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LIST OF ABBREVIATIONS &hlaisy! deild

e Ac = Area of concrete section resisting shear transfer.

e As = Area of non-prestressed tension reinforcement.

e As' = Area of non-prestressed compression reinforcement.

e Ag = Gross area of section.

e Ay = Area of shear reinforcement within a distance (S).

e At = Area of one leg of a closed stirrup resisting tension within a (S).

e a = The distance of the compression zone from the top of the section

e b = Width of compression face of member.

e bw = Web width, or diameter of circular section.

e ¢ = The distance of the neutral axis from the top of the section.

e Cc = Compression resultant of concrete section.

e Cs = Compression resultant of compression steel.

e D.L = Dead loads.

e d = Distance from extreme compression fiber to centroid of tension reinforcement.
e Ec = Modulus of elasticity of concrete.

o f. = Compression strength of concrete.

o fy = Specified yield strength of non-prestressed reinforcement.

e h = Overall thickness of member.

e L = Length of clear span in long direction of two- way construction, measured face-to-
face of supports in slabs without beams and face to face of beam or other supports in
other cases.

e L.L =Live loads.

e Lw = Length of wall.

e M = Bending moment.

e My = Factored moment at section.



e Mn = Nominal moment.

¢ Pn = Nominal axial load.

¢ Py = Factored axial load

e Rn = A strength coefficient of resistance.

e S = Spacing of shear or in direction parallel to longitudinal reinforcement.
¢ VVc = Nominal shear strength provided by concrete.

¢ VVn = Nominal shear stress.

¢ Vs = Nominal shear strength provided by shear reinforcement.
e \/u = Factored shear force at section.

e W. = Weight of concrete. (Kg/m3).

e \W = Width of beam or rib.

e \Wy = Factored load per unit area.

e Xy = the distance of region I11.

e @ = Strength reduction factor.

egc = Compression strain of concrete = 0.003mm/mm.

egs = Strain of tension steel.

e &= Strain of compression steel.

e p = Ratio of steel area.
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Structural Design For Eye Specialist Hospital

Done By
Rozan “Muhamad Anwer” Natsheh

Palestine Polytechnic University - sawld sty g3 daala

Supervisor

Dr. Maher Amro

Abstract

This project aims to apply the theoretical knowledge that has been acquired during the
years of study through making a complete analysis and design of a 5-story eye specialist hospital
with an estimated total area of 4000 m2.

The methodology of this research is represented in several stages, starting with checking
the architectural drawings and plans to ensure that there are no architectural errors, then the
columns were placed and corrected in a way that serves the construction goal, taking into account
that it does not affect the distribution of voids inside the building, and then Determining the live
and dead loads added to the slabs, which in turn led us to define the structural systems based on
those loads and other factors, and by counting these matters we have provided all the building

design requirements from the slabs to the foundations.
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o oY) Al 88 g laall e il JS e 838l gl g liac | s Y s jlaall e
Sy Le BT iaall JEI S 5a 5 ol JS (& Gl 0l pam 41K (531 Ao g8l 38y (s Adlsall () 5S35 ) Ble ) s
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£ 3 pall LALEN) Cina gl Y Juadl)

68l A glaall ) G)pan e s JET5 o g el algi Julil 8IS () S5 o caag ) paall o2 LS

Leasanai (o oSl @lldg el JalS G s pae IS0 Lemy y5is el (8 Gall) ) o aas o5 38 5 (Aa8Y)

(e iAﬁ L.;d\ Lsﬁ‘\}” Oloasdl g cacbiadll o)) yas g ‘GJJ‘ Can s ool paall eda Jiati 5 cdadlall J guadll &
PRI

3) Jsadl- el Jlaa 2 (6

(Foundations) «lubu! (3-6-5)

aanai (e oLV any o Lgapana G V) Ll ey die Ladaisy o Lo 0 sf o bl () (e a2 Il
siall 8 Aalany) jualiall 488

saiall e Za8) gl Jlaallé (m W5 sl 3 ALY jualiall G Jua gl ddla ciluluY) e
A ) 8 ey bl T s saee W (N a5 smanll ) Jas

& sall a5 Lale 2a8) 1) JlaaW) e 2l cluludl dpapanail) Jleall & JlaaV) 028 () 5S35
Al Jan 58 L @lld 5 ddlise g1 3 (e bl aladind a8 sial) (ga s cdandivsal Glulu) & 5 a3
Lol S e 2l ) Jlaa)

38 5 (Shallow Foundation) adaed) sbaU cav s sV gl (e L8 (5% a8 (bl
(Isolated ) iliaiic 520 il i «(Strip Foundation) Lk s Lalul o5& OIS ) s 330y 0585 & 3
Mat ) 3_sas sl ddd clulul o dleaiial ac) @l by JS5 ek g3l (7-3) JS&ll & WS Footing

.(Foundation
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£ 3 pdall LAWY Ciea gl G Juadl)

Clidall e eay )y 58 5h s Y Aganl) 4 il sl ) Uil Jleal Jiid 45 5 Jaa e (685 38

Dy Ladie L) ¢ salll 2% Cus (Deep Foundation) el Geball & sill 138 oy s daag )33 48y sy

508 Glaet I 4 31 a) N 6 salll oy SN ()Y e (g ol Gl dsllis 2iida e J el
.(Piles Foundation) dsilu ,all U5 5¥) Jie Guedill mllall mhandl e J gasll

column rebars

~—— column stirrups

column —
™ /

spread footing's neck — /— stirrups in the joint area

hook

footing

JSad1)3-, (Bada) Aluadia Basld (7

(Stairs) gl (3-6-6)

Cua Sl & cladall o U JEEYT e J s asall  SLESY) 5 5 slenall juaiall e 5 jle #1508
saie o jlie b Lilis) 7 all vl a5 sasd 5l A jall a1 Jiad 5 ysia cile i )l ) el o i )l a2y

ol s S g 5l 138 A Lealadind ais oz ol s (12-3) JSEN jeday dam aal g oladl b &
£ soiall ela )l e Ae 55
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£ g hiall LA Cina gl

h:Ncn‘t

S127200m

A

Span 3

§ 0|Z/I8an—/
a
N

Bi27em 4816

Span2

T

Secoreay Rerwenent

S12118m

Secondar* Reinforcement
@10/20cm

Cullil) Suadl)

Secondary Reinforcemeht
@10/20cm

A

B12720m
e e '\
e} | In
Wi ogneh Aween i
16 012770 o wraraacn
I
Span 2 Span 3 &
L
1
e

081N 3-. g ) alaat g JSAD pua e ahilia 1(8

dasiinial) 4 gulad) gl i (7-3)

LY ealinl] Elaiall e gue )l Jaad 3 5 :AUtoCAD (1
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AN asanadl) g Julasl) A0 Sl
sl sl o « it e

Aexidl 1.4

Factored load (axeaill Jasll 2.4

) ASlew 13a3 3.4

(LIVE LOAD) ! Jesll 4.4

Desig of TOppiNg el ssiall (e (5 siall ¢ 32 paecs 5.4
Design of Rib (dfuall 3332l) Cuace avaa’ 6.4

