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Abstract

The idea of this project can be summarized by preparing the structural design for
Halhoul hospital that located in Hebron . Which consists of all facilities that should be
available in any Hospital.

The project consists of six floors, and the total area of the building is 15000
meter square, the design of the project is based on the multiplicity of spatial cluster
and distributed consistently aesthetically and functional .

ACI-318 code will be used for structural design and structural designing

programs such, ATIR, AutoCAD (2014), and we studied some old graduation
projects, and the project will include detailed structural study of identified and
analysis of the construction elements and the expected various loads, and then the
structural design of elements and the preparation of shop drawings based on the
prepared design.
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List of Abbreviations

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 a closed 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.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f.: = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.
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Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

& = strain of tension steel.

€= strain of compression steel.

p = ratio of steel area..

XV



XVI



dadiall

J ¥ Juail)

JsY) Juail)

daaial)

-

JAadiall
£ 9l Cilaa]
£ ual) Al8iia

£ 9 ual) AlSia 3 gan
lalcal)

£ 9 siall J gucid
£l (Al gl

A

Yo

¢-)

o)

1)

vy



Ladial) SN uail

« dadial) V-

LLiill gd ¢ 4 peall 5 Aalia¥) 5 Aaliall Al < oY) pang @A) 2l & Aale ddiay dunigl)
Aglenll 358l 5 gl Hl1 g L o) g3l 5 glell Gkl 8 oSO 5 Sl 5 Joall axdiy o3 31 iy

4 Gtuall eleal s ol U el (e Jrat 0 B sl Al sl A Lo sac il gl

A sllaall liual gally (o sthall GSaall g8 Cailay a3 A digh) a Lo ead bl daia
esinal) 33 5 JSI AUl 3 ) sally 5 4 sllaal) 53 sally g

°JJJL@J‘M\Q‘:‘}MM\&;u‘ﬁy\}w\}ML'?JyLﬁj\ﬁch\wm‘J
ol sk s Uals ) alee ol (8 Jladll

A3 s 5 ria g (38 30 dagha s e Al ) dile da )l e Sl (i 5 aanay (e sa (uigall
O sp digal) Jlaial U ¢ @llin oaly ) a5 L i ge a8 aa) 5 Caile st il pang (e
Aaghall as ol sdaall Jlaadl Jeday O Jglag e JBYI e 5l ey

s £ g pdal) AdSia ¥

85 ¢ el 43 Sl Ay pualiall wend LY aeaill g Julatll 6 g g i) 138 A5 Jic

3aee V)5 lac Yy Gl Jie A0l jualiall e geaie JS dilady agdi Cosw Jlaall 138
1Y ae Al a3 bl apenats sdlagl a3 A3 es agle Aadl gl Jleal) aaaty el &) gl
a3 Al Ay yealiall Laanl cllaladiall lacly Liag) 58 (o g Cam cliiall (Y1 Jale jlie 1

il e U ) SEY) i e g sdall 13 2l AY cleasaal ol o su

. £ g dial) Cala) ¥ oy

A Calaalyl ) Ulea g 08 () 55 of AllaS) amy 5 il 138 (e Jals

e ccillabiall e ALY o jealic g iy ¢ s pdall caliall Laay) aUaill sl Je s sl )
(5 terall ilall e Jalial sle )y

AR ALY pealiall asanad e 58l Y

Al L) 8 Ll o i il il glal) Jay 5 Gadi Y

(55l dadl pe L jlia 5 (ALY manail) gl o alasiiad (&) ¢



Ladial) SN uail

;EJM\MJ}J} £

5 W) k) 38 el s e A1 Al e g 5yl 13g) el oty
‘ééc_)iﬂ\&j)im}d}\ﬂM\&Gﬂ\&}ﬂhﬁhd)&wY~\°‘-Y~\/\ @»\Jﬂ\@\w
(S8 Jaadl)

« Glalacal) oo

. (ACI-318-14) ddliaall 45yl asaliaill & S5 5 35Sl alaie) )
(Atir12, Safe, Etabs ) Ji HisY) asaaill s latll ol 3 plasinl Y
Microsoft office Word, Power Point, Excel, AutoCAD Jis s a1 el .Y

P E ol Jouad 1 -0

Alad) Adid) Jediy s J Y1 Jaadll 2

& soiall (g lerall Caa gl Jady £ SEN Juadl) Y

eoiall Ly ealiall Caa g Jady -l Joadll Y

Aplaay) ealial) (e LAY aenaill s i) c ol N Juadl) -
gl g il ueald) Joadll -0



-

Aadial) Js¥) Juadll

: £ 9 pdall (el Jgandl V-3

AL O a3 a3l 5 g s el Jlac ] Jadeh praia gy ) 52l

£ 3 dall (a3l J gl 1(1-1) Jsan



‘;U‘Jl Bl
QW Juadd!
Syl Lo gl
Aodde2-1
£l e dale dxel2-2
.89 rnall 29902-3
Lol Bilgb iu092-4
Olg>1gl2-5

JSIAal g 38yl Cano 92-6

JSali2-7



«dodin2-1

Jls il 315 o die (p b € pan) 1 By Cod (£9 cdrwigh) polall ol §)lasll yiad
Ju2dl ] G5gSU1 Bl e Cdlgall aligy Jaslb co,bles 9 dudlgal gladl Gl Ul Olus)!
LA dadall oie) Jle> R Y 429 b Mo c@@ﬂ‘ )90 (W Byguo

alge 3o Glonall dlil 4y Lo Wa3gdy dotiad 83Ty Audgeg 18 Bylaall Comuol ligag
e 9l d> (6Y s Y Blaall Ol ladie Cady 39ug Jaslgid ale o 58 USJ OF 1319, Jlaxll
Ud 5 dolpally dbludl &alite sl 095 48 Ay £adlglly Sl cule eyl (0
Lghoo s ao Jelanig gsus bodie larlandl (o dodadl W o6 3 @il 02y Jgundll yan

o JUaiVl Hgasdl 093 dasus ghad e J) &fas 45 (bl (e Ua auedl sn 39
Gl daiay U39, Hguuzg OlElS Bae pe dlieg Auate HaYl diui> § L g fpdadll ol
Ol cguall et S (3 8),8% BumgS latie (guin S o LS Tolare! dwasgl) 4S5 3
pdaxiedl UL Leb byl (293 Y dipas 3uSi sl gails B35 blal w8

Vsl Tas cdzmg JaST e 0] o g Jlyo Bhe pe o5 o sl Lisio SY puonatl] ddas 0]
Sl cpm ds-gag Ladall Ka dpdssd Ayall 00 @ o Ep (©loao)l qrosail] Aoy
B9 S G il e clid] i W oo (@) daliseedl Oldlaally ool gubioes
@ 0383 y9bxally BuacYl aBlge iy dgllacll slaHly Wlelall Gubisnd ugy ¢dddlied Jof
uads ol ldlaiall e Loty Jasally dSyodlg doggidl 8)0Y1 dulyd Lt ddeall oda

oot ddos TS 3l a3ty Gilens)l uonatll Asye o slgiYl g
dalizall JoaoYl e bt gaslasg 45LasY) poliall slal dusd J] CBugs @) JLady!
A L 03 9 Olwludl ] noliall o pe lehis oy 21y leude dadlgll

189 raall (e dole dxol2-2

Bylaws ¢ lgie Olewl Bua) dnl Wldddunl grasal § Sliw i o oeawdd (s
955 & el el Qlis, gl s § Letlhs dbiall ylsall e sl S
Lol (ppaddl] Caaddl Olrlis) (£l fhdus euaai) Al Ol W | Oldasu]|
(Gehadall zuall pladll glaiy o] § deluw, dtwarlly

Lol @5 Ao paily dmy o bl Upas (3 Oliddasdl j95 0F 48 @la Y Les o
G oWl 3 OB LS mbaclly (9oyell 193y OB il Caymy IS day oJg ¢ Jaid 4Dl
oS5 cpa3lads i 3> ombaally el slss s 4 58 (sl Cisyad Lawly ol OF
Jolidl Lgosgins duomall dadsll @il Cugiug Selie b landais day Cpusll (péinsl
Lge9,d Calisun § domall gl shr] J] Bls| ob ealaly ke B3 o0



169 rinoll 29902-3

Bl slgw A8 Al 4d sodl w3 Slyall aBgoll s iy 4 9 o (ST paeal]
945l _poliall OLas Gy, dalatall (§ 8L &us-liall (59801 8l ol (3lyaad! a8gell el
J2Y) ppesaill Gebmi) 0259 B § dedl euasatlls LB

bl A aall (o)) luslie) s 95 (10 c@8sall _polis (e dole 8,56 sllac) Camy i
Ll Uy olasily cdlamall Gl §las)l cdlamall @louasdly g)lsadl adgell @Ms
oweddl Hlung umsally

il dpde Jlods (Jgmnl> diade oo 8L (o)) (0 52 98 £ el) AR Rgall
>l o Sgiume (5= Ao 102002591 dalad 7l cdoyall daall Cgir

