

— 2 _566_ go 58 mm. * Note: f; = 24 MPa< 28 MPa— f3, = 0.85

T f; 085

£, =25* 0,003

i

= 29076658 4« 3903 =001 > 0.005 - ¢ =0.9 OK.

H6.58

Spacing=(800-2* 40-2* 10-7*20)/6=93.33 mm > 25mm............. OK

2) Positive moment Mu ) =169.3 KN.m .

MM Nmax = 335.305 KN.m > Mu = 169.3 KN.m .- Singly reinforced concrete section.
Mn = Mu/ip=169.3/ 0.9 = 188.11 KN.m..

T 420

m=——:;= = 20.6
085 ! om5.24
M 1AA.11+10°
L= = 22— 2 8 MPa
bedd?  BOOs (29072
__l . _ZaRHam
p=—(1 1 5 )
1 Ze2.F0 206
=— 1- 122200 -00072
20.68 420

~As=p* b, *d0.0072 * 800290 = 1670.6 mm?’.
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Iy
-‘qs:lnj'rz = oo bw * d = E * bw * d ............ (ACI'lOSl)

Ay i

= Y2 800 %290 > 12 . 800 + 290

T 4e420

=676.53mMm?< 773.33mm? ............. Larger value is control.

— ASpin = 773.33 MM’ < Asq = 1670.6 mm?,
~ As=1670.6 mm>.

#0f 20 = 2rea — 16708 _ g 39 4 of bars = 6 bars.

Apar 3142
= Use 6020 - As=6*314.2 = 1885 mm?* > Aseq = 1670.6 mm>.
— Check for strain:- (g, = 0.005)

Tension = Compression
As*fy =0.85* f'*b* a
1885 * 420=0.85* 24* 800 * a

a=48.5mm
¢ == =57.1mm. * Note: f' = 24 MPa< 28 MPa— f3, = 0.85
1 HE
£, =—"* 0.003
290=57.

= 71+ 0,003=0.012 > 0.005 - ¢ =0.9 OK.

57.1

Spacing=(800-2* 40-2* 10-6* 20)/5=116 mm > 25mm............. OK

Design of Negative moment:-

3)Negative moment Mu© = -177 KN.m.
PMnNmax = 335.305 KN.m > Mu =177 KN.m . - Singly reinforced concrete section.
Mn = Mu /= 177/ 0.9 = 196.67 KN.m .

m=—2_=_*0 g

T oss ! T 0ese24

My _ 19667+10°
bed?  BOQe (290)F

=2.92 MPa

R;.; =
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ﬂ:_l(]._ l_z‘ﬁ'u‘m }
m I

— 1 1— 1— 2:202:20.6 = 0.00754

20.8 420

~As=p* b, *d0.00754 * 800*290 = 1748.7 mm?°,

I
ASmin = 7o *busd = Zebysd (ACI-10.5.1)
¥

= Y21 L 800 =290 = 11,800 » 290

Ge4 20

=676.53mMm?<773.33mm* ............. Larger value is control.
— ASpin = 773.33 MM’ < AS.eq = 1748.7 mm?,

~ As=1748.7 mm’,

Asreq _ = 1748.7
Abar 3142

=5.57 - #of bars= 6 bars.

#0f ®20 =

~ Use 6020 - As=6*314.2 = 1885 mm’® > Aseq = 1748.7 mn’.
- Check for strain:- (¢, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
1885* 420=0.85* 24* 800 * a

a=48.5mm
c =%=E=57'1 mm. * Note: f' = 24 MPa< 28 MPa— f3, = 0.85
1 R
£, = —-* 0,003

=="—72+ 0,003=0.012 > 0.005 =09 OK.

571

Spacing=(800-2* 40-2* 10-6* 20)/5=116 mm > 25mm............. OK
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Design of shear:-

1) Vu =226.8 KN .

pVe=d * “*bw d

=0.75* *800*290*103—14207KN

— Check For dimensions:-

GVe+( Z**  f7 *by*d) =14207+( Z* 0.75* V24 * 800 * 200* 10%)

=142.07 + 568.28 = 710.35 KN > Vu = 226.8KN.
= Dimension is enough.

— Check For items:-

1- Item1: V, < ‘*’2”“

2268< ~—"=7104......Not satisfy.
2-1tem2: LX< vi< Ve
71.04 < 226.8142.07 .......Not satisfy.

