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Project Abstract

Structural design is the most important design for the building after the architectural
design, the distribution of columns and calculation of loads and maintain durability in the best

economic way and the highest safety and safety is the responsibility of the designer .

In this project, we will design the building, consisting of one block, consisting of nine
levels: basement and ground floor, three floors above the ground, and four elevator levels. The

total area of the project is 6156.95 m>.

Where the project is designed to meet the goal that the project seeks to achieve is the
need for Crescent Hospital for an additional building, as the number of visitors to the hospital is

increasing.

It is worth mentioning that the Jordanian code will be used to determine live loads and
to determine the load of earthquakes. For the structural analysis and section design, the
American code (ACI_318 14) will be used. It should be noted that some computer programs

will be used such as:

Autocad (2007 + 2015), ATIR, ETABS 2016, SAFE 2016, Microsof Office XP.

The project includes a detailed structural study of the identification and analysis of the
structural elements and the different expected loads, and then the structural design of the
elements and the preparation of the operational plans based on the design prepared for all the

structural elements that are the structural structures of the building.
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List of abbreviation:

D.: Dead load.
L.: live load.
W,: factored total load.
L.: clear length of member.
0: thickness of a layer.
y: unit weight of material.
M,: nominal moment.
M,: factored moment at section.
{\- Compression strength of concrete.
f,: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.
@,: strain of tension steel.
@: strength reduction factor.
V,: nominal shear strength.
V,: factored shear force at section.
V.: nominal shear strength provided by concrete.
V;: nominal shear strength provided by shear reinforcement.
A area of steel.
A,: area of shear reinforcement.
b: width of compression face of member.
b.: web width.

d: distance from extreme compression fibers to centroid of tension reinforcement.



h: over all thickness of member.
P,: nominal axial load.
P.: factored axial load.

S: spacing between bars



£ g piual) KTy



Gald) el @ ks osandl e e Laog il b ST shall Cilasie aal (e Susall ol Ll ey
Baball a9 Al Shall @jeds Cua 4l Bladl sl g calide 4 danadie Sle 2y
Cyelh X ey lsll Gadlaas ol sl GdlaeS ddlisall gl Gallaas sbaill 505 aSlaall e due Sal
Sl 5 3 lal) Clainal  lall ) Z8LaYL 41K 13s - de gitall dpaly )l ciliiall 5 laSall 5 (g ylaall 5 il
i) clalial Al EaaY A1 50 o 2 Y S peiesd) eliall UV gy ailn jshaiy Lyl skl e
A i) 3 5l (S (8 e ) da (e 4l sl g o )\SE auzay o3 Gudigal) 50 (Sl Lia (e agdladil g agilis Calina
Ol ey (e 43D g8 5 Camllay (38 50 Jish a2 4l ) dile da ) Ge¥) Bl (3 aenay (10 s uigalld

Of Jslas 0o JAY) e 51 sedan (e sp gl Jlainl S @llin oialy ) Had s ln S se Caaa 8 da) g (it Caa
Axphall 4 g6l )y O saaall Jeall el

alaiay g;—‘L‘I”\ prasal oA g ) ghall AA&LGAJM@L’L\Y\ e;t&a.djn ;\‘);}.gel.;\ﬂ\ BT &j‘)ﬁmﬂ Jaa gj:\.m\)ﬂ\ e
Sl Aine 3 idandal) a1 M) LAl
alaa

AU Calaa ) ) Gla g a8 0 6S0 Al sy Caadl 13 (e Jus

e Al Y1 oy aalie ay )y sis A ilinall a ldall o uliall YISt lgal e s e @) (

Al ALY jealial) apead e 5508l (
| A ) Bl 8 Ll o o5 ) il ladl) Ty y 5 Budas
g sall Jal) gon L i (LI el gl s pladind 055 (



s i LSl AALay)  gealiall gaeal LY araaill 5 Juladll g 5 ol 13e KA Jiah

Jua¥l aaady L geadls 33ae Yy Clae Yy Sl Jie 480Y) aaliall (e peaie IS Jilad s Jlall

aiss ol ey Lanall GV dale Jlie V1 Gae 33V e Led w3001 bl apanaai s aolagl aans o (e s Ale Al
28l s 1B S e g g odiall 18 1 0AY Lpaana 8 Al ALY jealiall 4080l cllabadall Jae

badl) A Jaal wios Cyn odad 23LEY) Tl o g bl 3] Jaal) yuaiy

izl S i)
AT PNPRRT

. (ACI-318-08M) 4ikisall 45y asaliaill A S5 Y1 2580 slaie) (
e 5 (etabs)(Safe ) (Atir) Jic SLY) asaaill g Jalaill gal y aladin) (
(Microsoft Word) ( Microsoft Office.) : (

Adlaal g Chaanll A g Aaladl dadiall (el -

oisall LAY pealiall Cim g Jadis



Ay ealiall LY apanaill 5 Julaill

A ls o) adal) Jaadl) b AL JleSind oy Of Ao J gl A0 ) 2 dadiall 028

: . Cilaal ae Lgal i g Ay jlanall oal sil) (e Lgina (e 2SN @l1h 5 4 jlanall cillabadall 4 50 (
a5 0 L 2 sall Gl JLaS) 5 clgale A 53U 4 jlanall CDaxil) A4S

sl 530 ae WS abiadl sds a3 5 i) AV aall A Sl AE i) aliall A 0 (

Jdle 5 (s3Lai®y) Cuilall Bing g g gain sall (5 lanall araaill wa praiay ¥ J0 Clac Yl

Ledde 3 j55all Jlaa¥) s dnliay) pealiall (ilas

alal) il e ol ALY jualinl) apanal

AR apanaill el 33 315k e paanall

JalSiall gl Al iy g el i Lpasaial a3 ) AL Y] paliall Andill il alasdl) Sl

Aaall Joal)

N N N N

S| e cabeals Lol
16 5[4 (13121 fwlo & 7|6 543 2]1[8[T ®

Iy
-
Y
]

B p sl L3I
£ gl b L) bl g2
Bt g
£l L i
T ) s
Ctin] et

Lyl g
Sl gl
TR T
7 pad) A2k

Fp el s

B gl Aatial (a3l Jesadl (- )



3 LA e
(sl 4,88Y) Jablial)
<lgal ol cwa g

hlls puadd) A ja



Gllal Al Gyl (s d) Bl o die o Ja ¢ sl 138 By ol 8 5 il aslell 5 il aal 3 jleal) s
A 4 5 Lo Satse Aalisl) gem (g0 8 sea Jumil ) CoseS la o nlsall o3gn JES o skl g2 5 4ua) gal (il
AN dxdall 03gd Jlaa (e

Jlaall ol s (o (5 banall i) 43n 5 Laa Lansh g e ¢ LS 5 A ga 5 (B 5 land) il agu
(o233 38 Ll a2 ) a8l )5 JLA) Gule e U b (2 ol an (Y il V3 jlead) (8 Lavie (il 3 gan g oyl g ale
Aluald ae Jeldi o Ll Ladie cilaliall (o el Ul

o (e Wl (o 8 Akliall (e a8 ) o ad) 0 i s oberall Jead) Adaloy o Sl ol il Adalasy )

il g ilS Laga el AV A (e LESH e (35 alany L Al oe) 3al (8 (5 lendl) Gill 5 Jlaad)

Ald lasae Al Ak gl y el JS s Sleal 5 A Raal) Jleall G 7 e Ledie Lalad 4 jlerall Ja s ) (33 8 () oS,
G Ll ¢ Glandl Gl LS and QA1 e pai@y Y (5 lerall psgdall Y Thjlene a3 (58 Gl )
QISR A

paanaill Als poy Vsl Tasi sy JaSi e o Jladl oy s Jal e sie e o8 e sl Liie (Y apenaill Lilee )
O ) Aaliaal clllaiall 5 Caill gl Baiad le W) Gaes M s Liall JSG aaad As pall o2 8 o Can (5 jlexall
3aac Y adl 50 dpaa s Ay slhaall Sl g e ] a1 (Sat Cargy cad) pal ol w55 (s ym G ¢l 138 L) i Lelaf
Agila ol lllaiall (e s e g JE 5 AS all 5 2 sl A 50 Liaal dalaall o288 &5 ¢ slaall

SV g A ALY aeall Alee o Aledl) L) gems Ll AL (5 oleral) manaill dla je o elgBY) 2ay
A alinll a3 e Lelis 25y 5 Lgde el ) Aabisall Jleall e laliie ) Lpailiad 5 A0liY) jualiall sl a0a3