£ ral) plall a3 gall (2-1) JSJI

;290! dani2-3-1

s adgall HisY delall g Ll

o5y 2] dadad 35 (gulasl S @3 Y (ganasd (fdine 20BY ()] Hluis ddbes O]
de i S el W3 ] g9l dzgn il JS aibg 3 delud sulans gl e

blas sue b bady . pladl (§paame)l gl go 3819015 JoI dio dBlyly £ uall ilods

P gl (phdlue) o)) Hlas ddas (§ dage

Y



Qlen)! eandl] Ll 2y aBge duwlyd § parse I CSldl 9o 1 adgall adlyasl
L0291 &dlye 9o Fldl dwlyag ¢ (amedl daudsg e a8gall sl ¢ ple JSiw

28 9al) D35l dueyally dussyll (3ydall duslyd dud iy S COlll 9 1 Mol gall a2,
‘:;l:du” clasll e lgiml Cus (0 u'aj)’\ daub oy Grui L§JJ‘ coldl ga: dLuJ‘ cUas)i3,
Blag Hlxal (e

¢ delyor Lylxi ¢ egiy (o)) dakady dasell (el dagds : daiall (lell bl
Slyall uadl e apgliy (o)1 dakad e bl oda 50 488y . &I ... d8lds ol (duS
RGN T ul @L{:w_)b M\ E;LLAJ‘ L} FURES PN ;U..A.” .)‘540 :X_{&yj ¢ Dﬁml

:C‘.'.’)" 9 uM.e'"w 35_)?2-3-2

9% Ldly, Bl I Byb by (29 484 Alead) Uyl JI Jymd> Ao joya5
iao 7y (29 Ayt dwsidl U ] (a5 LS claiiyall 3bliall § Bl (olasd
¢ 481> iy padasaly gde agd doyill ZLJI OB Ghaad! lgadgal lass. digboylly HUasdl
¢ oloeud) AST Lghazss Lggh) (o Ui oyadl (o desldll ZUyJb 381y daslal) lls flig
Jiad 5391 3 reles) ZUS DBl 7Ly dpdedl e (g8 WS Bl Yias slggll Jaxs 3

2y

Qobyn Bl Luaddl el Julox (§ dagall alsall (o ZL)lg uadd!) 88y dulys 0]

P Al dahiall (o dide aBloll fehaudl (1o diplax ao puaddl olxd (guell duzgig clgd

&S oo Juddtllg el ol (§ dnesd) BRI e (o 53 ST e Jguamll (§ ol da

Obdr e 55 (B81 Jom uad (3 (3wl Yo S 86 #byllg cdsdunl) dSUgrued! d3Uall

oo @i (aall o puaddly b)) 8T Blelie aamed 4 JLadY) JSeg)l e JWlig ¢anel
A9l dalaioll ouasatll bog A (g S

- doghJ12-3-3

@ucs.b.wjl‘o& WS ¢ 4>y 28 &33M,J| 8ylydl Ay MW&J%}JM Jg=l> CLw
Lginw ol (139 JaBlud) Lgabpal G il Aige Jgoe> oy ¢ oo 595.9 lgsd HUasdl

=g 9 rinell (Bilgb 24092-4

, &y Ao 15000 yddy ddlex! d>luws Jlods £9i5 WIS Blgb diw (o §9 el O95%
s B39lyall odgl S)lera]| &)jﬁﬂ‘, Bodaie (38lpe WD Boghas (Liduw (e Blue g9
- 89wl JLadY xasatll ant I 6ol oy @lghall (r Jlatll 9 Zgussll



-9V dguddll 3:U02-4-1

(2p 3245.30 Ui d>luwy) ¢-6.600 9o

48,2, 4808l Dlydadl) d8y2 9o 48y, £bygS 8,2, 7S e JgY! gl il 055
Agadl M O350 A e, Lo

2V @Glall (A fad el (2-2): S5

- Lgl;J\ gl 3:U2-4-2

2.0 324538z d>Luaey -3.30 o gena

A,e, 500 636, 3bnd Flle Aye, 5l A3y8, 03500, 7S 1 e QW Dguddl Bollo 098
oo § 43,8, 5LLYI

QW Lguill Gilla) A5V Jadunell (2-3) 1 &I



- @2 @\li2-4-3

2o e 3245 38kl dluss 0. 0 geucke

e 8,2, oy feaban, LnindS 1515kl 43,2 0l Wiy, dloyd 4858 o J9Y1 Gl 05
g Al 88,2, 03jlee, o

2 Glall (2391 Jadull (2- 4): S

- JoYI 3:Uali2-4-4

2.02327.6 &dlox! d>luas £3.30 guncke

05 48,8, 01)ee, slbol A8,8, dadll Bigrl 48,8,83500 dilis Bdg 1o I Billall ()5S
92x0)l ngzs 48,8 e LY

JI Glall (2391 Jaduwl (2-5) : S



- W &:k12-4-5
2.0 3035.6 &lax! d>Luuey p6 .6 9o
)1, 53 pll Bliall Sl B2, nabgall LBy8, idas, (9250l) D52 (o Bl 1 058

QW BNl A aael (2-6): JSEI

- S 3alali2-4-5

2.0 1665.9 ddlaz! d>Luay 0 9.9 geuio
)2, ! Ay2, cnabgall 95, d0,Sudl d8)8, paall A3,2 e )l Mo 05S%
el Badsie 8,2, aall

S Galall 2V ladued! (2-7): S5



-Olg>1912-5

:ddladdl dg>gi2-5-1

Nerth Elevation
Scade (/LR

Adleid! dgalgll (2-7): S

Il Jsdag gubyll Joall g sebg:dwgiad] dg=r9lI2-5-2

South Elevation
Scale :[1/.250

Apgionll dgrlgll (2-8) : g0



14wyl dg=>19)12-5-3

|

Taest Eleviatios
Scale 77250

Ayl dglgll (2-9): i)

sl b S0 L sk 5 1D 51 dg=r1g)12-5-4

East Elevation

Seale L2

A, 201 dg1g) (2-10): 41



|
gy

-2
I 6
7N

-ab

1
-2-
20J16
-akadol

-A:

A

- - [t S«J‘
H

A.&w

A




B-B:-aaialig-2-2

) :
£ éé%h@[\ : -
EveLd

B-B.aaioll (2-12): S

\o



:-ASy) L0 92-7

debaall s e dilgh 5 uall el o Jail Uggun 5 > 7 Coon Bladall qpanal o3
Jal § >l H99 las L)l auigs § pUatil ewasatll 5350 9. Gwodl slyl BE e dsjgall

- J3-140J12-8

e dunes e 9 il (Sgio

Aol J33 529 JoYI g gindl S5-Il
S)lskall J5ue 929 GBI 3 izl S5,
Slanal] J3-do 99 JoVI G U513,
bl J3do 29 JWI 34 J5-ae)i4,
Aol J3de 529 Jlesdl J5aali5,




Sl Sadl)

(ALY s gl

. dadia V-V

(ALY azaail) (e ciagl) YoY
(ALY aranail) Jal e YW

Jlaal) ey

Aaland) il Ly oy

£ 9 diall 45 gSal) AuLEIY) pualind) 1Y
Aaail) Jual gd VoY

REPWHEN| Tl A-Y

ARY%



AN a5l G Juail

dadia )Y
(s loa 5 gt 55 ALy yealinl) Al ol SLasY) Cailall JUEY) (e 23 4 jlaxall Balill (e & 5 puiall A 5o 22y
O e g by LI arenaly 75 Al Lgae Jaladll 20 5 nal) e Balisal) Jlaa ¥l dagada Ll 3 oy Caa

& s hall galaBY) uilall e s

e W LE sle) ey 550 2 el oy pall dunliall ALY ualiall sl LAY aacaill Gl LS

A slerall asaliatll e Tadlas g Ll el (555 Gy 11 5l1 (i )f

ALY prasall) (pa ciagll Y-¥
O ) el sall 5 ) (e de gana (ol s (anll Lpany e daied AlalSie dlae (e 5 jle ALY aganal)
s il o oo il oda 5 cdia s yall Coagll giay Liiay 2 5 Al Leils

Adia ) dpmgplall ol yaill o gl 5 D) saY) maen 3 el el S0 Cua - (Safety) oY) e

Agabia®) 44<s JaL Lanall Gla¥) (pe )38 S0 (58a5 4 5 -: (ECcOnomical) 4nbaiy) 43K o

L gagll ) sl lany 5 BRI (any 3 g oS Wil 8 I8 6l cain —2(Serviceability) ahaaiu¥) sciS Glaca o
il (eadinue giliat of Leils (e )

