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Project Abstract

The summary of the idea of this project, is t0 prepare a structural design of a Cultural

center, consisting of all-fuciities that should be fvailable in any optima cultural center

This building is consisting of 3 flours with a nice elevation. which reflecting the medical
face of the building, on the other hand . no doubt that the structural design at a same level
of importance of architics one by supporting the building with a structural element

‘which will be designed according ta ACI code.

The project contains the structural onalvsis for vertical and horizontal loads and the

structural design and details for each member in the building.
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Chapter 4 : Structural Design & Analysis
4.1 Introduction
4.2 Determination of Slab thickness
4.3 Determination of factored load
4.3.1 Determination of dead load
4.3.2 Determination of factored dead & live loads
4.4 Design of topping
4.5 Design of rib 13
4.5.1 Design of positive moment af rib 13
4.5 1.1 Design of Span 2
4.5.2 Design of negative moment ol rib 13
4.52.1 Design of support 2

4.5.3 Design of shear of rib 13
.6 Design of beam 4
4.6.1 Design of positive moment

4 6.2 Desipgn of negalive moment
4.6.3 Desipn of shear
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Figure (4-1): Firsl Floor Slab.
Figure (4-2): Structural Flane.
Figure (4-3): Rib | geometry.

Figure (3-4) : Rib Section,

Figure (4-3) : loading of Rih 13

Figure {4-6) : Moment Envelop af rib 13,
Figure (4-7) : Shear Envelop of rib 13
Figure (4-8) : Beam Geometry.

Figure (4-9) : loading of Beam .

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




List of Abbreviations

e Ac=arca nf concrete seclion resisting shear transfer.

» As = area af non-prestressed tension reinforcement.

» A= grea of non-prestressed compression reinforcement.

»  Agp = pross area of section.

e Av— aren of shear reinforcement within a distance (S).

* Al=area of one leg af a closed stirrup resisting Lension within a (8).
# b =width of compression face of member.

»  bw = weh width, ar dinmeter of circular section.

» .= compression resultant of concrete seclion.

s C,=compression resubtant of compression steel.

a DL = dead lvads.

« d = distance from extreme compression fiber to centroid o tension remforcement.
e Ec =modulus of elusticity of concrete.

¢ fc'=compression strength of concrete

¢ 7ir = specified yicld strength of non-prestressed reinforcement.
» h=overall thickness of member,

s Ln= length of clear span in long direction of two- way construction, measured

face-to-face of suppurts in slabs without heams and face w face of beam or other

o LL =live loads.

o Lw = length of wall.

« M = bending moment.

e Mu= factored moment at section.
e Mn= nominal moment.

¢ Pn=nominal axial load.

s Pu= fsclored axial load

xi




e & = Spacing of shear or in direction parallel to longitudinal reinforcement.
o Vi =nominal shear strenglh provided by comerewe.

&  Vn=rnominal shear stress.

* V5= nominal shear strength provided by shear reinforcement.

# Vu = factored shear foree ar secrion.

*  We= weight of concrete. (Kg/m’).

* W =width of beam or rib,

s Wu= factored load per unit area,

= @ = strength reduction faclor,

® £, =compression stram of conerete = 0.003mm'mm.
» E, = sirain of tension steel,

» £ = strain of compression steel.

p = ratio of steel area
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Slabh Thickness,
4-3 Determination of Factored Load
4-4 Design of topping.

4-5 Design of Rib,

4-6 Design of Beam.

4-7 Design of Twe Way Ribhed Slab .
4-8 Design of column.

4-9 Design of hasement wall.

4-10 Design of mat foundation
4-11Design of stairs.

4-12 Design of solid slab of the stair rool.
4-13 Design of steel truss

4-14 Design of shear wall

4- 15 Design of isolated footing
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4.1 Introduction

The project consists of several structural members that will be designed according to

the AC] -318code and by using finite element method by applicate it on computer

software such as “ATIR" and “STAADpro” ... eic o find the internal forces, deflections
and moments for the all structural element in order to design il.

4.2 Determination of Slab Thickness

Figure (4-1): First Floor Slab.




| According to ACI-Code-3 | 8-05, the minimum thickness of nonprestressed beams or

one way slabs unless deflections are compuled as {ollow:
i, for one-end eontinuous = 1/18.5
=680 /18.5=36.7 cm,
hmn fOr both-end continuous = L/21
=h80/21 =32 4 cm
I'he conlreller slab thickness 15 36.7 cm.
Select Slab thickness h= 3%em with block 27em & Topping 8cm.
Mote : we take the limitation of deflection for 7.5 span in the caloulation
4.3 Determination of factored Load
4,3.1 Determination of Dead load
Tiles = 0.03%0.54*23 =0.3726 KN/m.
Mortar = 0.02*0.54%22 = 0.2376 KN/m.

Sand Fill =+0.07*0.54* 1 6= 0.6048KN/m.
Topping =2 0.08*0.54%25 = |08 KN/m.

Block -2 0.4*0.27*9=0.972 EN/m.
Plaster —» 0.02*0,54%32 = 0.2376 KN/m,
Partition=* 1 0%0.54 =0.54 KN/m.
Rib=>0.12*0.27%25= 0.8 1KN/m.

l Nominal Total Dead Load = 4.85kN/m of rib

| Nominal Tolal live load = 5 * 0.54 = 2.7kN/m of rib
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4.3.2 Determination of factored dead & live load
Factored dead load = | . 2*Dead load = 1.2*4.85 = 582 KN/m.
Factored Live load = 1.6%live load = 1.6%2.7 =452 KN/m,
4.4 Desizn of Topping:

The topping will be designed as plain concrete sections
Dead load of topping =

0.03* 23 (tiles)

=02 ¥ 22 (mortar)

+0.07 * 16 (sand)

+0.08*25 (slah)

+1.00*1.00 (partitions) — S253KN/m2,

Live Load = § KN/m®. (for Stores)

qu=12DL+1.61LL

=12%525+16*5=143 KN/m", (1'otal Factored Load)

3
o

o M= 3-1-% —14,3%04% /12

= 0.Z0KN .m.

bh*

> =042 =042 J24 =2.19KN.m.