AldY) 5 (381 5al) aan aialy JlA)) diae 8 eal) O i o)
sally 430 5 sa el Al gll ool o Jailay 4ol AlS @l L)) Caal o Jaes (5 bere IS5 piialy 4] LS
il e S (L ) Y o jlerall Clsalll e 4y sag L IS
@ Gkl o Gus Cag g Ayl O el oSy
LS dmany et A8 e e Gl JS O Sh Cun el 5 el el G day S el aliall g ualiall 5 ualadl
( C) a0 AdleaY) dalall gl



g5l T i Anally iyl el i e Jai 525 Abaal) oy 3 Q) e &

) Gl

@M\MU}M\ UAJ‘}“‘\&EE



EE PSR

:&J}M:\:@émﬁW\ —a g
Ay gl (3l

_ Gidall 138 Aalis il -
. -3.64 1Al 13¢] 58a)) elas -
Lagin 4 o Qb (3l e i) il g Jialy -
YA G IR 138 ) s 5 o -

AP e b 8 A S il ) (

: (
sl Bl sha ( JEE L 568 deane ) ABLSYL (
sl 13 b el ) al Canlda g -

3o Ay Adaa s 4SS Alpa s )5 e 8 (e Gildall laa (S

ClsS e g (aapall Caje g aSaS Al e o e A8 e 5 Dlua 486 5 Chlaiy dhl 48 2
_aL)A FENSIA

4 gl i(-)



. Gl 138 Aaliua &l -
+ . 0.00 :¢illall 13¢] 536al) elans )
Lagiay 4a8 iy il Gy (e il isall o Jusly -
Oe Gl 138 Y a5 -

ADA (e Ol gy Cus ) il (

O ; (

- (
sl (3 ol Janl Sl S amian ) AilaYL (
bl 13a b cule ) jal Callay -

sloeS 488 Aaay goenall pandll Hitay SheS Hite e Gl 1 oS

Cu ) Ad e g Al je A8 e g Clel ja) A8 e g aall Huat Ad ey HyE A8 e Lia ) iS5
o0 g i A 5 all @iy dallae 48 2 g aally g i dd 2




_ S 13 daliaa Al
+ . + . Gl 13 skl mhas
Lagin 4 o Qb (ke i) Gl ae Jialy
A e il 138 ) J e ol S
AP e L 8 A S il ) (
: ot (
el ol sl G JEE L 3¢S dmae ) Bl (
Gl 13 b e il Cailla

Qﬁmmg@ﬂ\e\”ia\h}, e A Ka Jadad 5 % e dglie Bas g e (el N (o oSy
lat g At 5 38 )2 basliSica 25 A8 Jlea A8 85 el xS A8 25




_ Gl 138 daliue 4l
+ . + . Gl 13 skl mhas
Lagin 4 ol Qb (ke i) il ae dialy
(A e il 138 ) e ol S
AR e Qb ah Cus il ) (
: ot (
el sk G JETI L 5eS amaan ) AiLYL (
Gl 13 b e il Cailla

Ctalall i pall o)l cilas g e 0 K Jlad 8 % e dlie Bas g (e Gl 1A () Sy
(hhad 3l 4 2
lat g At 5 38 )2 basliSica e 5 A8 Jlea A8 85 el S48 25




. Gaatlall 124 -
R + L Gl 3] sakal) mlan -
Legin anid 2 Qb (3yyh e will el ae Jualy -
(A e Gl 138 ) J sl s -

ADA e Ol 8 2 dus il il (

B : (

iall ol sha G JAE 2L 5eS amian ) AdLSYL (
il 138 cle )l Caills -

LadsiSich e 5 ol jgSah e 5 Allay lias (e Gildall 138 () S5




a2l il 3 JS Gl Gl shall 038 (e Bilda JS Jaaly -
iall Gl sl G daa 1l (L S dian s aaeni Al e (e Bl shall o3 (e (i JS (5SS -

(i) Gl cp g 4 Loy U Glas 0wl 1 Gildall () oy LS -




s ailgal gl chag

138 Cilgal s (g lanall apanaill JA (e eday G ¢l e IV g LR asd i gl (e Al Cilgal ) ¢
Luaall 51kl aladiul ¢

sanll (e g ey duobad) il a5 Al a3 o ol Aulee 3 Leahatial o5 3 At )1 35 of LS
cdlead) puaic 8555 4 sall Cag plall A slie Jo 5l Lgtinulie Aday 50

- Alladdl dga) ol

a3l G B ) e LI (e 05 o) JRal (o Cin aall Bt ) Bl o3

Al dgal sl o( - )



e siall gl g

csinall 52 LA (pa e Jane 2 g5 LS inall Al sLaiV gl sl a3a (355

1
TTTLLL |
ENEE

Towl =l

= =1 T |
|_'i 1

il dgal (- )



148 5al) dga) ol

il nall daiy g LS Lin At 2a 0 Db Apeat 1 (o o L W) pat ) dealsll o S ol
sl Jaaal (e el cailad) e 283 IS 5 Lgia 55 A

Al

A deal dr( - )



A Allgal o

RUTINI P S FVR PERENPYY DX G ENCON P W | U BN (g -

LI

Gl dal gl (- )



s il s Slo Gl shall ali Cun Sally ol 4n s
e Jall clalusl s < paall A G aal gl (o giall 3 381 ) AS jall QI g i
Gl sise Gn Al el acladlls #1001 JOA (e Ll Hl AS5all Ly §180 dihs ae 48 pad) ol Cua

:C\,UJU M\ 45);
il el e Lagia JS Ll A jae ind sl Jilat (8 Aegall Jalsall o Gualill s Ll AS Al yiiad
Agadall 3 )Y 5 4 5eilly Allaiall aranalll Ja g 5l by Cumy Al dgan 85 il e | )3 ) A



wa}‘)’\ M‘ Cra )
g.aw.a")’\ ﬁ.«aﬂ‘

Aglaalls) LAY

4 g<al) ALy



ALY Al e g g pliall Al Al .. . A jlarall Aalill (e & g piall Al jd 22
L@_c\}:\g_q.r\m.\‘s.ud\(sjsM\d@y‘@h\Jdéﬁmuﬁd&AJL@m}j@MY\)a\.\aj\&.u\)l
el deale (3iay g all bl jdddagl)l o e oy AL avanaty 7 g pAll Lgma Joaladll AodS

. & s oall AalaBy) AdKil) Cildasa Ganay dlaal)

o il Ay jlenall il 5l ae oy Lay 3l ALY ealiall L) LY asenadl) iy LS
OS85l il e i LB sle] o s A sum sall Ay jlaxall cillabiall ga bzl aie slel je gn LelaY
A leall sl e Jadlay

(ALY asaatl) (e Caagl)
il Y iy Liie 7 5530 Lals e Al Jal sadl 5 Calaa ) (e A sane ol AlalSie dilee LI aranail) iing
—icalaa Yl ol [adll g aie ga yall Audls )

A Jasd o 5 al8alidy) jaliall adalia jlid) e 488as &4 :( Factor of Safety )

leie il Cillea)
Jaglasy) D) Gaoh e Liaad L= (Economical)dusbaiy) dasil)
Alal (e pasiiudi A (a jall A4S 5 Lalal Jib s el clllaia Ganal apanal)
Usels  (Deflection) b5 -:(Serviceability)
(Cracks)
Lanall g jlanal) apanaill e Llaall

Alalal) ealiall AALEY) ahlial) apanai 58 Le s pda & 4 ALl 3l 3 LAY apenadl) (8 131
ad OV Jual  aasdly (American  Concrete  Institute)  (ACI318-11)  sSi Y
Al sl (UBC97)



() avaaill Ja)
-1 O ) Ol ye () (ALY apanail) dal e apedli (Say

laolaie aly Chgw Gl elall M g0 daady desas g 5 dal) daph Cun (e g5 pdall A05Y1 Al )
Eosis Aamliall laiall g1 sl s ) suall s 3aae U g3 55 (e g s _iall il Lyl QUadll jssl)
(Y apanaill 8 A0l Al el 8 (58 IS Lpasanal s Ll al Tangad adalall 440 53 Sag¥) il 5 (il )

-AN Al yal)
s lia A3 gl iy HUall GGy 3y JSS Landl ol Jal (e e e IS LS apanal) 8 Jiam

35Sl Claana e Lgaranai s LS sl Al 5o Ledl) Jlaal) Jaiy jualinll dadai g dpuigl) sl Ll alasiuly & 5 il
38 Jaaldi s Al 1) cileUail) 5 4,81 Jadlosal) any Cun (0 ol e DU dgiliay)

d&&g&j)hﬂ@a)l\d}@\sjhoﬁzcé\jl\uajshuh:\éﬂh*d A g paie JS 8 mbuall pas
An dal e Ga IS8 Ldua (e Y A de sana (o

Lol N Jlaa¥l asen Ji o)L o3 (o ALELERY e | Aals g () 655 el oda il a3 ALiY) jealiall apanais
) ) e Jlaa¥l 8 by ua Jlaal) Sl Gy ol a1 ) Lasall W (et o (Sar N 28Y)
Va5 W g )5 lale ) i) Calisiay b)Y saee Y1 Gas Baae V) (A sualdl oy saaall

a8 e pra gy U SN




Dt i L

Load path from structure to the ground (-)

b WS s dalide gl gl ) sl L i ety 3 Jlea) anis

D ) Jlaa
Cua (e Ll Lgie oS A A )l jualiall I 550 e Aadlll Jlaa)
i) o A8pSie Jlael gl 5 LedDlialy sl adal @IS dla) o) 3oy ALl
LS (- ) A 2 €Al ol gall GBS ALY jeaiadl slagl 3aa3 VA (e L (S

& s piall 8 dassinall 3l pall due 5l

(KN/m*)

23 1

25 )

10 3

22 Aiany) 4
5

Aadidicial) 3 gall 4o gil) ABESY ¢ (- )

(Partitionload ) = . kN/m?



