Lo ol isil) g Auuigh) 441
gy jlaral) g Auinal) duigl) 5 il

z ANl g g pia

el (3 54

SES A

sae ke

Onlacadd _ 1)



Lo ol isil) g Auuigh) 441
gy jlaral) g Auinal) duigl) 5 il

g AU g 5y

- Janll (3 58

Onaald -J181)
aY Y



Dbl SIS s Fadla
bl (LAY
L 5500 gl A
A slenall 5 Aiaall Auigh 5 il

e datlal) elad

48| 5o g g g piall (o pllaall o pliall daglia g <l ) 5 Lo ol 93l 5 dsig) 448 ol e ol
i g1l S Ay el 3 Aiaall Anstigl 5503 ) g 5yl 138 i 3 Aimiaall Zinll oLine

gl dasnia (anads gl (8 s SIS A o cilillaiag

8l i ) ol 55 o pdall a5



lmall

[+ 0kl ] il ) 32um (( siasalls 4l oSla i) (5 e shac )

V... S Y claalll culai Wy | elicUay W) el cuday W g &l S5 Y JAlll cuday Y 4
celing WAl ket W @ sdan W1 BAY) Clad

o) ol sial) Janll 134 (g5
—al
s S 53 a5 sdhall 138 Sl 3 sl (0 U )

2 janall 5 Aiaall Lustighl 5 il

Juald) Lisdilade coall Wl gz S (3 5t il & padll )
soee ke Jaldl ) giSal) )

sl 138 Jal (e agiling sam (pll slagdl | Lases Uie o ST as (e )
Ol Jal (e g ya saa Gl Jud gl (), Jlaadl) Gala ) ) )

8 shdy s shd & o pdall 138 sali ) || elaal) g ol 3l )

DB L 5h g Uie s aglal (pe < 535 Uiy gl agd Clill (e ol 3e Y1

Jardl 308



sl ial2

8 el ol el )0 g 388 5 e Dmalall sald) 85 58 Y) L ghas glads iy Wy Y
3l el 33 508 Togea @iy (lily 8Kl W e cpAl) ol K8 LN ae daalad) il
o203 e Ay Gl
sbes Gl ) Aanall g pail) 5 GliiaY) g SN Ul and 2383 amad O Ji 5 (oaaad O D
.kl 8 Al ) Gl
e Ayl 5 alall g Aglag) 8k W) saga cpdl )
oo Geal8Y ) Ll fpen )

Maguiard D adainsd ol Glicelalall caald adaiadi ol (liclalaia (S8 adain ol (8 Lalle (S"
Opbandd LS gy Bl L8 el Liiralas )
s il ¢ dunigll 2K )

soee pled L Lde 3 5al) Uid yie

Jaall 30 58

o ddide B ale Addiad ALY aaall)



-

S

A,

Maidia 150 Ada 8 dala) Ciliiiivsall (s2aY SLEY) aveaill 3 g g pall 128 3 S8 adli
ot 7 5 Ll 0 ) 380l B e

ast slaly o3 aily ¢ 5 pdall (5 lanall mpenaill aalyy (Bl sh dued o el O SYy

a5 il ) Aila) ¢ Al g5 dllanl Aalil) (pe (uliie U Lmy 355 A i) QS s e

sl Ao yuy sy alyll ydgh JSI o) die g jlerall aaadl J8 e plaay)

saac Wy sl Jie el 3 ALY paliell g 53 A e 5 puiall L] (eS¢ Greaiivuall
L e 5 Al jall Glladll s (Jaddl ) sl

(ACl _318) S e dlu Al 258 clillaia e lely - 4l el () - araradll S
Autocad2007, Jie aw ¥ melrs ASLEY) aeaill maly Gmey DlaieY) S
Juea¥) apanil 33y Y1 580 alasial 5 adl SAL sl a5 W e 5 OFfice2007 , Atir
Aliadi A5l Al )3 g 5 pdall Gaaipn s ARl & ATl g jliie G e g 3Y B0 4l
aliall LAY apanaill A (a5 dad giall abisal) Jlaa¥) s Aplasy) pealiell a5 aaas g
Sl 765 ) Aliy) aabiall paend el apaaill e Uy danll cilaladd) slae)
all ALY

G il Ayl

The Structural Design of a General Hospital in Dura .

Vi



WORKING TEAM:

ali aldeeb Mohanad shakarna Abdelfattah shawar

Palestine Polytechnic University -2012

SUPERVISOR:

DR.MAHER AMRO.

Project Abstract

The summary of the idea of this project, isto prepare a structural design of a
genera hospital , consisting of all facilities that should be available in any

optima medical center .

This building is consisting of 5 floors 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 archeries one ,by
supporting the building with a structural element ,which will be designed

according to ACI code.

The project contains the structural analysis for vertical and horizontal loads

and the structural design and details for each member in the building.
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Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A = area of non-prestressed compression reinforcement.
Ag = gross area of section.

- Av = area of shear reinforcement within a distance (S).
At = area of one leg 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 elasticity of concrete.

fc¢= compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span inlong direction of two- way construction,
measured face-to-face of supports in slabs without beams and face to
face of beam or other supportsin other cases.

LL =liveloads.

- Lw = length of wall.
M = bending moment.
Mu = factored moment at section.

- Mn = nominal moment.

Xiii



- Pn = nominal axial load.
- Pu = factored axial load
- S= Spacing of shear or in direction paralel to longitudina
reinforcement.
-V ¢ =nominal shear strength provided by concrete.
-Vn = nominal shear stress.
-V's=nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.
- Wc = weight of concrete. (Kg/ms).
W = width of beam or rib.
Wu = factored load per unit area.
® = strength reduction factor.
- & = compression strain of concrete = 0.003mm/mm.
- &5 = Strain of tension sted!.
- = strain of compression stedl.

- p =ratio of steel area.
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Chapter 4

Structural Design & Analysis

4.1 introductions.

4.2 Determination of Slab Thickness.
4.3 Determination of Services L oad.
4.4 Design of Topping.

4.5 Design of rib.

4.6 Design of two way solid slab.
4.7 Design of Beam .

4.8 Design of Long column C74.

4.9 Design of Stair.

4.10 Design of Basement wall.

4.11 Design of strip S1.

4.12 Design of I solated Footing F10.
4.13 Design of Shear wall.

4.14 Design of Mat Foundation.

4.15 Design of Dome.
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4.1 Introduction

The project consists of severa structural members that will be designed
according to the ACI code and will be analyzed through the finite element
method by using several computer software such as “ATIR” and
“STAADpro” to find the internal forces, deflections and moments for the all

structural element in order to design it.

Figure (4-1): Ground Floor Slab.
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4.2 Determination of Slab Thickness:

4.2 .1Deter mination of Slab Thickness of one way sab

Figure (4-2): Rib 1.

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

hmin fOr one-end continuous = L/18.5
=317/18.5=17.2 cm.

hmin for both-end continuous = L/21
=366/21 = 17.4cm

The controller slab thicknessis 17.4 cm.

Select Slab thickness h= 25cm with block 17cm & Topping 8cm.

36



4.2.2 Determination of Slab Thickness of two way slabs

Fig (4-3):-two way slab.

Assume h=35cm and fy=420 Mpa..

© 40*8*4+14*35*175
y= 40*8+14* 35

~ 054*0.12167° 0.4* 004167° , 014 0.22833°
rib — 3 3 3
|, =87*10"*m"

=12.167cm
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. 0.8*0.6°

I, =144*10"*m*
12
|l:£(ﬁ+o.e):100.7*10-4m
0.54 " 2
_ 87 943 898

= (22 222 1 1) = 164.41% 10 m
054° 2 2

87 113
054" 2

I, =

+0.6) =100.7*10™*m

|, = ﬂ(%+1) =02*10*m
054" 2

a, -4 _q
100.7

S
164.41

Q. - 144
1007

144

—
a4 2521565

_a,+a,+az+a, 13+0.875+1.3+1.565

fm =120<?2
4 4
420
* 11.3*(0.8+—)
Ln* (0.8+ f /1400
h, = ( y/ ) = 1%4:')’00 = 29.6cm< 35cm
36+9b 36+ 5% (—2)
9.43

Select Slab thickness h= 35cm with block 27cm & Topping 8cm.
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4.2.3 Determination of Slab Thickness of flat plate

(G473 == B21(120%35) =={745]

Fig (4-4):-Flat Plate

Ln=6.70m
Minimum Slab Thickness=6.70/33=20.3 cm
Select Slab Thickness 30 cm.
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4.3 Deter mination of L oad

4.3.1 Determination of Services Load of one way

Filew F ycwen

Aeforr-frae D oooER

Coarse Sard fill 7 cm

M cocrrvesresfer Tragapaiongr & ooz
£ rraresiwsdes Faleec ke

R Coneraie y1h

Flaseer 2 o

Tiles > 0.03*0.54*23 = 0.3726 KN/m.
Mortar - 0.02*0.54*22 = 0.2376 KN/m.