Design of Beam il juall araa’t 7.4
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(i) azaail] g Juladl) & Juadl)

datial) (1-4)

53 gall oda cAialll ANAL) 5 Jaall b ge I o () (Sar A B gl A i) 30La o Aias JA))

Ll ,all iy (IS Y Llee Ll 301SaY el dlead 2aidle SV Balall Llus jall (e Jrad 5 jpadll

Gl s lel 84l jall aadiud elally daldl 5 aclill 2 ) ae "Portland Cement™ ciien) = ey dpalal)

Lo 4 S0 dgle L jaall (5 gumatll 2l Clalga¥ Al A1) cLESY) jemie Ao slie oga g ie sl Lac e L)
"Reinforced Concrete" dsluall 43l A1l s yay

sl s 280 548 daglia Lead a5 4S e 33l & "Reinforced Concrete" daluall dilu Al
e ALY (e aaall @llin g e el 40 5 ks gy iy (2 el 2150l 5 sl e Al Al s Auadiiall
S W e 5 BNy laall e Aalosal) 25l Al JSUa

"DesignL@J Laraaill 3Haell Ay AAliY)  paliell e due panal Juadll 12 DA Ao

Aelia ot caledl G ) LS uns YUl 5 ACT-318 (oS3 o) 258 clllaia s o el e ¢luStrength”

b Yl el s A a1 AL bl o5 ) e J el LS Byl Bl Joadl 134 (1
Axgiall Jal)

FACTORED LOAD sl Jasl) (2-4)

e el lie 5 piia yualie] araaill 5 Sl Jalail) Lgde aing il 5 Lelilas &5 ) Jlaal) apass
r¥abaall 238 (e Al Jlaa Dl (5 S dagdll 330 Cum ACI-318 (S ¥ 258 (e 33 salll il aladll

QU =1.4D.L

0u=1.2D. L+1.6L.L

. Qu=1.2D. L+1.6L. L+0.5S. L ACI (9.2.1)
Qu =1.2D. L+0.5L. L+1.6S. L

Ao e
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AL aranatl gl &I Juadl

3akal) ASlaw a3 (3-4)

Aalall saee Y1 G el Alisall e 5 lee 5 o Ialaie ) aal gl eladV) culd Colaiel) ASlaws aaa3 o3y

LS L Jualall "Deflections” s sl daglaal @llyy (s a) bl (e dee 5l Leduail e 5 caaiall o3¢]

b3 (b 4 ¢ sama o J8) ACI- Code-318M-11 (e 35aldl) (1-4) Jsaall Jelay cum a8l o jidy
small g Colaial)

Simply One end Both end )
Member ) ) Cantilever
supported Continuous continuous

solid one way

slabs

ribbed one way

slabs

Beams or

(1-4)d 53 smally a5 olaily ol aall clans i

¢ The minimum required thickness for Hospital is:

The maximum span length for one end continuous (for ribs) is 5.04 m.

_ 1 _504_
Aimin = 185 185 28 cm

The maximum span length for both end continuous (for ribs) is 7.26 m.

1726 _
hmin = T T 35 cmM >> CONTROL

we select h= 35cm (27cm block + 8cm topping).
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(A azanatl) g Jaladl) &l A1 Suall

(LIVE LOAD) A Jaall (4-4)

b 5 5m sl el e (K1 Sl £ 55 e elis 5 ,¥) 350 JYA (pe il JLan Y i 341 o
GA.JMSKn/m DJ‘JQA‘?J&JMD\?E&:)A‘@:\AM

Design of Topping (Adiwall 5 slall ¢ jadl avaai (5-4)

dgle a8l gl Jaall luad aal 5 jie (i e 4oy 53 2355 (Topping) 33l (e s slall ¢ Sl aranai xic
«(Fixed Support) s = 4 sl Uidie day 38l 038 8 yha jliie] oy Cua

sy Aol £ jiall Gghall BaBe & ) gall ASlaws (1-4) JS&d) ,4B35CM quasll paje ¢l Gaa 14CM JS L1 SSN Baa gy of LS «

CM 54
I I
I8 I I I [T ] TeH—— 3cm-Ties
B 2 cm - Mortar
7 cm - Sand

8cm

2 cm - Plaster

N il N

£ odal) ighl) aladialy Bade A £lhd ;(4-1) Js&d)

34



(i) azaail] g Juladl) & Juadl)

ol LS il 5iall (5 ghall ¢ Jal) e cunall Jaall o adle 5

Quality Density

Material Calculation Dead Load (kN/m)

(kKN/md)
Tiles 23 =0.03x23x1 0.69
Mortar 22 =0.03x22x1 0.66
Sand 17 =0.07x17x1 1.19
Topping 25 = 0.08x25x1 2
Partitions =2.3x1 2.3

Dead Load for 1m strip of topping=6.84 Kn/m..
saiall g ghall ¢ Jall e ol Jeall il (2-4) Js2a

Live Load For 1m strip= 5.0 x 1 =5.0 KN/m—

Factored load (W,)=1.2xD.L+1.6 xL.L =1.2*6.84 +1.6 *5.0 = 16.21Kn/m—

12

238 %jyo\‘;ﬁf‘yu)ﬁ\%%m%wfz Dlsiay Gl ylaY) die o jall dad S oS 138

(Nominal Strength = @ Mn) g Uaall Laeu¥) 4 sladll (e dasl)

HEEEEE

- vy =Tt o 1200 - 3242 kN vul? kg Tve
- Mu =T S 10200% - 5161 kN.m S A

Ladal) Ga g sladl s 5adl e asad) 8l 1(4-2)
@ Mn=> My, where @=0.55 (for plain concrete)
Mn=0.424,/fc’ Sm (4.4) B
Where Sn, for rectangular section of the slab:

2 2
Sm —b: = 1°°‘;X8° =1066666.67mm3

Mn=0.42 A/fc'Sm=0.42 x 1 x 24 x 1066666.67 x 107° = 2.19 kN.m

@ M; =0.55 x 2.19 = 1.207 KN.m >> M= 0.2161 kN.m
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(i) azaail] g Juladl) & Juadll

ol any 33l st iy ACT 10.5.4 2 L (81 el aas (g i) 1 callay ¥ 13 e oLy
Al Al Joa s ) el il Galiill da i (Agmin) sl (e

(0.0018 555 ACH 7.12.2.1 s (p ) (ol il s 2 panse e B )
:Asmin e 20 pasll dalise ¢SS ajle 4

Ag = pbh =0.0018 X 1000 X 80 = 144 mm? for 1m strip

Try bars @8 with As = 50.27mm?

Bar numbers ”:(A:(ngg): (%):2.87.