“rdad) Jlaa

aiil¥leal 5 3 ey el Cun g Ll ) Jaal) o
JS A Lo Jsanall sl QS L Jawb o Jla¥) ol dad adiadg

Al 5 g 5 phall 8 daall Jaa¥) (- )

) ( KN/m*

4l Al 1

Clidial)

C )

3
iall palint dall Jlaa 1 (- )
-2 Agiaal)

el Jlaad s ZLl s 7 8IS Lasdl e jai il dglall sl sy 8 S Jlaal) Jadiiy
lajlie Sa Lol Cum e GRS g ey i) Jakim e Aa3ll) Jlea¥l s dpa )Y

ek LS a5 Al Jleall (1

D g Jea

i ) 5 el Ll Ao ju e slaie W1 Al 2l Jleal spaad s ¢l e 48 558 s 2Ll el
e gl adl ye i ga b A Lina) d5a 5 o) Aadi e Sl ailala) Cun e And s aall e e Uil plas ) iy
: LoV e s (i o s S JSE 5 5 AN @l yriall (e el

aradiont wind 100 - 1

450{1500) /
ff we phdl 39/ gradient wind '“j]/

S0 1000}
il

nedphl, m (1)

gradient wind 400 /

1501500 — ' 81 ;’ % /I o 416 @i X



variation of wind velocity with height g U 4ty 7l ds s ooz (- )



:UJL’.AX\ 0l éé} Liudj (UBC-Q?)(:\J;SM\ (.\3:\ u}u CLL)M LjAA A:!JAEJJ

Where:

=13 tﬂ/d‘l..i

g=I.F kN v

0.0
op=

=0 Bfr=

g=O0.8 kN A
F=0.5 RN =

Wind wvelnrify pressees of BV )

r@ 4 o[

:’P“' DIN iogs,T4
ﬂl}‘ emnter Su’nm'hm arma Wind Speed

Ay ddaaal) Al g el G O Alall Lo gl Bl (- )

P = Ce. (4.

P design wind
Cp: combined |

Cq: pressure cc
({5 The presst

m

Iw: Importanc



L e s 555 0 5 e ont] S il e 5 5 e e L

Crn B Jlead ad o U Jgaall

) ( KN/m* "h( )
0 h < 250
(h-250)/1000 500 > h > 250
(h-400) / 400 1500 > h > 500
(h - 812.5)/ 250 2500 > h > 1500
(-)

sl <l ) yia) AS all sda e g Aun shiall Caglal) G AR (oY) el Ll A Al

panal O Jleal) oda 335 o angs ¢ Chlgaly asie s Al
e adagndlasd) ) ual) ge dalil Ul cdas Ja LY paliall

ee Qald 5 gloas oo B Y Gy il (8 de jaall el Gl ik oo g dall 13 (8 Lt slie dia
esanail) dee Ui QYT 508 A00AN S je ae inall ABS S jedilaey 53 sa sall Ay jlexall gLl

A oy i) J gaamd S 5 ) pall e ja CaDER) Aagi aall Al Al pualiall LS 5 00 e A3l Jleal a0
) A aadid) 0 &l e g osa b Sl Jala g el saadll Jual 8 58 5 DA (e e Y s Jlaa o2

Lland) ) Lay)

Jadiis adsall 4 gaall Clud Al Jae e 2 Y iall dlasy) Aud Al cad) (8
4 gl olaall Cguia 48 ey Lge 515 Liliial o g Leland 368 48 jral 4 jill Cllia b o) ja) - 4 sall olaall 5 ) sauall
L s yde Glast s dlaely 2 i) 8 CHlasiul ol Jary @lld 25 Ll aua o) dpuliall Al 45
rba adll 038 ey Lele A 33U A 5l lia gad Jead a8 el il (e s jaisall i)
Unconfined Compression test

Triaxial test .

Unconfined Shear test.



dnlal) ol paad) e Jisall ailadl Tkl jlaia s aal) (e Lgale Aadl gl Jlae SU Ay i) Jaai 3 58 a5 il ) i
Ji Al 8 cosllaall (§8a ) Laddss 48 5l g bl gl Hlasy elld g 4y il ¢ g e adiey 3 5 dpalitny)

e Jaadg

Spandrel
beam -

Coar liniel

o
ﬁﬁ’f
e h_
e /
I : f Eeam
5 R 2nd tloar
e I-.'- ﬁh"""'--r-r.

e Supported slab o

2
K S 1=t flocr

Fa

A 1< Foundation

wrall

Slab on grade —

fy = ..

Fanting R
Spread
facting

L T
S
= Beram—

Baseman

S W all g ol

: ,.u\.da.\‘}!\ _paliall

BSLE ealic e gana o (pilaall () sSE

Lela) (e pana Al il 5 (505 Lild xie

. Foundation (
. Columns (

. Beams (

. Slabs (

. Shear walls (

. Stairs (

(

(

(

. Retaining Walls 4:slisul o jas

. Bearing Walls
Joint SystemAsLis)

. el (B 593 sall ALERY) pualinl) Gany( - )



A yealiadl g g il (5 sing
ALy ealial) ) Leale 558l Jlaa¥) Camass 4l 11 (5 8l J& e 3,0l 2alisy) jualiall e 5 e 2
555 ) Ly (50
Caladad) &\jsi pladin i 4dld 4 jlasal) Clllaiall e ja g sl o8 Al llladl) (e 2aall 252 5 Tyl
_tj).u.d‘ ‘;s Al

- N G ) Se A dadiuadl (Solid Slabs)

.(One way solid slab)

-: (Ribbed Slabs)
.(One way ribbed slab)
.(Two way ribbed slab) cmalas

e 3aee Y G sl L )55 ) lalisal) Agdass 8 aa) gl b3V 3 liac V) cilaie aadiiu 5 138
i g 5 el 1] ALY apenadll 8 5 G 5l Clalus) Al 8 20250 GaalasV) Gl uaall ciliie L

O sl S

. (One way ribbed slabs) (

zabeall (5 @\@g#\wwdﬂojﬂjqw\a&‘;Q\M\MghM\é#\)g_&idh)
(5- ) JSall G ae s LS sl g



SRR B e T

Oz vy vib iy <y

iy Bl L R oo |

:(5-)
: (Two way ribbed slabs) ¢l (

a5 ey onlad mludll S 5 cpalady) b Glac V) abli Cua e aling KAl Cua e AL 40
(6- ) IS b ey LS (el (b a5 (s L3 om0 o5 Sl s (b Jaa)

Bamal Bar's —

Cmhlad : (6-)
: (One way solid slabs) (
O gl Giad @lld 5 dpall JlaadU ) L5 i e
Lo 2aad 8 a1 sall laokey) oy Al g Aianaall Claiall ) suall 358 JSE Ganly 5 210091 5 il S
.One way solid slab g (7- ) Caladl gl aal 5 eladl 3 4leadll Baiall clS 1)



s

-m-?‘-? v — Ly
| b R " =
_Ir_ll_l'l_.l““ — -
9 ™

N

y T e
OBt up

.One way solid slab (7-)

: (Two way solid slabs) ¢usatas (
b Ledle adl gl Jaall Jai Ui wiys (e JaT 538l i) olas¥) ) Jy shall olady) Lo dasaill
& LS palas¥Uflexural reinforcement Led (st )l alodll ¢ 585 5 Gt 3l Cileliadll 8 andins 5 cplalasy)

()

Cmalaiy) <l Adaaal) ciltial) 1 (- )



gj‘@w\ﬁ@\#\wqmwj&tu\wﬁguﬁ)m% @M\@.\;ﬁgjuuﬂcc\)a‘\j\
(-) L) 25 ppens

Ehwar deall —

L Tearriprsimloen i Shiri o Ssrw

e e sl

&) laiall e gl V) Caling e lgale S Al el Ay Yy

SR W FUITEN

Baial) g la )Y (5 sboa Lee & ) o <6 ) *s:( Hidden Beam ) -
& el e 290 e 3all ) ) s ) gl ) e S Leeldi ) (<6 Al a5t (Dropped Bea) -
lexhalio go Lin il b3c gy (- ) T-section  L-sectionewis s slall sl Judl aalai¥) sl

e [r— T-Eypim =
lrmemirn BaarT bamm Hrmrmmy -2




flexural reinforcement <ulillaidd @ 5 ) guall palosi Al
L =) a9 LS

oseadl Al (- )