Ll o jlendl) ppaaill e Llisll o

(Al avanaill Ja) ja F-Y
-t ) Ofils je () ALEY) areaill il e el (Say

-t AV Aa yall |
ARl Al gn e (g g el pedl ALYl cdana 5 8 5 el daad Cun (g g g el A Y1 Al ) 4
A Y1 sl 5 caldail 13gd Al Al Jlatl) Jae o o 5 yiall laalaie ) oy (o gas 3l oLl ) 5o 20a
Al Aa8 giall
S A el LY
Jae 5 obas) &5 Al L) HUaill T 5 580 5 Juade <G ¢ Latdl o) 3ol e e a SV ALY aranall 3 Jias
Zebetl) dpas oy 85 i g Al 1) ol Uadl) 5 25381 alisall ans ) Caun (e 4 L 53U ALY Jealatl

YA



() i gl

G Sl

Jlaalyy v

—reh LS o g dilina g il ) ) Led (i ey 3 Jlaa) s

—rdiial) Jlaal) V-faY

Dl G e Al s Aaila B ) gay Liiall Lo ¢ 5SS A ) jualiall 1A ¢ 55l e Al Jlea) &
ol g atly Sy 2w clilia) 5 ASSe Jlac sl 5 LedDlialy 080l adal 8IS ddliza) o 3o AiLaYls ¢ ad sall 5
CEUSH G (V-F) Jsandl s ¢ 4340 sSall o) sall CHIES 5 ¢ ALY jeaiall ool apaad DA e Lgtlosn (S5 ¢l

& 5ol b Aadiivaall 3l gall e g3l
(KN/m?) dtisy Aaiinaal) 3akall &
23 JEI] .
25 daldial) Al A 5
10 sl s
22 Lgall 3 5 jluadl .
16 Jal ;

Aaaiioial) 3 gall 4o gil) ABUKY ¢ (V-1) Jgaa

(Partition load ) = 1.0 kN/m?

—dal) Jlaal) Yoty

Jleal s Claxall ¢ 5 3ga¥) BV (alAiVIS 5 jaive 5y sm ad gall 5 laall Cam e i ) Jlea) 2
o Aaald Jglaa (e b latesale 25 5 Lanall aladia¥) daph o Jlea¥) oda 4o daind g Cilaral) 5 cadadllS 2l
(YIS ) g syl saaaal s g g il daadl Jlaa¥) s (Y-1) Jsandl s ¢ Aalial cula U

(KN/m? )l Jaal) RO PR
5 Glddiall g Claalad) 1
3 G\ JJY\ 5

sial) pabind Lal) Jlaal) 1 (Y-¥) Jy2a

Y4



AN a5l Y Jaaat

- i) Jlaalyy vagay

A ;Y1 edl Jleal s 2l )l 5 2 SBIS Ll e e 3l gegadall )yl Gy i 3 Jlaa) Jaii
O fe b liie) oS 5 gAY Aihia (e elad¥l s il s (e IS a5 il Lk e Aadlll JlaaYl
b LS a5 Al JlaaY)

D bl Jlaal Varagay
Do Al gl Sl e e e sldie W) W8 oLl Jleal sty i) e 48 g5 i oLl Jles

ol adie aBge (8 ands Laiall aga s o) dadije Slay 4ibla) Cun e dnBsey ()Y mhe oo Lasdl gl
LAY Gl yariall e daell g (addia

Ay Al Al el gl Cus o el e Ll il (V-1) JSall G

g=13 I-N/ﬂ!lz_

210G
=

g=7.7 N/

20.09m|
8.00w
e d 03-‘

g=0.8 RN 7
g=0.5 RN/m" |o]

Wind wvelocditiw pressure rrka/meJ

I Jol
& oLl

Large Urban and Cpen DIN 1055,.T+4
city center Suburban area  terrain Wind Speed

4 dbaaal) ddnll g aal) £ U ) i (e (Alal) ozl Bl s (1-F) Jedl



(AN s ) ) Suaail

;g sl JlaalYaragay

£l s o€ alasiuly sl aly g ¢ o) JS5 e 5 anll mdaws e dilaid) gla ) ez gl Jleal aaias
Ler 55 Al o sl A il S i) Jaa 450 ) 5 el edans (e L) g & 51 380 Jglaa DA e ¢ Adlial)
Lol e

(Y el 35S el ale adl e e g Y s 2 B Jlea 4 Gan JU Jsaad)

( KN/m?)g s&i) Jlaa (Sall)”h” g (o gl )
0 h < 250
(h-250)/1000 500 > h > 250
(h-400) / 400 1500 > h > 500
(h —812.5)/ 250 2500 > h > 1500

o) e oo gL e o) Jlaal : (%) Jgaa

2l L5 (920) s s s 5 ¢ oaall o e il g L) paat dmy g Biladl 2B Jlaad Jisaa ) ol
VS B Jlaal Gl 25 Gl

h—-400
S, =
400
920-400
Sy =——————
400

s, =1.3(KN/m2)
TN Jlaalraratay

S ol s e gt Ay paal) (o V) colidal Adl) 38l e Al 5 Al 3) al e 0V g
s Jla 3 D5 i) e glie Glaal el g ppaatll vie Lo V) Gy Jlea¥) oda 2358 o a5 sliiall e
AU san A Aldiaadl )Y (e Julial Ul

s eled Aplinl) clbluadl e 2l Gl b de sall Galll ) pas Gaob oo g sdall 13 g Lgie gl ala s
—rdie DY e Aaalil) Y Ciadl calal e aadiui

(Deflection) )5 Jaga sl caiad Gua (e(Serviceability) Jseiill Sial) dadla 3 aa J
st g jleral) kil e Wl jigs Al (Cracks) clsadd) cuiss
Lindldiladl o) sl 5 Jsa) o

Y



AN Ciua gl Y Jaal

Llaad) ol LaY) o_¥

e L ) Jlee ) paen Loy duaily g cad gall 485 gl bl ) Jae ¢ e (Y Al Al 5ol Sauy
i 2 5 oyt A yhay 5l Lgam 535 e sleall ity e sl obaall 5y siall 5 B ) A 535 o all LIS
il bl aaatl e 300 4 il Jesis @ e J el s ALY Gutigal) 4 i e ST dledle oLl

ALy palindiioy

sdading el e Aadl gl Jlaall) o i Lpiany pe adalisi 43Li5) jualic A gana (e Bale il ()5S

¥ g ) ) g (il () o g 2ee N1y ) sasall 5 Claall

slab

2nd floor /—cc»lun*n

sl LAY ealinll Gland geaca g 2((Y-1) JSaal

Yy



AN Cina 1) G el

Al ualiall & g il (5 sing
-1 Caad))

aliall ) Lele 3 55 5all Jlaa¥) s daudl 1) (5 58l Ji5 e 3 alall 4pliy) pualiall e 3 ke A
Al 5 ) Lgam y23 0 59 elula) 5 )yl 5 ol aall s3aee ) 5 ) sl Jia aall 8 Allad) AlisY)

g1 55l alasiind 2t 438 4 jlexall clllaiall Ble) o5 sl 8 Adbiaall Clladl) (e apaall 3 sa 5l T ki
— sl A0 i)

-1 &) it s (Solid Slabs) Aiaaall cilbdill Y
.(One way solid slab) 2l sla3¥) ) deadll Glaall - @

-1 &) i 5 (Ribbed Slabs) 4e jiall a3l Y
.(One way ribbed slab) 2/l slai¥) ) cuaall Gldie o
.(Two way ribbed slab) cpalai¥) Gy cuasll Ciliic o

0 e baac VI (pm Al Lo o ) 55 ) Clalisall ddard 8 aad gl olad¥) 3 liac Y1 Cilaie 2230 5 13
SV el g i 5l claliad) Ala 8 aadiui Gaalas¥) Gl Caaed) Gltie Wi ¢ jie 1 )
o sl IS et g g il 13g]

: (One way ribbed slabs) sl slady) i)l uasl cliie V. 0.

zabedll (558 5 ccuanl) Ll G ghall (e Ciia (e 0 5ST 5 23 s38 B Clakal) M&LM\@#\)&A@&&}
(F-F) JSEN 8 e 5t LS a5 oladly

Yy



AN s gl A Jual

Shrinkage & Temperatier Bar s

Cne way rib slab —
bo

h\.
N,

f

p
Hollow Block £ 32 em ) 7

LAa gl) olat) i)l Cuanl) ciltie 1 (F-T)JS)

: (Two way ribbed slabs) Al @i cuasl) e Yoy .y

= ps CalaiY) e (& Jeall )58 g ealaily sl (58 Cum (e AR 15 U Al S (g0 A8 45
(E-7) JSE G jeday LS ccpaladV) (8 Cuae 5 (4 sha Lgd )5 ales ie

Rib (1)

Hollow Block ( 17 em )

O Gl Guand) e ¢ (£-T)JSA
: (One way solid slabs) 2l gl slady) <l Llaaall el Foy Y
ARy Aaddiall ASLandl T ka3 31 ya) & gand Lyt @lld 5 cigad) Jlaa DU | 8 o e 3 Glaliall & addies

.(e-Y) Ja s lS GJJ! G Glaie & 3ale

Y¢



AN s gl A Jual

Aa gl) olady) cild Adaaal) cilabal) 1 (0-1) JSil)