Sand Fill 20.14*0.54* 16= 1.21KN/m.
Topping - 0.08*0.54*25 = 1.08 KN/m.

Block - 0.4*0.17*9 =0.612 KN/m.
Plaster - 0.02*0.54*22 = 0.2376 KN/m.
Partition—> 1.5%0.54= 0.81 KN/m.

Rib—>0.14*0.17* 25= 0.595K N/m.

Nominal Total Dead Load = 5.155kN/m of rib

Nominal Total liveload =5* 0.54 = 2.7kN/m of rib
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Deter mination of factored dead & liveload

Factored dead load = 1.2* Dead |oad = 1.2*5.155 = 6.186 KN/m.
Factored Liveload = 1.6*liveload = 1.6*2.6 = 4.32 KN/m.
4.3.2 Determination of Services Load of two way rib
Deter mination of Dead L oad
Tiles=0.03*0.54* 0.54* 23=0.2012 KN

Mortar=0.02* 0.54* 0.54* 22=0.1283 KN

Sand=0.07*0.54* 0.54* 16=0.3266K N

Topping=0.08*0.54* 0.54* 25=0.5832 KN

Rib=0.14*0.27* (0.54+0.4)* 25=0.8883 KN
Block=0.27*0.4*0.4*9=0.3888 KN

Plaster=0.02* 0.54* 0.54* 22=0.1283 KN
Partition=1.5*0.54*0.54=0.4374 KN

Total Dead Load (service) = 3.08

Dead load =3.08 /(0.54* 0.54)=10.56K N/ m?

Deter mination of Live L oad

Total liveload (service) =5 KN/ m?
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4.4 Design of Topping:

Dead |oad of topping =
0.03* 23 (tiles)
+ 0.02* 22 (mortar)
+ 0.14* 16 (sand)
+ 0.08* 25 (dab)

+ 1.00* 1.5 (partitions) =6.87 KN/m2.

Live Load = 5 KN/m?. (for Stores)
qu=12DL +16LL

=1.2* 6.87 + 1.6 * 5=16.244 KN/m>. (Total Factored Load)

q,*I*
S Mu=-t—"=16.244%0.4*/12
12
= 0.216KN.m

bi

> Mn=0.42,/fc'* -

1000* 80°

=042 V24 * = 2.12KN.m.
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f *Mn=0.55*2.12 =1.166KN.m.
f *Mn=1.166 > Mu = 0.21KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature

reinforcement must be provided.

For the shrinkage and temperature reinforcement:

r =0.0018

As =r *b*h=0.0018*1000* 80 = 144mm?°.

Use ®8 @ 20 cm c\c in both directions
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4.5 Design of Rib

4.5.1 Design of oneway Rib

ribl 2 3 4
2 3
0.6 3.12 0.6 3.66 0.6 3.18 0.6
| | | | | | | |
‘ | ‘ 3.72 ‘ | ‘ 4.26 ‘ | ‘ 3.78 ‘ | ‘
I 54 I I 1
25.
14.
A-A
Figure (4-5): Rib 1 geometry.
load group no. 1
Dead load - Service Units:kN,meter
5.15 5.15 5.15
3.72 4.26 3.78
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.70 2.70 2.70
3.72 4.26 3.78

Figure (4-6) : loading of Rib 1
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Moments: spans 1to 3

-17.7 -18.
-10.9 -11.1 -11.4 -11.1
‘ 1.211.46 ‘ ‘ 1.21 ‘
! 1.49!
| I ! | ! I | I I |
0.64l0.75 l0.65
4, 0.76 45
9.8
12.4 12.8
1.49 2.23 2.13 2.13 2.27 1.51
I I I I I I |
Figure (4-7) : Moment Envelop of rib 1.
Shear
-24.3 -23.6
-18.9 -18.2 16.4
-11.1
I I I I I
10.8
16.2 18.1 19.3

23.4 24.6

Figure (4-8) : Shear Envelop of rib 1.
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4.5.1.1 Design of flexure:-

d= 250-20-8-6= 216 mm.
Mu(+) = 12.8kN.m
beff<=540 mm.  (control)
<= 3.12*1000\4 = 780 mm.
<=16* 80 +140 = 1420mm.
> beff =540 mm.

f * Mnf =0.9* 0.85* 24* 0.08* 0.54* (0.216—0.08\ 2) =145.4KN.m.
f*Mn>mu
1454>12.8

- rectangular section.
4.5.1.2Design of Negative moment of rib 1:
Maximum negative moment Mu= 11.4kN.m

Mn=11.4/0.9=12.67kKN.m

m=_1 -_%0 _s54
0.85* fc 0.85* 24

Mn _ 114*10°

Kn= == ~=1.745Mpa
b*d?  0.14*(0.216)
_ 1. | 2mKn
p= & (1- 12

0= L (1- Jl_w) — 0.00435
206 420
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As = 0.00435 (140) (216) = 132 mm’

As, = 4@ (ow)(d)> %(bw)(d) .................... (ACI —-10.5.2)
As,, = % (140)(216) > % (140)(216))
As,,=89<1008............. the larger is control

As,,, =100.8mn?

132mm? > As,, . =100.8mnt

# of bars= A9 Asy = 132/ 79=2bars

mmg2

Select 2 ® 10mm .

e Check strain for the magnitude of &:

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

158* 420 = 0.85*140* 24* a
a=23.23mm
c= 2 _228_ oo
b, 085
 216-27.33

e
° 27.33
e, = 0.0207 > 0.005

X0.003

OK
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4.5.1.3 Design of Positive moment of rib 1
Maximum positive momentsMu= 12.8KN.m

Mn=12.8/0.9 = 14.22kN.m

m=_¥ - 40 _55p

"~ 085* fc  0.85* 24

Mn _  12.8*10°

Kn= == >=0.508Mpa
b*d?  0.54*(0.216)
1. | 2mKn
=)

o= 1 (1- \/1_2(0.508)(20.6))=0_0012
20.6 420

As = 0.0026 (540) (216) = 143 mm?

— fC’ W > E W —
As,. = 4(V o) () (C) = (GI0) (¢ ) F— (ACI —10.5.1)
\24 14

As, =882<1008
As,., =100.8mnv

143mm?> As,,, =100.8mnT

# of bars= AY ASy = 143/79 = 2 bars

* Note Agpig = 79 mn?




e Check strain for the magnitude of &:

Tension = compression
As*fy=0.85 f.**b*a

158* 420 = 0.85* 540* 24*

a=6.02mm

a_5%%_2oomm

b, 0.85

o _ 216-7.09
*T 709

e, =0.088 > 0.005

X0.003

ok
4.5.1.4 Design of shear of rib 1 :

Vu=19.3 KN

® Vc= (D*@bw* d

= 0.75* @ 0.14* 0.216* 1000

= 18.52 KN

1.1* ® Vc=1.1¥18.52 = 20.37 KN.

Check for items:-
1/ Vus®dVc/2
193 < 1018 ( X )
2l dVc/l2sVusd Ve

10.18 <193 < 2037 ( X )
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So category # (2) satisfy.