LT ) suadl (e Lgale Al gl Jlaa¥y) Jiy o585 Al edl el 8 Aplisy) jualiall &
8 mail) 33ee Y1 e 53 AL Aali (e 3aee Y1 5 Lale adl gl Jleal¥) w535 Jis e 550l () oS3l 3y (<G Lpasanas
.(long column) 4L skl saec ) (short column)
o’ @l 5 S pall 5 g pall 5 abiadl 5 a5 Julaiveal gia e JISGT saae V) adalial JSAN Cun (1
e man( -) Jaiall g dniaaall 5 Anilu Al Lgied deadiidl salal) dahs Cua (e 3aae S AT
ki) 3ee ) 4



mlmifm
rACIATE
1,3

erilicas

Jusl
BT =
S0 e

SRR f-ﬂ'ﬂfﬂ"if.-' i

s

"y

ol 3

]

2.50 = " T =

o e colamn s -

P Doy i ]
2 s “

PSR b 3

"

™

_n_l_
=] =

Jie 281 Jlaa) de slaal asbial IS a5 Ll adl ol 488N 5 230 panll (5 ) o 5l Alela Alis) pualic 4 g
LBl (e 2 35 (A doall (e opiahay =xlud () j0al) 034 5 ¢ (Shear wall) oty Y szl s 48
sy (o gl A glaa e
Laiall Ll ety Al A (5 gl Aa gl Mo Jand LS L) A0 siall dpusl 0 ()5 5Y) Jaad e ol jaal) o3 Jand s
Ol 4l Al (center of rigidity) desad) S e cp bl 585 G sle ) e ae aalas¥) AW 86 Cang

. (& e J81 (center of mass)
D8l el Gl o e T a5 3all a5 Qi ) aial Ay gllaall dpapanaill abasl o) paall oda ()85 ¢

ooy

A pan( <) A



l'llI.ll:...l'

Ve :
i S = i W iz ==

o ALY jualiall R8S araal (e slgli am ol gl o V) cLiidl ol die bl fay Lo Jl bl
05 8 Gl g Jara 58 UGS e 45l L) Aldall gl paadl g saee Y1 (e Jlaa¥1 Jity il o 58 Cu ¢l
058 oS J&al saay (58 ¢ 53l 1 (Shallow Foundation) adasdl Gl ey () mdas e Ly 8
mat ) s mas <lulul S (isolated footing) (strip footing)4ua: »&

.(foundation

a5 iy B e L 5 5 A A ) e ) Lt Jaal i 200 Jals e 555

dalls dads o Jganll Hied Ladie Ll ¢ salll 2y Cus (Deep Foundation )Gsesd! gebaYU g sl 138 ansyg

il wllall mlandl e J pamalls 508 lael ) 4l G ) e salll o5 Gl i )V mdans o ol il
.(piles foundation)isiu Al alisY) Jie



s bl gl (any b e

.(Isolated Foundation) -
.(Combined Foundation) -
.(Strip Foundation)isk »& <l -
.(Mat Foundation)s_sas -
Leale Axdl gl Jlaal 5 Lelend 5 68 5 Ay il & il L Glld g alisa ) 53l (e lisliad aladiiusl aly Cogas g
A ol Jualds g Juaiiall (bl IS a0 (14-3)

— T—
i i e bear gpokia —

—i- Ll
—— + i + B0 EER B Y

| H - 300 L

| T :E_E:}E -

! 5 Cv 3H0E00 -
?T| S 2|z e
‘_?'_i - §° — 7

HY = 6o

; LT ]

| e

i | eamien J& i“?ﬁiﬂhm{l “ :

.(Isolated Foundation) ( -)

5 kg daal b 5l ) 2203 Jaal 5 Aalall g la Y1) s JWSEY) il ol 500l B8N oY) il Sl 5 3 2a
Al 3131 Jaal sally Jal ill 230 o3 J Y I JladY a 5liaS Lgiaad jal el Julas die 5 Gas Gania jall Jaal sill ) oSG
e e dalall cluagill ars Jaal il 03l



L8l sl (50 (s stall bl s s ) el il 028 Juci ) e caaizall
_:‘._?J:\LQS

Al sl 1 3 G 3(40m) (
Agalall 2y sl i) il Gl 3(36m)
(32m) (
(28m) (

() os daldll e do Y ol any

JLgalading ol

AutoCAD (2007) for Drawings Structural and Architectural .
.Microsoft Office (2016) For Text Editing .

.Microsoft Excel2016 .

Atir 12

. Etabs 2016 .

. Safe 2016 .



Chapter 4:

Structural Analysis & Design
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Introduction.

Factored load.

Slabs thickness calculation
Load calculations.

Design of Topping.

Design of Rib (8).

Design of beam (B1/13).



4 .1 Introduction:-

Concrete is the only major building material that can be delivered to the job site in a plastic state.
This unique quality makes concrete desirable as a building material because it can be molded to virtually
any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete structure
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is embedded in
the concrete in the form of a mesh, or roughened or twisted bars. A bond forms between the steel and the
concrete, and stresses can be transferred between both components.

In this project, all of design calculation for all structural members would be made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are two types of slabs : One way ribbed slab and Two way ribbed slab.
They would be analyzed and designed by using finite element method of design, with aid of a computer
program called "ATIR- Software " to find the internal forces, deflections and moments for ribbed slabs
and by using the previous program and Etabs, Safe, And programs to find the internal forces, deflections
and moments for both types of slabs, and then handle calculation would be made to find the required steel
for all members.

The design strength provided by a member, its connections to other members, and its cross —
sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in
accordance with the requirements and assumptions of ACI-318-08 code.

NOTE:

fc’= 24 N / mm 2(MPa )

fy = 420 N /mm 2 (MPa )



Factored loads:

The factored loads on which the structural analysis and design is based for our project members, is
determined as follows:

qu=12D.L+1.6L.L.

Slabs thickness calculation:

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08:

Minimum thickness | h

simply Jne end Both end

. . Cantilever
supported continuous continuous

rMemberniembers not supporting or attached to partitions or other construction
likely ta be damagead by large deflection

salid one way
| i £ §
i L/20 L2 L/28 Li10

Beams or ribbad
ane way slabg L/18 Lf1E. L/21 /2

Tahle (4.1); Check of minimum thickness of structural members

the minimum thickness of non-prestressed beams or one way slabs unless deflections are computed as
follow:

For rib:

hmin for one-end continuous = L/18.5 longest one-end cont. is 6.375m
hmin =6.3755/18.5 = 34.46cm

hmin two-end continuous = L/21 longest two-end cont. is 6.60m

hmin =6.6 /21 =31.43 cm

hmin simply = L/16  longest simply is 5.10m




hmin =5.10 /8 = 31.88 cm

Select Slab thickness h=35cm with block 27 cm & Topping 8cm

For beam

hmin for one-end continuous = L/18.5 longest one-end cont. is 6.375m
hmin =6.3755/18.5 = 34.46cm

hmin two-end continuous = L/21 longest two-end cont. is 6.60m

Select Slab thickness h= 35cm

Load calculations:

One way ribbed slab:

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is

calculated as in the following table:

Parts of Rib Density(KN/m?) Calculation
RC Rib 25 0.14*0.27*25=0.945 KN/m
Top Slab 25 0.08*0.54*25 = 1.08 KN/m.
Plaster 22 0.02*0.54*22 = 0.238 KN/m.
Block 10 0.4*0.27*10 = 1.08 KN/m
Sand Fill 16 0.07*0.54*16= 0.605 KN/m
Tiles 23 0.03*0.54*23 = 0.373 KN/m
Mortar 22 0.02*0.54*22 = 0.238 KN/m.
partition - 1.5*%0.54 =0.81 KN/m

Table (4 — 2) Calculation of the total dead load for one way rib slab.




Total Dead load = 5.36 KN/m of rib (service load)

Total live load =5*0.54= 2.7 KN/m of rib

Design of Topping:

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of hollow
block length with both end fixed in the ribs.

wy,, = 1.2D + 1.6L

40 cm

Fig(4-1):Topping load and moment diagram



The calculation of the total dead load for the topping is shown below:

Dead load from & X Y X 1 KN/m
Topping 0.08 * 25 2 KN/m
Tiles 0.03*23 0.69 KN/m
Mortar 0.02 * 22 0.44 KN/m
Sand 0.07 * 16 1.12 KN/m
Partitions 15*1 1.5 KN/m
> 5.75 KN/m

Table (4 — 3) Calculation of the total dead load for topping

Dead Load =5.75KN/m.
Live Load calculations : 5*1=5 KN/m.
Total Factored Load: W,=1.2DL + 16 LL

=12*575+1.6*5=14.9 KN/m.

My, = Ml - BIE 0199 KN.m/m of strip width
- (M, = M, Strength condition, where for ¢ = 0.55 - plain concrete.
My= 042 [ #8m. e, (ACI 22.5.1, Equation 22-2)

Where S, for rectangular section of the slab:

d L]
Sy = o = 10080~ 1066666.67 mm®




b

— =042 V24 + 1066666.67 + 107" = 2.19 KN.m

M, = 042 [+

hM,, = 0.55 + 2.19 = 1.2045 KN. m

hM, = 1.2045 KN.m > M, = 0.199 KN.m

= NO Reinforcement is required by analysis. According to ACI 10.5.4., provide As,,, for slabs

as shrinkage and temperature reinforcement.