Take 3@8/m with As = 150.8mm?/m strip or @8@ 300mm in both directions.
Choosing (S) is the smallest of:

1. 3h =3 x 80 =240 mm >>> Controlled ACI (10.5.4)
2. 450mm.

g

3. $=380(2%) - 2.5c. =380 (22)—-25.20=330mm  ACI (10.6.4)
420

2
3

4. S <300 (Zfi") = 300 mm

s

So, Take @ 8 @ 200 mm in both direction, S = 200 MM <Smax =240 mm ... OK
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AL aranatl gl &I Juadl

Design of Ribbed 3l cuas arasi (6-4)

LaS ) g 336 (g0 9 sS0a) iiitnall Y1 el Baie L (6) Gudbadl sl ananad andll 138 JOA S
il 5 55 o o Jpmaall AIF g ole ol el s slast Ja) s . ¢(3-4) JSE 3 el
o el sl Jall dand 5y milidll as syl 5 (Bending Moments) =) s 85 (Shear Forces)

A 3 sall e oy asanadll i s ¢AACH- Code-318M-11 <i¥alas

Concrete B300 fc'=24N/mm?,
Reinforcement Steel fy= 420 N/mm?,
Reinforcement Steel of shear fy= 250 N/mm?,

B44 a0*35

B17 80*35 : B17 80#35

ML (| ;, +0.00

17)

\B19 035

Y Gkl saie 3 6485 cu y(3-4) JSE

37



AN apaaill g Sl & Jual

(Determination of geometry) gUaall slay) aa3 (1

& ACI- 318-11 3580 e el (T-SeC. glhis uum) ¢ i) o shll e psacatl &g slladl syl
A puanall 2V (4-4) SN e gy oLl A gl e W) s e dlaie ) ASLad) 5 ja sal

b, =10cm....select b, =14 cm ACI (8.13.2)

h < 3.5b,, =3.5%X 14 =49cm..select h =35cm ACI (8.13.2)

tr =2 > 50 mm....select t; = 8cm ACI (8.13.6.1)
The effective flange width (be) is the smallest of: ACI (8.12.2)

1) be<t=22=713mm
4 4

2) be < by +16hf=140+16*80 = 1420mm

400 400

3) be < center to center spacing between adjacent beam = -t + 140 =
540mm
So, Take be=540 mm
Elfm't width = 540 mm E
&

JSE) e AbS, JYA gLkd 1(4-4)35CM.
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(i) azaail] g Juladl)

& Juadll

—a=ll Atir C.Au)q ) dlaat¥) i) @.Lﬂ..u Jiadl) 138 (e @\)l\ (»u.uﬂ‘ ‘;3 Jlaa¥ lis Jglas YA e
6(6-4) Jad) ‘55 )@.La:\ S dasaatll Jlady) APLY) Gl:: J pasll (5-4) Jad) ‘éﬁ LaS sl J@.Lﬂ gﬂ\ ol
(S Jlaall 5 ¢ oal) Jaall Jsaiisle) o pay

Material Qua(l:(% /[r)ne3;13|ty Calculation ([l)(ila/(rinll_s;agi)
Tiles 23 = 0.03x23x0.54 0.3726
Mortar 22 = 0.03x22x0.54 0.3564
Sand 17 = 0.07x17x0.54 0.6426

Topping 25 = 0.08x25x0.54 1.08

Etung Block 7 =0.27x7x0.4 0.756
Rib 25 = 0.27 x25x0.14 0.945
False ceiling 1.25 = 1.25x0.54 0.675
Partitions =2.3%0.54 1.242

Dead Load =6.0696kN/m/Rib..

aial) uae e all Jeall Clua (3-4) Jsas

Live loads =5x 0.54 = 2.7 kN/m/rib—

— Factored Load (W,) = 1.2xD.L + 1.6xL.L =11.6035

WuD = 1.2x 6.0696 = 7.2835 kN/m/rib

WuL = 1.6*2.7 = 4.32 kN/m/rib
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AL asagill g sl

Geometry

Units:meter,.cm

&I Gl

3 4
1 2 3
E A . A A A j
A v A * A
025 284 L 08 | 8.21 08 4.25 0.25
L] T T T T T 1
| 3.37 | 7.01 . 4.78 .
i T T 1
54.
as.
14,
AA
cobead) Guaall Baas Yl (e Cildluall g SadY) (5-4) JS&
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 3
301 -43.6
K . =30.1
28.4 242 28.2
| 3.181.2 | | 2.31
: ! ' ‘ 1.58!
S — P = H
14 64 745 \_/Ay
18.3
31.5
1.01 2.36 | 3.51 ) 3.51 ‘ 2.87 ) 1.91 |
I I 1 1 I 1 1
Shear
-40.5
-30.5 -32.6
-22.5 -20.3
/ o4
L 1 1 1 Il 1
V T T T T ]
741
12.
3.6 28.
30.6 35.9
Reactions
Factored
[ 1 L 1 1 1 I In
I 1T LI il
DeadR 4.83 4211 46.7 10.97
LiveR 7.18 27.98 29.78 9.3
MaxR 12.01 70.09 76.48 20.27
MinR 0.68 48.84 58.7 8.54
Service
DeadR 4.03 35.1 38.92 9.14
LiveR 4.49 17.49 18.61 5.81
MaxR 8.52 52.58 57.53 14.96
MinR 1.43 39.3 46.42 7.63

manaill 8 Aaxdiuall Jad¥) 253, (6-4) JS&
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AN aranal] gl 21 Sl

(Design of Rib for Flexure) ¢lisi¥) da slaal cuaall araa’ (2

seall e Jualall (6-4) JSE (pe 3Ll - o all da gliad Za U1 yaal) adaie Fabise la
Main ) el reabuill dpas #laasl 1l goal 538 oo 5 ¢S a¥) 35S0 Y alae Canen (Alal) 238 Caucal)
(Rl a2l (g slall paadl g (n gal) o 3all) Jandh paall o0 IS P14 - (Reinforcement

Design of Rib for Positive (i) waall) s sall o all ddhaial aal) arenas
Moments

OS L 13 Gasilly «(Mu ™) = +31.5 KN.m) 52 (Spans) Lssal gaes (om0 G50 p 32 (ool
Sisall a2l 4% Jlia g o jall luad hp dad (edly g 4ed (a8 o4 (R-Sec. Or T-Sec.) wall ahaie o sl
(O 4gle 5 gl e

d =h- cover - dyimps— 2 = 350 — 20 — 8 — = 315 mm
Mnf =0.85. f¢. b. hy. (d —2)

3 M= 0.85 X 24 X 540 x 80 X (315 - %) x 1076 = 242.352 KN.m

> My = 242.352 KN.m > % = “”OL; = 35 KN.m.

Then a < hy (the section will be designed as rectangular section with be =540 mm.)

M, 31.5x10° f 420
=—= = 0.65321 MPa ¢ m=—X- =
@bd?  0.9x540x3152 0.85f,  0.85x24

Rn = 20.6

1 2.m.R,
p= ;<1 —J1- W)

> = L<1 B \/1 B 2x20.6><0.65321> — 0.001581

20.6 420

> As req = p.b.d = 0.001581x540x315 = 268.928mm?.
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AL asagill g il &l Gl

» Check for As, min.

As, min is the maximum of:

1. Asmin=0.25"b,.d ACI (10.5.1)
y
> Asmin=0.25 X Y2& x 140 x 315 = 128.59 mm?
2. Asmin= by.d
y
= As, min :% X 140 X 315 = 147 mm? (Controls)

As  _ 268928
Asbar®14 153.9

> A reg = 268.928 mm? >Ag min=147 mm?  =>» # Of bars = 2bars

Use 2 @14 with As, provided = 307.9 mm?2 > As, required = 268.928 mm?2. — Ok

> Check for strain:

_ Asfy  307.9x420
&= 58sb fi~ 0.85x540x24 11.739 mm
Note: fc” =24MPa < 28 MPa, then B, = 0.85.
c=2 =17 _138mm
B; 085

d—c 315-13.8
& = 0.003 — )= 0.003 —Ts8 |~ 0.0654 > 0.005 ~ ¢ =09 (0k)

Gl o) B aase e Y a1 axdiiinn SN 2514 (e B b ladind (S Y Bale
s g A (Mu ) = 4+31.5) (oad¥ o 32l

Design of Rib for Negative (sl aaall) calludl o 2l dalaial aaall areias
Moments

2Ly aranaily mansh ((SUPPOTLS) 2ee V! e JalSia J<is daerdl suall (i ACI 8.9.2 J
¢(R-Sec.) 058 4S5 (b b il e Jisall a5l O Las casanll da s ie Gy sundll 0 g 5al) Lo
;o e 5 o(Mu ©=-30.1 KN.m) s# (Supports) saec Yl die calls o je sl

d=h — cover — dsimps — 2 = 350 — 20 — 8 — = = 315 mm.

_ My _ 30.1x10° — 241 Mva . £, 420 20k
@bd? 0.9x140x3152 ' pa. .

Rn = =
0.85f,  0.85x24
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(i) azaail] g Juladl) & Juadll

D= 1(1 _ /1 _ Z-m-Rn> = L<1 - \/1 - w) = 0.006124.
m 420 20.6 420

As req = p.b.d = 0.006124x140x315 = 270.068 mm?

» Check for As, min.
As, min = 147 mmz

As  _ 270.068
Asbar®14 153.9

> A reg= 270.068 mm? >Ag min=147mm?  =» # Of bars = 2bars

Use 2 @14 with As, provided = 307.9 mm?2 > As, required = 270.068 mm?2. — Ok
» Check for strain:

_ Asr, 307.9x420

~ 0.85b f. = 085x140x24 45.28 mm

Note: fc’ =24MPa < 28 MPa, then B, = 0.85.

45.28
c=— =222 _-5327mm
B 0.85

~0.003( 226 = 0,003 (3222327 _ 001474 > 0.005 = = 0.9 ( Ok
s s J8) Baee Y ie b o e (5Y bl 138 aadionn N 2314 (e J8) galast aladind (S Y sale
o5l ges BA (MU O =-30.1 KN.m) (e o 2l

(Design of Rib for Shear) =il s 88 4alial Cuasll aaai (3
(VU=36.1KN) o 2s5anll an 5 o 0 223 o Dpasanai b 558 S
@+ Vo= @ x 1L.1x:/fcbwd
Where: ® =0.75

D P*Ve= x1.1X %x V24 x 140 x 315 x 1073 = 29.706 KN.

V= 39.608 kN.

Vu=36.1 KN > @ V= 29.706 kN.
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> (AL asasail) g Jalasil) & Juadl
» Region (111) for shear design.

(I)VC<VU < (I)(\/C'i‘\/sY min) Case (“I)
Vs min IS the maximum of:

1. Vomin = 3bwd = 7 140 X 315 x 1073 = 14.7 KN (Controls)

2. Vmin = ix/?bw d :1—16 X V24 x 140 x 315 x 1073 = 13.503 KN

® Ve=29.706 KN < Vu = 32.6 KN < @ (Ve + Vs min)= 40.731 KN Case (111)

Use (2 legs stirrups) @8 with Av = 100.5 mm?

Avfye | _ 100.5x 250 X 315

a7x108 oooAmm

S =

Vs,min

Minimum reinforcement is required:

S < g or S<600mm. ... (Smaller value is Controls).

— =157.5 mm (Controls)

d _ 315
2 2

Take U-shape (2 legs stirrups) @8 @ 100 mm < Spax =157.5 mm
: DEFLECTION CHECK <l_aiVl sasd (4

T T . . L . .. - . NI
Alimit MJ\AAH.!JJJ;J\\&@%aﬂ\%gjmg\}Ahmlt&Ag).\Y\c__\;,!g_q\);.aY\A.a:\a

(ATIR ) Ltinll zeali g (s < gminall ol ailly

Span Span Length Alimit ACalculated
Check
No. (mm) (mm) (mm)
Span 1 3370 3370/240 =14.042 3370/3569 =0.104
ACalculated <
Span 2 7010 7010/240=29.208 7010/378=18.545
(OK)Alimit

Span 3 4780 4780/240=19.916 4780/2637=1.813

DEFLECTION CHECK il il (asi (4-4) Js3a
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AN apaaill g Sl & Jual

DESING OF BEAM _wal) asaali (7-4)

(7-4) JS& 6 e gall dditaall oa Y1 i) Bk 6 (BO) ) asenad avdll 134 (DA sl
585 (Shear Forces) o=l s 8 ad Ao J sasll Atir gl n Sle ananll Jleal s alay) JA) aans Cum
ACI- Code- <¥alae e el (5ol Jall daud 5 bl aa Sal 5 (Bending Moments) a1
A Sl gl e ey praal) pions s 318M-11

Concrete B300 fc’= 24N/mm?2,

Reinforcement Steel fy= 420 N/mm?,
Reinforcement Steel of shear fy= 240 N/mm?,

(Section) swall adaie (1

L slial ola¥) dpalal laall 5 Agalall ) gl 44 = garse law Ji) & ACI-Code-318-11 - s
ST ) a5 (80 oM Ll el (e (ks ¢(1-4) sl IS (e ausy (Deflections) o sl
reladdl & adle 5¢8.10 M A(SIMPLY BEAM) Jasesy joal 33ae ) (s ddlse

B10 80*35| © BI10 B0*35

Asutll Gl Baie 510 pd) e (7-4) JS
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2) (AN azanall) g Jalasl) & A Juadl)
Load Calculations for (B10) 4 Jwa¥) s (3

¢ 05l G ALYL Gaiad) i (Rib 7 &Rib 8) clac¥) e ALl Juaadld juall 138 (i ey
5 (8-4) JSEN (e IS Cw Eum CALE el DA e pmeall e 8 il Glae Y1 Jleal e J saaall
Jleallo2a (9-4)

Reactions
- Factored

H i — — HH il
DeadR 4.8 38.66 29.26 36.41 47.33 10.82
LiveR 6.39 24.82 25.06 28.54 30.04 9.27
MaxR 11.19 63.48 54.32 64.96 77.37 20.08
MinR 1.42 45.84 30.03 37.92 59.45 8.32
Service
NeadR 4. 32.22 24,39 30.34 39.44 9.01
. LiveR 3.99 15.51 15.66 17.84 18.77 579
MaxRB 8. AT.73 40.05 48.18 58.21 14.81
MinR 1.89 36.7 24.87 31.29 47.02 7.45

all e 7 a8 cuanll e JdY1 3505 (8-4) JSa

Reactions
- Factored

t H H tHH H H+—H
DeadR 4.8 38.67 29.22 36.5 46.81 27.22 4.55
LiveR 6.39 24.82 24.97 28.5 30.05 21.69 6.54
MaxR 11.19 63.49 54.2 65. 76.86 43.91 11.09
MinR 1.42 45,85 30.01 38.19 53.21 28.27 0.86
Service
NeadR 4. 32.22 24.35 30.42 39.01 22,69 3.79
. LiveR 3.99 15.51 15.61 17.81 18.78 13.55 4.09
MaxR 7.99 47.74 39.96 48.23 57.79 36.24 7.88
MinR 1.89 36.71 24.85 31.48 46.13 23.34 1.49

suall e 8 el ) uanl) (e Jud) 2505 (9-4) JS5

a5 Cam ¢ lac Y & Qi) Jlaal) I ALYl I3 4355 ) (B10) pmead) e 5 5i3al) Jaa ¥l anii
O S sl e e giands ¢(9-4) 5 (8-4) JSEY) i (Service) daall Jsdd) 55, 331
(5-4) Jsaall

10.5 KN/m =25%*0.6*0.7 = _wall S 54l -1

8l s 7 o8 canmall (ol e Aadldl JaaYl -2
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Rib(R7) Rib(R8)
quD(kN/m)  32.22/0.54=59.67 32.22/0.54 =59.67
quL (kN/m)  15.51/0.54 = 28.72 15.51/0.54=28.72

10 s e Jea! (54) Jssa

¥ 350 o Jpanll Atiir ) gebig G 4dde 5535l Jlea¥) @iy ual duuigh slas¥) JA3) i
(11-4)5 (10-4) JEY) ek LS ey sl iliboaall 5 asanadl e 3 Ll

Geametry Units:meter, cm
1 2 3
1 2
A A —
P.EE: ar Il]l.3 . 335 . 0.3 ,
s 3.58 i 375 b
I T 1
33
80,
A-A
Laading
Iuaddglml:f no.
Dead load - Service Units: kM. meter
396 396
K ¥
348 314
Live load - Service Load factors: 1.20,1.2001.60,0.00
287 287
34598 373

oall pigh sl g slag¥) B10 e 5 il Jlaal) (10-4) JSa
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Moment/Shear Envelope (Factored) Units:kN,meter

Momenis: spans 1to 2

234.8
1899 _ 1916
. 1.19/1.31 ,
I T 1
[ | | | |
! , 0.780.3 , '
24. : ' 24
160. 136.7
| 1.59 , 239 225 , 15 |
I T T T 1
Shear
3087
2522
185.4
-116.3
T T T T
147.1
200.5 2416
298.2

sl pzasal B dasdiuall JladY) 393, (11-4) JSEB10. (0l ajall)
(Design of B7 for Flexure) ¢tV daslaal juall aread (4

Ao 3aal) late yyaad e el adaie dlagl s - (11-4) JSAU (e 3 alall a3l laie apaay
Main ) otV zobusill das Flad Shad ol 81 Qg ¢S] 35S0 Yol s eLiaY) A glial
D10 shis Flud a2aius (Stirrups) UK paal 4l Wl @320 - (Reinforcement

1SN o jall dad e el aaall apenal al

i (Single or Doubly Reinforced) sala) 5l AUzl M zUsy jual) adade IS L 1Y) Gaaill
e 5 g laill e fige aje 5Sh 4t iy gl aleaty o je oaal Ol Ll AiSen dad ,Sh g dad i
o

b =80cm h = 35cm Dst = 10mm.
4= 350—40—10—22—02290mm

Maximum nominal moment strength from strain condition e, = 0.004
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3

C =;d = ; X 290 = 124.286 mm =» a=B;.c=0.85x124.286 =105.643mm

M, max = 0.85f. a b - % ) = 0.85x24x105.643%800x (290-105.643/2) x10° =
408.918 KN.m

®=0.82 > @ Mn, max = 0.82x 408.918 = 335.313 KN.m
My = 136.7 KN.m < @Mp, max = 335.313 KN.

So, Design the section as singly reinforcement concrete section.

Mu =+ 136.7 KN.m

M, _  136.7x10° fy 420

Rn = ObdZ  0.9x800X2902 2.26 Mpa. m= 0.85f, ~ Ossx24 20.6
p= i(l - J1- —Zz§"> = $<1 - J1 - —“22232'26) = 0.005718
> As req = p.b.d = 0.005718 x 800 x 290 = 1326.576 mm?,
» Check for As, min.
As, min is the maximum of:
- Asmin=0.25"p, ACI (10.5.1)
y
_ V24 2
2> As min =0.25 X 0 X 800 X 290 = 676.526 mm
. As min = ﬂbw. d

fy

> As min = ——= X 800 X 290 = 773.33 mm? (Control)
420
9 AS, req = 1326576 mm2 > AS, min = 77333 mm2

Use 6 18 Bottom with As, provided = 1526.8mm? > A, required = 1326.576 mm2. — Ok

» Check spacing:

_ 800-40x2-10x2—(18X6)
- 5

S =118 mm > 25mm.— OK
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> Check for strain:

Asfy _ 1526.8x420 a _ 39.293

= - = = 39.293 mm c=—=
0.85b f/  0.85x800x24 By 0.85

= 46.227mm

d—c 290 — 46.227
& = 0.003< - ) = 0.003 (W) =0.01582 = 0.005 - 0k

(Design of B7 for Shear) u=ill (s 58 dalial juall aranas (5

O Le La jUad) = 5l 555 Cus (Stirrup) 28 o Lo (A bl ) (g0 sae 20a A3Laly (il (5 8 o glas

Gl ol 58 e e el Lealad A Gt G ) Jlaa¥) il i) 3 12mm Y 6mm

o (11-4) JSal 353 g sall pUaill e 5 i5all (o il A5 e oy adalall dlayl (pe (giaille adadall Lgd (2

e e ol o) dgle s el o3 (e adaiall e b gl 8l 2 3 YT da iy Cua Adlaiall 4 gl dadl)
L s LS il alal 30l ) Cand 2al)

=V, = 252.2KN

> X0 (Vc + Vs Ymin) < Vu <o (Vc + Vs\) Case (IV)

1 ] =1 -3 _
Vc=6,/fcbwd—6x\/ﬁx800x290x10 = 189.427 KN

dOV.=0D % fc'bw d = 0.75 X %x V24 x 800 X 290 x 1073 = 142.07 KN

= Vs, min IS the maximum of:
1
Vs min = g\/fc’bw d= % * /24 * 800 * 290 * 1073 = 71.0352 KN

1
Vsmin = by d = = 800 % 290 x 103 = 77.33 KN Control

= O (Vc+ Vsmin) = 0.75(142.07 + 77.33) = 164.55 KN
Vs = § fc'by, d= § X V24 x 800 x 290 x 1073 = 378.854 KN

2> O (Vc+Vs) =0.75(142.07 + 378.854 ) = 390.693 KN
“® (Ve+Vsmin)<Vu< @ (Ve+Vs)

164.55 KN < 252.2 KN < 390.693 KN
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=>» Minimum shear reinforcement is provided A,, with,
or  Spax < 600mm

Smax -

~ Use 4 leg @ 10 for stirrups:

9 S — A‘Ufytd
Vs
*102
A, =4+ =3142 mm?
252.2
Ve = 2.y, =222.189.427 = 146.839 KN
) 0.75
314.2%250%290
§ =220 - 15513 mm
146.839+1000
Smax < 5 = =0 =145mm

~ Select S = 150 mm.
=> So, we will Take (4 legs stirrups) @10 @ 150 mm.

=» Check For dimensions: -
Vs max = =y/febw d = =x V24 x 800 x 290 x 107% = 757.708 KN
Vs < Vs max
146.839 KN < 757.708 KN

Therefore, the section is large enough.

51



(i) azaail] g Juladl) &) Juadl)

DESING OF COLUMN (sidiiuall 3 ganl) aranssi (8-4)

1.1.1. Calculation of Loads act on Column (C10)

Loads acting on columns are obtained from support reaction when analyzing the

supported beams.

Dead Load = (Service Dead reaction from B16 B.F Floor) + (Service Dead reaction
from B16 G.F Floor) + (Service Dead reaction from B7 1% Floor) +(Service
Dead reaction from B7 2" Floor) + (Service Dead reaction from B7 3™

Floor) + ( Self weight of the column x 2)
DL =(286.01) +(338.71) + (338.71) + (169.81) + (431.108) = 1564.32 kN

Live Load == (Service Live reaction from B16 B.F Floor) + (Service Live reaction
from B16 G.F Floor) + (Service Live reaction from B7 1% Floor) +(Service
Live reaction from B7 2" Floor) + (Service Live reaction from B7 3"

Floor)
LL = (169.86) + (178.97) + (178.97) + (59.18) + (29.375) =616.355 kN

Factored loads (Pu)

Pu=12DL+16LL=12x1564.32+1.6x616.355 =2863.352 kN

1.1.2. Calculation of Required Dimension of Column (C20)

Total load Pu =2863.352 kN

Pn =2863.352 /(0.65) = 4405.1569 KN

Assume pg = 2.0 %

Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}

4405.1569 * 1073 = 0.8 * Ag[0.85 * 24 + 0.02 * (420 — 0.85 * 24)]
Ag = 0.19394 m?

_~ Select 60*50cm with Ag = 3000 cm?.
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e Check Slenderness Effect :

, then column is classified as short For braced system if A < 34 — 12 % <40

column and slenderness effect shall not be considered.
Klu
A= —
r

Where :
Lu: Actual unsupported (unbraced) length = 3.25 m
K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for section = \/% 0.3h

System about X System about Y
1%3.20 _ 1%320
= 03w05 1333 2 A= 93v06 - 17778

A <34-12(1) =22 <40
~ Short about A = 17.778 < 22

1< 34-12(1) =22 <40
- Shortabout X . A =21.333 < 22

~Column is Short , So Slenderness effect will not be considered.

1.1.3. Calculation of Required Reinforcement Ratio

Since Column is short and slenderness effect will not be considered, then Design
Strength of column can be calculated using the following equation :

¢Pn = 0.65 * 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}

Where , Pu =2863.352 KN

2863.352 * 103 = 0.65 = 0.8 * 500 * 600{0.85 * 24 + pg(420 — 0.85 x 24)}
pg = 0.0024 < prin = 0.01 & < prgy = 0.08=

As req = 0.01 *600 *500 =3000 mm?

~Use 12 @ 18 with As = 3053.63 mm2 >AS req = 3000mm?2
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e Check spacing between the bars :

600—2*%40—2%10—4%18
S= . = 142.67 mm

S=142.67 mm >40mm

>1.5db =27 mm

1.1.4. Determination of Stirrups Spacing

According to AClI :

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

S < Least dimension.

Spacing < 16 x d,,(Longitudinal. bar. diameter) = 16 X 1.8 = 28.8cm.
Spacing < 48 X d;(tie. bar. diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 50 cm

~ Select @ 10/20cm

Column (C10) Section is shown in figure(4-11) where bars arrangmenet and

stirrups detailing appear :

42
.l.l
' #10,/20cm o2
1Z @18 ﬂlﬂf’ﬁﬂﬂ L=i72 em

L=64

0.60

#1(}!12{)0111

0 cm

FIGURE (4-12): C10 REINFORCEMENT DETAILS
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DESING OF SHEAR WALL édiuall Hlaall axeaai (9-4)

u.iaiﬂm.“ ualll jlaa ?:\AJ-AS (9-4-1)

Analysis and design were done using ETABS program in which the seismic loads were

taken into account. The following is a sample calculation for one of the walls, S.W2.
The following data that used in design :

- Shear Wall thickness = h =25 cm
- Shear Wall length Lw = 3.15m
- Building height Hw=10.50 m
- Critical section shear :
Lw/2=1575m
hw/2=5.25m

Lw<hw
— d=0.8*Lw =2.52m
1.1.5. Design of Horizontal Reinforcement

Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of :
1- Ve==/fc’ xbxd

1

= g\/ﬁ X 250 X 2500 = 510.310 kN « Controlled

'xbxd . Nuxd
2- V=¥ + 0
4Lw

_ V24%250%2500

” + 0 = 765.466 kN

Lw 0.1W+0'WNu hxd
3- Ve =0.05,/fc’ + (M_L_WL ) ><1L0

Vu 2
Where :

- Mul=355.5 kN.m

Mul Lw 355.5 3.25

-— - —=——-—= —1.095 < 0 - This equation is not applicable
Vu 2 671 2
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~Vc= 636.867 kN - @Vc = 477.65 < Vumax! = 671 kN —Horizontal
Reinforcement is Required.

Vu 671

— Vs = 7— Vc = m — 636.867 = 257.79 kKN
%103
A_vl’l= Vs — 257.79%10 — 0.236
s fy*d 420%2520

Avh
but <%) min = 0.0025 *h = 0.0025 * 250 = 0.625 « Controlled.

— Avh : For 2 layers of Horizontal Reinforcement

Select @10 :
Avh = 2 *79 = 158 mm?
Avh _ o625 s 158 _ 508
— = 0. - = —_— = .
s "4 = 5625 mm

Smax= Lw/5 = 3150/5 = 630 mm
= 3h = 3*250 =750mm
= 45c¢m « Controlled.
~ Select @10 @ 200 mm at each side .

1.1.6. Design of Vertical Reinforcement

h Avh
— Aw =[0.0025 +0.5 (2.5-—) (5 — 0.0025)]  h * Sver
w7 5397> 250
w 315 '
— &Y 20,0025 +0.5 (0) (==~ — 0.0025)] * 250
Sver 250%250
Avv _ Vs _ 25779 _
" Sver  fyxd  420%2.52 =0.24

— Smax = Lw/5=3150/5 =630 mm
= 3h = 3*250 =750mm

= 45¢m « Controlled.
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— Select 012 :
Aw =2 *113.1 = 226 mm?

AW 055 226 _ 5o
—=05- - =
S req 0.5 mm

~Select @12 @ 150 mm at each side.

1.1.7. Design of Bending Moment
Moment diagram were obtained from ETABS [See Appendix — Page]

—  Max Mu=1952 KN.m
—  Part of Moment that resisted through Avv :

Muv =0.9 [ 0.5*Asv*fy*Lw (1-——)]

Where :
3150
- Asv=2*201.1%* EYTY =5067.72 mm?
Z 1 1
T 4 085 B Lwh = 5 OBS085-24+3150+250 — 0.1188

Asvfy 5067.72%420

0.071

- Muv = 0.9 [ 0.5%5067.72%420%3150 (1- 2)] = 2837.85 kN.m

Muv = 2837.85 kN.m > Mu =1952 kN.m

# So, Boundary Element is not required.

e
b
Second Floor 212@15 cm
L=335m
Werdcal bara
-
[
. F
Frrst Floor @12@15 cm
L=345m
| WVertical bara
.
]
i 5
Ground Floor S16@15 cm
L=d445m
| Wertical bara
-1
i 5
Basement Floor B16@15 cm
L=445m
Werdcal bara
s - ]
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DESING OF SHEAR WALL Ladiuall jlasl) apeai (9-4)

ohdiaall 43 gl iy arenal (9-4-2)

Loads on basement wall:
ql=y*h=* kO
k0=1-sin30=0.5
ql =18 *3.20 x 0.5 = 28.8 Kn/m?2
qu ( Factored Load)=1.6 xq1 =1.6 * 28.8 =46.08 KN/ m2
hwall =30 cm

Design of shear force:
From atir Vu = 61.46 KN
d=300-20-12/2=274mm
@ Vc=0.75Vfc'/ 6 bw*d=0.75 *( V24/ 6 )* 1000 * 274 = 167.8 KN > Vu
~ h =30 cm = thickness is enough
Design of the reinforcement concrete:

Design of the Vertical reinforcement in tension side:
Max Mu from Atir = 55.78 KN.m.

Rn = Mn/ ®bd2 =55.78 / 0.9 * 1000 * 2742 = 0.826 Mpa.

m = fy /0.85fc’' =420/ 0.85*% 24 = 20.59
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p=1/m(1-v1-2.mRn/420)=1/20.59 (1-v1-2*20.59 = 0.826/ 420 ) = 0.001
As = pbd = 0.001 * 1000 * 27.4 = 2.74 ¢m2/m

As, min=0.0012bh =0.0012 * 1000 * 30 =3.6 cm2/ m
As, min=3.6cm2/m>As, req=2.74 cm2/ m
Select @12 / 15 cm, with As provided = 3.95 cm2
Design of the horizontal reinforcement in tension side:

For One layer:
As, min=0.0012bh =0.0012 * 1000 * 30 = 3.6 cm2/m

Select @10/ 20 cm, with As provided = 3.95 cm2/m

RIS
N »
PN N A
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DESING OF Footing cidiuell ulud) preas (9-5)

Loads that act on footing F1 are :

- PD =2051.35 kN, PL = 806.3 kN — Pu= 1.2 * 2051.35 + 1.6*806.3 =3751.7 kKN

The following parameters are used in design :

- VY concrete = 25 kN/m3

- ¥ soit = 18 KN/m?

- oallow = 400 KN/m?

- Service Surcharge =5 KN/m2

1-Design of Bearing Pressure.
Assume h = 85cm
For (1m?) under the footing
Weight of soil = 18 x 1 = 18 kN/m?
Weight of footing = 25 x 0.85 = 21.25 kN/m?
Total surcharge load on foundation: W = 21.25 + 18 + 5 = 44.25 kN/m?
Net allowable bearing pressure (os-auowssie) - 400 — 44.25 = 355.75 KN'm?
Required sizes : A= Pn / ganet = 2051.35 + 806.3 / 355.75 = 8.03 m2

L=+8.03=2.83m
% < 1.4x Ob-allowable -net

Pu =2893.98 KN

3751.7
qu=
2.83+2.83

= 468.44 KN/m? < 1.4x355.75 = 498 KN/m?

So, the selected dimensions are O.K.
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2-Design of Reinforced Concrete.
a. Design of One Way Shear.

Depth of footing will be selected so that (@Vc > Vu) No shear reinforcement is required.

Vu=qub(L/2-a/2-d)
assume Vu= @Vc

@Vc=0.75x1/6 xV(fc)xbxd=0.75* 1/6 * V24 * 2400 * d
468.44 2.83/ 0.75(2.83/2—0.6/2—-d)=1/6 24 %2830+ d —d=0.4
Assume cover 75 mm, and steel bars of @ 18

h =400+ 75+ 18 = 495mm ,take h = 500 mm

d=800—-75-18=707m

b. Design of Two-Way Shear.

Vu = 468.44 ( 2.83 * 2.83 — (0.6 + 0.707)(0.5 + 0.707)) = 3012.702 KN

b, =2(0.6 +0.707) + 2(0.5 + 0.707) = 5.02

B =600/500=12, |, Os = 40.
Ve=16 (1+2B)fc'd where 16 (1 +2*1.2)=0.444
Ve=1/12( asd/b, + 2)Nfc'b.d where 1/12 ( 40+ 0.707/5.02+ 2) = 0.636
Ve=13fc'b.d where 1 /3 = 0.333 — Control

Take Ve =0.333 Vfc 'b.d = 0.333V24 * 5020 * 705 * 10-3 = 5773.55 KN
@Vc =0.75 * 5773.55 = 4330.16 KN > Vu = 3012.702 KN — 0k

h=85cmis O.K & Thickness is enough
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1.2.1.Design of flexure Reinforcement :-

Mu=468.44*283*1*(1/2)=662.843 kN.m

d=850-75-18/2=766 mm.

Fy 420
0.85+Fc’ 0.85%24

= 20.6

— M=

— Mn =662.843/0.9= 736.492 kN.m

_ Mn _ 736.492x10% _
= RN = o T Js0mesr - 044353 MPa
_ l _ _ 2xKN+*m
= pE @A J1-—0)
_ ﬁ * (1- \/1 _ 2*0.44432503 2061 _0,00107

— Asreq=p *b*d = 0.00107 = 2830 * 766 = 2319.525 mm?
— As (min) = 0.0018*b*h = 0.0018*2830 * 766 = 3902 mm?

— Asmin > As (req)
Use @16 then, # Of bars As,req/ As@16 = 2319.525 /201.1 = 18

. Select for both directions: 1816 with As = 3619.114 mm? > Asmin ...
(ok)

§=2830—75+2—-18 x 16/ 17 = 140.706 mm
Step (s) is the smallest of:

1.3k =3 % 850 = 2550 mm

2. 450 mm — Control
S =140.706 mm < Smax = 450 mm
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SECTION A-A

Figure (4 - 13): Isolated Footing Reinforcement Details
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DESING OF STAIR édiuall z 53l pxenas (10-4)

1.3. Design of Stair (S1) :-

g SW4
) ®
= Lt |
1 o z I
5 =
b ]
o 7&
B SW 5
=S LS50 nn 145 (1)

FIGURE (4- 14): STAIRS TOP VIEW

Design of flight

The structural system of the flight is shown in figure (4-15) and the following steps
explain the design procedure of the flight :

1. Determination of flight thickness :
Limitation of deflection: h > minimum h

h (min) = L/20 =300/20 = 15cm

~ Select h =15 cm, but shear and deflection must | 40cm, 24m 40cm

be checked

Angle (a): tan(a) =16.730 — o=29° FIGURE (4- 15): STRUCTURAL SYSTEM OF
FLIGHT
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1. Loads calculation :

Figure (4-16) shows a section in the flight in which the layers

carried by the flight appear.

Table(4- 1): Calculation of Dead Loads that act on Flight

Flight Dead Loads

Flight = (0.15 * 25* 1)/ cos(29) =4.28 kN/m

Plaster = (0.03 * 22* 1)/ cos(29) =0.75 kN/m

Hor.Mortar =0.03*22*1 =0.66 kN/m

0.167

Ver.Mortar = 0.03*22*(0—3) = 0.36 KN/m

Hor.Tiles = 0.04*23*(22) = 1 kN/m

0.167
0.3

Ver.Tiles = 0.03*23*(——) = 0.38 kN/m

Triangle =0.5*0.167*25 =2.08 kN/m

Sum=9.51 kKN/m

Factored Loads :
qu=1.2 *9.51 + 1.6*2 = 14.6 kKN/m
Vu=14.6*2.4/2 = 17.52 kN

2. Analysis :

4cm Tiles

+- 3cm Mortar

16.7cm
>

L— 3cm Plaster

30cm

FIGURE (4- 16): SECTION OF THE FLIGHT

The following figures show shear and moment Diagrams resulted from

analysis of the flight :

qul-14.6kN/m

A A A A S

17.52

No Load

2.4m ,40cm |
A gl

FIGURE (4- 17) :ANALYSIS OF THE FLIGHT
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Moment Diagram
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- Design of Shear Force :

d=150-20-(12/2) = 124 mm
@xVc = 0.75 * %*\/Fc’ * bw * d
=0.75 * g*m * 1000 * 124

=75.9 kN > Vu max = 15.32 kN
~ No Shear Reinforcement is Required#

- Design of Bending Moment :

Fy 420

= = 20.6
0.85+Fc’  0.85+24

— M=

M 17.52 ¥10%/0.9
— Rn = MW@ _ 99 - 1.26 MPa
b*d?2 10001242

_l _ _Z*Rn*m :L _ _2*1.26*20.6 —
- = 1= = o /1 2220 = 0.0031

— Asreq=px*bxd= 0.0031 1000 * 124 = 384.4 mm?

— As min = 0.0018 *1000*16.7 = 300.6 mm?
=~ Select @12/20 with As = 565 mm? > As req .... For Main Reinforcement

For secondary Reinforcement select @10 /20 with As=395 mm? = As min

— Check Spacing :

20cm < Smax=3*15=45cm ... 0k
< 45cm

— Check Strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 300.6 *420

a=589mm — c=a/f=5.89/0.85=6.18 mm

g = 0.0('.():3*d —~0.003 = 0.003%124 0.003

. & = 0.057>0.005 ....0=0.9 (OK)
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Design of Landing

The structural system of the landing is shown in figure (4-18) and the following steps

explain the design procedure of it :

2.85

FIGURE (4- 18):STRUCTURAL SYSTEM OF

. . . . LANDING
e Determination of Landing thickness :

Limitation of deflection:
h > minimum h
h (min) = L/20 =285/20 = 14.25 cm

~ Select h =15 cm, but shear and deflection must be checked

e Loads calculation :

Figure (4-26) shows a section in the landing in which the layers carried by the
landing appear.

Table(4- 2):Calculation of Dead Loads that act on Landing

7cm Snad 2cm Mortar 4cm Tiles
Landing Dead Loads T V

.
A R S O R T

Tiles = 0.03*23*1=0.7 kN/m
Mortar = 0.03*22*1=0.4 KN/m
Sand = 0.07*16*1=1.1 KN/m

Slab = 015*25*1=375 kN/m ~—— 3cm Plaster

Plaster = 0.02*22*1=0.4 kN/m FIGURE (4- 19):SECTION OF THE LANDING
Sum = 6.35 kN/m

Factored Loads :
gu =1.2*6.35+1.6*2 =10.82 kN/m

The landing carries ( dead load & live load of landing + support reaction
resulted from the flight)

67



(i) azaail] g Juladl) &) Juadl)

qu = 10.82 + Support reaction of flight =10.82 + 17.52 = 28.34 KN/m

— Analysis :
qu =28.34 kN
2.85 |
|
40.38kN 40.38kN d=150-20-(14/2) = 124mm

40.38kN 35 71N

Vumax= 40.38 — (28.34*0.124) = 36.87 kN

0.124m

0.124m

-36.87kN 40 38kN

FIGURE (4- 20):ANALYSIS OF LANDING

Shear Force Design :

d=124mm & Vu max=36.87 kN

@xVc=0.75%* %*\/ﬁ *1000 * 124=75.9kN > Vu max = 36.87 kN

~No Shear Reinforcement is Required#

— Bending Moment Design : (Mu max = 28.77 kN.m)
- m =206
- Rn = 28.77 ¥109/0.9
1000%1242

_ 1 ’ 2%2.08%20.6 | _
- p_ﬁ*(l_ 1—T)—000523

Asreq = 0.00523 * 1000 * 124 = 649.1 mm?

=2.08 MPa

As min = 0.0018 *1000*150 = 270 mm?2

n+142 100 .
*—— =153 mm? > As req .... For Main

~ Select @14/15cm with As =
Reinforcement

- Check Spacing :
15cm < Smax=3*15=45cm... ok
< 45cm
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- Check Strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 753 *420

a=155mm — c=a/f=155/0.85=18.24 mm
_0.003%(124—18.24)
- 18.24

S
= 0.0174 > 0.005 .... 0 =0.9 (OK)

The following figure shows section A-A of the stairs in which reinforcement detailing
appears .

7] @910/20cm L=21m
1‘-"&%{ 120cm /fr
%S 910/20cm

Be10/20cm T |

14/1

a.@l.?{.?ﬂcm L=21lm o
36, 110em B
/)
=&
- 150cm T lﬂ
~E -.‘ @ﬂll},fzﬂcm

B S [' HE
10/20cm 505

R

10]  @»10/20cm L=21m 5o

140B %

c =3,
130em/B

Figure (4- 21):Reinforcement Details of Stairs
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% Modeling For Project from ETABS Programm :-
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¢ Modeling For Project :-
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% Modeling For Project :-
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