No shear reinforcement isrequired according to the exceptionsof ACI-
318, however min. shear reinforcement will be selected to increasethe

shear strength of ribs.
TakeAv=2® 8=2* 50
Av/s= Vdfy*d

2*50/ s=17.6/286*420 -> s=683 mm



4.5.2 Design of two way Rib
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Fig (4-10) : Location of Two way Ribbed slab

q,, =1.2 D =10.57*1.2=12.68/m’
q,= 1.6 L = 5*1.6=8 KN/m?
q, =20.68 KN/m?

bw =14cm, h = 35cm
d =350-20-8-12=310mm




4.5.2.1 Design of moments

— Design of negative moment:
La/ Lb=9/11.3=0.8

From table (12-3)

Assume Case (6)
Ca,neg =0.086
Maneg = Caneg * wu* (La)?*0.54

M. 1e,=0.086* 20.68* 9°*0.54=77.8 KN .m

Design as arectangular with b,= 14 cm

M _ 778

Mn= ;‘eg 09 =86.4KN .m

As,, = Z/(f’)(bw)(d)z %(bw)(d) .................... (ACI -10.5.1)
As,. = % (140)(310) > % (140)(310)

As, =127<145............. the larger is control

As,,, =145mn?

_ Mn _ 864%10°
b*d? 0.14* (0.310)*

Kn =6.42Mpa

m=_ ¥ = 40 _55p

"~ 085* fc  0.85%24
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o=l fp2mKny. 1. \/1_w) =0.019
m fy . 206 420

Areq=p* b* d=0.019% 140 * 310 = 825 mm?
788 mm?2> As,, =145mn?

Use ® 14 >> # of bar = 825 _
491

e Check strain for the magnitude of ®:

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

982* 420 = 0.85* 24*140* a

a=144.4mm

a._ 144.4 =170mm

b, 085

o - 310-170
° 170

X0.003=0.025>0.005=f =0.9

fM  =0.9*308*10° * 420* (280 22'8) *10° = 29.53KN.m

Use 20 25mm , As =982 mm? iny direction (Top Bar)

Use 20 10mm , As =158 mm? inx direction (Top Bar)



= Design of positive moment:
La/ Lb=9/11.3=0.8

From table (12-4)
Assume Case (6)

c,, =0.045
C,, =0.015
c,.,=0.051
C,., =0.019

= (qu, * Ca, +qu, * Ca, )* La’ * 0.54= (1268* 0.045+0.051* 8)* 9° * 0.54= 42.8KN.m

M o=
M bpos—

(qu, * Ch, +qy, * Ch, )* Lb?* 0.52= (1268* 0.015+ 0.019* 8) * 11.3" * 0.54= 236KN.m

Design as arectangular with b, =54 cm

M 42.8

Mn= 2= = —— =475KN.m
@ 0.9
J fc’ 14

As,, = bw)(d)> == (bw)(d)....cevrrrreneee. ACI -10.5.1
iy oK)= ) ( )

V24 1.4
As. = 2a20) (140)(310)> 720 (140)(310)
As, =127<145............. the larger is control

As,. =145mn?

54



Mn _  475*10°

Kn= 5= >
b*d 0.54* (0.310)

=0.915 Mpa

m=_¥ = 40 _5559
0.85* fc 0.85* 24

0= 1 - I 2mKn )= (1- \/1 2(20.59)(0. 915)) 293 % 10°
m 20 59 420

Areq=p* b* d=1.223* 10°* 540 * 310 = 374 mn?
374 mm?> As,,, =145mn7

Use¢16>>#ofbar—%— * Note

Ap1e = 201mm?

e Check strain for the magnitude of ®:

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

402* 420 = 0.85* 24* 540* a
a=15.3mm

_310-18 X0.003=0.048 > 0.005

fM . =0.9* 402*10°° * 420* (310—%‘3)* 10° = 45.94KN.m

Use 20 16 mm , As =402 mm? iny direction (Bottom Bar)



Mype= 23.6 KN .M

Design as arectangular with b, =54 cm

_ M, _ 236 _

N 14

As... bw)(d)> == (bw)(d )....coerrrrrree. ACI -10.5.1
4(fy)(w)() £y W) ( )

V24 1.4

As,, = m(140)(310) 220 =~ (140)(310)

As. =127<145............. the larger is control

AS, =145mnT

* -3
Kn = an _ 26.22*10 = 0.505 Mpa
b*d?  054*(0.310)

m=_¥ - 40 _54559
0.85* fc 0.85*24

=l(1- L 2mKn )= 1 (1_\/1 2(2059)(0505)) 1218* 10°
m fy 20.59 420

Areq=p* b* d=1.218* 10°* 540 * 310 = 204 mm?

204 mm?> As,,,, =145mn?

Use¢12>>#ofbar—%—2 * Note

Ao = 113mm?




e Check strain for the magnitude of ®:

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

226* 420 =0.85* 24* 540* a
a=38.6mm
c=2_-86 _161mm
b, 085
~310-10.1

e, X0.003=0.09>0.005
10.1

fM . =0.9* 226*10°° * 420* (310—8;26) *10° = 26.12KN.m

4.5.2.2 Design of shear:

Wa=0.86

Wb=0.14

_ 0.86*9*11.3* 20.68* 0.54
2*11.3

Vu =43.2KN/m/rib

~0.14*9*11.3* 20.68* 0.54
2*9

Vu =8.83KN/m/rib

1.1 Ve = 1.1* 0.75* /24 * 0.14* 0.31* 1000/ 6 = 29.23KN

f *bw*d  0.75* 0.14* 0.31* 10°
3

fVsmin = =10.85KNcontrol

_ 0.75* \J24*0.14* 0.31*10°
N 16

=9.97KN

1.1 Ve +f Vsmin = 40KN



f* [Tc * bw* d * 10°
1.3 Ve + ¢ 3W _ 20.23+53.15 = 82.4KN

ltem 4 :

Av Vs

s fy*d

Vs=—-VcC
f

VS:ﬂ§E—39:1&6KN
0.75
el 1.43*10°*
S

Use ® 8 tow leg :

2*50*10°
S
S=0.7m

=1.43*10"

S<d/2<600 mm



4.6 Design of Tow way Solid slab:
4.6.1 Determination of Loads:

Tiles = .03*%23 = 0.69 kN/m?

Mortar = .03*22 = 0.66 kN/m’
Sand =.07*16 = 1.12 kN/m’
Slab =0.3* 25 = 7.5 kN/m’
Plaster = 0.02* 22 = 0.44 kN/m”’

D.L =10.4kN / m?
L.L =5kN/m?

%o =12 D.L =1.2*10.4= 12.5 kN/m?
Qi=1.6LL=1.6%5=8 KN/m?
qu = 20.5KN / m?

Using Safe software we got the moment diagram :

Fig (4-11):-Flat Plate moment.



Max moment = 67 KN.m/m

M=M= — 745 KN m

() 0.9
Kn = an

b*d

* —3
= 745710 _ 1 053 Mpa

1* (0.266)

m=_ ¥ - 40 _545ag

© 085* fc  0.85*24

2mkny_ 1 g \/1_ 2(20588)(1053) y _ 5 575+ 103

= i (1 - 1-
m fy 20.588 420

Asreq=p* b* d=2575* 10°* 1000 * 266 = 685 mm?

As,,, =0.0018* b* h
= 0.0018* 1000* 300=540mn?

Use @ 14 >>> 685/154 = 4.45 * Note Ap14 = 154mm?

As provided > ASTeQ........covvvvrviennnnn, OK.



e Check strain for the magnitude of ®:
Tension = compression

As* fy=085*f.*b* a

770* 420=0.85* 24*1000* a
a=15.85mm

x=i = @ =18.65mm
b, 085

_ 266-18.65

X0.003=0.0398 > 0.005
18.65

S

= Ok

4.6.3 Design of shear:

“using safe software we have got the shear diagram :

VU ma= 58KN/m

fc'
dPVc=09o g b* d= 0.75*@*1000* 0.266=162.9KN

fvV. >V, =0K.

.. No Shear Reiforcement Required



4.7 Design of Beams:

4.7.1 Design of hidden Beam 8 :

= o
o
o o e O A -
HA
g 2T '
[ 11
-
[ 1
- L]
| i
Fig (4-12) : Location of beam 8.
beam 8 3
1 2 3
E A , A , A
A A A
03 37 05 275 05 4.1
— a1 “ 3.25 - 45

25.

80.
A-A

Figure (4-13) : Beam 8 Geometry.




load group no. 1
Dead load - Service

Units:kN,meter

30.5 30.5 30.5
EN 335 R
Live load - Service Load factors: 1.20,1.20/1.60,0.00
16.0 16.0 16.0
4.1 3.25 4.5

Moments: spans 1to 3

Figure (4-14) .Loadin g of beam 8

105.1
1.85 2.25

1.62 1.62 ‘ 27

122.7

1.8

Figure (4-15) : Moment Envelop for Beam 8.
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Shear

-164.3
-133.