According to ACI 7.12.2.1, pshrinkge = 0.0018
A; = p+ b+t =0.0018 + 1000 * 80 = 144 mm*/m strip

Try bars @ 8 with A,=50.27 nim*

A _ 148 _
Bar numbers = Aar - 50Z7 =2.87

Take 3 @ 8 /m with A,= 150.8 mum*/m strip or @8 @ 300 mm in both directions .
Step (S) is the smallest of :

1. 3*h=3*80=240mm........... Controlled.
2. 450 mm

280 280

3. $=380(;)-25*C;=380*(r,-)-25%20=330mm but
; T

280 280

s < SSO(F) =380(:£E) =300 mm
Take @ 8 @ 200 mm in both direction. S = 200 mm < S, = 240 mm — OK

From practical consideration, the secondary reinforcement parallel to the ribs shall be placed in
the slab and spaced at distances not more than half of the spacing’s between ribs (usually two bars upon
each 40 cm width block)

Shrinkage and temperature reinforcement must be provided.



Design of Rib (1) :

— =

fm i g o g e e P

L] Fﬂ LA

'

SR ST,

Fig. (4-2): Location of rib( )

Material :-
concrete  B300 fc'=  N/mm?

Reinforcement Steel fy = 420 N/mm?

Section :-
b. =14 cm bj =54 cm

h =35cm Ty =8 cm



Geometry Unitsmeter,cm

1 2
1
. A L
| I y p I
A
‘ 0.3 ‘ 4.6 ‘ 0.7 ‘
[ | [ 51 [ | |
[ |
54.
35.
14.
A-A
Fig. (4-3): Rib geometry
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 1
L l l
T T
4.
8.9

2.55 35. 255

Fig. (4-4): Moment Envelope of rib




Design of flexure:-

1) Design of Positive moment of rib (Rib 1):

1.1) Maximum positive moment Mu ) =W“T"u =35 KN.m.

Assume bar diameter @ 14 for main positive reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
14
=350-20-10-— =313 mm.

Check ifa>hy

by

M.g= 0.85% fc' *b *hy (d -

) = 0.85* 24 *540 *80 (313 - = ) 10™° = 240,59 KN.m

Mu 35
M, (= 240.59 KN.m >> —— = —— = 38.89 KN.m
/ 2 "oy

The section will be designed as rectangular section with b = 540 mm.

M, aselot
Rn = @ehegt® 08540+ 3132 0.73 MPa
_ & 420
M= T8s f.~ 08524 =20.59
1 ZHm . 1 2e0.7302059
P-;{l‘“ 1- I, ) = 5 55 1- 1"—-i2n = 0.00177

A= p *b*d=0.00177 * 540 *313 = 299.17 mm®.

K :
ASin = 777 * by #d= -+ 140+ 313 = 127.78 mm’
L) |
1.4 14 2
ASpin = —* by +d = —+ 140+ 313 = 146.42mm" - Control.

£y 420



A=299.17mm? > Asyyy = 146.42 mm®  -OK

Use 2 @ 14 with A= 3.08 cm® > As,,,= 2.99 cm® -OK

Check for strain:

Asely  _ 30B420
T pB5e fTeb T DBSeZds540

=11.74 mm

f! = 24 MPa < 28 MPa— fi, = 0.85

_ i 11.74

c= E: m:1382 mm

£, =0.003+ (=) = 0.003+ (~———) = 0.0649> 0.005 -OK
~ =09 -0OK
Note: no negative moment for the rib......... simple rib

1.2) Design for shrinkage raiforcement of rib (Rib 1):

Agshrinkage) = 0.0018xbxh

0.0018x1000x80

144 mn?

Use 2@10 with As =157.08 mn?



2110 for shrinkoge

e

(03, 4.6

07

Fig.(4-5): Design of flexure of rib

Design of Rib (1) for shear :

Shear Envelope (Factored) Units:kN,meter

Shear

-20.3

-27.4

22.5
27.4

Fig. (4-6): shear Envelope of rib




The maximum shear force at the distance from the face of support V= 32—! =22.5 KN.

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

(ACI Code, Section 8.13.8).

¢

1 :
(LDVe = (L) *—* b, *d = (L1) 2

T * 140 * 313* 10°=39.36 KN.
b V= 0.75 * 39.36 = 29.52 KN.
V, =225 KN< ¢ V.=29.52 KN............ OK

Minimum shear reinforcement is required except for concrete joist construction. So, No

shear reinforcement is provided.

thin use minimun thear reinforcement

8 Legs=2 f8 Legs=2
Gap=10.2/10.2 Gap=10.2/10.2
37@15 37@15

Fig. (4-7): shear reinforcement




Design of Beam (B1/13):

Load calculation for the beam:
Dead Load calculations :

The maximum support reaction (service ) from Dead Loads for rib upon beam / 3is

wmj_n'=5.3[i-5.]

= T=13.67KN/m of rib

The distributed Dead Load from the Rib 8 on Beam 1/13:

13.67
= =2531KN/m
Dead load from: KN/m
Tiles 0.03 x 23 x 0.70=0.483
Morter 0.02 x 22 x 0.70=0.308
Sand fill 0.07 x 16 x 0.70=0.784
Plaster 0.02 x 22 x 0.70= 0.308
RC Beam 0.50 x 25 x 0.70=8.75
Partitions 1.5x0.70 =1.05
Wall 3x25x0. 0= 2.5
S 34.18 KN/m

Table (4 — 4) Calculation of the total dead load for beam 1/13:

Total dead load = 25.31+34.18 =59.49 KN/m

Live Load calculations:
The maximum support reaction (service) from Live Loads for rib8 upon beam1/13 is 6.63 KN.

The distributed Live Load from the Rib 16 on Beam 5:

2.7
m= 5 KN/m



1 2
—— A , A —
A A
055 5.61 0.7 5.61 055
I | I 623 I | I 623 I | 1
I I 1
50,
70.
A-A

Fig. (4-8) : Beam Geometry

load group no. 1

Dead load - Service Units:kN,meter

6.23 6.23

Live load - Service Load factors: 1.20,1.20/1.60,0.00

AR R 7S A - P A A

6.23 6.23

Fig.(4-9) ~ Coad of Beam

Moments: spans 1to 2

-385.2
-281.8 -281.8
\ 1'8\1'8 |
\ \ \
| I I | 1 I |
| 1.3811.38 |
48. | | | 9
2235 2235
| 2.49 | 3.74 3.74 | 2.49
‘ ‘ Fig. (4-10) : Moment Diagram ‘ ‘




Design of flexure:-

) Design of negative moment:-
. ) Maximum negative moment Mu® =- . KN.m.

by =70Cm. , h=50 Cm.

Check whether the section will be act as singly or doubly reinforced section:
Maximum nominal moment strength from strain condition €; = 0.004

Assume bar diameter @ for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=500-40- 8-~ =443 mm

C=Z*dt=2*443 =198.86 mm.
fi = 24 MPa < 28 MPa—3; = 0.85

a=7,*C=0.85*198.86= 161.38 mm.

Mumex =0.85* f!*b*a*(d-3)

= 0.85 * 24 * 700 * 161.38 * (443 - -

) *10°
=834.95 KN.m.

es= 0.004

h=0.65+ % *(0.004-0.002) = 0.816

—PMnpax = 0.82 * 834.95 = 684.66 KN.m .



—(OMnmx = 684.66 KN.m > Mu =281.8 KN.m .

=~ Design the section as Singly reinforced concrete section.

s 420

M= Gas fy ~ DBRezs 20.59
R = @-tT,I.I-:H - n.f.::a?]ﬁi‘-jﬂ.?d =2.28 MPa
pria- 1-Eh,

Sl g ZRENST a0

20.59 420

—As= p * by, *d = 0.0058 * 700 * 443 = 1798.58 mm®.

f

—ASiin = 5% bu rd =50 700 # 443 = 904.27 mm’
— ZZaby e d = 170+ 700 + 443 = 1083.67 M’ o Control.
¥

—ASmin = 1033.67 mm? < Ase, = 1798.58 mm®,

~ As =1798.58 mm?.

Aspeq _ 1798.58

# 0f ©18 = y, =7.07 — # of bars = 8 bars.

Kl
4

far

-~ Take 8@ 18 inone layer with As=2035.75 mm?’ > As,, = 2027.40 mm’ - OK.