: (Two way solid slabs) o) @ ddaaal) cisbal) £21-1-F

Lgtia glaa aal ol sladi¥l Chld diaraall 32821 C;\LL.{S Lﬁlﬂ\ sl (pa )_15\ B yigall Jlal culs Ja ga PREY
c.}L.ﬂ\ &Jﬁdé;)_&\MJQAY\QJJEAWL@Y&JJQ\M\QA&JJ\ \JA&M:L;\ ;);médhi\cj
(T S b 4 0 Gy e gl

LAY Gl Adaaal) claial) ¢ (1-1) JSid)



AN s gl A Jual

DT IVEN| ) U P o

—rs)) i G e V) ) lac Y1 e el g Jlaa¥) iy o 55 el A Gl 4055 jualic 4

.(Hidden Beam ) 35w Hsua =)

Baial) g6 (o slase Lee il 0 oS S 8

.(Dropped Beam) akilu ) gun -Y

st o el eVl aal & el cpe 23030 6 3ad) ) ) Ay s saied) gL ) e S el 0 5S Al a
T-section s L-section (e s

G (A-T) JSEN 5 Gail) (5 58 e sliad bS5 ¢ pund) e a8l el da gliad A1 aaall oy ol 050
£ 5ol (& Creadin) ) sl o) gl

Support (1) — S /

£ 9dal) (B daddivall gl £ gil 1(A-1) JSAN

Y1



gsm\z\ da gl Sl Jadl)
TRV PR I 4

I W s ) pmanl Ll g ¢ guaal ) 838al) (g Jlaa) Jii Cun cLitall & Ay 5 Apudd ALii] pualic
cosis di e 5,08 5 Sl (s Lparaal Cang s ¢l oy jeaie g8 Gl (il il ) o3 aee )
-1 ALY asaail) 8 Lgae Jalaill Cam e e 53 B2 Y1 5 Lgle A8 5l JlaaY)

.(short column) 3_usdll s2ecy1 -

.(long column) % skl saac ¥ -Y

b A yall Ay il g Alkiaal) ;A5 ) sl GG N anill ed  oundigl) adaial) o (5 lenall JSN Cun ga Ul
(A-Y) JSEN L e sa WS (5l 5 aiaall e sall aladiia o3 g g pall 13

Main Bars —

~

£ 9l B daadiviall BaasY) £l gil 1 (3-7) Jid)

Yv



AN s gl A Jual

-gall) gl a0y

Llall il e avn isall 8 bl sy 8 Ulad 5 cacliadll 0 jan 5 oz 5ol Cu danss ) ol paadl &

Lei 5§ 1) Ailml 2y 5V 5 Jlany Ao Ll U] (a5 3l 4891 (il 5 58 o lie. (pmill ) 500 A

Dl Gan (0 +-F) JSAN 5 aall JalS il b 3 aall  (pdalatie cpalad) Al 855 o) s Al () as
S e (gl

Steel bars

Shear waII

s iz () e-F) Jsdd

YA



(AN ia gl) G Juadl
oo e
8 ALY jualiall 8S aneiad (g olgBY) any ol Lparanad o V) Liial oLy die Wi fay Lo Jf o bl

glsisae o by dhaias @ JS8 el ALl o joadl g saae Y e Jlea) Jity Clulul) a6 Caa sl
sh

[(Isolated Foundation)iladis cilulud -
.(Combined Foundation)is s e clulul -Y
.(Strip Foundation )i »& cilulul -¥
.(Mat Foundation) &bl cilulad ¢

Leale a8 gl Jlaal 5 Lelanti s 58 5 4 i) g il Lai lld g Adlise 1 30 (e Colisbal alaiinnd oy Coguu g

Maine Bars

Column

Square Footing

RUADPIV (YRR o WY (A

Y4



AN s gl A Jual

NP AT

(V-Y‘) Ml@%hl;o&\@&wzﬁc a‘)\.'fn:\.j 17\3\.&.\‘\ C‘)ﬂ\ e...\.m.aﬁ 3ale

Shear wall

Staircase

Tempreatuer & Shrinkage Bars

Shear wall

g (V-7 Jed



(AN s ) ) Suaail

daail) Jual gd VoY

By cdas Jual s sl (5l ya aaai Jual 5 dualad) gl Y1 g QIS il ol 5 Sl 481 sl cld Jlaad) JS 8 2
A3 Jaal sl Jaal gl 230 o3 O3V N JladY a laaS Ll jal cliiall Jidad ie 5 dlas o jall Jual sill o 53
35S G Ll A 8 (5 ) ya 03 Jaal sb aladiasl iy s ¢l Aalald) il gill 5 cllal 38V any Jaal sill 23] 5

il LS alayY abaall CHlilsall it g (Ll A () 50 (5 shadl bl da s ) Jaal sill o328 Joai () e cainal)
b LS

Alall 2 ka5l il labial) 3(40m) ()

Jalall 4 gda il slabidl 3(36m) (Y

Adn siall 4y gha )l ld halial (4(32m) (Y

Al shlial 4(28m) (€

(e ¥) o dhaldll e Ju Y o ey LS

gralaiian) a5 () o gaulad) el h ¥

AutoCAD (2014) for Drawings Structural and Architectural .\
.Microsoft Office (2010) For Text Edition .Y

.Microsoft Excel XP .Y

Atir 12 ¢

R



Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Design Method and Requirements.

4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4.6 Design of Beam.

4.7 Design of stairs(Stair#3)

4.8 Design of shear wall(SW.1)

4.9 Design of column(column 62)

4.10 Design of footing(footing 5)
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Chapter Four Structural Analysis and Design

4-1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnelsand

others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which

can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and

frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and

specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:-

0 Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

O Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

0 Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

\RJ



Chapter Four Structural Analysis and Design

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_08).

v" Strength design method:-

In ultimate strength design method, the service loads are increased by factors to obtain the load
at which failure is considered to be occurring.
This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of
this strength takes into account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.

NOTE:-

The statically calculation and the key plans dependent on the architectural plans.

e C(Code:-
ACI 2008
UBC

e Material:-
Concrete:-B300
fe'=30N /mm*(MPa) For circular section

but for rectangular section ( fc'= 30 * 0.8 = 24 MPa ).

Reinforcement steel:-

The specified yield strength of the reinforcement {fy =420 N/mm? (MPa)}.

v" Factored loads:-

Ye



Chapter Four Structural Analysis and Design

The factored loads for members in our project are determined by:-

W,=12Dy+1.6 L, ACI-code-318-08(9.2.1)

4.3 Check of Minimum Thickness of Structural Member

Table4-1 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs Unless Deflections are
Calculated. (ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

For Rib :-
hminfor(one end continuous)=L/18.5=4.0/18.5=22cm

hminfor(both end continuous)=L/21=4.65/21=33.8cm

Take h=35 cm

27 cm block + 8 cm topping = 35¢cm

ForBeam :-

hminfor(one end continuous)=L/18.5=5.3/18.5=28.6cm

hminfor(both end continuous)=L/21=7.5/21=35.2cm

Take h=35 cm

Yo



Chapter Four Structural Analysis and Design

4.4 Design of Topping

v' Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Wu

mmmnm

40 cm

T 777

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load:-

0.03*23*1 = 0.69 KN/m

0.02%22*1 = 0.44 KN/m

0.07*17*1 =1.19 KN/m

0.08%25*1 = 2.0 KN/m

A



Chapter Four Structural Analysis and Design

Table ( 4.2 ): Dead Load Calculation of Topping.

Live Load :-
L; =5 KN/m?

L; =5 KN/m?*x1m=5KN/m
Factored Load :-
Wy = 1.2 x4.32 + 1.6x5 =13.2 KN/m

Check the strength condition for plain concrete, oM, > M, where o = 0.55
M,=0.42 A ./f’ Sm(ACI 22.5.1, equation 22-2)

_ b.h? _1000.80?
6 6

Sm = 1066666.67 mm?*

oM, =0.55%0.42x1xv/24 x1066666.67 x107° =1.21 KN.m

2
M, = W;‘ZL = 0.176 KN.m (negative moment)
Wy, L? ...
M, = e 0.088 KN.m (positive moment)

oM, >> M, = 0.18 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs pinfor slabs as
shrinkage and temperature reinforcement.

pshrinkagez 0.0018 ACI7.12.2.1
As= pXbXhigpping =0.0018 x1000%80 = 144 mm*/m
Step (s) is the smallest of:

1. 3h=3x80=240 mm controlACI 10.5.4
2. 450mm.

3.S :380(@) —25C. =380 (22 ) —25.20 = 330mm ACI 10.6.4
fs 5420

v



Chapter Four Structural Analysis and Design

Take 6 8 @ 200 mm in both direction , S =200 mm < Spax =240 mm ... OK

4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

BW > TOCIL. oo ACI(8.13.2)

h<3.5%bW v ACI(8.13.2)
Select h=35cm<3.5*%12=49 cm
tE>Ln/12250mMm oo, ACI(8.13.6.1)

Select tf=8cm

«* Material :-

= concrete B300 Fc' =24 N/mm’
= Reinforcement Steel fy = 420 N/mm’

+» Section :-

B =520 mm

Bw= 120 mm

h= 350 mm

t= 80 mm
d=350-20-10-12/2= 314 mm

Udd el
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Chapter Four Structural Analysis and Design

v' Statically System and Dimensions:-

4



Chapter Four Structural Analysis and Design

Fig 4.2: One Way Rib Slab (R1).
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2 4 5 B
1 2 3 5
ﬁ | S p DN o p NP o | S, ﬁ p S o
06 185 08 25 0.8 36 08 2396 08 35 0.8
N 33 ' 44 L 3.76 ' 43
6 7 « 10
6 7 8 9
A A A
08 3.9 08 3.5 6.3 08 3.3 0.6,
o 47 b 43 7.4 ' 4. b
—y t t i
35. ’ ‘
12.
A-A
Fig 4.3: Statically System and Loads Distribution of Rib(R1).
5.09 5.p9 5.09 5.9 5.09
2.55 33 44 376 43
5.09 5.09 5.09 5.p9
47 43 74 4
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2,60 2.60
y
2.55 33 44 3.76 43
2.60 2.60 2.60 260
47 43 7.1 4
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Chapter Four

Structural Analysis and Design

has |1es, |22, 22 |1as 1ss|215 z15|259 z11|193 237| 355 , 355 | 26 1.4
I |1.‘| |1g 1 1 1 Ll 1
Shear
7.4
2. 301
0., BT s, 251 245, "
AAALAAN /-
: l t t +H n
11:'.167 S‘L/“ I7/143 L/ue L/ 1356
234 216 22.1 229
296 30.2
36.9
“Reactions
v" Load Calculation:-
Dead Load:-

0.03*23*0.52 = 0.359 KN/m/rib

0.03*22*0.52 = 0.229 KN/m/rib

0.07*17*0.52 = 0.620 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.27*25*%0.12 = 0.81 KN/m/rib

0.27*10*0.4 = 1.08 KN/m/rib

0.02*22%*.52=0.229 KN/m/rib

1*#0.52= 0.52 KN/m/rib

Table (4.3 ): Dead Load Calculation of Rib(R1).
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Chapter Four

Dead Load /rib =5.1 KN/m
Live Load:-
Live load = 5 KN/M?
Live load /rib = 5 KN/m’ x 0.52m = 2.6 KN/m.
% Effective Flange Width ( b, ).-ACI-318-11
b, For T- section is the smallest of the following:-
b, =L/4=465/4=116.5cm
b, =12+16t=12+16 (8) =140 cm

b, = b < center to center spacing between adjacent beams = 52 cm.

b For T-section = 52cm .

v" Moment Design for (R 5):-

Structural Analysis and Design

(8.10.2)

Design of Positive Moment for (Rib1 ):-(Mu=30.7 KN.m)

Assume bar diameter ¢ 14 for main positive reinforcement

d =h- cover - dimps— 22 = 350 — 20 — 10 — - = 313 mm

Control

Check if a>hy to determine whether the section will act as rectangular or T- section.

h
M, =0.85. f;. by. hy. (d — 7")

= 0.85 X 24 X 520 X 80 X (314 _ 82—0) %1076 = 232.5 KN.m

30.7

M, >>% =59 34.11KN.m , the section will be designed as rectangular section

with b, =520 mm.

My __ 30.7x10°
T @bd? ~ 0.9x520x3132

R, = 0..669Mpa

¢y
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1 420
=—2_=—"—"_=120.6
0.85f;  0.85x24

. i<1 _ 11 _m) = L(l _\/1 _M> = 0.0016144
m 420 20.6 420

Agreq=p.b.d=0.001244 x520%313=262.85 mm?®

Check for As min:-

As min= JF (bw)(d) ACI-318 (10.5.1)
4(fy)

4

20 (120)(314) = 110mm

A s min=
4
.14
A =——(bw)(d
s min (ﬁ/)( w)(d)

As min= i'—;)(l 20)(314) =125.6mm’ controls

ASreq= 262.85 >Aspip= 125.6 mm>  OK

Use 2 6 14 .A providea= 307.87 mm*>A , cquirea=262.85 mm’ .... Ok

S = 120-40-210 3% — 35mm >d, =12 >25 mm  OK

ChecKk for strain:-

Asfy _ 307.87Xx420

- = =12.18 mm
085 f, 0.85%X520%x24

a=

124
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a 1218
x=—=——=14.34mm
B, 085

d— x) 0 (313 — 14.35

& = 0.003 (T 1053 ) = 0.0864 > 0.005 Ok

Design of Positive Moment for(Rib5 ):- (Mu=15.9KN.m)

d =h- cover - dyimps— 22 = 350 — 20 — 10 — = = 315 mm

My __ 159x10%
Ry= @bd? ~ 09x520x3152 0.342 Mpa
m=-—2x_ —_*0 _ 906

T 085! 0.85x24

o= 1(1 _ 1 _%> - L<1 _\/1 _w) = 0.000821
m 420 20.6 420

Agreq=p.b.d=0.000821x520%x314 = 134.5 mm’

Check for As min:-

As min= Jfe (bw)(d) ACI-318 (10.5.1)
4(fv)

N

1a20) (120)(314) = 110mm

As min=

.14
A =——(bw)(d
s min (ﬁ/)( w)(d)

As min= %(120)(3 14) =125.6mm” controls

As’requiredz 1 25 .6 mm2 .

Use 2 6 10 .A providea= 157.08 mm>>A equired=134.5 mm’ ... Ok

_120-40-20—(2X10)
1

S

=40mm > d, =10 > 25 mm OK

Check for strain:-

Asfy _ 157x420
0.85b f/ ~ 0.85x520x24

= 6.22 mm

o
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a 622
x=—=—="7.31mm
B, 085

d—x 314 —-7.31
& = 0.003 (T) = 0.003 (T) = 0.125 > 0.005 0k

Design of Negative Moment for(Rib1 ):- (Mu=-27.4 KN.m)
Assume bar diameter @ 14 for main positive reinforcement

dp 14
d =h- cover - dstimmr? =350—-20—-10— 5= 313 mm

My 27.4x10°
T @bd2 ~ 0.9x120x3132

R, = 2.58 Mpa

£ 420
=2 = =20.6
0.85f,  0.85X24

p= i 1— 1= 2mRy \ L 1- 1= 2x20.6X2.58 — 0.00659
m

420 |~ 206 420

Agreq= p.b.d =0.00659x120x313 = 247.5 mm?®

Check for As min:-

As min= Jfe (bw)(d) ACI-318 (10.5.1)
4(fv)

N
4(420)

As min= (120)(314) =110mm’
.14
A =——(bw)(d
s min (ﬁ/)( w)(d)

As min:%(lzo)(s 14) =125.6mm” controls

ASreq = 154.5mm’* >As = 132.53 mm’OK

Use 2 0 14 A, provided= 307.87 mm*>A, requirea= 134 mm?... Ok

g = 10020 @I —52mm>d, =12>25 mm  OK

t
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Check for strain:-

Asfy _ 307.87x420
085 f!  0.85x120x24

= 52.82mm

a 3877
Xx=—=——=062.14mm
B, 085

d—x 313 —-62.4
& = 0.003 (T) = 0.003 (W) =0.0176 > 0.005

v Shear Design for (R 1):-

V, at distance d from support =30.2 KN

Ok

Shear strength V., provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).

Ve =2[fib,d = =24 x 120 x 390 X 1072 = 42.03 KN

oV, =0.75%42.03 =31.52 KN
0.50V,=0.5%x31.52=15.76 KN

0.50 V<V, <oV,

Voo Ve

for shear design,NO need shear reinforcement .

Take (2 leg stirrups ) o 8 @ 150 mm

24503
V" 0415

= 670.67 mm*/my

1A%
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4.6 Design of Beam

+* Material :-
= concrete B300 Fc' = 24 N/mm°

= Reinforcement Steel fy = 420 N/mm’

7

% Section :-
= B=80cm

= h=45cm

= d=450-40-10-20/2= 390 mm

v' Statically System and Dimensions:-

Geometry Units:meter,cm
1 2 3 4
1 2 3
A P! A — A
ﬁ e et 5
0.5 7.5 0.5 4.8 0.5 7.5 0.5
— ™ —t 3 —t s —

45

80.
A-A

¢A
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Loading
Toad groupno.1
Dead load - Service Units:kN,meter
29.5 29.5 29.5
884 864 884
8 53 8
Live load - Service Load factors: 1.20,1.20/1.60,0.00
17.8 17.8 17.8
8 5.3 8

Fig 4.5: Statically System and Loads Distribution of Beam (B 11).

v" Load Calculations:-

Dead Load Calculations for Beam(B 11):-
The distributed Dead and Live loads acting upon B16 can be defined from the support reactions of the
R2¢R3 and R5.
From Rib5
The maximum support reaction from Dead Loads for R2 upon B11 is 7.54 KN, The
distributed Dead Load from the R1 on B11.
DL =(15.33/0.52) = 29.5 KN/ m

Self weight of beam = 8.64 KN/ m
DL =29.5+8.64 =38.14 KN/ m
Live Load calculations for Beam (B11):-

From Rib5
The maximum support reaction from Live Loads for R2upon B 16 is 4.83KN The distributed

Live Load from the Rib 2 on B11.

LL =9.29/0.52 = 17.85 KN/m.

€9
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Moment/Shear Envelope (Factored)

Structural Analysis and Design

Units:kN,meter

Moments: spans ito 3
5 -413.
-328.6 -358.5 -358.5  -328.6
. Aa9, 143
r 1 I 1
‘ g H H
1.1 1.18
| 36 4304 44 | 265 | 265 | 44 4304 35 |
I T 1 T T T 1
-349.
-301.4 204 250
-181.8 -205.8
[ Ml N /ﬂ N N
L/ ' \I7/ L L
181.8
205.8
229.4
2534 301.4
349.

Fig 4.6: Shear and Moment Envelope Diagram of Beam (B11).

v" Moment Design for (B16):-

Flexural Design of Positive Moment for(B16):-(Mu=430.4KN.m)

Determine of My max

d =450 —-40-10-20\2 = 390 mm

3 3
x = ;d = ;.390 =167.14 mm
a=B.x =167.4*0.85 =142.07 mm

M= 0.85% £ a *b(d - 2 ) =0.85%24*142.07%800*(390-142.07/2) ¥10°= 606.2KN.m
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@ Mnpax = 0.82* 606.2 = 497.048KN.m >430.4KN.m .

Design as singly reinforcement

o M 4304x10°
"= ObdZ T 0.9 x 800 x 3902 P4

fy 420
0.85f] ~ 0.85x24

p= i(l - 1= 2.m.Rn) _ <1 - 1= 2><20.6><3.93> = 0.01049
m 420 20.6 420

A, = p.b.d =0.01049x800%390 = 3272.88 mm’

= 20.6

Check for Agmin:-

Asyn = Y (b )d) = 24 N2 %800*390 =909.81 mm’

4( 1) 4%*420
1.4 )
ASmin = —( w)(d) = —— *800*390 = 1040 mm~Controls
() 420
A= 1040 mm?

Use 110 20 Bottom, A ,rovided=3454mm>>A ; cquirea=3272.88 mm’... Ok

Check spacing :-

800-40+2—16—(11x20)
10

S =

=484mm >d, =20>25mm OK

ChecKk for strain:-

Asfy 3454 x420

= - = = 88.88 mm
0.85b fc 0.85x800x24
X= = = 8888 _ = 104.5mm
B, 085
= 0.003 (d _ x) = 0.003 (390 _ 104'5) = 0.00819 > 0.005 0k
=5 x ) 104.5 - '

Ok

o)
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Flexural Design of Positive Moment for(B16):-(Mu=358.5KN.m)

Determine of My max

d =450 -40-10 - 20\2 = 390 mm
—3d—3 390 = 167.14
X = Zd == = 14 mm
a=B.x =167.4%0.85 = 142.07 mm
M= 0.85* f¢ *a *b( d - % )= 0.85%24*142.07%800%(390-142.07/2 ) *10°= 606.2KN.m

@ Mnpax = 0.82* 606.2 = 497.048KN.m >358.5KN.m .

Design as singly reinforcement

_ My 3B5x10°
T ObdZ _ 0.9x 800 x 3902 2/MPA

Rn

_fy 420
T 0.85f!  0.85x24

p=2(1— [1-20fn) o L (1 [ B2003827) _ 40085
m

420 20.6 420

= 20.6

A, = p.b.d = 0.0085%x800x390 = 2666.56 mm”

Check for A min:-
ASpin = — s (bw)(d) = ﬂ *800*390 = 909.81 mm>
4(H) 4% 420
1.4 1.4 5
ASmin = —— (bw)(d) = — *800*390 = 1040 mm~Controls
() 420
A= 1040 mm?

Use 96 20 Bottom, A, providea= 2826mm’>A require= 2666.56 mm’... Ok

oy
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Check spacing :-

_ 800-4 *2—-16—(9x20)
8

S

=655mm >d, =20>25mm OK

ChecKk for strain:-

_ Asfy 2826 x420

- = = 7273 mm
0.85b fc 0.85x800x%24
X= — = 8888 _ 85.56mm
B, 085
—0.003 (d _ x) =0 (390 _ 85'56) — 0.0106 > 0.005 0k
& = x ) 85.656 /) '

v" Shear Design for (B 16):-

1. Case 3:-

for shear design, minimum shear reinforcement is required (A4, in ), Reinforcement.

Use stirrups (2 leg stirrups ) ¢ 8/ 150 mm , A, =4 % 50.24 =201 mm’
1. V,=301.4 KN

Ve=2\/fc'b, d == V24800 390 = 254.75 KN

® V=0.75*%254.75=191.1 KN

® Vsmin> 0.75 (%) *bw *d=0.75*% (%)”‘800”‘390*10"3 =78 KN Controls

oy
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® Vsmin >0.75 (%) *bw*d= 0.75*(@

- ) * 800 * 390%107 = 71.65 KN

D Ve<Vu<d Ve + @ Vsmin
191.1<301.4 <269.1...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :-

vy = 2\[fc'by, d =524 x 800 x 390 =509.5 KN

Q)(vc + VUs,min) <y < Q)(vc + vs’)
0.75(254.75+ 104)<301.4< 0.75(254.75 + 509.5)
269.06 <301.4 <573.2

shear reinforcement are required

Use4leg ® 8
Vo= Vo- Ve=222254.75 = 147.12KN
Aofyed 201 %420 % 390
S = = = 2238
v 147.12 = 1000 mm
d 390
Smax < 5= 5 = 195 mm control

or Smax < 600mm

Use4leg ® 8 @200mm

o¢
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4-7 Design of Stair (Stair#4)

1.55

Fig 4.8: Stair Plan.

v Material :-

= concrete B300 Fc¢' = 24 N/mm°

= Reinforcement Steel Fy = 420 N/mm’

1- Design of Flight :-
v" Determination of Thickness:-

hmin = L/20

hmin = 5.55/20 = 27.75 cm

Take h =30 cm

o0
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The Stair Slope by 0 = tan™ (15 / 30) = 26.5°

—

-
T T N T T T Ty

Fig 4.9 : Stair Section.

Dead Load For Flight For 1m Strip:-

Table (4.6 ): Dead Load Calculation of Flight.

o1
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Live Load For Landing For 1m Strip = 5*1 =5 KN/m

v' System of Flight:-

ServicellveLoad=5KN/m

N P PN PR NN RN VAN VRN R VI PN I R I

adload=12.56KN
L1 =7.82KN/m

Fig 4.10: Statically System and Loads Distribution of Flight.

Factored Load For Flight and :-

Wy =1.2x12.56 + 1.6x5=23.1 KN/m
Wy = 1.2 x7.8+ 1.6x5 =17.38KN/m

ov
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23 1TKN/m

17.3BKN/m

VIR A A

Fig 4.11: Statically System and Loads Distribution of Flight.

Moments - spans 1o 1

| 278 828 2.78 |

Moment/Shesr Envelope (Factored) Units kN meter

Shear

486

/

554

oA
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Fig 4.12: Shear and Moment Envelope Diagram of Flight.

1- Design of Shear for Flight :- (Vu=48.7 KN)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —% =300 —20 —12—4 = 273 mm
Ve=z\/fc'by d = (5VZ&* 1000 * 273)/1000 = 222.9 KN/1m

D V,-0.75*%222.9=167.175 KN > Vu =48.7KN......

No shear reinforcement are required

2- Design of Bending Moment for Flight :- (Mu=82.8 KN.m)

Ro= Mu _ 82.8x10°
™ epd2  0.9%1000%2732

= 1.2 Mpa

£ 420
=—2_-=—"—_=20.6
0.85f,  0.85X24

420 |~ 206 420

p:i 1 — 1_2.m.Rn _L 1— 1_2><20.6><1.2 — 0.000295
m

Agreq = p.b.d = 0.00295 x1000%273 = 803.987 mm®/m

Asmin= 0.0018*1000*300 = 540 mm*/m

ASreq = 803.987 mm”>Ag =540 mm?*/m

Use 14 then

N=As/As @14 =803.987/153.9=5.224 , s=1/n =1/5.224=0.19m
Take 6 O14/m

o9
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Check for Spacing :-

S =3h=3%*300 =900 mm

280
S = 380%(z——) — 2.5%20 = 330
$*420
S =450 mm
S=330mm ......... is control

Use 614@ 200 mm_, A, provided=923.63 Mm*>A required = 803.987 mm’... Ok

Check for strain:-

Asfy _ 923.63x420
0.85b f! ~ 0.85x1000x24

=19.02 mm

a  19.02
c=—=——+=2237mm
B, 085

d—c 273 — 22.37
& = 0.003 (T) = 0.003 (W) = 0.0336 > 0.005 ...... 0k

v' Lateral or Secondary Reinforcement For Flight :-

A req= Asmin =0.0018*1000*300= 540mm®

Use 014 then
N=As/As 014 =540/153.9=3.5 , s=1/n=1/3.5=0.28m
Take 4 O14/m
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Use 914@ 300 mm A provide

2- Design of Middle Landing :-

v" Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table (4.7 ): Dead Load Calculation of Middle Landing.

Live Load For Landing = 5%1 =5 KN/m

Factored Load For Landing :-
Wy =1.2x7.82+ 1.6x5=17.38KN/m

Factored Load From Flight :-

1)
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Wiy = =228 = 3139 KN /m

v' System of Landing:-

31.39KN/ m 31.39KN/m

17.38KN/m

Fig 4.13: Statically System and Loads Distribution 0f Middle Landing.

Mome nts spans 1o 1

93 93

1.65 61.3 1.65 |

—p—

Shear

/58.5

7.2

1y
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Fig 4.14: Shear and Moment Envelope Diagram of Middle Landing

v" Design of Shear:- (Vu=77.2KN)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —% =300 — 20 —12—4 = 273 mm
Ve==2\/fc'b, d == V241000 * 273 = 222.9KN

O*V.-0.75* 222.9 = 167.175Kn> Vu = 77.2KN...... No shear reinforcement are required

v" Design of Bending Moment :- (Mu=61. 3KN.m)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —% =300 - 20 — = =273 mm

M, _ 61.3x10°

R.= =
" @bd2  0.9x1000x2732

= 0.914 Mpa

1 420
=—2_-=——_=20.6
0.85 /  0.85%x24

Yy
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o= 1(1 _ 1 _M> — L<1 _\/1 _w> = 0.002175
m 420 20.6 420

Agreq=p.b.d=0.002175x1000%273 = 593.76 mm’

A min =0.0018%1000%300 = 540mm’

Agreq=593.76 mm?>> Agmin ceeeenees is control

Use D14 then

N=As/As 14 =593.76/153.9=3.85 , s=1/n=1/3.85=0.25m
Take 4 @14/m

Check for Spacing:-

S =3h=3*300 =900 mm
280

S = 380%(z——) — 2.5%20 =330
S *420

S =450 mm

S=330mm ......... is control

Use 614@250 mm LA, providea= 615.75 mm*>A, sequirea=593.76 mm>... Ok

Check for strain:-

As.
= oy CISTRA20 _ 19677 mm
0.85 fc 0.85x1000%24
c= a _ 12677 14.91mm
By 0.85
— 0.003 (d _ C) =0 (273 _ 14'91) = 0.0519 > 0.005 ......0k
g =0. — )= 1291 =0. 005 ...

Lateral or Secondary Reinforcement For Landing:-

A req= Asmin =0.0018*1000*250 = 450 mm’

¢
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Use 68

+4.00
=3

100 mm As rovide

Structural Analysis and Design

=502.4 mm*>A, requirea= 450 mm>... Ok

B14025 D1 5,L=200

&

.
o
[e)]
OIS
BRER33%

d |
2

1
l
!

05 —
7

—
=1

o
@:510@15—
[ 3r10@15,L=230

®#12@15,L=160 I @

T $14@15 |

@#14@20 T @1£10@15,L=121(U—hook)
K I_— @#12815,L=565

@p12@15,=185 \

~ 7412@15
®212©15,1=200 @C@—M

1.6m 3.30m 1.3m

Fig 4.17: Stair Reinforcement Details.

0
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#)9140©30,L=185 P
145 T1.B hO

(5)#$12@15,L=160 0
60 B.B g
©912015,.=200 ©

100 B.B &

Structural Analysis and Design

(1)210@15,L=200

e 100 T.B
<.
Q
A0 2)#12@15,L=565
160 T.B
o2 (3)210@15,L=230
&0 % 150 B.B
bf()
50

A3810@15,L=121(U—hook) 50 |&

Fig 4.18:Stair Reinforcement Details.

"
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4.8 Design of Shear Wall (SW.1)

Fig 4.21:Shear Wall.

396.85

878.70

1154.09
A A A A A A A

Fig 4.22: Shear Diagram of Shear Wall.

1057.04

\

3981.15

7825.87

A A A A A A A A

Fig 4.23: Moment Diagram of Shear Wall.

1y
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v' Material and Sections:- (From Shear Wall 16)

= concrete B300 Fc' = 24 N/mm®
= Reinforcement Steel Fy = 420 N/mm’
=  Shear Wall Thickness  h=30cm

=  Shear Wall Width Lw=9.7m

=  Shear Wall Height Hw =4m

v" Design of Horizontal Reinforcement:-

D Fx=Vu=115409KN

The critical Section is the smaller of:

lﬁ = ﬂ =4.85m....Control
2 2
w_24

2 2

storyheigh(Hw) = 4m.

d=08xLw=08x97=7.76m

TA
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5 !
DVmax = Q)EVfC hd
= 0.75%0.833 x V24 300 * 7760 = 7128.015 KN >V, = 2308.18KN

V. is the smallest of :

1 -V =<\/f'hd = =V2% ¥ 300 x 7760 = 1900.8KN ........ Control
N,d
2=V, = 027fhd + 7= = 0.27V24 » 300 » 7760 + 0 = 3079.3KN
w
Ly (0.7 +025%)
3— V. =|0.05/Ff + | hd
V. 2
9.7(0.1v2% + 0
= [0.05\/24 + ( e )] 300 * 7760 = 4247.4 KN

7825.87 — 3981.15 _ M, — 3981.15
4 B 4-2

= M,, = 5903.51 KN.m

M, L, 590315 9.7 0.265
vV, 2 115409 2

Ve =1900.8KN
Vu=2308.18 KN > % *(0.75*%1900.8= 712.8KN Needs reinforcement

@ *vc + Qvs = vu

@ * vs=vu-Q * vc

Vs=vu/@ — vc
Vs=2308/0.75-1900.8= 1176.77 KN

Apn _ vs _ 1176.77
sn fyd  420%7760

=0.00036 mm?/ m

- Maximum spacing is the least of:

Lw_ 979 _ 1940mm

5 5
3*h =3*300 = 900 mm

450 mm ....... Control

14
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Take p =0.0025

Try 10 (As = 78.5 mm?) two layers

= Avn _ 2783 _) 0025
hSp,  300Sp ’

Sp==209.33mm

— use P10@200 mm in tow layer

v" Design of Vertical Reinforcement:-

AS— = [0.0025 +0.25 (2.5 - h—W) (ﬂ - 0.0025)]

Lw/ \Sp*h

A [0.0025 +0.25 (2.5 - ﬁ) ( 157 _ 0.0025)]

) 9.7) \300+200
A‘UU

=.0025
Sy
Try 10 (Ag = 78.5 mm?) two layers
2%785 0025

S,

S,=62.8 mm

- Maximum spacing is the least of :

Lw_ @ —323333

3
3*h =3*300 = 900mm
450 mm ....... Control

— use P10@200 mm in tow layer

v" Design of Bending Moment:-

_ (9700

st = 00 ) * 2 % 78.5 = 7614.5 mm?
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A 76145 \ 420
w=( “)f—y=( ) — 0.0458

L,h) £~ \9700 = 300/ 24
B
a=—2L_=0
Lyhfe

C_  wHa .0458 + 0 — 0.0563
l, 2w+0858, 2%.0458+0.85%0.85

OM,, = @ [0.545f, L, (1 + —-)(1 — —)

stfy

= 0.9[0.5 * 7614.5 * 420 * 9700(1 + 0)(1 — 0.0563)] =

13173.73 KN >Mu=5903.51.....0k

Mub = Mu-@Mn=5903.51-13173.73=-7270.2

lw 9700

—————=16.2mm
600*— 600=.1
hw

X>

Lb>

N>

=8.1mm

Since Smallest value of Lb & Mub not requires Boundary

4-9 Design of column (C62)

fe =24 Mp
P, =3000 KN
P, 3000 )
P, = E =065 - 4615.5 KN ... use ¢ = 0.65 — for tied column

Assume rectangular section with:

\A

Usep=19%



Chapter Four Structural Analysis and Design

P, =0.85(0.85 x f;(44 — Asr) + Asr[f;])

AST =.019 % Ag

Use 0.85 for tied column
3000 * 10° = 0.85 x (0.85 x 24 = (A, — 0.0194,) + [. 0194, * 420])
A, = 204638 mm?

Use 0.45 x 0.50 m? with Ay = 225000 mm? > Ay yequirea = 204638 mm?

1) Check for Slenderness :

K X1, M,
s34—12(ﬁ>s40

2

M
(ﬁl) = 1— for braced frame with M,;,.
2

l,: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section = 0.3 h
l, =4m

K = 1.0 — for columns in nonsway frame.

a) In 50 cm - Dirction:

K xl
Y<34-12%x1.0=22<40

K X, 1x4

= =26.7 > 22
r.  03x05

~ long Column for bending about X — axis.

\At
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b) In 45 cm - Dirction:

K x1
L<34-12x1.0=22<40

Kxl, 1x4
" 0.3%0.45

=29.28 > 22

Ty

=~ short Column for bending about Y — axis.

- long Column in one direction
2) Calculate the minimum eccentricity e, and the minimum moment M,,;,,:
About x- axis
emin = 15 + 0.03xh = 15 + 0.03 X500 =30 mm
P, = 3000 KN

Mpin = P, X €min = 3000 x.03 = 90 KN.m

3) Compute EI:

E~- XI
El=04—-"79
1 + ﬁdns

E. = 4750 X \/f, = 4750 x V24 = 23270.15 MPa

12 xDL _ 1.2><2200_088
P, 3000

Bans =

b x h® 500 x 4503
I, = = = 3.8 x 10° mm*

9712 12
Bl = 04 x 2527015X9 o 24 kN2
- 1+088 ' -

A
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4) Determine the Euler buckling load, P, :

n? X EI  m?x12377.74

P. = K x1,)? = 1 x 2)2 =7627.5KN

5) Calculate the moment magnifier factor &, :

M
Cm=0.6+0.4xﬁl=0.6+0.4x1=1.0

1
Ons = Pu 3000 =19>1

0.75X P, 0.75X7627.5

— The magnifid eccentricity and moment:

ey = enmin X O0ps = 30X 1.9 =57mm

M, =6,s XM, =19%x90 =171KN.m

= where My = Mypin = P, * € = 3000 * 30 =90 KN.m

The magnifid moment are less than (1.4 X 90 = 126), are required

by — ACI — Code Section 10.10.2.1.

6) Select the column reinforcement from Interaction Diagram :

About x — axis

a) Compute the ratio e/h:

_ 30 =0.072
h 500

A&



Chapter Four Structural Analysis and Design

b) Compute the ratio y:

d—d 500—2x40—2x10-20

A 00 =0.76

Assume @20 for bars:y =

¢) Use interaction diagram A — 9a and A — 9b
selected dimention: h = 500 mm ,b = 450 mm.

assum p = 0.015

QP
aty = 0.75 oo voe e —= = 2.18 Ksi
Ag
OP,
aty =09 .........— =226 Ksi
Ag
. : OF, .
by interpolation y = 0.76 .... ... .... = 2.185 Ksi
g

@ * Pnx = 2.185 % 0.145 * 500 * 450 = 4.52 MN

@ * Pn = 3847KN > Pu = 3000 KN — Safe

7) Select the reinforcement:

Agt = pg X Ag = 0.019 x 450 x 500 = 4275 mm? ...... Use 14 © 20
Design of the Tie Reinforcement :

S <16 d,(longitudonal bar diameter) —» 16 X 20 = 320 mm
S < 48d,; (tie bar diameter) » 48 x 10 = 480 mm
S < Least dimension.— Least dim.= 450 mm

Use 710 @ 20 cm.

Yo
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4.10 Design of Footing (F5)

v Material :-

= concrete B300 Fc¢' = 24 N/mm?>

= Reinforcement Steel Fy = 420 N/mm’

v Load Calculations :- (From Column C34)

Dead Load = 2406.38Kn , Live Load = 1266.71 Kn

Total services load = 2406.38 +1266.71=3673.07 Kn

Total Factored load = 1.2*2406.38 + 1.6%1266.71 = 4914.392 Kn
Column Dimensions (a*b) =60*60 cm

Soil density = 17 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2

v
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Fig 4.24 :Foot Section.

Assume h = 75cm

G eratiow = 400 —17%7 — 25%75-5 =373.36kn/m2

v' Area of Footing :-

Pt 3673.07 _
"~ 37336

Qnetfallow

9.84 m?

Assume Square Footing
B required = 3.14 m
Select B=3.2 m

Yy



Chapter Four Structural Analysis and Design
v' Bearing Pressure :-

qu = 4914.392/3.2%3.2 = 479.92 Kn/m’

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column
Assume h = 75cm , bar diameter ¢ 14 for main reinforcement  and 7.5 cm Cover

d=750-75-14=661 mm

B—-a
2

Vu=qu*( —d)*L

3.2—.6

Vu =479.92 ( - 0.661) * 3.2=981.34Kn

$Ve = ¢%*\/F*bw *d

@Ve =0.75 *é* 24 *3200 *661 =1295.29Kn

¢Ve =1295 29KN > Vu =981.34Kn
Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vi = 4914.392 - 479.92[(0.6 +0.661)* (0.6 + 0.66 1)| = 3704.03Kn

YA
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The punching shear strength is the smallest value of the following equations:-

1 2 !

| !
oV, = ¢.E(bo > + 2J\/Zb0d
47, =41 b,d

Where:-

Column Length (a) 60 !

€ Column Width () T 60

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

b, =2%(66.1+60)+2*(66.1+ 60) = 504.4cm

s — 40 for interior column

PV, = ¢%[1+ﬂij\/fc b,d = 0'675 *(1+%j* 24 %5044 * 661 = 6125.1Kn

c

1 « ' 0.75 ,.(40* 661
Ve=¢—| ——+2 /. bd=—"% +2 [*4/24 #5044 * 661 = 7392.9Kn
#e ¢12[b0/d j T [ 5044 j

PV, = ¢%\/ f. b,d= ?* 24 *5044*661 = 4083.4Kn

®Vce =4083.4 Kn>Vu=3704.03Kn
3- Design of Bending Moment :-

Critical Section at the Face of Column

B—-a
2

FR = gy ( ) « [ =479.92 * (32‘2&) *32=1996.4672Kn
Mu = 479.92%3 2%1 3%1 3/2 = 1297.7Kn.m

My 1297.7x10°
T @bd2 T 0.9x3200x6612

R, = 1.03Mpa

vAa



Chapter Four Structural Analysis and Design

fy __420__ 5459

T 085! 0.85x24

p:3<1 _ 1_m) :;<1_\/1_w) — 0.0025
m 420 20.59 420

Agreq = p.b.d =0.0025%3200x661 =5288 mm?®

Agmin = 0.0018*3200*750= 4320 mm®
Asreq™ Asmin 1890 mm?
As,req =5288......... is control

Check for Spacing :-

S =3h=3%75=225cm

2% ) 2.5%75=192.5cm

24420
3

S = 380*(

S=45¢cm ......... is control

Use 32614in Both Direction, A srovided= 4926mm2>Aq requiredsss_OK

Check for strain:-

Asfy  4926x420
0.85b f! ~ 0.85x3200x24

= 31.69 mm

a 3169
c=—=——=37.3mm
B, 085

d—c 661 — 37.3
& = 0.003 (T) = 0.003 (T) = 0.05 > 0.005 ...... Ok

4- Design of Dowels :-

Load Transfer In Footing :-

®Pn.b = D(0.85fc'4, x %)
1
A1 =60*60=.36m"
As =320% 320 = 10.24 m’
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A 1024 s, A,
A, 0.36 4,
®Pn.b =0.65x (0.85 x 24 x 360 x 2) = 9547 .2Kn
®Pn =9547.2 > Pu.......... .ok
No Need For Dowels

Load Transfer In Column :-

®Pn.b=0.65x%(0.85%24x360)=4773 .6Kn
®Pnd773.6 > Pu.......... .ok

No Need For Dowels
As,min = 0.005 * Ac= 0.005 * 600 *600 = 1800 mm?2

Use 12625, A provided=5890.5 mm’*>A required=1800mm’... Ok

5- Development Length In Footing :-
Tension Development Length In Footing :-

9 F Yepsy
Ldr req — o * lx/J}_c * Wt * db> 300mm

db

Ktr = 0 (Nostripes)

25 100
ch = 75+7= 87.5mm Or cb :T: 50 mm

ktr+cb4_0+50_2<25
db 25 '

ktr+cb_2
db

Ld _ 9, 420 111
Treq = 19 " 1«24 2

*x 25 = 964.5 mm> 300mm

AN
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_3200-600

LdT available — -75=1225 mm

Ldrt avaitable = 1225 mm >ldreq = 964.5 mm........ OK

Compression Development Length In Footing :-

Ldcreg= "> 0.043*Fy*dB >200mm
Ldcreq= 222220728 — 514 4> 0.043*420*25 = 451.5>200mm

V24
Ldcreq= 304.8 mm

Ldcavaitable = 750 — 75 — 25 — 25 = 625mm >Ldcreq= 514.4 mm ........ Ok

Lap Splice of Dowels In Column :-

Lsc =0.071 xfyxdb = 0.071 x420 x25= 7454.5 mm > 300 mm

elect Lsc =700 mm

AY



Chapter Four Structural Analysis and Design

0l
0L

ocl

ove
0ce
09
=
e

12925

ocl

0l
0l

10 130 60 130 10
10 320 10
340

Fig 4.25 :Foot Reinforcement Details.
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