-98.6

-129.9

-104.9

-129.4

86.5

95.2
119.7 117.7

180.7

149.5

Figure (4-16) : Shear Envelop for Beam 8.

4.7.1.1 Determination of beam thickness: -

r =(04-0.6)r
Assume ( )

rb=085-Cp 20
fy ~ 600+ fy

rb=0.85 24 0.85 600 _ 0.
420 600+ 420

r =0.55*0.025=0.01375

_ vy 40

025
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r.m
Kn=r .fy(l—T)

*
Kn=0.01375* 420(1— 0'013725 20'6) =496
Mn = Knb.d?
= 4.96* 800* .192°
=146.27kn.m

f .Mn =0.9*146.27 =131.65kn.m
f .Mn=131.65> Mu =122.7
OK

4.7.1.2 Deter mination of Dead& Liveload of Beam:-

Dead Load of beam:-

DL= %* 5.155+0.8* 0.25* 25 =35.55KN / m

LL=32*5=16KN/m
20
d= 250—40—10—? =190mm

= %* d= g* 190 =81.43mm= a_, = 0.85*81.43 =69.3mm

max

fM, =0.82*0.85* 24* 0.8* 0.0693* (0.190—@)* 10° =144.07KN.m

Mu=122.7KN.m<fM . =144.07 = sin gly
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4.7.1.3 Design of Beam for Flexure

aMu=122.7 KN.m.

m=206= K, = —=2/09 _ 475
0.8*0.190°
* *
r :i* 1_\/1_M =0.013
20.6 420

A, = 0.013* 800* 190 = 1976mnY’

Use ®22=380mm?

No. of barg% =5.2 = 6f 22 = 2280mn7*

As,. > %* 800* 190 = 506.6mn?

Nex

> 0.25* 4—20* 800* 190 = 443.25mm* = ok

e Check strain for the magnitude of &:
Tension = compression
A* f,=085* f *b*a
2280* 420 = 0.85* 24* 800* a = a = 55.4mm = c = 65.2mm

e, = 1906;#* 0.003=0.0058 > 0.005=f =0.9

0.0554

fM, =0.9*2280*10°* 420* (0.19— )*10°

fM, =139.9 > Mu =122.7N.m

= Use 6 ®22 for al moments around Mu=122.7( positive or negative).
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b)Mu=105.1KN.m

n _ 105509 _ o5 - 2060
0.8* 0.1907
* *
Po Ll \/LM ~0.0108
206 420

A = 0.0108* 800* 190 = 1650mnv

Use ®20=314 mm?

No. of bwz% =5.25= 6f 20 = 1900mm’

As,. > %2‘(1)* 800* 190 = 506.6mn?

Nex

> 0.25* ~—*800* 190 = 443.25mm’ => ok
420

e Check strain for the magnitude of ®:
Tension = compression
A* f,=085* f *b*a
1884* 420 = 0.85* 24* 800* a= a=48.9mm = ¢ =57.5mm

e, = 190-57.5, 0.003=0.0069 > 0.005=f =0.9
57.5
fM, =0.9*1900* 10°° * 420* (0.19—W) *10°

fM, =118.9> Mu =105.IN.m



C)Mu=11.9KN.m

n :%0-92= 0.46 = m= 20.60
0.8*0.190
* *
N P \/LM —0.0011
20.6 420

A, =0.0011* 800* 190 = 168.4mn’

S %* 800* 190 = 506.6mT?

in —

> 0.25* %* 800* 190 = 443.25mm* = ok

Use ©12=113mm’

No. of barz% =448 = 6 12 = 616mm?>

e Check strain for the magnitude of ®:
Tension = compression
A* f,=085* f,*b*a
616* 420 = 0.85* 24* 800* a = a = 15.85mm=> ¢ = 18.65mm

e, = 19021885, , 103 0.0275> 0.005 = f = 0.9
18.65
fM_=0.9*616*10 °* 420* (0.19—M)*103

fM,=42.4> Mu=11.9KN.m



4.7.1.4 Design of Beam for Shear :-

Vu, =149.5KN

V. = %* 24*0.8* 0.19*1000 =124.10

fV, =0.75*124.10 = 93KN.

fV, +§f Jf*b,*d= 93+§* 0.75* /24* 0.8* 0.19* 1000 = 465.32 > V/,

= Dimension is enough
Vv, >fV, Notitem1and Not item 2.

fvs, > *nN* d _O—;E’o 8*0.19*10° = 38KN.(Contral).

f

2 * i m*d_of 24*0.8*0.19*10° = 34.9KN

fV_+fV,,, =93+ 38=131KN.

fV, <V, stc+fVS:>itemB

1*

f Vc+f %\/E.b.d =93+0.75* 3 24*0.8* 0.19*1000 = 279.15KN

f Vc+f V.

smin

=131<Vu=1495<f Vc+f %\/E.b.d =279.15

= ltemd
f Vsreqg=Vu—f Vc =149.5-93=56.5KN
4* P * 82

Av = = 201mm’

f.Av.fy.d
s
.75* 201* 420* 190

S

Seqg=213mm< % = % = 95mm < 600mm

f Vsreq =

56.5=

= select > S=95mm
Use4leg ®8
=Use4legd8 @ 10cm c/c
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4.7.2 Design of Beam (10) (Dropped Beam)

_______ [ INELLL T LI E
i = B
LT - .
'i_,__.__..zh h. > »
At jr = =4 .1'1
A T
Fig (4-17):Location of Dropped Beam
1 2
1
. A .
| 0.3 | 6.4 ‘ 0.3 ‘
I | I 67 I | 1
" 8. ‘
25.
50.
40.
A-A

Figure (4-18): Beam Geometry and section.

load group no. 1
Dead/Live load - Service

Load factors: 1.20,1.20/1.60,0.00

41.0/21.0




Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

3.35 5131 3.35

Shear

-306.3
-250.5

250.5
306.3

Figure (4-20) : Moment and Shear Envelop for Beam.

4.7.2.1 Determination of beam thickness: -

1-h =93_045025-
16

(Dropped Beam) h=50cm
Check if rectangle or T-Section
d= 500—40—10—%: 440mm

fM, =0.9*0.85* 24* 0.8* 0.25* (0.440 - 0—225)* 10° =1156.7KN.m

Mu max= 513.1 KN.m<fM, =1156.7 = rectan gle
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4.7.2.2 Design of Positive moments of Beam

a)Mu=513.1KN.m.

m=—320__ 050k, = 2109 _ 568
0.85* 24 0.8* 0.440
* *
R 1_\/1_ 2*3.68*20.59 | _ 0.00974
20.59 420

A, = 0.00974* 800* 440 = 3430mm?

Use ®32=803 mm?

No. of bars= % = 4.27 = 5 32 = 4015mm?

As. > %* 400* 440 = 587mm? control

Nen

> 0.25* ———* 400* 440 = 514mm? = ok
420

Check strain for the magnitude of ®:
Tension = compression
A* f,=085* f . *b*a

4015* 420 = 0.85* 24*800* a = a=103.3mm=Cc = % =121.56mm

e, = 44012156, 0.003=0.007 > 0.005=f =0.9
121.56
fM, =0.9*4015* 10 ° * 420* (0.44—@) *10°

fM, =589.4> Mu =513.1KN.m

= Use5®32.
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Check for spacing between bar :-

_ 400-2*40-2*10-2*20-3* 32
4

S

S=82mm > gM.A.Sz g*zo=27

> 25mm
>db =32mm
4.7.2.3 Design of Beam for Shear ;-

Vu, = 250.5KN
V, = %* \24* 0.4* 0.44* 1000 = 143.7KN
fV, = 0.75* 143.7 = 107.8KN.

fV, +§f Jf *b,*d = 107.8+§* 0.75* /24* 0.4* 0.44%1000 = 538.9 >V,

= Dimension is enough
V, >fV, Notitem 1 and Not item 2.

fVs,, = %* b, *d= %0.4* 0.44*10° = 44KN. (Control).

zi—6*\/f7c'* b,*d =%* 24* 0.4* 0.440* 10° = 40.4KN

fV, +fV, =107.8+ 44 =151.8KN.
fV, <V, <fV, +fV,

Not item 3

fV, + %f Jf.*h,*d=1078+ %* 0.75* /24* 0.4* 0.44*1000 = 323.36 >V, item4
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Al Ve vy Vu oy 2205 4437- 1003
s f,*d f 0.75
A, 190.3/1000

s 420%0.44

=1.03*10°

Use4leg #8

4*50*10°
S= T vi0s
1.03*10
s < 600mm

SE:@:ZZOmm
2 2

BUSBAIE 08 @ 17.5 cidle

=0.194m

S




4.8 Design of Long Column (C74) :

4.8.1 Design of Longitudinal Reinforcement :
Select column (C74) for design

Pu = 2142KN

Pn = 2142/(0.65) = 3296 KN

Assume 9=15%

Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc")}
3296*107% = 0.8* Ag[0.85* 24+ 0.015* (420 — 0.85* 24)]
Ag = 0.156m"

Use 45*35cm with Ag = 1575cm? > Ageq = 1560 cm?

4.8.2 Check Slender ness Effect :

Ku _ 34—12% ............... ACI —(10.12.2)

r

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

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

Lu=3.65m

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.

(K_'“j < (M_lz[mj T ACI 10-12-2
X M 2

173.65 =27 > 22

0.3* 0.45

. Long Coloumn
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E.l
Bl =045 [ ACI 318— 2002 (Eg. 10-15)]
+

d

E, = 4750,/ fc' = 4750* \/24 = 23270.152Mpa

by = L2DL 1429
Pu 2142

_b*h® 0.35%0.45°
912 12

_ 0.4*23270.152* 2.65*10°°

1+0.72

| =265*10"°m*

El

=14.4MN.nY?
2
p - PEL
(KLu)

| 3.14%*144
" (1.0*3.65)°

................ ACI 318 - 2002(Eq. 10—13)

=10.66MN.

Cm=0.6+ 0{%) ............ ACI 318 - 2002(Eq.10 - 16)

Cm=1.... According to ACI 318 — 2002(10.10.6.4)
d -—— M 519
1-(Pu/0.75R)

q - 1
™ 1-(2142/0.75*10.66* 10°)

............... ACI 318 — 2002(Eq. 10— 12)

=1.366 >1

e. =15+0.03* h=15+ 0.03* 450 = 28.5mm = 0.0285 m
e=e, xd_=0.0285*1.36 = 0.03876 m

e 0.03876
h

= = 0.0861
0.45

min

From Interaction Diagram
fP, 2142 145

*

A, 035045 1000
r,=0.015

=1972 Ps

A& p* Ag = 0.015*45* 35 = 2363mm°

Use ® 18 >> #ofb —2363 9.3
0 ar = —
>¢ 254

Use 10 @ 18 with As = 2540 mm? >AS,= 2363 mm?
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e Check for spacing between the bar

S= 450-2*40-2*10-5*18
4

S=65 mm = gM.A.S

> 40mm
> 1.5db = 27mm

4.8.3 Design of the Tie Reinforcement :

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

....................... ACl - 7.10.5.2

Sacing <16 x d, (Longitudinal .bar.diameter) =16x18 = 288mm
Spacing < 48x d, (tiebar.diameter) = 48x10 = 480mm

Soacing < Least.dimension = 350mm

- Usef 10@ 25cm
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4.8.4Detail of column C74:

DUOEITL ~148

(C71) GF. Flaor

a P = 3=
.
i

_l_,a'l_
1 []] [1]
I
] e
. ] LI
g
-/
(CH) GF. Floor

Dimention n om

1

Dimention in cm

Figure (4-21) : Long Column Detail.
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4.9 Design of Stair

4.9.1 Deter mination of Slab Thickness:

L =0.4+2.4+0. 4 =3.2m.,

hreq = L/ 20

he=32/20=16cm ............. take h= 20 cm.
= Use h =20cm.
= Height of each step=4/23=0.173

6 =tan’(1.55/2.4) = 33

Cos8=0.84

— —>h

B34(40%30)
P % :
‘.

(6]
7

g
g

Figure (4-22) : Stair plan
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4.9.2 Load Calculations at section (A-A):

4.9.2.1 Load on Stringer:

Dead Load:
Tiles = 0.03*23*((0.3+0.173)/0.30) = 1.10 KN/m.
mortar = 0.02*22 *((0.3+0.173)/0.3) = 0.70 KN/ m.

Plaster = (0.02*22)/ (Cos 33) = 0.524K N/ m.

Steps = ((0.173*0.3)/2) * 25/0.3 =216 KN/ m.

Slab = 0.2 *25/ Cos 34.6 =595 KN/ m.

Total dead load =10.4 KN/ m.
Live load:

Live load for stairs =5 KN/ m?,
Factored load
qu=1.2¥10.4 + 1.6*5 = 20.48 KN/ m?.
For one meter Strip, qu = 20.48 KN/ m.
4.9.2.2 L oad on landing :
Dead L oad:
Tiles=0.03*23 =0.69 kN/nv’
Mortar =0.02* 22 = 0.44 kKN/m’
Slab =0.2*25 =5KN/m2
Plaster = 0.02*22 = 0.44 KN/m?,
Sand = 0.07*16 = 1.12 KN/,
Total dead load = 7.69 KN/m?2.

Liveload:
Liveload for landing = 5 KN/ m*.
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Factored load
qu =1.2*7.69+ 1.6 *5 = 17.23KN/ m°,
For one meter Strip, qu = 17.23 KN/ m.

f0.48 KN/m

Figure (4-23) : Loads on stair

27.65 KN
-27.65 KN

27.65 KN
27.65 KN

Figure (4-24) : Shear Envelope



4.9.3 Design of Shear :

» Assume @ 12 for main reinforcement:-
So, d =200-20 -12 = 168 mm = 16.8 cm
Vu=324 KN.

f /. *b,*d
fye=-—Yc W -

_ 0.75*/24*1000* 168
6

Vu=324 KN < fvc=102.88 KN .

fVc =102.88KN

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

4.9.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

25.7 KN.m

Figure (4-25) : Moment Envelope



Mu =257 kN.m
Mn =Mu/0.9=257/0.9=28.55KN.m.

d =168 mm.

Mn

K o=—"
" p-d?

K - 28.55*10°
" 1000*168°

m-—
0.85x fc'

=1.011MPa .

420
m =
0.85x24

r_1£1 . ZmKnJ 1 [1—\/1—MJ=2.47*10'3

=20.6

m f ] 206 420

y

AS,, = 2.47*10°*1000* 168 = 415.18 mm”*
As,, =0.0018* b* h=0.0018* 1000* 200 = 360mm?®
As,,, = 360 mn’ < As,, = 415.18 mnv’

Use ® 12 >>> 415.18/113 = 3.674

Useld 12 @20cmclc .............. with As=(1000/ 200)* 113 = 565 mm?.

Asprovided 565 > ASTIeq.......ccovvvevinnnnnn, OK.
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e Check strain for the magnitude of ®:

Tension = Compression

A * fy=0.85* fc' *b* a
565* 420 = 0.85* 24*1000* a
a=11.64mm
_ 2 1164 15 60mm
b, 085
e = 168 -13.69
s 13.69

e, =0.03> 0.005—> ok

*0.003

4.9.5 Secondary reinforcement:

ASqyirsage = 0-0018x bx h = 0.0018x 1000 200 = 360mmn’



4.9.6 Stair at section (C-C) Details:

}
g
¢y
f_l_') i
. o.q : 1.80 B
# T e L8
o s i s
]
e
e
..L_‘
F

L=100

L=60

|15

SECTION (C-C)

Figure (4-26) : Stair Section
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4.10 Design of Basement Wall :

Figure (4-27) : Loads on Basement Wall

= 4.10.1 L cading of Basement wall:

o Self weight of earth :
g, =g xhxK,

Assume that :

Oy =18 Kn/m®
q=30°
K=1-sinq=1-sin30=0.5
0, =18x 3.28x 0.5 = 29.52 KN/m?
e Loadfrom liveload:
g, =PxK,
0, =5x0.5=25KN/m?
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e Normal Load :
Isvery small , it will be neglected ( safeside) .
Wpin= 2.5*1= 2.5 kN/m
Wa= 2.5%1 + 29.52= 32.02kN/m
Wmin(factored) =1.6*2.5= 4 kN/m
Wmax(factored) = 1.6*32.02=51.23kN/m

load group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00

0.0/51.2

3.28 U.U74.0

Fig (4-28): Loading of Basement Wall.

Shear

50.6 -51.8

81.1
93.1
Moments: spans 1to 1

1.48 60.5 1.8

Figure (4-29) : Shear/Moment envel ope for basement wall
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4.10.2 Design of the Vertical reinforcement:
Assume h=25cm

Mu =60.5kN.m

Mn =60.5/0.9 =67.2kN.m

d=250-20-7=223mm
m=_Y __ 40 5588
0.85fc' 0.85x24 select
Mn 67.2
N7 32— Kn PPNy
bd 1*0.223

1 2mKn
r:E(l_ /1— y )

1 2x20.588 x1.35
r= 1-.1-
20.588 420

K =1.35Mpa

)=3.328x10°°

h = 250mm

As ., =3.328 x 10° x 1000 x 223 = 743mm~*/m

As_ =0.0012*1000* 250 = 300mm*/m
As,;, =300mm’/m< As,, = 743mm*/m

#of bar in one meter :E:S
154



4.10.3 Design of the Horizontal reinforcement:

=0.002* 1000* 250=500mm’ /m
orezantal

#of bar in on meter :ﬂ =90.95
50.24

4.10.4 Check for Shear :
51.2—-4
Sope= =14.4
ope 3.28

g, =51.2-14.4* (0.125+0.223) = 46.2

Vu= 81.1- w x (0.125 + 0.223) = 64.15KN.m

f xVc>WVu
foC:% fc'xbxd:%«/ﬂxlooonB
f Vc =136.56 >> Vu = 64.15kN

". No Shear Reiforcement Required



4.11 Design of strip Footing:

om il
- -EI]
! =1 = |
| = £
=] =

)

Figure (4-30): strip footing

4.11.1 Deter mination of load:

From slab and Wight wall

Total factored load =305 KN/m.

Total serviceload =260 KN/m

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (30 cm) thick.

live load =5 kN/m’

Clalow net =400 - 5- 2.5+ 18 — 0.3* 25 = 348kN/m’
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= For one meter strip

A=22— .75 m?
348

L=1m,B=1.0m, h=30cm

d=300-75-20 =205 mm

Qut = 305/ 1.0 * 1.0 = 305kN/n’.
4.11.2 Check of One Way Shear:

Vu = 1'”‘;"25 —0.205 *305 =51.9kN

@Fc:% fexdxb
0.75 ——
Ve = T\/24=+=0.205=+=1=125.5 kN

Ve > Vu

4.11.3 Design of Bending Moment:

In longitudinal direction

Mu = 305*0.375%2 = 21.5 kN.m
215

Mn=——=23.9KN.m
0.9
* -3
Kn=Mn_239710"_; c7mpa
bd 1*0.205
fy 420 = 20.588

m= - =
0.85* fc  0.85* 24

. :1 1- 1_2xmen
m fy
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r= =1.377*10°
20.588 420

ASeq =T *b*d =1.377%10"* 205* 1000 = 283 mn?
ASqyixage = 0.0018* b* h = 0.0018* 300* 1000 = 540mm?
ASpeq, = 283 < ASgyiryage = 540MmM’

1 (1_\/1_ 2x 20.588x 0.57

Usef 14
No.=540/154=3.6 ,Use4 bars

f 14 at 25 cm ¢/c=616 mm?\m.

e Check strain for the magnitude of &:
As* fy=0.85*f*b*a

616* 420 =0.85* 24*1000* a
a=12.68mm
X= a_ % =14.92mm
b, 0.85
o — 205-14.92
® 14.92
e, =0.038>0.005

X0.003

= OK

In transverse direction :

Agnin =0.0018* B* h
Agrin = 0.0018 * 1000* 300 = 540 mm?

Usef 12
No. =540/113=4.7 ,Use5bars

Use5f 12
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4.11.4 Development Length of main Reinfor cement

1d i * Fy B Wity *db

req T 10 ﬂ\-'lﬁ klazdj

K, =0 and cb:75+%:82mm

> 25 Select% _25

b b

_ 9 420 1x1+08
1710 1 %+/24 25

Ktr + Cb

ld * 14 = 346 mm

Ld aaitane= 375 - 75= 300mm

Ld aviitane= 300 mm < Id,.., = 346mm

Using hook >16*f

Required length of hook>16*f >16*1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm

10 120
140

10 45 30 45 10

40

10 30

Figure (4-31) Strip Footing Detall
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4.12 Design of I solated Footing (F10) :
4.12.1 Load Calculation :

Total factored load = 4312 KN.

Total servicesload =3170KN.

Column Dimensions = 50*50 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (80 cm) thick.
liveload =5 KN/m2s.

Qe =400 - 5 - 0.4*18 - 0.80* 25 = 372.8 kKN/m?

4.12.2 Deter mination of Footing Area :

3170
. - 2
A= 3728 85m
=>L=292m

Determinate g, = 4312/9= 479.1 KN/m’

4.12.3 Deter mine the depth of footing based on shear strength:

Assumeh=80cm .....d = 800-75-20 = 705 mm



e Check for oneway shear strength

Critical Section at %+d

3.0-05
2
3.0-05

Vi =0, (

u

—d)

Vu = 479.1* (

—0.705)* 3.0 = 784KN

f Vc=f .(%*ﬁ*bw*d)

f Vc=0.75* %* 24*3000* 0.705=1295KN

f Vc>WVu
. OK

e Check for two way shear action (punching)

The punching shear strength is the smallest value of the following

equations:

v =f 2142 {1 'b.d
6l b,
fV, =f. 2|y f, b.d
; (b /d j
fV, =f %\/ f.'bd

Where:

_ Column Length (a) 50

¢ Column Width (b) ~ 50

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

b, =4(d + a) = 4(70.5+50) = 482cm
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s =40 for interior column

fV, =f %(u bi}/ f'b,d =0'—55* (1+ %) V24* 4820* 0.705 = 6243KN

f\V, =f —(

fV, =f —1/ bd—O;S*J_*4280*0705 3695.5KN

*
}/ b,d = O S, ( 04%2705+ 2)* J24* 4280* 0.705 = 7253KN

f V. =3695.5KN ..... Control
VU, = Pu-FR,

FR,=s,, *area of critical section
VU, = 4312-[479.1* (0.5+ 0.705) * (0.5+ 0.705)] = 3616.33KN
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4.12.4 Design for Bending M oment:

Figure (4-32): Isolated Footing

1.25°

Mu =479.1* 3.0* =1123KN.m

Mu =1123 KN.m for both side

Using Reinforced Concrete.

Mn = %)’ =1247.78KN.m

Mn 1247.78x10°
Kn = =

- - =0.837Mpa
bd> 3.0x0.705 P
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oo fy 4
0.85* fc  0.85* 24

r=tl1- oo 2XMxR
m f,

1 {1_ \/1_2><20.588x0.837

= 20.588

f =—

20.588 420
ASpe, =T *b*d =2.036*10°* 3000* 705 = 4306 mm’
ASgyinage = 0.0018* b* h=0.0018* 3000* 800 = 432mcm’
ASg rinkace. = 4320> ASReq = 430mem’

Select 30f 14....AS,, g = 4620mm? > 4320mn’.....ok

j =2.036%10°

Use 30 f 14 in both Direction

e Check strain for the magnitude of &:
As* fy=0.85*f*b*a

4620* 420 = 0.85* 24* 3000* a
a=31L7mm
x=i:£:37.3mm
b, 0.85
o _ 705-37.3
* 37.3
e, =0.0537 > 0.005

X0.003

= OK
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4.12.5 Development Length of main Reinforcement for Mul:

ld 9 F}' lﬁ’elﬁ’slﬁ& .

= — db
redq 10:*‘;{ ﬁ- * ktr+ch

db
Ktr =0 Nostripes ch=75+7 =82mm
ktr+cb 0+82 T
db 14 7 '
ktr+cb s
db
Id 9 420 1108 14 = 346
"1 10 1 %+/24 2.5
Ld available = 1250-75= 1175mm
Ld availeble > [deq
Development length of column
f 420
L, =0.24* : db=0.24* ﬁm = 301mmControl

C

>0.043* f * db = 0.043* 420* 14 = 253mm
L available=800—-75-2*14=697mm
L,available> L req

Lap splice of column

L, =0.071* f *db=0.071* 420* 14 = 418mm



4.12.6 Design of dowels:

P,=4312 KN

f.Pn=f .(0.85fc'AQ)
f .Pn=0.65*[0.85* 24* (0.50* 0.50)]* 1000 = 3315KN
But Pu=4312>f .Pn=3315KN

Dowels are required for load transfer.
But use the minimum reinforcement of dowels:

As .. =0.005* Ag = 0.005* 500* 500 = 1250mm?
use5d18

In footing

P, =f085% f.* A* |22
A

i: 3.0 3'O:6>2 use 2
A 0.5*05

=0.65*0.85* 24* 0.5* 0.5* 2=6.63MN > 4.312

use 5018
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4.12.7 Isolated Footing Detail:

Figure (4-33):1solated Footing Detail.
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4.13 Design of Shear wall

4.13.1 Calculation of Shear force on Shear walls:
From Uniform Building Code 1997 (UBC):

Z=0.3 zone"3"

R=55
=1
Ca=0.24
Cv=024

h,=16

Ct =0.0488 Figure (4-34). Geometry of Shear wall
Where:

Z=Seismic zone factor as given in table 16-1.

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

| = importance factor given in table 16-K.

Ca = salsmic 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) abovethe baseto level i , nor X, respectively.
T=-C, (hn)3’4 Eq.... 30-8 (UBC)

T =0.0488(16)**=0.39

v o Qulyy_ 02401,
RT  55+0.39

w=0.1118w
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W=12960kN

V <£0.11*WKN....control
V > 0.03* WKN

V =011*w=kn
F, =0.07*T*V =0.07* 0.39* 1425.6 = 38.92KN

Table (4 — 1) Cdculation of the total Fx.

W[V [H [t [(v- (W*h) |Fx SEX
(KN) | (KN) | (m) | (KN) Ft)

floor

Secand | 4 eq 1455' 16 | 389 13786' 26880 | 395 | P
First | 1680 1455' 12 | 389 13;36' 20160 | 2671 | 9621
Grgun 1500 1455. 289 13;36. N S KT K
bar?:ne 1500 14§5. 4 g 13;36. ro0g | 2545 | 14256
3 12960 104664

Shear diagram

BEMEEN

1T EN

3

5 HH

2l 30 KN

Figure (4-35) : Fx-Diagram
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By using the software (Etabs.) to Analysisthe shear wall it was get
result asthe following:

Momeni dingram

b
i ENim
KH@M
o =

Figure (4-36) : Moment & Shear-Diagram for Shear Wall.

Shear Wall Design Parameters:
fc =24 MPa

fy =420 M Pa.

h=25 cm. Shear wall thickness.
L= 4.0m. shear wall width
Hw=16 m. Story height.

4.13.2 Design of the Horizontal reinfor cement:
Internal forces & moments:
D Fx=Vu=2613KN

Critical Section

L_;N - % = 2.275m(Control )

Mu = 3015.6KN
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Vu = 261 .3KN
Vn =Vu /0.75 = 348 .4KN
d=0.8*Lw=0.8*455=3.64m

Ve, = %* fc'* h* d = %«/24 *0.2% 3.64 = 594 KN

_4Jfc’*h*d N, *d +/24*0.2*3.64 1*364

Ve, = + + — 1091 KN
4 4*1, 4 4* 455
2% N 0%
L) v/ fC'+ - 45524+ S =
ve. | AT, ( M*hj Jhrd_|~vaa T 455%0.20) |, 0.20%3.64 _ 174KN (Cortrol
o2 M, T 10 | 2 301560 455 0
vV, 2 85.25 2
Vs =Vn-Vc3

Vs =348.4-174 =174 4KN
[Avhj Vs  174.4*10°°

s2 )

= = =0.114*10°m
Fy*d 420*3.64

[_A"Sh;in j — 0.0025 * h = 0.0025 * 0.20 = 0.5* 10~>m(Control )

SZ:L?W=4550/5=900mm

S2=3*h=3*200 = 600mm

salect > 2f 8 As =1.0cm2
A _ 9.50mm

S2

100

= 0.50 — S2 = 210mm(Control )

Sect.....S2=20cm < Seq. = 21cm
S2selected = 25cm < 75¢cm < 70cm
use....2f 10 @ 25cm(c/ ¢)in 2layer

Select 2 8/ 20cm. In tow layer
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4.13.3 Design of the Vertical reinfor cement:

hw, , Avh
[ in = (0.0025+ 0.5(2.5—m)(§ —0.0025))Sh,

& :@: 35>25
L, 455

Avn=0.0025x S, x hy,

s =%|_W - %x 4,55 =1516mm

S =3xh=3x200=600mm
Select 2f 10Witharea As = 158mn’
100=0.0025% S, x 200

.S = 210mm(Control )

Select S = 20cm< 21cm

S=20cm

—> Select 2f 8/ 20cmc/c

4.13.4 Design of bending moment:

Mu = 3015.6 KN.m

Assume Sn/hw = 0.007

C,=C-0.1xL,
C, =1.08—0.1x 4.55=0.625Mm

¢, L8108 o

Y20 20

C

C

-~ w
= 600 * (S,

4,55
-
~ 600 +0.00



Select Theboundary element = 65cm > 58cm

=—xAs — > =—"x100.5=2287mm
AS sl 5 0.20

z 1
Lw  2+(0.85%b* fc* Lw* h)/(As * Fy)

z 1
Lw 2+ (0.85x0.85x 24x 4.55x 0.20) /(2287x10°° x 420)

0.054

Mu =0.9x Fy x 0.5x As, x wa[l_(LA/ZD =
\"Y

0.9* 420* 0.5* 2287 x 10 x 4.55* (1— g) =1913.6kN.m
MUpesqr = 3015.6 -1913.6 = 1102kN.m
Mu/f 1102x10°/0.9

= 748mm?

" fyx(Lw—Cw) 420 (4550 — 650)
AS = 748 + (4 50.25) = 949mm’
- Usef 14— > Select & 14— As=1232mm?
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4.14 Design of Mat Foundation:

Malt Foundation

115

Figure (4-37) Mat footing

4.14.1Design of shear :
d =500-75-25=400mm
f Vc=0.75* %* fc'*bw*d

f Vc=0.75* %* 24*1000* 400*10°° = 245KN

Pu,,, =165KN/m=165x1=165KN



4.14.2Design of bending moment
By using the Safe software to analyze the foundation, the moment result is

asin the following chart:

E+3
S =1=]
Fear=Te
1N
o, 7O
b Bk
oo
oA
ﬂ.3ﬂ;
020
.90
.00
T
—L}. 220D

=L T ]

Figure (4-38) Moment in X-direction

R lnle]

0
GO0,
= = s00.
“F LMD
266,
.'JL'I-U..I\,
A0
= 0o

=T EHE.

=210

-;---m-----i---—-----lﬂ- | ] —oa.

Figure(4-39) Moment in Y -direction



Design In X-directions:
h =50cm

d =500-75-16 = 409mm.
Fy =420 Mpa.

Fc'= 24 Mpa

Design of Negative Moment

As,,. =0.0018* b* h=0.0018* 1000* 500 = 900mn?
420

=20.6
0.85* 24

Mu=KN.m= m=

_197/09
" 1%0.409°
I (1—\/1——2 L3 20'6):3.22*10-3
20.6 420
A =2.22%10"°*1000* 409 = 1318mm’

* 2
SHectf 16@15cm= As= 109, (&J =1340mm? > As,;, = 900mm’

15 4
Design of Positive moment

* 2
Selectf 16@15cm= As= %* (%} =1340mn?’ > As_, - = 900cny’

Design In Y-directions:

Design of negative moment

_ 100,

Slectf 16@15cm = As
175

* 2
(p j6 j: 1340mm? > A, = 900mm?

Design of positive moment

SHectf 16@15cmM = As=

100 , ( p *16°
17.5 4

j =1340mm? > As,;,, = 900mm?
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4.15 Design of Steel roof of cafeteria

4.15.1 System and loads:

"_'L 7.0 7.0 s
Figure(4-40) : Steel system .
Distance of frame at the bottom < 2m
Dead loads :-
Dead loads of frame member < (0.25 KN/m /cos 23)=0.27 KN/m
Dead loads of glass < (2*0.008* 25)* 2 /(cos 23)=0.87 KN/m
Dead |oads of horizontal member < (0.1*2 /cos 23)=0.217 KN/m
. |
1.35 K_I\!f_ri_ _F1__35L!(N-'m
I T 027kNm _____—T
| R | [
— &~ |
et 7.0 1 7.0 ‘:'_b"

Figure(4-41) : dead load.
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=>» Snow |oads:-
S =1 KN/m"2/ground area

Qs=1*2=2 KN/m

2.0 KN/m 2.0 KN/m

——

T]Erﬁfjﬂh ﬂ“lr'[T[

Figure(4-42) : Snow load .

=» Wind loads :-

Qw =-0.5*0.5*2 =-0.5 KN/m

0SKNm 7= I\ '\ » = ""“-:5 Sy 0-5 KN/m

7.0 70

Figure(4-43) : Wind load .
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=» Load combination:-
Qul =1.2*D+1.6*S
=1.2*%1.35+1.6*%2 = 4.82 KN/m

4.82 KNim 4.82 KN/m
LIT IT =TIl Tl
— -\-.---\-\-\-\"‘--

- T -\--\-H--\-"-_

__ﬁ_,f’"’-# H“"“"-n..,___ .?—,

= !
(1

P A
45 70 | 7.0 Sy

Figure(4-44) : load combination 1 .

Qu2 =0.9*D+1.6*W
=0.9*%1.35+1.6*-0.5

1.215 KN/m

1.215 KN/m

‘ { T‘Hu,[ __024KNIm _ r T [ | w
s ITL-:_ =20 ::::T___‘I- e
0.8 KN/m e T 2 - Vi .ﬁ___-'"-'l_".:-l— _ =08 KN/m
KRN R g S
o e L] S ; b
. == ‘. ,u:"’:. P
I\‘-. — e E: '.'r‘\-?|| e -
r) 7,
H-\ .
4 7.0
[

Figure(4-45) : load combination 2.
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Horizontal member :-

4.15.2 System and loads :

20

Figure(4-46) : Horizontal member system .

Biaxial bending :-

)

Fr\; F

Figure(4-47) :biaxia bending.

=>Loads:-
Dead load of profile < 0.25 KN/m
Dead load of glass < 2*¥0.008*25*1 =0.4 KN/m
D= 0.65 KN/m
Snow load =»S=1*1 =1 KN/m
Wind load =»W=-0.5*%0.05*1=-0.25 KN/m (unloading effect)
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Load combination:-
Qu =1.2*D + 1.6*S

=1.2*0.65 + 1.6*1 =2.4 KN/m
=>»Fru =qu * sin23 =0.94 KN/m

0.94 KN/m

[

Figure(4-48) : load combination in u-direction.

=>Frv =qu * cos23 =2.20 KN/m

220 KNim

20

Figure(4-49) : load combination in v-direction.
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The Analysis & Design was done by Using Software (Sap2000),The

Results as the following :-

Loads = Dead + Wind + Snow

After Design We get the profile as Horizontal is HSS 2X1 X0.125
as Verticd HSS2X 2X 0.125

.:j::: ,r: ;,sm Y HEIH:.]E 5.5:;1;31:5""1 kﬁau.sﬁ“ s 1;\5 :
(£ 5 % X i 1 ;
14

fot

Figure (4-50): Dome Elevation
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2. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI-318M-05) .

3. Uniform Building Code (UBC-97).
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project
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Appendix (B)

Structural Drawings

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

Minimum thickness, h

Simply One end | Both ends
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 £/20 £124 £/28 £M10

Beams or
ribbed one-
way slabs £Me £M18.5 £r21 L/8

Motes:

Values given shall be used directly for members with normalweight concrete
{densilﬁ W, = 2320 k '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 f,, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700}

Table(4-1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABSUNLESSDEFLECTIONSARE CALCULATED

TABLE 2.5(b) — MAXIMUM PERMISSIELE COMPUTED DEFLECTIONS

Type af member Defieclion bo b carmidensd Diefierstion fiminlion

Flat roals rat supporing or alimchsd do nan. Immedate dellocion dus io fye losd L
siruciurd slaments Buely 10 be damnged by 180"
larga defections
Floom not supporting or attached o nonsin. | Immedats o= flecuon dus 1o hve lomd L
tural slemants licaly o ba damaged by larps F/360
defiections ki S
Roat ar floor construction EWW[HI‘? ar That part ol e rolal dedlscion occuring afes
atinched o nonstruciursd slements Bkedy 1o e | aBBchmen of nonsiruciunal ehements (sum of 480
damaged by large daflections ILI'-n long ;ﬂrm dalleatian tllo 1o all néauil'-e\d

<y - st ard $he immisglinbe dellection dum to any
Foal ar Moor conetrestian suppo g of acdticnal e lnn-d';F

f-240%

afachied 1o raredrucbural slemans sl likely o
b dumaged by aros defleclions

* \Lamit ot indanded jo sadequand nganst ponding. Pondice sloukd b cheshed By sulable calcalalicen of deficton, inclldag sdded defiectons dus o ponded
waler, and conkadening long-arm abechs of all sucsainid b:-.l'&‘n- i conatuclon folannoes, and wkabty of provikns Eﬂﬂll.l!

T Longderm defiecion shall be detarmmad |n accorfance with 552 8 or 8.4.9, n may be seducad by smount ol deflection cakulsted & accw before atlach-
mian| o ronsinuciurnl ssmans. This amoint shall b determined on basis of sccoped engenearnng data relahing fo ims.defiection characterstics of menbsrs sim-
B i thoes Bsdng conakers

1 Lanit sy b st i akecquinte meagsaes arw aken i pravant damags o supporiad or sfached slemenis

¥ Lirril sheall et sy cprisale Ty idsranos peowided b nonstruciuml siements. LimE ray be sxcesded § cambar is provics so thal jotal dedlscton seug carmbsn
o rol axcow] kmi

Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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2. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI-318M-05) .

3. Uniform Building Code (UBC-97).




Appendix (A)

Architectural Drawings

This appendix is an attachment with this project



Appendix (B)
Structural Drawings

This appendix is an attachment with this project



TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end | Both ends
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 £/24 £/28 £M10

Beams or
ribbed one-
way slabs £N6 tM18.5 £r21 LB

Notes:
Values given shall ba us%d 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/m3, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09. _

b) For fr other than 420 MPa, the values shall be multiplied by (0.4 + f, [700)

Table(4-1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED

TABLE 9.5{b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type af member Diafaction o be congickerod Dwsfiasction lirmialinn
Fliat rerids ol supgiorlng or alleched % non. Immadinle dellecton due i lwe load L 7
siruciul eloments Budy 1o ba damaged by £ 180
larpe deflecions

Floam not supporting or atiached o nonstre- | iImmedads deflecion dus o live load L

tural slemasnts likaly bo bs damaged by largs 360
defleciions — . : ra— .
Reat ar flear conslruction supparting or That part of e tolsl deflechion coouering afer
aftached o nonsiruciural slements ikedy 1o be | alachimeant of tonabructuinl eheements [Sum of ARG
damaged by large detlectons Tt horng-term daflectan dise io i sustained
Roal or leof construction supparting o fm;ﬁ E‘I‘;l:mmlt dellection dus ic wy ,
240

aftached ba ronstruciural slsments mal likely &
20 JMOANe Ty (I SRR
* Lamil not imtsrded {0 satequaand npmnst ponding. Pondedg - shoikd De e

defercion, including sided deflectons dus ko pondad

by suliabls < w8 o

waler, and consalenng koag-erm atecis of all suctaivd oae, carbee, conatrction klamnoess, and rekabiity of provisons for diairage

1 Lipng-tere deflsction shal ba detarsmad in areodance with 552 8 or 9.5.83, bt miny b redeced by arrent of delinction catculated o occur bafors atiach-
mant af roaainctunl demans. This amount shall b dalmmined on basis of sscepted sng@neering data relaling o time-lebucion charsclarstcy of rembers sm-
Bar o thoses Bsing considsmsd

b Lami vy b s csedid it scdscuate misasures anelaken o prevant damage fo supponed or afachsd elsmanis

¥ Ll shall n-.:Jl b sy B ol nos provided for nonstnutum sements. Limit may be seceaded i comiber is provicied =0 that folal defieckan maus carls
ripw e axcoasd b

Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

2
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