- Check for bar placement :

0f=40+2=2sA—H+18

= =65.71 mm > 25 mm - OK

Sb=T

— Check for strain:- (g; = 0.005)

_ Asel, 203575420
T pB5e fTeb T DBSe 244700

=59.88 mm

f.! = 24 MPa < 28 MPa—3; = 0.85

f:={:—‘=%=70.44mm.

d=5oo~4o~8_’—2“=443

=L 443-11556

£, =0.003+ (=) =0.003+ (~———=") = 0.0085 > 0.005 -OK

=~ Use 8@ 18

2) Design of positive moment:-
— For positive moment Mu ®) = 2235 KN.m.
Assume bar diameter @ 18 for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=500-40 -8~ =443 mm

OMnax = 684.66 KN.m > Mu =223.5 KN.m

=~ Design the section as Singly reinforced concrete section.



i 420

M = 3as fy T DB5ezd 20.59
M, 2235.10%
Ru = @ubygeedd? 09700 433 1.81 MPa
1 Telye
p=n- 1-=02)
1 262059181  _
= 54 1= 1= — = 0.00452

—As=p * b, *d = 0.00452 * 700 * 443 = 1401.65 mm’.

¢

—ASin = 75 bw +d = 75+ 700 4 443 = 904.27 mm’
— St by nd = 1554700 4 443 = 103367 MM ........... Control
¥

—Aspin =1033.67 mm’ < As,q = 1401.65 mm®.

~ As = 1401.65 mm?.

_ ASpeq _ 140165
#0fQ18—ﬁ— s

4

=5.5— # of bars = 6 bars.

(el iy

- Take 6@ 18 in one layer with As = 1526.81 mm?’ > As, = 1401.65 mm* - OK.

- Check for bar spacing :

_ 700=40s2=2sB=hH+18

z =99.2 mm > 25 mm -OK

Sb




— Check for strain:- (£; = 0.005)

Asely 152681 +420
Q= TEEI'+b 085+ 240700 4491 mm

f.! = 24 MPa < 28 MPa—3; = 0.85

f.‘:é—‘=%=52.84mm.

d=500-40-8-]—;=443

=t 443-52.04

£; =0.003+ {T) =0.003+ ( =7 ) = 0.0222> 0.005 -OK

=~ Use 618
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-309.1
-246.4
-188.6
-131.8
t t t t
131.8
188.6
246.4
309.

Fig. (4-11) : Shear Envelope for Beam



Design of Beam for shear:-

Critical section at distance d = 443 mm from the face of support . Vu,max =

¢

f
Ve=*—x*p,*d

VEF
f

700 * 443 * 10° = 263.53 KN.

- Check For dimensions:-

V—E V_24ﬁ.4
9 075

— 263.53 =65 KN

Vs,max = %* fi! *b,*d
= %*\/ﬂ * 700 * 443 * 10° =1012.78 KN

Vs=65 KN < Vsmax=1012.78 KN - The section is large enough

- Check For Cases:-

¢ Ve
-

1- Casel: V, <

0.75+26353

246.4 < =08.82.......Not satisfy.

2- Case 2 : ‘p:‘ <V, < 0V,

08.82< 246.4 < 19765 ....... Not satisfy.

3-Case3: dV. <V, £ p(Vet VSnin)

VSmin = = ﬁ *by*d= % V24 * 700*443 * 10° = 94.95 KN

16

KN



> -*b,*d= %* 700 * 443 * 10° = 103.37 KN........... Control.

La

< VSmin =103.37 KN.

®(V, + VS pin )= 0.75 *(263.53 + 103.37) = 275.18 KN
197.65< 246.4 <275.18......... Satisfy

To find spacing , and with using 2 legs @ 10(4, = 157.1 mm*)

("';L,i'r:.!n )> bw >i }rh
5 —(3fy 118 Tt fyg
b 700
T =3220-0-96........control

1 + by _
% fpe=051

16

g=L2 ¥ HAumin)
b

S$=282.78mm
d_ #43

Smax < §= 8 221.5 mm.

<600 mm.

“+ Use2Leg 10 @ 20cm.

Stirrups

f10@20cm f10@20cm

Legs=2 Legs=2

Fig. (4-12) : Shear rainforcement for Beam




4.9 Design of column (C ):-

Dead load (service) 1 kN
Live load (service) kN
Length 3. m
k 0.82 (Braced)
b 55cm
h 40 cm
fy 420 MPa
fc' 24 MPa
Type of load Concentrically loaded

Table ( 4 -5) : Colum’s data:

45

70

4.9.1 Factored loads:

Pu=1.2D+1.6L=1.2x1050 + 1.6x530 = 2108 kN

4.9.2 Bresler equation:

1

Fn =

1

Prix Pny

1 1

Ha



4.9.3 Slenderness parameter:

Kyl  0B2x3eh

About x: x = G3h = OTMAE - 22.17>234-12 (My/M,) =34 —12x1 = 22 - (Long about x).
(minimum eccentricity + magnified moment)
Abouty:y = > = T 2=14.25<34—12 (My/My) = 34— 12x1 = 22 > (short about y).

(no minimum eccentricity, no magnified moment)

Pox=p, > L= i/;_igi_ !

Pn s Py @ Pn Hay

4.9.4 Calculations of design moment (buckling about x - Pny - ey):

€min = 15 + 0.03xh = 15 + 0.03x450 = 28.5 mm

Micx

e=—— > My=Puxenn=2108 x 0.0285 = 60.078 kN.m

4.9.5 calculations of magnification factor &,,.:

cin
Bns = __Pu
HIEPCr

cm=0.6+0.4%=0.6+0.4x1=120.4

R E
Tk Lu)E

_— - ga03
0.4x 4700 V4 x ——"— 5
E1X |1 = it TETioon =30.64 MN/m

2144



¢ 3064

cr=—|11 E5) =22.7 MN
6ns = —é'i'{_:'l‘l— =1.14>1.0
1= 475X 22700
<14

Magnified moment = 6,5 x M x = 1.14 x 60.078 = 68.5 kN.m

Assume p; =1%=0.01

4.9.6 interaction diagrams:

Mux 685
= —m—0.0325m
g 325
E—E—O.O72

¥ _ 450-2Zx40-2x10-28

E = 250 = 0.72
For! =06 > 2™ _ 31 ks
f Ag
For! =075 - 2% _ 3 ksi
f Ag
oPny : _ 1000 045X07 _
> T =318ksi > Py =318x T3z X o = 1063 MN
1 1 1 1
2= >t -1 5 pn=10.63 MN = 10630 kN

Pn Hay Pn 10.63



@Pn = 0.65 x 10630 = 6909.5 kN > Pu = 2108 kN (safe)

Aqreq=0.01x 70 x 45 = 31.5cm”

Select 120018 with As = 12 x 2.545 = 30.54 cm® > A req=30.5 cm?

4.11 Design of staircase.

Stair case 1 :

4.11.1.1 Minimum slab thickness for deflection is (for a simply supported one-way solid
slab):
Nmin =L/28=680/28=24.29cm

Take h=25mm

4.11.1.2 Loads:
" Flight Dead Load computation:
risg 170

S =1 _ =1 vV _ o
f# = tan e =tan o =29.54




Load( kKN/m)

23+(.17+.35)/.3 +03+1=1.19

22%( . 17+.3)/.3 +0.02+1=0.689

25/.3%((.17*.3)/2)*1=2.125

25 251

cosZo5E - 7.184

22-03-1 _
s 2954 - 0.759

11.95

Table (4-6): Flight dead load calculations for Stair case 1

* Landing Dead Load computation:

Load( kN/m)

23+03+1=0.69

2270.02+1=0.44

25%0.25*1=6.25

22*0.03*1 =0.66

8.04

Table (4-7): Landing dead load calculations for Stair case 1

Live Load: LL = 5 kN/m?

* Total factored Load: W=1.2D+1.6L



For flight W=1.2 * 11.95+ 1.6 * 5 =22.34 kN/m
For landingW =1.2*8.04 + 1.6 *5=17.61 kN/m

4.11.2 Design of slab S1 & S2:
8.81 KN/m 22.34 KH/m 8.81 KN/m
« 3 1 : y v1 1

-
il

-~ 1.6
R, :55.951{]4?1—2.1 R Y PE—— N Y, R

" Check for shear strength:

Assume bar diameter 114 for main reinforcement.

b

d:h-zo-?=250-20-’?*=223mm

Vu=5595-8.81 0223 =53.99 kN

1 — j— .
VE:E* fﬁthw*d=61=\/24+=1000+=223+=10_5=182.1J5¢anr1-m5rrm

@ = 0.75 for shear.
@+ Ve=075+1821=136.55 kN for Lm strip

136.55
2

1
Vu, max = 5399 kN < EEWE = = 68.28 kN

The thickness of the slab is adequate enough.

* Calculate the maximum bending moment and steel reinforcement:
M, maximum at distance = 3.78 m
Mu=5595+ 378 —881#+21#+ 273 —2234+1.68(0.84) =1295FN.m

Assume bar diameter @14 for main reinforcement. d=223mm .



i 420

M = 3as fy T DB5ezd 20.58
_ My _ (1295/0.9)10% _
Ru = Bed2 — 1000s 223 2.603 MPa.
_ 1 2eRpvm
p=ml- 1-—=72—)
_ 1 2+Z.60320.58 _
= T 1- 1-T = 0.00665.