1000 * 80*
&

L] * ;
042 V3 9080y o,

87 M =0.5542.19 =12KN.m.
¢ * M =1.2 > Mu — 0,20KNam.




No struciural reinforeement is reguired: However, shrinkage and (emperature reinforcement

according to ACL-318

For the shrinkage and temperature reinfarcement:

p=0.0018
As = p*B*h=0.0018*1000*80 = 144mm".

Lise E (@ 20 em ciein hoth directions.

4.5 Ihesion of Rib 13

Moments: spans 110 3

i 126
99 96
148 “peT
h —aH ——— iz H
Y - T
33 o 3 "o e g 2
1.6
237
2.08 312 .14 1.76 1.87 | 18
Figure (4-5) : Moment Envelop of rib 1.
Shear
1.4
268 .
- ~A8.7
= -
= 105 =
| ) 1l = ey - ] "
I e 1 T 5 =
L=173 =% 163
= 20
22, oyt 2,
Figure (4-6) : Shear Envelop of rib 1.
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4.5.1 Design of flexure :-

d= 5350-20-8B-6= 316 mm.
Muf1)=23,7kN.m
beff== 340 mm.  {(comtrol}
<= 5.67%1000 ‘4 = 1417.5 mm.
== 16 * 80 140 = 1420mm.
= beff =540 mm.

d* Maf =0.9*0.85*24*0.08*0.54* (0316 0.08\2) - 218.5KN .
% Mn > mu rectangular section
2189237

4.5.2Design of Nepative mement of rib 1:
| Maximum negative moment A — 22.7kN.m
Mn22.%/ 0.9 = 25.2kN.m

il 420
085* fo  0.85%24

206

Mn 25.2*10°

Kn= - — =1 $04M
N gt 0.14%(0316)° g
4 || 2min |
pe=ill= i ———
i \ v

1 [ 2(20.6)1.804) 3
e | (| S i, Sl T
P 208"V 420

As= 0.0045 (140) (316) = 1993 mm"

3b




1“‘ aﬁ: ._

" a(p)

f—

24 |.4
Ay . =—=" (140)316) = — (140)316
b = g (NI} 5 (40)18

{

[;,“-]_d},:'_; (B N Levsro e A ACT = 105.1)

As

As. =129 <147.5 .............the larger is control
As . = 114 4mm’

1993 mm > As = 147 . Smim’

# of bars = A/ AS 1, = 1993/ 1153=2bars ® Mote Aqgz = 113 mm?

« Find the strain for the magnitude of @

Tension — compression
As*fy=0B5*f *b*a

226 %420 =0 RS*[40* 24 % a

a =733 23mm

33 9
gz gt =39. lmm
6. 0485
349,
£, = 316991 voi003
361

&, = 0021 > 0.005

OK

4.5.1 Desion of Positive moment of rib |
Maximum positive momentis My = 23.7kN.m

Mn=23.7/0.9=2033kN.m

m= A S 42L=3G.6
0.85%fc 085*24
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M 26.33%107
K=, = S0 ~ 0.488Mpa

p*d®  0.54%(0318)°

1 f ZmKkn

pr —I[1- \'1—

J
mn

[ETCELITETETR—
420

As=0001177 (540) (316)= 201 mm~

o I

4 ) ‘
As,. I@{ﬁh Ia’}._g[.fm}:d} .................... (AC=1051)

14

o (120)316))

As V24 {140)316)
" " 4(420) B

As,. =129 <147.5
As =147 Smm’

W01 mm*= As.. = 147 . 5mm’

# ofbars — As! As . 200113 =2 bars *Note Ay, 113 mm?®

®  Find the strain for the magnitade of ©
Tension = compression
As*fy=0E5%*h* 4
226*420 = 0.BS* 540 * 20 * g

= 8.616mm
PR L T T
B, 0.85
1161014
5 =20 Wl o
10.14

g, = 0.09 = 0.005
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4.5.4 Design of shear of rib 13

Vi max=26.8 kn
M
ove= @+ Y py ey
&

[}
w24

= 0.3x" 0.14 * 0.316* 1000

=271 KN

1.1 *® Vo= L1*¥27.1 =298 kKN,

Check for rems:-

I/ Vo=@ Vo2
268 <149 ( X )

2 V2 <Vusd Ve
11.55 <342 = 231 - S
So categories (2) satisly

S0 no shear reinforcement required according W the ACI-218 exceptions however ,

®8/20 cm is provide to increase the shear strength.
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4.6 Design of Beam$

1150

5

A

Loading

Load factors: 1.40,1.4001. 70008

e T

Figure (4-7) : Heﬂm ¥ loading,

MomenifShear Envelope Faciorsd)  Wnits kM. mmier

-4rd.3
AT23 | AIES

Moment/Shear Enveleope [Mactomd)  Unia kb meier

3517
s N :
H‘__F__.__,__,.—F-"
= — e e 41,
L X =T, "y

Figure (4-8) : Moment and shear Envelop for Beam 8.
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4.6.1 Design for flexure
4.6.1.1 Degign of Positive moment

b_=8&0em, k= T0em

o =500 - 40 =110=10 = 440mm

Au=420,3 KN .m

* 44() = [88.6mm

=
L]

=] |
L
]

=] | tea

a=B*c=085"*I88.0=160.3mm .
Mamax =0.85* fc*a* b * (d-ar2)
=085*24*0.1603* B* (0.44 - N.1603/2)=941 4 kn.m
OMn =05 *941 4 - 8273 kn.m
OMn>420.3kn.m
The section is singly
Kn = (Mw®&yb*d?

Kn=((420.3/0.9)/1150%440%y*1 0*

Kn=2]
sl { 2mKn
o i 1 ST
L ]||| B
e
PR s \lh ) ‘[-.E;ﬂ.hl pREAR

As—0.00429 (1130) (440) -~ 26724 mm”
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As fa.’:wKrﬂr_‘ bw;fu'l cerniie{ACT =10.5.1)

- 4[;&)
5. =1686.7 = 1475.5
As_ = 1686.Tmm’

26724mm* = Ay, =1686Tmm"

it of bars = As/ AS e — 26724314 — B.5 hars = Mote Agzs =314 nm?

* Find the stroin for the magnitade of 4@
Tension = compression
As*fiy—=085**h*p

28206*320=085*%1150*%24%4

a=50.6mm
:'
= g h—ﬂﬁzmm
A 08
440 —59.52
e, =———X0.003
3952

&, =0.0192 > 0,005

Ok

4.6.1.1 Design of megative mument
A= 436.5KN .m
P Mn=Mu

.. Diesign as singly

Ao 420

=20.6

m =

0.85* o 085*24




Mt (436.5/0.0%10°

= = e
P LI5*(044) S
| 2
p== (1 128,
mo Y B
| 2(2.18)(20.6)
p=——(l- Ii S A Y= 00055
20.6 ( \ 420 )

As = 0.0055 (1150) (440) = 2783 mim*

Az v. fL

C 4[}5}[&“]{{.’]} {hn){a’l ................... (ACT - 10.5.1)

As,, =1706.6> 1493
As ;. = 1706.6mm*
2783 mm” > e = 1706.6 mm’

# of hars = As/ As ., =2783/314 = ¥.6 bars * Note Ao =3 14 mm?

*  Find the strain for the magnitude of &

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

2820 %420 =0.85*1150%24*a
a=S0.6mm
=i—ﬁ— 5052 mm
A 0.85
_ 440-359.52
SU:52
¢, =0.0192 = 0.005

X001

L




4.6.2 Design of shear

Vu=351.3KN

{ #
1Ir‘.f'c=lIr*%hu'r]

|r"'r

= 075" "":4 1% 0.64 *0.8% 1000
]

=31333 KN

® Ve = (23) d * %—hw *d =313.53 - 1254.12 = 1567.7 KN

1567.7= vu= 3533 KN, —>the dimension is big enough .
Check for items:-

I- Vu=® Ve/2{ X )

2- ®Ve2<Vu=sad Vel X )

J PVe=Vu<OVo+ P Vsmin{ v )

P YVsmin = (L75 [!—] *bw*d =0 .TS*[% 170.8%0.64 *1000= 128 KN. (control)
. .

(TN =4
= u.?ﬁr_“"ﬂ“ *hw*d =075+ -‘: *0.8*0.64* 1000=117.6kn
CVamin = [J8EN.

So category (3) satisfy
Taka Av=2D10=2%79

Avis= Vfy*d

158/ s = 250/(640%42072 s = 169.9mm




5 < d/2=320mm
= 600 mm,
Select 5= 13 ¢em

Use @10(2legs) @ 15em cie for 100em after the critical section and © 8 (2lcgs) al

S = d2=132 mm

< 600 mm.

Select 5= 12.5om

Lise @8 @ 12 5cmelc .

23 emc/c at the mid *420 = s=220.8mm

4.7 Design of Two way rihbed slab ;-

4.7.1 Check Thickness of the slah:-

T e — L R
00| 6 O A
0 0 i o

L DC0000000C000000000000000000

¢ o

i o o o o o o (e [

] O o

1 0

lisEsEEnEEEEEREsEnuEEEEn

B C000000000000000000coa0oonn |

R R

| o 0

' O0O0000000000000000000a00a0] =

0
LO000000000000000000000000
D0O0000O00000C00000000000cI0
0 oOOO00n00 0000000000000
00000000000C00000000000E

6 1 O
000000000000C00000Oo0an0a0l
DO000000000000000000000000L
e e e e T T I LI

BE B

Figure (4- 11} I'wo way ribbed slab
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#* Check the thickness for two way slab -

1 beam
1alabl

=

= #. 1+{06)* = 0.018

-
=222 L (B2oy) =00136
oy = =132

_Jb-n.m
Oz = aiabs

=2 * 1+ (06)° = 0.018

[ = =“:_'::" (2241 ] =0.011

o018
el i 1.625

Xlto2+m3+wd  1.32¢2+1.625=2 i

e =
us 4 4

14.2 (084 222 )

hﬁﬂ?ﬁ'—m— =033 m
36+5{173)415-02)

J3=33¢m

Soselecth =35 cm




4.7.2 Load Calculation :-

4.7.2.1 Determination of Dead load:-

Table (4-1): Calculation of twy way dead load

Nominal Total Dead Load = 3.377 KN/Rib
33T7(0.54) = 11.58 KN/m®

Nominal Total live load = 3 KN/m”

4.7.2.2 Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2%10.53 = 13.9 KN/m™.

Factored Live load = 1.6%live load = 1.6%5 = 8 KN/m".




4.7.3 : Design of two way ripped slab:
4.7.3.1 : find Vu on rib : -

Fud = (5.6 -0.308) = (13.9 - 8) % 01.54 = 62.6 KN /rib
Vi = (5.6 -1)=(13.9+ 8)x 0.54 = 544KN / rib

e = -”%Jﬁ w .14 % 0.308 = 1000 = 26.4 KN
1.1¢Ve = 30 KN

#Fsmm = %ﬁwda li'j;x Jf?:-: hw o d

e
PFimm = U-E:T %014 x 3081000 =11

75

= V24 50,14 x 0,308 = 1000 =10
1

¢}15=%—H-=33.5—30=53.5
ftem 4

e = @Fs min < Vu < @l ¢Fs
W+l <544 =304535

£ <500 g 23082 = 154mm
Av _ 1xhw
—£ -

s Ixfw

Av  ix0.04 24
—_— o

8 x40 6% 420
Av

— =>(0.000111 2z 00001021
1

=014

' AY _ 00001111
J

| _ 2uB0*10T
© p.000111

Thier use '8 @ 12.5 tm ¢/ for Yon frien the ace of the support & & 8 @20 ¢ far
middle spaoe -
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4.7.3.2 : Design for positive moment :
Loy = 11.2/142=0.8
Matve=[Cadl.W.1.a%]
Ma+ve=]0.56%13.9x11.2%-0.056%8x 1 1.27]=0.54= 83.5 KN.m
Matve=[0.023%13,9x14.2%+0,023x§x14.2% |<0.54=54.85 KN.m
Maximum moment is Ma+ve=83.5 KN.m
**Check 2 P22 for positive moment:
d=320 20-8-14=278 mm
I'ension = Compression
A = fp=085% f <hxa

760 x 420 = DBS = 24 x 540 = g

g =29mm
&= et =34
0.85
b= JUE}; 3 s 0.003 =0.024 > 0,005 .0k

OMn=As*fv*(d-a2)
= (.9%2% 380 * 10° *420 * 0308 - 0.02%72) *1000~-84.32 KN.m

f
{]
I
|
\

& Mn = 84.32 > Mu = 83.5
Ok ...

By using the table in ACI ... The value of negative moment at case | =(
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4.8.1 Design of Column :-
*¥For (C39):
*Check Slenderness Effect:-

=410 0.7 m-Direction

Lu: Actual unsupperted (unbraced) length.

K: effective length factor (K= 1 for braced frame),

R: radius of gyration =03 h = "1'@
Llu=405 m
MI/MZ =1

R=1, According to ACI 318-2008 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0,

&-ciiﬂr—llﬂ ............... ACI —(10.12.2)
v M2

1x4.05

——=11.57 <22

0.5%0.7

Joshort Colowmn in Boith..Direction

p, = 4910KN
o :9—;: = TSS4 KN

Lsep=pe=1.6%

Prn=0.8% 4085 % fe'v ol fr—0.85 /)
7.554 = 0.8* Agl0.85% 24 1+ 0.016* (420 - 0.85* 24)]
Ag=0352m’

Use (.6 0.6 cm wrh Ag =0.36m" = Agreq =0.352m°




AS= 0.016*600*600—5760mar

Try w20, #of bars= %= I

4.8.2 Design of the Tie Reinforcement :

3 =16 db (longitudonal bar diameter).........ovnieierenes ACL-7.10.5.2
5 =484t (tie bar diameter).
S = Least dimension.

Spacing = 16:d | Longitudinal bar diameter ) =16%2.0 = 32om.
Soeicing < 48 xd, (lebur dfiomeier y= 48 2 1.0 = 4180,
Spacing < Least dim ension = 6lem

Use 1810 @ 3lem

@1 2hom

. ;Hw:-zn| ‘| g 52| L=228em | 52 iiﬂ 16

= | #10825cm ;-.;
" J L=1568cm pr




®*For (CH8 ) =-

p, = 23T0KN
2390
=——— =3846 KN
Frsey 163
Uisep = pr=1.8%

Pr—0.8% Ag|0.85% fe't po( fy — 0.85 ")}
3,606 = 0.8= 4g[0.85 %24 + 0.018* (420 — 0.85 *24)]
Ag =0,165m"

Use 0.4 = 0.6 om with Ag —0.24m" > Agreg = (.1 65m?
483 Check Slenderness Effect:

**In 0.6 m-Diirction

&{34—12E ............... ACT-(10.12.2)
r M2
1% 4.05

— = |6.875 <22
DdxD.6

Coxhori Coloumn in 0.6 . 0rection

**Tn 0.4 m-Inrouon

Lu=405 m
MI/M2 =]
E=1, The effective length factor, K, shall be permitted to be taken as 1.0.

b3y 1 M1
r M2

1:=4.05

=253125<22
04x04

Sodong Coloumn i 0.4 Direction




ET = 04—
BT

! ]
L W

F_ = 4750,/ fc’ = 4750* /24 = 23270.15Mpa
1200 12(1200) _

0.6
# Pu 2370
w 3 t
;H_‘-"‘_j’ :“'GT“'J' — 0.0032m"
| o) =
Q -
o 0.4*23270.15%10° #0.0032 _ o 0o o
1+ 61
o x* El
* (KLw)
: 5
_ 148D 4w
C1L0*4.05)°
Ml
Cm=0.6+04 —-—‘]
[ML
Cm=1
o
5!!( = m
1-(Pu/0.75P,
1

=14=1 ok

A =
=T 1—(2370/0.75*6.85%107)

e, =15-003%K=15+0.03 w400 = 27w =0.02Tm
¢= e %8, = 0.027%1.4=0.0378
e 00378

i

= (1.0945

From  Preracrion  Diggvam
@F, 2370 145
A 0A4*06 1000

o, = 0013

= 1431 .9Pxi

A= p* Ag=0.013*600%400 =31 em’
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Use® 16 >> #of bar E%':Et 154

4.8.4 Design of the Tie Reinforcement :

& =16 db (longitudonal bar diameter)....._...........ACI - 7.10.3.
& = 48dr (vie har diameter).

{
-}

5 = Least dimension.

L=110ecmm

I
L I | e 0@250m
e

L 1A |

Spacing <16 xd, ( Longitudinal bar diameter ) = 16 % 1.6 = 23.6¢m.
Spacing < 48 x d, (tie bar diamerer ) = 48= 1.0 = 48¢cm.
Spacing < Least.dim ension = 30cm

Lise 1910 @& 20em

4.4 Desipn of Basement Yyall:-
4.9.1 Load Calculation:-

g =30

Soil density — 18 Kegfem3

k= l=sing

ky=1-sin 30 = 0.5

G=05*5 =25 KN

ge= 0.5%5+18*3.870.3 = 36.7 KN/m
AU (Eacaredy =1.6%2 5= 4 KN/m
qUiziacona = 1.6*36.7= 58.72kN/m
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Figure (4-2%)1 : Load on Basemsnt Wall




4.9.2 Design of Wall:-

Assume h= 230 mm
d=250-20-14/2=223 mm
Vus=R1.8 KN

ﬁv::%g’ﬁad-b

0.75
Ve = -6—1."34 *0.223+1 = 13656 kN

@Ve > Vu ... No Shear Reinforcement is Required.

**For lorizontal Reinforcement, Use Asmyn

A= 0002 * b ¥k

Asmin= 0.002 * 1000 * 250 = 500mm*/m = 30 em*/m
Use ¢ 10

300 /79 =633 .....use 7 harg

4.9.2.1 Design for Bending Moment:-
Mty = 828 KN/m

_ 23

Mt = — =92 KN m
e
M 052
Kn="—=—""_ 185\
bd®  1*0.223° o
H 420

=

T085t e 085*24

! N
2umxKn

I—_!Iil— 7

Ll

I
R==
]

]

&




] [ l,’ 2x 206 ] 85 |
p.— —1H|_—.__

1 = 0.00463
20.6| 420 |

Ay, = pYE d = 0.00263*223 %1000 = 1022.5 wmm*
AS i = DO012* A= A= 0.0012 * 250 * 1000 = 300mm*

Asg., =H325> AL rrnge = I00mm

L'se ¢ 14
No. = 1032.5/154=6.7 . Usc 7 bars

1/2* 10325 =51625 mm"
Llse ¢ 10

Np. =516.25/79=653 | Use 7 Bars

4.9.3 Design of Basement Footing:-

Total factored load = 75.6 KN

Soil density = 18 Kgiem3.

Allowable soil Pressurc = 400 KN/m2,

Assume fooling to he about (30 ¢m) thick.

Footing weight= 12%(25%0.3) =9 KN/m2.

Sail weight above the footing = 1.6%(3.7) # 18 = 106.56 KN/m2.

live load =5 KN/m*

Teliow =400-5-0-106.56=279 44 KN/m*

Assumeb=Im, k=30 cm

d=300 =75~ 14 = 211 mm, g, = 45.6/1 *0.75=60.8 KN/m*
4.11.3.1 Cheek of One Way Shear:-

Vu = [%{025021 1608 =237 KN
BVe = EJTE: dvb

0.75
Ve = T 24+ 02111 = 1292 KN

@Vec > Vu ... No shear R F is required




4.9.3.2 Design of Bending Moment;-

Mu = 60.8%0.5572 — U.196 KN/m rl
9
M= % = 1022 KN m
u;' 10.22 e
1 '
Kn= : e - = 23 Mpa 0.25 0.15
Wit 1*¢0211° P : e
S SR l T
085" /& (.85=24
] f |[ 2x s kR ] \ I
p=—l= -
e L1 .“ fl' \_ L=1+%]
A fri 2% 20 6% 0.23 “|_uﬂm5,
p= el N 420 ) ' Figure (4-30): Footing peometry

ASy,, = p*h*d =0.00055*211%1000 = 116.2 mm*
AS chepage = 00018 * A% jy = 0.0018 * 300 * 1000 = 540mim°

Asp, =162 < ds g, = 580mm*

Lse A

Lige ¢ 14
No. =3540/1534 = 3,51 |, Use 4 bars

Use Using hook = 16% ¢

Required length ol hook > |6%g = 16%1.4 = 22.4 ¢m
Use Hooksel. =25 cm > Hookreq = 22 dem

Use o1 at 25 om cie

In the other Direction:-

Arn=0.0018*p*}

A = 0.0018 * 1000* 30 ~ 540 mm”

Use 4 14
No.=340/154=3.51 . 1ise 4 bars




Y B el
Idrlq'_.-‘i-.%.db

TR N =

2 420 1+1+08

£ e i W14 = 3457 mm
10 1.y34 25

ld

[.d susitapte =230-75= | 75mm

Ld sowtapte= 473 mm = Ld,“ = 296.3mm

4.10Design of mat foundation

W T P T oy e
gy L g g e el e
- ‘-Hzl:_.c- R R '_'._'!".,:',

-
e
o
ekl
L

]
% |

Figure (4-45) Mat footing

4.10.1Design of shear :
d =300 - 7525 =200mm

PV =075 *% ¢ Jfe > bwed

ps.l-':.—D,FS*iﬁ*qﬁ*luuu-zﬂn-lﬂ = 793.TKN
Pu,, =391 KN fm=391x] =391KN
e > P oK

4.10.2Design of bending moment
By using the Safe software to analyze the foundation, the moment result is as in the

following char:
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N

EEEFEN UEH -3

Figure{4-47) Moment in Y -direction
Design In X-directions:
h=30 cm
d=300-75- 16 =209mm._
Fy =420 Mpa.
Fe'=28 Mpa
Design of Negative Moment
As, =0.0018%5* ;= 0.0018 1000 *300 = S40mm"

- 420
.ﬁ-ﬂf=ﬁuhlm:ﬁﬂ1_m—]?ﬁﬁ
_ 154/0.9 .
orEp208
| | 2% 791775
S B [T - )y = 0.00963
7 t?.ﬁﬁf‘ 1.|| 420

A, = 0.0096* 1000 * 209 = 2006 .4mm’

Select gl 8@ 12.5cm — As = Ilﬂ: *254 = 2032mm’ = A, = S40mm’

Design of Pasitive moment
As required = 1059

Selectdl 601 Som — As = % *201 =1340mm” > As = S540cm’

Design In Y-directions:

Design of negative moment
Sl’ffi‘f-:ﬁ] B':'I:_I:g: 1 Smﬂ' — _r'tfl-' = % L) Iﬂll — 134{}{””‘.!1 = a'ié':““ - 5.-1.{}”;”;;
Design of positive moment

Select pl8 0l 5em = As =% €201 = 1340mm” > As. = 900mm"
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4-11 Design of Stair :

The overall depth of sclid slab of stair must satisfy the limitation of deflection

reguired in AC! for one way solid slab :

Min b =( L /20)

==X 1‘.'-
28 ]
E (i
2 '

o x"f
- 1%

T T -
e,

w‘;éﬁl
H‘l
l L/
‘ /
{@
/ T|
H‘H
T
ks
o

-,R_‘ ‘f_,-"‘f

by ——
¥ ____.f"' ""\-‘_‘& o
. Sopd™ - 7 M S
ﬁ 1 _'_." ""x n{)
- ey e [
t>‘J';i "‘:I‘" - LS =
’g. R Iv, 00 e A R R
L
bR

oy

T K A

T

,:;

Figure(4-19) : Stair

L=plan length of stairs + 0.5 length of landing {or 90 cm whichever is less )
L=3.8
Minh=[3.8/200=012m

Salect h=20 cm.
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4-11.1 Load Determination .

Dead load calculation of q; :

a=tan {1.75/30) = 30

concrete = (25%0.2)%(1/cos30) =5.77 KN/m
plastering = (0.02*¥22)*{1/c0s30) = 0.51 KN/m
stair = (0.17%0.3*25)/{2*0.3} = 2.15 KN/m
mortar = ((0.17+0.3)*0.02*22)/0.3 =0.70 KN/m

tiles = ((0,3+0.17)*0,.03*27)/0.3 = 1.35 KN/m

Nominal Total Dead Load =10.44 KN/m

Factored Total Dead Load = 1.2*10.44 = 12.533 KN/m
Live load =5 KN/m .

Factored live load =5%1.6=8 KN/m

;=8 +12533=20532 KN/m

Dead load calculation of gz : {for lending]

Concrete = (25%0.20] = 5 KN/m

Plastering = (0.02*22) = D.44 KN/m®
Mortar = 0.02*22 = 0.44 KN/m

Tiles = 0.03%22 = 0.66 KN/m*

sand =0.07%16 = 1,12 KN/m*

Nominal Total Dead Load = 7.66 KN/m

Factored Total Dead Load = 1.2*7.66 = 9.2 KN/m
Live load = 5 KN/m’ .
Factored live load =5.0%1.6 = & KN/m’ q:=8+9.2=17.2 KN/m’
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4-11.2 Stair reinforcement Design of one meter strip :

I .
5 m
Dead melTrnTE OO IO

system of stair

6.4 KN

35.66 KN 20-32KN

shear diagram of stair




s 8KN/m
live T T T

2 A
Dead (I LU

_"'I
e
==

system of stair

OKN
B.65KN

s.83kn 18

shear diagram of stair

H‘U'."J;l::l"‘-l

LI LU.LIL* - \

Figure(4-20) : Moment for Stair.
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Mu max =42 KEN.m
d=200-20-7 =173 mm

m= __{v = ——uu =20
0.8572'  0.85(24)

* ]
= a2 MO e
bd®  (0.9)(1000)173)

1 2mHn 1 2%20.6*1.56
S [P =iy = 0.0038
€ m[ J fy] 20.5{ \; 420 ] N

A =0.00387*{1000)* (173) = 670 mm *

Use @12 @ 17.5cm ¢fc with As =678 mm” » 670 mm’
4-11.3 Min reinforcement :

Asmin =0.0018 * 1000 * 200 =360 mm~ Use @12 @ 20 ¢m cfc
As= 850 > 360 cm®

4-7-4- Design of Shear:-

The following figure shows the shear Envelope of the stair.

5ee figure obove

Vu=35.06 kn

(frep =g
PO AL
T5* 24 *1000* 173/ )
_075 V24 #1000 173/ 1 & ot

jd';"'rf‘ [
i 1000

Vu=35.06 < 0.5* @vc=0.5108 =53 Ton.




According to categary (1)
V. <(05DF )

—> No shear Reinforcement is required. So the Depth of the stoir is........... OK.

4.12 Design of solid slab of the stair roof.

4.12.1 Determination of loads :

Q.= 17.2 KN/m’

The overall depth of solid slab must satisfy the limitation of deflection

required in ACI for one way solid slab :

Min h={ L /20} = 120 /20 = 0.06 m
Select h=20cm.
h= 20 ecm

d=h-2-1 =20-2-1=17cm
Mu=26.2 KN.m

e o A
085/ 0.85(29)

Adn 26.2*(10)°

Rr = — == — =1 Mpa
bd?  (0.9X1X0.17)°
p:L 1— |1 - 2mRn — : | \/l—m = 0.00246
m B ED.ﬁL 420

As =0.00246*(1000)* (170) =418.3 cm *

4.12.2 Min reinforcement :




As min =0.0012*b*h = 0.0018%1000%200 = 360 mm"

Use @12 @ 25 cm ¢/c with As =852 mm’> 418.3 mm’
4.12.3 Top reinforcement :

According to shrinkage & temperature |

Use @ 12@ 25 cm with As =452 mm® »A, shrinkage= 360 mme....... See figure (4-12)

4.12.4 Design of shear reinforcement :

Vi max =26.48 KN/m

PVez Vi max

0.754 fe"

@ Ve = _ (Bw)d)

=106> 26.48 KN/m

Mo Shear reinforcement is required .

4.13 Design of truss:

J-:-*al‘ J» by uba\ +-1:-q vaq + - -} W L by J‘ H 'JJL"I’J'I! 1 ;ufn‘l': JI 1_|:r1!..JI lm:j \_I.H‘i.:lll' :.mwl ‘H";I.F[H.H _\.u:
NN N NS AL N S e 7 7 v v

. Moo
) L] = " i - [ Bir w5l gl Tl B Wit L ] " L]
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Figure () : Frame Geemeliry
Space between truss and anther =6 m
L=189m
1 B = 1.05m
Hl=l4m HI-|2

4.13,1 Load Calculations:

I. Dead load ;
[ dead load of corrugate sheets = (0.3 KN/m™1.05=0315 KN/m
dead load of purlins =0.25 KN/m.
) dead load of installation = 0.25 KN/m™1.05 = (.525 KN/m

dead load of msulation = 0.25 KN/m™* 1.05 = 0,525 KN/m
dead Ipad of truss = 1.0 KN/m.

DL=109+1=1L.775 KN/m

D.L=1.775 *0.06852 * 10° =121.623 Ib/tt.

2. Wind load :
W.b=C*Cy®qs* L
winword
WL=0E*16%14=10752KN'm

Leeword

W.L=0.5%1.6"6%1.2 = 5,76 KN/m
3. Snow lnad :
S.L= 1.0 KN/m® *1.05 = 1.05 KN/m.
S.L=22 *6 * 3.281=433.1 Ib/ft.
U=12B L+ 163

Ti=12%1.09+1 6%1.05=3




U=0.9 T0.04+1.6W
U=0.9*% 1.09 +1.6%-0 525 = 0.141
4.13.2 Analysis:
D=185.36 KN
V=-164565 KN
T= 524 KN
B= 50813 KN
4.13.3 Design:
The Diagonal and vertical member the same section |
The top and bottom member the same section .
Lise Ay, steel.
4.13.3.1 Design of Diagonal member:
* Dy =18536 KN =41.38Kip
Yielding limit state :
©Tn =Tu

o*Fy*Ap>Ta
D9=36%Ag > 4|

Ag..=1.265 in*

Stiffens limit state ;
I
— =300 L:=1.7T5m =378
>

2a 12

< 300

¥




r= 02312
From Age, = 1.265 in® and v 023361

3
3

Select tube 2x2x
Ag 1270 r=0.726in
4.13.3.2 Design of Vertical member;
Vi=-164.565 KN =367 Kip
Effective length :

For buckling abour x-x & y-y
kx=Ky=1

EX=Ly=1 4*3.281*12=55.121 in

Critical stress F,

Ax*lx
»x

Assume a middle valua of

From curve of A36 steel F. = 22K+
Required Ap

pc* Por = Py

pe*Fer* Ag = py
0.85%*22*Ag>357

A =196 in°

Seleet mbe 2.:‘-.*.:2.5.1:1:
Ag = 1970’ £=0.908 in
Effective length ratio :
. i® Ly 55121
K Lx _ Ky*Ly J]—=5ﬂ.]J
P 1 |

s

From curve of A36 stea] Fe = 45K 5

Design strength:

=100



OES*45%1 97> 387
77.1236.7

= [k

L
Select tube  2.5%2.5% = for the vertical member

Check of local plate Buckling

’J'I"I." = h :9_9{_.1“ =10.7

£
A =;—;=4.5{}:_ =108

4.13.3.3 Desion of Top member-
Ts=-529 KN =118.1 Kip
Effective length

For buckling about x-x & v-3
Kx=Ky=1
Lx=Ly=1.05%3.281*12=4]1. 34 in
Critical stress F,

Kv*lx

Assume a middle value of — = 00

r
From curve of A36 steel F, = 22Ksi
Required Ap
pc® Por = Py
oe*Fur*Ae > 'y
0.85%22% Ag = 118.]

Ag_ =63 In’

i |




Select tube 5:.;:?:».,1i
Ag=~ 688 in’ r=1.8Tm
Effective length ratio -

Ax*lx _Ky*Ly 4134

8 r 1.X7

From curve of A36 steel Fe= 35Ksi

Design strength:

i *Per = Py

pe*Fer® Ap = Py
0.85*35*6.88 8215

204,68 > 118.1

Smaller profile must ke select
Select tube 4xdx

Ag=6.02in" r=1.411in
Lffective length ratio -

Kx*lx Ky*ly 4134
= no 14l

=2032

From curve of A36 siec| Fo =34 8Kzj

Design strength:
e ™ Por = Py

|| oo *Fer®Ag = py
| 0.85%34.8%6.02 2 118,
17812118, o

4.13.3.4 Design of bottom mem ber:

* Bs=508.9 KN =|13 8Kip




Yielding limit state ; H

@In =z Ta

p*EFv* Ap> Tha
09*36*Ag>1138
Ag=3.51 in’

Stiftens limil state -

L
— = 300 L =1.05m =3 444ft
r

344412
—_—

o

300

r=0.1538n

From Ag.,=3.51 in® and r=0,138 in
Select tube 4xdx;

Ag=3359in r=1.511in
4.13.4 Design of fillet welled :

Use (SMAW] ........ Fui=60 Kzi

lu=308% KN=113.8 Kip

Sma =1 from table 5,111

Shear (racture of base metal ¢
Pl 2 Ru

O0.753%1*0.6% Ffu=Ru
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0.75% —*0.6%58 = 4.894 Kipiin . Contro
| Shear fracture of weld metal
oR . = Ru

{ (1L.75%s, *0.6*F, =Ry

0.75% = *0.6*60 = 5.06 Kivin

]

i —E'S =325 1in

gR,, 439

LW oy ™

Lw pn=4*2a=0.73 in

UseL - 4*2=8in=73%in

4.13.5 Design of purlins :

g, =2.67-0.12=255 KN/m .

Murx = 11L48KN.m = 8.47 Kip. Fr=101.6 Kip. in
Vups = 7.65KN = 1.71 Kip

Design of bending moment :

n* Mn > Mu

0.9%Fy*Zx =My

1016

i -
R | TS

=336

Select tube 3x3x 3

= sie
X =325m = X, =

Design of shear force ;

oV, 2V,

| 0.0%Fy*y *d*0.6> V.

U9*36*0.1875*3* 062V,
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HH=z171 Ok

4 .14 Design of shear wall.

0.00 KN.M

677.6 KN.M

MOMENT DIAGRAM

Fig.{4.0) Shear and Moment Diagrams

Fc=128 MPa

Fy =420 MPa

t=20 o shear wall thickness
Lw = 10 rn .shear wall width
Hw for one wall = 3.7 m story helght |

d.14.1: Design of the Harizontal reinforcement:

Internzal forces & moments:
Y Ex =Vu=27456KN

4.14.2: Dasign of shear

i 10
—=—=58m...... contral
2 2
Lo e I
2 2

d=10.8x = O K=<10 — Bm
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F. ] __T:-] w
V28
b = T.- w02 x 210" =141 1 KN (esmtral)
p AT xbxd N, ud (LA
ii 4 451 \ ¥ 2
Assigre N =0 L =M oo
Sy s '.;}'_ ) "b-_ 1I | i -\'a
Ko, —-\‘23 x02 x$*10) + Ui =2116 68N Fa= -——qta——"—m*_s-‘-L"':Hlﬂ- gs:l'fl =YK TIEN
=2 A A1 | 3 a5 1]
- - = :
e R AR
e ~ B 1y I, % h 3 K d
i z Fat. ) T

Fr =Fp—Tel

S=(2745.6/ 0757 — 1411 = 2250 5N

s
i Fy .35
l\“ ]: e 2 @ DOOET e

52) v *d 420+3
. | I.Jr";."' ; = =
[ minn — D025 * 4 = 0.0035 % 200 = 0.5m
L 5=
a1
82 =20 10000 /5 = 2000 mes

SZ= 3% h =3"200 — s00mm

sefeey —» 210 — rods =158 mim2

'S—h: =2 2w = 0.5

158

—_— TR B =TS !
S22

Felert ——3 82— 230w < Seig = D5 2o
i Zsglecrad = 250 < 6llewe < 2000

e ——3 28V O DS el /2 )in Xlanver

select 20 10/ 7.5cm In tow layer

soUse@l0@ 7. 5em /e Forthe remloreem ent intwo bvers {horizenial )

4.14.3: Design of the Vertical reinfarcament - ,

Fi




Pan =(0.0025 +05(2.5 - ™ gi;"': 0.0025))8 A
1 '

& 23 gs<as
I 10

W

Avn=D0025 8 = h

N =1 =%x|[][}ﬂﬂ:13.ﬁ.3mm

1
|'-'; W

&, = 3ui = 3% 200 = 600mm

Seleer 2910 With area As=158mm’
158 = D.0025 = 8 = 200

8, =3l6mm

Select 5, = 23cm < 31 .6cm

5 =d5cm < 6lcm <= 333.5cm

— Sedect Zgl0/ 2% em cic J

Select 20 10/ 25om. In tow layer

4.14.4: Deslgn of bending moment:

v w10

x| - _ = =2138lm
V007 *e00 ) 4.2

C=C—=010=L, |I
C=238=-01x10=138m

fu 3
o o .
F0 2.0
L
Select The bowndary element = 85em
; 10 !
s, = 2 e, — =D G168 = TR
9| .06
g 1
Lw 2+085*B* fc*Lw*h{(As* Fy)
7 1

— s = 01767
Iw 240.85%x0.85x28x10x0.2/26333 =10 = 420)
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i ¥ Z "-.l"'b'
Mu=09=Fy=l5x 4dsx .'.wx| | 1 2]

\I‘.r“' )

01767

=Mu =09%420*0.5* 26333 <107 <10*(1 - 1 =45372 krm

Ay = 45372 - 1224538 = 33126.6 bnm

[t v

g Muls 33126.6x10° /0.9
T A (Iw—Cw) 420 (6000 — 850)

As =9413 + (6= 79) =988 T mm”

* Useh25 —» Select 20425

=8413mm”

Fig.(4.14): horizants| Sectlon in shear wall




Shrip fooling |

Fig.[4.15}): long section of shear wall
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4.15 Design of Isolated Footing:

4.15.1 Determination of Loads:
Total factored load = 1495 KN
Toral services load = 1290 KN
Column Dimensions = 6U0%30 ¢m,
Soil density = 18 Kg/em3.
Allowable soil Pressure — 400 KN/m2.
Assume footing (o be about (40 cm) thick
Fooling weight = 1.2%(25%0.4) = 12 KN/m2.
Soil weight above the footing= 1.6%(0.6) % 18 = 17.28 KN/m2.
live load =5 KN/m®
Gallon, —400-5-17.28-12=365.7 KN/m"

4.15.1 Determinstion of Fooling Area :

P 1290 353 md
= oee— = i
365.7

I=19m

determinate g, = [495/4 = 374 KN/m®

4.15.3 Determination the depth of footing based on shear strength:
Assumeh=40¢cm ... d = 400-75-20 = 305 mm
**¥Check for one way shear strength

o
=708 0305)%2 = 295 5KV

Fu=374*( 5

gbe = .;u!.l:é *Jresb, va)

PFe=0.75* ]a* 24 *2000%305 = 373 55N

e =373.55KN > V=295 5KN
Sefe

a0




4.15.4 Check for rtwa way shear action (punching)

The punching shear strength is the smallest value of the following equarions:

S 1y, 2] 'I?h ‘
@y, =0 ! Y5,
6L £ )
e A Yilioh
Py e LG o P N
AT

=y % Jrhd
Where:-

Column Lenzth {(a) 60 5
U7 Column Width (By ~ 30

By Perimeter of eritical section taken at {d/2) from the lpaded area

b, = 2d +al)+ 2{d +a2) = 2600 + 303 )+ 2(300 = 305) = 3020mm

B =40 for interior column

. o o
o, =,_¢% PEANPIYE |+§]wﬁ*3mﬁ+ms = 1128.1KN

] 1Y -

I " Y r—- - r o - 3 —

gy wpet | Bl ol e-,,;f=':'"51-[ 070303 | 5 |« /22 #3020 %305 = 1703 4KN
' 12\ & R 12\ 3.02
75

b, = p i f b =212+ (3830207305 =1128.1KN

3

pF- =1 128.1EN .. Conmrol

Fu=374*{(2%2)— (0.6 +0.305)*(0.3+0303); = 1| 19KN
¢Fe=1128.1KN > Fu,. =1119KN....... sutisfied

4.15.5 Design of Bending Moment:
Mu =374**0.85 (2 =144.6kN.m
Mu =144.6 KN.m
f"rilr _ 01446/ 0.9
hd”  2x0.305°

”

1=

= (1.863Mpar

a1




= i = 4_":[’ =706
D.85* fc 0.85%24

#

]

| I 2xmx Kn
ge=—|]= ] —
mi Y ¥,
[ T 3 )
p= 1 i ”_._,HJ}.GHG.BE_* - 0.002]
206, \ 420 )

Asp, . = pTE*a =0.0021*%2000 %303 = 12¥] mm°

AS fymioge = D001 ¥ B * fr = 0.0018 * 2000 * 400 = 1 440umm”
wieds = 1440mm”°

Select ¢l4

1440
154

=04 — wselObars.

Sy, oy = 1 540mm™ > [ 440mm” ..ok

F¥Check for strain -
A *fy=0385*fc'*b*a
1540 *420=0.85*%24*2000*a

a=1586mm
s 100 e
B 085
305 - 18.66
= "% 0,003 = 0.046
18.66

£, =0.046 > 0.005—— ok

4.15.6 Development Length of main Reinforcement for My ;

0.24 5 0.24=420
’_j dh=——x—16=3529cm.
-.J_ﬂf‘ + 24

L':I'Z lwzg™

Likizieq = 0.044 = fy =db=0.044 =420 = 1.4 = 25.87cm
Iihzyey = 29.56em < Ld =32 9cm=2control
Available Ld =(400 - 75 - 2*14)= 297 mm.

Using hook = 16% ¢

a2




Required length of hook > 167 ¢ 2 16%1.6 = 25,6 em use 30 cm

Totnl Length = 59.56.... use 60cm > ldp=329cm ... ok

2.5 Wi,
10 A/F Rerieh

dk

9 420 1+1%08
Id = — '
T 10 1424 z5

Ld giagapte = 700-75= 623mm

| Eﬂ_r“ db

+ 14 = 34567 mm

Ld seiimnie= 825 mm = Id,.,q = 345.6Tmm

4.15.7 Check transfer of Inad ut base of eplumn:

@.Pri = ¢.(0.85 fc'Ag)

g P =005 *[0.85%24% (GO0 * 3003/ 1000 = MG AN
But Pu=1495 < ¢.Pn= 2246 4KN

Duwels are not required for laad irinsfer.

Byt use the minimum reinforcement of dowels:
Ax, =0.0057 4g =0.005%600* 300 - Q00cm’
Use the cohrnn bars as a dowels

Select BPL2

TEela L=13s | T

I w

: : | =

| = ;
L—— K lo]l Plss

— —

Figure (4-36) [solated Footing detail
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