3' |tern3. cch < Vu S ¢VC+¢)VSmin

BVSmn 2 = fI*by*d=2D

16

V24 * 800*290 * 10° = 53.28 KN.

\}

ob*bw d= 22+ 800*200* 10°= 58 KN.......... Control.

= q)VSmin = 58 KN
OV + PV Smin = 142.07 + 58 = 200.07 KN.
Ve < Vy < Ve + PVSnin

142.07 < 226..8 < 200.07 .......... Not satisfy.

4-1tem4: dVc+dVSmin < Vu < Vet (5 * * Py *d)

142.07 + 58 < 226.8 <142.07 + (= *v24 * 800*290 * 10°)

142.07 < 226.8< 284.14



Vs

« Item (4) is satisfy — ("T"") =

{fyesdl ) '
Py
Vs=( . Ve)
= (222 180.43) = 112.97 KN. *Note: Ve = —— = 189.43 KN,

Try ®10 (2Legs) =2 * 78.5 = 157 mm?.

57+107% 297« 1073

157:10 7 _11297- 10 © ¢ - 91603 m = 169.3 mm
5 {420«0.29)

s< %=£2”: 145 mm.......... control
< 600 mm.

5= 140 MM < Spax = 145 mm OK.

= Use 2leg stirrups @10 @ 14 Cm C/C.
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.7 Design of Long Column (C18) :

Design of Longitudinal Reinforcement :

Select column (C6) for design

Pu = 3300KN

Pn = 3300/(0.65) = 5077 KN

rg=15%

Pn =0.8* Ag{0.85* fc'+r g(fy- 0.85fc')}

5077*10°° = 0.8* Ag[0.85* 24 +0.015* (420 - 0.85* 24)]
Ag = 0.24m?

X =+/0.24 =0.49m

Check Slenderness Effect :

MU _gpopML ACI - (10.12.2)
r M2

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration=0.3h = \/;

Lu=35m

M1&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to be
taken as 1.0.

1*3.5

5 5 =352 - 233>
UG, oy oMLy ] ACI 10-12-2 0.3* 0.5
g rg 8|V| 20

\ long Coloumn
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E|
El =04— o [ACI 318- 2002 (Eg. 10- 15)]

1+Db,
E, = 4750,/ fc' = 4750* \/24 = 23270.15Mpa
b, = 12DL _ 2385 _ 1 o
Pu 3300
* 3 * 3
’ _b*h® 05705 _ o uigepy
12 12
* * * -3
£ = 047 23270.15%5.21%10° _ o\ o
1+0.723
2
, = P E'2 ................ ACI 318- 2002(Eq. 10- 13)
(KLu)
2 %
) J31472815 o) 657MN.
(1.0* 3.5)?
Cm=06+042020 . ACI 318- 2002(Eq.10- 16)
eM2g
Cm=1.... According to ACI 318- 2002(10.10.6.4)
Cm
d. = 320 e, ACI 318- 2002(Eq. 10- 12)
1- (Pu/0.75P.)
1

=1.241>1

d =
™ 1-(3300/0.75* 22.657*10°%)

€., =15+ 0.03* h =15+ 0.03* 500 = 30mm = 0.03m
e=e,, d,=0.03*1.241 =0.03723 m

% O 03723 0075
From Interaction Diagram
fP, _ 3300 , 145

= * =2 =1914 P
A, 05*05 1000

r, =0.0125

A<= p* Ag = 0.0125%50%50 = 31.25 ¢

31.25

Use ® 16 == #of bar —'z—n—1555

Use 16 ® 16 with As = 32.16 cm? >AS ¢ = 31.25 cm?
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Check for spacing between the bar

S= 500- 2*40- 2*10- 2*20- 4*16
4

S=74 mm = gM.A.S

=>40mm =1.5db=24mm

Design of the Tie Reinforcement :

S £16 db (longitudonal bar diameter)...................... ACI -7.105.2
S £ 48dt (tie bar diameter).
S £ Least dimension.

Spacing £16° d, (Longitudinal bar.diameter) =16" 1.6 = 25.6cm
Spacing £ 48" d, (tiebar.diameter) = 48" 1.0 = 48cm

Foacing £ Least.dimension =30cm

\ Use If 10@25cm

Detail of column 65:

Jctgiling ©F Golavra Me 12 | o
] Den

C18 it

L]
Ly
.,-\.l""'l
u o
21 s
L—" Hi e
i ¥ bt L L R
- / bt R =
A LT e o AR P 5 -/
L= Tad ST
/
i dlz 4 am
i 47 —a

Figure (4-4) Long Column Detail
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.7 Design of Isolated Footing (F18) :

Load Calculation :

Total factored load = 3300 KN.

Tota servicesload = 2550 KN.

Column Dimensions = 50*50 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (65 cm) thick.
liveload =5 KN/m2.

Oluyiow =400 - 5— 1*18 - 0.65* 25 = 360 kN/nv’

Determination of Footing Area :

= L=29m

Determinate g, = 3300/8.4 = 392.9 KN/m?
Determine the depth of footing based on shear strength:
Assumeh=65cm ..... d = 650-75-20 = 555 mm

Check for one way shear strength

52

2550
360



Critical Section at %+d

_+d-%+0555 0.805m

2
29
VU =392.9* (7 0.805)* 2.9 = 735KN

f Ve =f .(%*,/fc'*bw* d)
f Vc =0.75* %* 24.* 2900* 0.555 = 986KN

f Vc = 986KN >Vu = 650KN
\ SAfe

Check for two way shear action (punching)
The punching shear strength isthe smallest value of the following equations:

fV, =f _§+_—\/T% d

fV—f— 2=
¢ 12 b/d+ \/7%(1

fv, =f —\/7%(1

Where:

Column Length (a) 50

= =2 =10
Colurmn Width (b) 50

0 = Perimeter of critical section taken at (d/2) from the loaded area

b, = 4(d +a) = 4(50+55.5) = 422cm

s =40 for interior column
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FV, =f.2 +b£%/ OT &+ 2 9 /24% 4220 0555 = 4303KN
e 10

- . )
fv, =f L83 500 %d_075 g0 0555 | 504 /24 * 4220* 0.555 = 5207KN
c : $ 122

fV,=f —\/ ¢Dd 055* 24* 4220* 0.555 = 2868.5KN

f V. =2868.5KN ..... Control

VU, =Pu- FR

FR, =s,, *area of critical section

VU, =3300- [392.9* (0.5+0.555) * (0.5+ 0.555)] = 2862.7KN
f Vc = 2868.5KN >Vu. = 2862.7KN........ satisfied

Design for Bending Moment:

1.22

Mu =392.9* 2.9* > =820.4KN.m

Mu =820.4 KN.m for both side

Using Reinforced Concrete.

Mn -804 _ 911.5KN.m
0.9

_ Mn _9115"10°
" bd? 2.9 0555

=1.0Mpa

fy _ 420

= - = =20.6
0.85* fc  0.85* 24
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\/_ 2 206 109_, 294103
206§1 p

ASpeq =T *b*d =2.39%10 $* 2000* 555 =3810 mm?

ASgyiyage = 0.0018* b* h = 0.0018* 2900* 650 = 3393mm’

Asg., =3810mm’* > Asq. ... =3393mm’
Select 15 18....AS,, e = 3817mm? >3810mm?-.....ok

Check of strain:
As*fy=0.85*f.*b* a

3817* 420 = 0.85* 24* 2650* a
a=29.65mm

34.9
e, =0.0447 > 0.005

Development Length of main Reinforcement for Mul :

Ld available = 1075-75= 1000mm
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Ld avitapie= 1000 mm > Id ., = 444.4mm

Design of dowels :

Pu,= 3300 KN

f.Pn=f.(0.85fcrg)
f.Pn=0.65*[0.85* 24* (500* 500)] /1000 = 3315KN
But Pu =3300<f.Pn=3315KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As .. =0.005* Ag = 0.005* 50* 50 = 12.5cm?
Use the column barsasa dowels
Salect 16F 16

AS, i =32.20m7 > As. . =12.5cm?

Req.

0.24fy db= 0.24* 420

Ld1yres=
(Dreq \/f_C \/ﬂ

Ldyeq=0.043 " fy ~ db=0.043 " 420 * 1.8 = 32.5cm

1.8=37cm.

Ld@yreq = 32.5cm < Ld(1)req=37Ccm =» control

Ls=0.071" fy " db=0.071" 420 " 1.6 =47.7 cm >37cm

Ls=47.7cm

AvailableLd =65- 7.5- 2*1.8=53.9 cm.
Available Ld =53.9 cm > Ls=47.7cm

Using hook 3 16*f

Required length of hook 3 16*f 3 16*1.6 = 25.6cm

Use Hooks= 30cm > 25.6cm
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Isolated Footing Detail:

cfe odo
I [ [ L=
-~
1.2
1 I Emt
G R0 oSD 4 G
_.-";
1.20 =
[ [ 1)
oac 1A 1 =L S0
AR . [l
= =3

16418 =536

151 L= 55

Figure (4-5) Isolated Footing Detail
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Determination of load:
DI =258 KN/m LL =95 KN/m

Total factored load = 462 KN/m.

Soil density = 18 KN/m?®,

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (30 cm) thick.
Surcharge =5 kN/m?

Gaitow = 400 - 5- 0.55* 18 — 0.3*25 = 378 kN/m?

P For one meter strip

A=22 _120m?
“378° oM

B=13m,h=30cm

d=300 - 75 - 20 = 205 mm

Quit = 378/ 1.3 *1=290.8 kN/n’.
Check of One Way Shear:

Vu = 1*(0.65- 0.15 - 0.205)* 290.8 = 85.8 kN
OVe="2 feed+b

075 —
@Ve = T\/24 *0.205*1 = 1255 kN

@Ve > Vu
Design of Bending Moment:

In longitudinal direction

Mu = 290.8*0.5%/2 = 36.4 kN.m
Mn = 364 =40.4KN.m
0.9
Gz Mn_ 404 10°
bd®> 1000* 205°

=0.96Mpa
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fy 420

= - = =20.6
0.85* fc 0.85*24
S} m 0
r :191- 1- 2. m Kn Knj
mg fy %)
=t & Jl-w =234%10°3
20 6§ 420

ASqeq =1 *b*d =2.34*10"%* 205*1000 = 480 mm’
ASqyiniage = 0.0018* b* h = 0.0018* 300* 1000 = 540mm?
ASpeq =515.1< ASqyiryage = 540mm’

Req.

Use f 14
No.=540/154=35 ,Use4bars

f 14a25cmclc

In transverse direction :
Agmin=0.0018* b* h

Agmin = 0.0018 * 1300* 300 = 702 mm?

Usef 14
No.=702/154=456 ,Use5bars

Usebf 14

Development Length of main Reinforcement

Ld available= 300 - 14 - 75= 211mm

Ld availaple= 211 mm < !d,.e.q = 346mim

Use Using hook 3 16* f
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Required length of hook3 16*f 3 16*1.4 = 22.4cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm

strip Footing Detail:

040 050 030 0.0 0.10
0.10 1.30 Q.10

1.50

Figure (4-6) strip Footing Detail
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4.10Design of Stairs :

Determination of Thickness:

L=27+12+04=43m.

hreg =L/ 20

hieq=430/20=215cm ............. take h=25 cm.
P Use h=25cm.

6 = tan"}(15/ 30) = 26.6°

CosB =0.89
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Figure (4-7) Stairs plan

Load Calculations

Load on Stringer:
Tiles =0.03*27*((0.35+0.15)/0.30) =1.35 KN/m.
mortar = 0.02* 23 *((0.15+0.35)/0.3) = 0.77 KN/ m.

Plaster = (0.03*23)/ (Cos 26.6) =0.77 KN/ m.
Steps = ((0.15*0.3)/2) * 25/0.3 =1.9KN/m.
Slab = 0.25 *25/ Cos 26.6 =7 KN/ m.

Total dead load =11.8 KN/ m.
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live load:

Live load for stairs =5 KN/ m?.
Factored load

qu=1.2*11.8 + 1.6*5= 22 KN/ m*.

For one meter Strip, qu =22 KN/ m.

Load on landing :

Dead Load:
Tiles = 0.03*22 = 0.66 kN/m?
Mortar =0.02* 23 = 0.46 kN/m®
Slab =0.25*25 =6.25 KN/m2,
Plaster = 0.03*23 = 0.66 KN/m?2.
Total dead load =8.03 KN/m2.

Live load:

Live load for stairs= 5 KN/ m?.
Factored load

qu =1.2¥8.03+ 1.6 *5 = 17.64KN/ m?.

For one meter Strip, qu = 17.64 KN/ m.

Design of Shear :
=  Assume @ 12 for main reinforcement:-
So, d=250-20-12 =218 mm =21.8cm

Shizm

Figure (4-8) Shear Envelop
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Vu=429 KN.
f /. *b,*d
fve=-—Yo v -

_ 0.75* \/24*1000* 218
6

Vu=429 KN < fVc=1335 KN.

fVc =133.5KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Morments:  spans Tt 1

Figure (4-9) Moment

Mu =585 kN.m
Mn =Mu/0.9=585/0.9=65 KN.m.
d=21.8cm.
K = an
b>xd
* 6
N :&02:1.37MPa )
1000* 218
m=_ Y
0.85" fc'
m = 4—20 =20.59
085" 24

Envelope
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12
r =—6¢1- |1- 0~= +=3.38*10°
mg f, & 2059 420 5

2mK 9 1 ? \/1_ 2% 2059*1.370

As, = 3.38* 10%*1000* 218 = 736.7 mm*

As_ =0.0018* b* h = 0.0018* 100* 25 = 450mm”

AS,, =450 mm’ < As, = 736.7 mm’

Use ® 12 >>>736.7/113=6.5

Useld 12@15cmc/c.............. with As=(100/ 15)*113 = 753.3 mm?.
Asprovided =753.3 > ASTE0....vcvvvverniennnnnn. OK.

Check for strain:
Tension = Compression

A * fy=0.85* fc'*b*a
753.3* 420 = 0.85* 24*1000* a
a=15.5mm

o _218-182
°° 182
e, = 0.033 > 0.005%4® ok

*0.003

Temperature & Shrinkage reinforcement:

ASqyinvege = 0.0018" b” h=0.0018" 1000" 25 = 450mn?

Use®10 @ 15CmM ...covvevnennens With As=(100/ 15)* 78.5 = 527 mm?

64



Stairs Details:
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Figure (4-10) Stairs Details
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.11 Design Of Shear Wall :

Design of shear

450
KN

1610 KN.M
943
KON
6220.5
KMN.M
Sear force Moment Daigram

Figure (4-11) shear and moment diagram
From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"
R=55
=1
Ca=0.24
Cv=0.24
h,=7m,Lw=42m,t=0.3m
Ct =0.0488
Where:
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Z=Seismic zone factor as given in table 16-1.

R= numerical coefficient representative of the inherent over strength and globa ductility
capacity of lateral force resisting systems, as set in Table 16-N or 16-P.

| = importance factor given in table 16-K

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the baseto level i , nor x, respectively.

3/4 -
T:Ct(hn) Eqg.... 30-8 (UBC)
By Using of Etabs Program we Obtain the shear and Moment diagram for Design

Design of the horizontal reinforcement:
d=0.8*Lw=08*42=34m

Ve, = %* Jfe*h*d = %\/24 * 0.3* 3.4 = 832.8KN (Control )

Tk ok *
chzwlfc h d+Nu d_«/24*0.30*3.4+1*3.4

- = 1250 KN
4 4*1, 4 4% 4.2
2 0.2% N, 80 e 60
| B01ffo + 02 N 2 428% 1324
Ve goos./ é L*h o+ e d = g005\/ 2*030@— 03*34
3 g M, |W i ¢ 2 2030 4.2 +

¢ vV, 2 - g 943 2 ,g,

Vs =Vn - Vcl

0.75Vs = 1257 .3- 832.8 ==> Vs = 424 .5KN
AV, o Vs _ 424.5*1000

g =0.297m
£S2 g Fy* d  420* 3400

(?Avhmin +=r =0.00099 < 0.0020

e hS2 4

Assume f 12

S2=2*113/300 * 0.002 = 376.7mm

select Ha® 2f 12 H® As = 226 mm?2
S =250 < 450 < 600 <1500
use....2f 12 @ 25cm(c/ c)in 2layer
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Design of the Vertical reinforcement:

_ _ hwy Avh
r . =(0.0025+05(2.5 IW)(Szh 0.0025))S,h,

S =25cm
S =250<450< 600 < 2500
3® Select 2f 12/ 25cmc/ ¢

Design of bending moment:

Mu 6520.5 KN.m

Ast = (4200/250)* 2* 113 = 3797 mm?

- Fu By
@Mn =0 0.5Astfylw(l +Mtﬂ){1 o) =6642KNm

_ Ast fy _ Pu 1

i fo X2 o5 e w= 0053 a=0

e R

= =0.073

W 2w+.8581

@Mn = 6642 KNm > 6520.5 OK
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APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (S)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large

Member deflections.

Solid one-

way slabs £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density, w_, in the range

1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09.

b} For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700)

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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