—As = p * b *d = 0.00665* 1000* 223 = 1482.95 mm®.
A min = 0.0018 x b x h =0.0018 x 1000 x 250= mm? < As,req

Select 6@18/m with As = 6 x 254.5 =1527 mm? > As,req

§= @ = 165 mm. Select s=15cm

(s) is the smallest of :
1.3 h=3*250=750 mm.

2.450 mm.

280 280 y
3.5 =380 T 2.5 =380 Toss 25+ 20 = 330 mum. -control.

" Temperature and shrinkage reinforcement.

. 2
AS(Temperature and shrinkage) = Asmin=4.5cm

Select 3@14/m with As = 3 x 1.54 = 4.62 cm?.

. Selects=30cm



(s) for Temperature and shrinkage is the smallest of :

1. 5h=5%*250=1000 mm.

2.450 mm. - control.

S =330 mm < Smax =450 mm. ok

Fig. (4-13) : ( Design of staircase 1)

Stair case 2:

4.11.1.1 Minimum slab thickness for deflection is (for a simply supported one-way solid
slab):
hmin =L/28=330/28=11.79cm

Take h=25mm

4.11.1.2 Loads:

" Flight Dead Load computation:
1 rise -1 170

g = tan e =tan FTR =29.54




Load( kKN/m)

23+(.17+.35)/.3 +03+1=1.19

22*( . 17+.3)/.3 +0.02+ 1= 0.689

25/.3%((.17*.3)/2)*1=2.125

L5 Zhel
oS 29.54° 7.184

22031 _
s 2954 - 0.759

11.95

Table (4-8): Flight dead load calculations for Stair case 2

* Landing Dead Load computation:

Load( kN/m)

23+03+1=0.69

2270.02+1=0.44

25%0.25*1=6.25

22*0.03*1 =0.66

8.04

Table (4- ): Landing dead load calculations for Stair case 2

Live Load: LL = 5 kN/m?

Total factored Load: W=1.2D+1.6L



For flight W=1.2 * 11.95+ 1.6 * 5 =22.34 kN/m
For landingW =1.2*8.04 + 1.6 *5=17.61 kN/m

4.11.2 Design of slab S1 &S2:

B.81 KMN/m 22.34 KN/m 8.81 KM/m

u r Y L h r - _L'l

A

3.0m

Ka =34.83KN

0.1 0.15m

" Check for shear strength:

Assume bar diameter 114 for main reinforcement.

b

d=h~20~?=250~20_’?*=223mm

Vu=34.83-881 015 —22.34(0.073) = 31.88 kN

1 — j— .
Ve =5" fexbwed =61=\/24+= 1000 # 223 + 107 = 182.1 kN for 1m strip

@ = 0.75 for shear.
@+ Ve=075+1821= 13655 kN for Lm strip

136.55
2

1
Vu,max = 3188 kN < EI:EWE = = 68.28 kN

The thickness of the slab is adequate enough.

* Calculate the maximum bending moment and steel reinforcement:
M, maximum at distance = 1.65 m
Mu=3188+ 165 —881+015+ 1575 —22.34+15(0.75) = 25.39 kN.m

Assume bar diameter @14 for main reinforcement. d=223mm .



i 420

M = 3as fy T DB5ezd 20.58
_ M, _(2539/09p10°% _
Ry = “_I’F = R B 0.567 MPa.
_ 1 2eRpvm
p=ml- 1-—=72—)
_ 1 2+0567+2058 _
- ﬁ 1 e 1 e T - 000137

—As = p* b *d = 0.00137* 1000* 223 = 305.49 mm?>.
A min = 0.0018 x b x h = 0.0018 x 1000 x 250= mm? >As,req
Use A min= 450 mm?
Select 4@14/m with As = 4x 153.9 =615.6 mm? > As,req

1000
§=——=250mm.

Select s=20 cm
(s) is the smallest of :
1.3h=3*250=750 mm.

2.450 mm.

280 55, =380 faﬂl — 25420 =330 mm. -control.

3.5 =380
Is Je420

Temperature and shrinkage reinforcement.

R 2
As(Temperature and shrinkage) = As min=4.5cm

Select 4@14/m with As = 4x 1.54 = 6.16 cm>.



Select s=20 cm

(s) for Temperature and shrinkage is the smallest of :

2. 5h=5%*250=1000 mm.

2.450 mm. - control.

S =330 mm < Smax =450 mm. ok

i P

Fig. (4-14) : ( Design of staircase 2)

Stair case 3:

4.11.1.1 Minimum slab thickness for deflection is (for a simply supported one-way solid
slab):
hmin =L/28=620/28=22.14cm

Take h=25mm

4.11.1.2 Loads:

Flight Dead Load computation:

= -1 e _ . =1 170 _ °
g = tan i =tan i =29.54




Load( kN/m)

23+ (.17+.35)/.3 + 03+ 1.5=179%

22*(.17+.3)/.3 +0.02.5+ 1.5= 1034

25/.3%((.17*.3)/2)*1.5=3.188

25 2515
cos 29 54°

=10.78

22:03:15
cos 29 54°

=1.138

17.95

Table (4-10): Flight dead load calculations for Stair case 3

Landing Dead Load computation:

Load( kKN/m)

23+03+1.5=1.04

22*0.02+1.5=0.66

25*0.25*1.5=9.38

22*0.03*1.5=0.99

12.10

Table (4- ): Landing dead load calculations for Stair case 3

* Live Load: LL = 5 kN/m?



* Total factored Load: W=1.2D+1.6L
For flight W=1.2*17.95+ 1.6 * 5=29.55 kN/m
For landingW =1.2*12.10 + 1.6 * 5 =22.50 kN/m

4.11.2 Design of slab S1 &S2:

11.25KN/m 29-55 KN/m 1.25KN/m

Rt . v L
|

1
i

62.3KN

Ry = 62.3KN T—l.ﬁm_.._?,_n M —————t-1.6m —

Check for shear strength:

Assume bar diameter @14 for main reinforcement.

b

d=h~20--?=250-20--'?4=223mm

Vu =623~ 11.25(0.223) =59.79 kN
1 1 »
Ve= 5" Jfcrbwwd = 6! V24 #1000 # 223 + 107" = 182.1 kN for 1m strip

@ = 0.75 for shear.
@+ Vec=075%182.1 = 136.55 kN for 1lm strip

136.55

1
Vi, max = 59.79 kN < El:a'lfc = = 68.28 kN

The thickness of the slab is adequate enough.

Calculate the maximum bending moment and steel reinforcement:

M, maximum at distance = 3.1 m



Mu=623+ 31 —=1125+16+ 23 —2955+15(0.75) = 118.5 kN.m

Assume bar diameter @14 for main reinforcement. d=223mm .

fu 420

M= a5 fr T OBERezE 20.58
My _ [1185/09)s10%
R, = ﬂ_:!d = e 2.648 MPa.
_ 1 2eRp v
p=gll= 1=-07)
_1 2426402058 _
= T 1- 1-T =0.00678

—As=p*b*d =0.00678* 1000* 223 = 1511. 36 mm>.
A min =0.0018 x b x h =0.0018 x 1000 x 250= mm? >As,req
Use A min= 450 mm?
Select 6@18/m with As = 6x 255 =1530 mm? > As,req

1000
5= T = 167 mm.

Select s=15cm

(s) is the smallest of :

1.3 h=3*250=750 mm.
2. 450 mm.

280 280 y
3.5 =380 T 2.5 =380 Toss 25+ 20 = 330 mum. -control.

2

" Temperature and shrinkage reinforcement.

R 2
As(Temperature and shrinkage) = As min=4.5cm



Select 4@14/m with As = 4x 1.54 = 6.16 cm>.

Select s=20 cm

(s) for Temperature and shrinkage is the smallest of :

3. 5h=5%*250=1000 mm.

2.450 mm. - control.

S =330 mm < Smax =450 mm. ok

Ll 200 i

Fig. (4-15) : ( Design of staircase 3)



4.12 Design of shear wall :

Al
" hw

fc' =24 MPa, fy =420 MPa 0.0048 ,lw =10.3 m =10300 mm, Nu=0.0,h=30cm

4.12.1.1 Location of Shear wall:

Figure (4-16): Shear wall location



shear wall shear and moment diagrams are shown below:

Moment Diagram Shear Diagram

Figure (4-17): Shear wall moment & shear diagrams



4.12.1.2 Analysis:

Critical section of moment Mu at :
Lw/2 =10.3/2 =5.15 m - control

or Hw/2=17.5/2=8.75 m

4.12.2 Design:

D =0.8x10.3 =8.24 m - control

Or=08x175=14m

4.12.2.1 Design of shear force: (design of horizontal reinforcement Avh)
Vu,max =1750 kN (at critical section)

Shear strength of concrete:

1 — 1
= e f'hd= 6\/24 * 300 * 8240 * 102 = 2018 KN _control

T Nud A -
Ve =027 f/hd+,7—=027V24+300+8240 «107% +0

Ly
=3270 KN

Mul at critical section = 14600 kN.m

=5 N
1, 01 f, +0'21_HE

L W

L= 005 f + il hd
v, 2



V. = 00524 + 23 S0 300 « 8240 + 103 4512 kN - control

1750 2

@Vc + Vs =Vu

Vs = (Vu/ @) - Vc = (1750/0.75) — 2018 = 315 kN

Avh Vs
s Fyd

Avl 315¢ 1000

5 = azorezan- 9009
Avh

Ti min = 0.0025x 300 = 0.75 — control > 0.09

Smax is the smallest of :

Lw _ 1030

? T=206cm

3xh =3x30 =90 cm_control

Avh for two layers

Select @10, Av =2 x 78 = 157 mm’
Avh

- = 0.75,5=157/0.75 =209 mm

Select s =200 mm < 90cm



4.12.2.2 Design of uniform vertical reinforcement (Avv)

hw Arh

Aw= 00025405 25— — ;
4] shxh

- 00025 =xhxsv

Avt

~=(0.0025+0)x300=0.75

Select @16 for two layers with Avv = 402 mm?

A0 0.75, Sv =536 mm

5

Select sv =200 mm < smax = %w =5150mm

<3h =900 mm

<450 mm
4.12.2.3 Design of vertical steel in boundary Avb:
Mu = Muv + Mub

Part of Muv:
Asv = 402x %J = 20703 mm>

z 1 1
T = DB5X fy X felxlwah, = 085208 x 24210300 300, =0.128
W tet Aspx fy ) k4 20703 x 420 )

Muv:O_g[O.SXASVXfyXLW 1= ﬁ

0.12Z8

=0.9[0.5x20703 x420x 10300 1 - =

]+ 107%=37723 kN.m



Mub = Mu — Muv = 14600 — 9435 = 5165 kN.m

Length of compression zone (x) location of neutral axix:

Ly 10300 - 3576 mm

> =
X ﬁ.m.x% 00 x 0.0048

Length of boundary element:

X 3576
LB > E =

I 1788 mm >x—0.1 Lw =3576 - 0.1 X 10300 = 2546 mm

Select LB = 1000 mm

As'p = MUB/B {5165/ 0.9)10°

_ 2
T fy [ tw=LE] ~ 420 10300-1000) 1469 mm

Select 14@12 with As = 1608 mm?” (Two layers).



4.1 Design of isolated Footing(F8):

4-13-1 Materials and Loads:

Isolated footing that we consider to design with materials of:
fer =24 Mpa, f, = 420 Mpa .

Dead Load (service) = 3310 k.

Live Load (service) = 1850 kN.

Total services load = 3310 + 1850 = 5160 kN.

Total Factored load = 1.2 3310 + 1.6 1850 = 6932 kN.
Column dimension a xh =70cm %70 cm.

Soil density = 18 {%}.

Allowable bearing capacity g, = 500 {%}

Assume i, =90 cm. Oy =120 cm

IeN
Qait-net =500~ 25x09 — 18x03 ~5=479.1(—)



Area of footing:

A=—F =2 1077 m? Assume Square Footing
4 wll-net 479.1

B required =3.28 m, Select & = 3.3 m

Bearing pressure:

6932 kN

du=33x33 0305 (3

4-13-2 Design:
Design of one-way shear strength:

Critical Section at Distance d From The Face of Column Assume i = 90 it .

Bar diameter @12 for main reinforcement and 7.5 cm Cover.

d =900—75-=12 =813 mum

B—a 330-0.70
—d %[l =636.55x — - 0813 x3.30

Vi = QGu X

= 1023 ikN

1 —_— 1 — ;
OV =@xcx forxbxd=075 xgx\/z4x3300x8l3xlo‘5

= 3285.87 kN



@V, = 3285.87 kN > V, = 1023 kN-Safe

Design of Tow-way shear strength:

Vi = pu — FRy
FRy = qu x areaof critical section
I, = 6932 -~ 63655 x 070+ 0813 = 0.70 +0.813 =5474.83 kN

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

1 WVe=0x: 1+ x foxbxd

2 We=0x=(F+2)x foxbxd
i)
L

1
BBV =@ xox ferxbxd
Where:

_ column Length (a) 70

© = column width (b) 70 100

b = Perimeter of critical section taken at (d/2) from the loaded area.
=2x 8134700 +2x 813+ 700 = 6052 mimn
a; = 40 for interior coulmn

Substituting values in equations:

1 2 — ;
@V =0.75 % 3 1+ 100 % V24 % 6052 x 813 x 10™* = 9039.12 kN

1 40 _ ,
. < - -3 _
@V =075 % 1 G052 +2 xV24 %6052 %813 %10 11108.23 IkN

813
1. 57 -3
@V = 0.75 % 3 % V24 %6052 % 813 x 10" = 6026.08 kN

@V = 6026.08 kN = Vi, = 5474.83 kN



Design Bending moment:

Critical Section at the Face of Column:

E-ﬂzxL 330-0.70 *

My =qu —5 2 2

M, 1775.02 = 10°

R, = = = 0.904MP
"= Ghd® - 0.9 %3300 x 8132 ~ 0O04MPa
420 058
M =085%24
_1 o, 2mRy _ 1 2x2058x0904
P 420 2058 420
= 0.0022

Aspeq = p X b x d = 00022 x 3300 x 813 = 5902.38 mim?

Asimin = 0.0018 % 3300 x 900 = 5346 mim?

As req = 5902.38 mm* > Agmin = 5346 mme

Check maximum step (S) is the smallest of:

1. 3h =3 %900 = 2700
2. 450 mim.

280 ; 280
- 250, =380 = =25 %75 =1925mm - control.
fs =420

Use 53012 with Ag ;yray = 5989 mm® = As req = 5346 mm®(both direction).

3. §=380

§ = 330 =6.5¢ NOT OK
S=g3-1°-6 cm

Use 27016 with A, jpay = 5427 mm® > Asreq = 5346 mm?(both direction).

5= 330 =125¢ 0K
S=oo_—7=125em..

=636.55 ¥ —— % 1.65=1775.02 kN



Check for strain:

__ Ay 5427x420 o
8= 085b . 085x3300x24 ~ocomm
_a _338 .
C_ﬁ]_ 0G5 = 3983mm
—0003 $7° 0003 23983 _ 0582 = 0,005
Ea =1 c 3983 '
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Appendix (A)
Architectural Drawings
This appendix is an attachment with this project
Appendix (B)
Structural Drawings This appendix is an attachment with this project

Appendix (C)



TABLE 9.5(a)—MINIMUM THICKNESS OF

NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h
Simply COne end Both ends
supported | continuous | continuous | Cantilever
Members not supparting or attached to partitions or
other construction likely 1o be damaged by lange
Mamber | deflections.
Solid onea-
way slabs £120 {124 £f28 ¥l
Beams or
ribbed one-
way slabs £M6 £ M85 erH £18
Maotes:
Vialuas given shall be usad directly lor members with normalweaigh! concrete
{density w, = 2320 kg'm?) and Grade 420 reinforcement, For other condi-
tions, the values shall be modified as follows:

a) For structural lightwelght concrale having unit density, w._, in tha ranga
1440-1920 gg‘m“. values shnllbﬁmdﬁpndhyq1.uﬁ-n.ﬁmw=;bmnnl
bess than 1.08.

b} For £, ofher than 420 MPa. the values shall ba muliplied by (0.4 + £, /700)

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS

(ONE WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)

TAELE &.3(b} — MAXIMUN PERMISSIBLE COMPUTED DEFLECTIONS

Troet ofmembar [ Dielection i e copsideresd Ceflezion kndalion
Flal s o Supporting ot aschiedio ron- | Imimeet sl céflecion s b o L
i elemans Fhely In b damaged oy | (g
ferpe debections
Fhars riod supportng o ftached o sonsinc- | (mmesfiate défecion dus i e tad L
ture el [aly o be dumaged by e | L5
dabections [ |
Roof o o senstnuction sepportingsy | Phatper ol the fotal defechon cxsaming |
alached bmm:mm"lapwlq | atachment af norsirachure eerrents |sum ol | L8
damaged by e deflecions | the fong-dem detection due o o siseined |
Fool o door comstnchon supertinger | ﬁxmmﬁ eleckn e o2y | i

| I

mtmmmew&mltwi

b drvaged by g doflacton:

L ot e ke S Py nm:fmmmmmmhmsm.:m;wmmmm
e ] ey ek o il i s, dorshien 3aandes, bd reablly ol poro i Smige.

¥ Lot duferionhad b i i accondinnce w4 525 0015, bl ey o by amend o ot ks 1 pecur bk .
et of rostnictrl ssmenk Thisamoind sl be debemansd oo bams of acoepied engreste) dril miatay b Sae-deflachon coaracknits o menbers e
i tn o g aminesz]

* Lok rasy e oo byt e b bt o preves chirmaga o supperied o aliacd semerls

ﬁE.n‘al.l'm bergrectar S imesancs providad o fesiachl sereck Lom ray berscteaded { carher s poovdestan Ihat okl ol o minus catber
does nisl e ol

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS



