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Structural Design for an Information Technology Center
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Ali Sharawna Mohammed Alhuraini
Khalil Khdour Abdallah Awawda

Palestine Polytechnic University -2015

SUPERVISOR:

DR. MOHAMMAD AL_SAYED AHMED

Project Abstract

Structural design is the most important design of the building after the necessary of architectural
design, the distribution of columns, loads, offer durability, the best prices and the highest degree of
safety are the responsibility of the structural designer. In this project we will do the structural design
of the building information technology. The building consists of three floors and Roof with a total
area of 4262 m”.

This project was selected because of the importance to know how to design these centers,
which have a design requirements higher than other tiles with long spans and big theaters and
diversity in the form of the building by the architectural design, also it has been chosen for the
importance of increasing these centers in this area "Hebron”.

It is important mentioning that we will use the Jordanian code to determine the live loads, and to
determine the loads of earthquakes, for the analysis of the structural and design sections we will use
the US Code (ACI 318 14), it must be noted that he will be relying on some computer programs
such as: Autocad2007, Safe , Office2007, Atir, Etabs and others.

Expected after the completion of the project to be able to provide structural design of all
structural elements with permission of Allah Almighty.
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List of Abbreviations

e Ac =area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.
e Ay = area of non-prestressed compression reinforcement.

e Ag= gross area of section.

e Av = area of shear reinforcement within a distance (S).

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

¢ b= width of compression face of member.

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

e (.= compression resultant of concrete section.

e (= compression resultant of compression steel.

e DL =dead loads.

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

e f¢'= compression strength of concrete .
e fy = specified yield strength of non-prestressed reinforcement.

e h = overall thickness of member.

e 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.

e LL =live loads.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

¢ Mn = nominal moment.

¢ Pn=nominal axial load.

e Pu=factored axial load

e S = Spacing of shear or in direction parallel to longitudinal reinforcement.

e Vc =nominal shear strength provided by concrete.
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Vn = nominal shear stress.

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

Wce = weight of concrete. (Kg/m?).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
&, = strain of tension steel.

s = strain of compression steel.

p = ratio of steel area .

Xvi



Jo¥) Cuadll

daial)

Aadial)
£ 9 phal) Cilaal
£ 9l Al

£ 9l AlSiia 3 g2

claloall
£ 9 siall J guaid

£l g o)

1.1

2.1

3.1

4.1

5.1

7.1



IV Jaadl)

dadiall 1.1

ol Buas iliie menaly HSElL g Of Gl Bha Cilsa maen skt s &y jeanll slall cilllaie Cui)

Lin 1S e Jusal il 8 ) peiad llliall (e aal) i )5 Anlegleall SI el il 238 (yas cailalia)

el 03] Cuuliall alaaiuD a5 Aal )l (el aa i sl s3SH B1 58 5 el 138 caddie ) pd sty il sleall
A1 o Jie o Liil Adliall ) 501 gaen AalaYl 5 Led aal) apanaill DA (e el

Debally iad A Ay Jlanal) alill e o) gus o5 O pall sl sl i) apens 34 ddle apaail) Al llan

S ALY i) (e ol () Lpuany daliaall dpeadll aLdY) Jay 5 4lals clalsal) g e ] 8l a3 58 A0S 5 sl alal)

Alaill 13gd AalaB@Y) Aalill slel je go iaall o 55l Jlaadl Ge¥) Jaadll e paldl) slisy) HUail) gy s

Loy 4l oS lapaailly dalaiall ol il lae Wl 38V e 23 Y S sl (5 jlerall aranaill pa (i jlady Y Lay LY
csaall Gyl 5y el 5 281 AadailS S all o jualic 5 Lasall ¢ 5 jdiall dagda e ae DUy

O el Glal Zdlial (3ol sha A e ) S Cilaglaae L o 935 aal  ALESY) i) apenad ¢ g plall Gaaaly

Oe sl ealinl) 038 avenal & (g Ay jarall bl ge e Lay ) sanldl 5 00 VIS G3LEY) jualiall a5 Can

85 JalSia g 5 pdian 75 AN dal e @lldy Ll Aalisy) cllabaall et o ey Clalul) 5 ac) gl elgil 5 culaiall
'c.wn

Ly

£ s i) Cilaai 2.1
AUl Calaaly) ) Uilea g a8 (550 o AllaS) amn Caaall 138 e Ja

Sl ALY o pualic a s Adlind) g liell Caliall L) AUall adl e syl 8 6 leall LSl ]
Al 5 janall Japhaail) e oy Lay ecildaladiall

Aabis o) 4Ly pealinll apaai e 30l 2

Al L) b L 5 3 il il glaall Jay 5 GBudai 3

(ALY araraill el y aladivd & 4



IV Jaadl)

£ s ohal) dSia 3.1

Clide SLEY) maall)l Gedal Cua cOleslaall La )5S Gl AALEY) pualiall manal Joa Sl 5y
araaill ae (g ety Y La gy yualindl s3] SLEY) a0 ) 53 ae e Dy Lay ) 5 3aae V5 sl 5 DUl (e yucaliall
S Jeadll

&\9)&45\3.‘5.&.«..\\9.\34,1

A5l A8 e Iy AU Cpliadll VA Jeall s Cun oo AELEY) Lalil) e g g i) 13 Jaall joaity
AV deadl) iz Al g 5 e 5 S Juaadll 8z 5330 ¢ 5 e Aedie U4 (50 2016-2015

lalewal) 5,1

. (ACI-318-14) daliaall 43y asbatll b S 5 ¥) 5 <l slaie) ]
(Atir, Safe) Jie ALY araaill s Jalaill mal s plasiad 2
Microsoft office Word & Power Point Jis s a1 gl .3

g 94all Jguab 6.1

(ot Jymad i e & g phall 10 (5 5ia,

oAdlaal g Canndl A ¢ dabad) daaiall Jady 0 JsY) Jeadll -]
& soiall (5 jlerall Caa sl Jay 1 AN el -2

el ALY jualiall Chia g Jady 1 QU Juadll -3
ALY pealiall LS apenatll g Qi) : al U Joaill 4
lialdl g cilua gl g i) ; aelall Joadll -5



JsY) Jadll

£ 9 pdall gl ja) 7.1

WIS o) ya) pa s el Ciloal aa LBl 535 4 jlarall ) 53l (e Lginna (ga 2SI @llh 5 3 jlanall cillabadall 44 22 (]
2 0 L 2 s sl i) JUaS) 5 clgale A 30U 4y jlasall caSancil

Y OSE lacly sl s 5aae IS jualill 038 )51 cans) A0V 5 aall 4 oSl ALy jualiall 4l 0 (2
O dale 5 abaBY) Cailall iy s & gan sall (5 jlanall arenail) pa pilaiay

Ledle 5 55l ey, LAY juslinll (a3 (3

il il e sy ALY jalind) ayarsi (4

AR ppactl el 3 (3o (e penctl (5

gl A5 oSl ) IS gyl il Lpaans 5 1 ALY pualinl dyduil) cilaladl Sl (6

el JST a3 e 35 5 el Qe Juslasi zm sy U J sl

(2014) ol 1) Adeall AN Juall) A g g pdiall a3l Jgaadl (1-1) ds




JsY) Jadll

(2015) Lol ) Aoeall J g Juaail) VA £ g piall a3l Jgaad) (2-1) Jsa




A Juait)

Q,a'lﬂ\ Jadll

&JM@JM\M&S\

< 03

Hadia

£ bl o daa

£ 3 sall 28 g

ol 4,889 Jblcal) Ciia g
Sl aas

A all ciua g

el ) A Al g5 gua

4.2

5.2

6.2

7.2



A Juait)

datia 1.2
S5 A Al sl aes e dasaal aly o Y el ol AaBY 5 cas daST e o jlad) A o Y dae gl £Y
JSE oy ()l s e Al g atida g pe pe Dl Lay isall (5 lanall araaill Yl oy s cderiiivad Gla¥) 5 Aal )

sl Al (Gaiad Cangs 438 el V) a y sl o sa 3 ddlia) cldbiid) g cailh gl (Gaiad eV ey 38V s Liial)
.:\:\%.L)j\ﬁw\wu‘):\s‘jz\s‘)aj\‘jghﬁ”‘ja.lh}g_\hJdﬂ\)b)b}":\u\)dw‘bdg_lé}‘L}SLAM Jl—'—;\y‘

g osdall o8 daal 2.2

588 o g s ) asty s Mlasea) mlla (e duigal) apaal o Slaslae La 1535 e e B le g 5 pdall
Al L) e 2% Y e O el Jra

i Ay Y Y1 Al e sada o) jia) OIS (pe dagudall BlSlae o bl (S8 35 5 ISEY) 220 cailS
DBlially el G JASH (e 508 el Biad ) Ll 5 S oda Caagis (lm ga Yleai) i) pe Lol S g
dalll ye g o 35 5 LSy el il iladauall g dad sl dgala 51 Cilgal sl aladiud &5 AL oz HAl) L daglal)
gl eladl s Guadll dndl 5 i) Jane Jie ppeail) S5 A Al el sall e 5 el Jlaniad 5 J gam sl A g s
e s Elall

s al & Jals Gl s s 26 3500 Gss Leiala )l dadd e Cag ) 5 Galsh A (e el o 5S0
e yedae gle iy Lo ali€y iadl)

g9 al) adga 3.2

T PONAE (P PP KU EUNS G D PSRRI JONSE UG AU VG PR s
Y2 cpay Qs Rl ) (0% 3 gLl Leia e 5 Bae JNA (m b pall Jpam gl o aom aladl Ji) iy 0 (e



il

L

(1-2) Js&

¥ 9 alal) a8 gall

A
e

J

£ 5 pdally day

(2-2) Js

-
.
.

92 550

4

2l £ a) g

| dakad aa g

i

uay

ikal)

(>



A Juadl

4,88Y) hdlowal) Ciua g 4.2
a2 @bl 1.4.2
o Gsingg o 34 @ Y mh (5 g el Gl 138 (5 siue qlny @se i 1630 o Guidall 138 dalis
ol ey 4Ll Gidall 138 axdivny iaall 4y pial) dgal) Loz el & pald Jade aa o colill ALasl) dgall 3 Jane

L}nd;)f\ d.\l.u\‘;\ Jiay) d:\b.u}écg#ﬁ\wcu‘ﬁ\bjcﬂ)wjﬂ\LJ)EL}QLQLAI;\J\&JJ&';JJMISBJM
il ladall (8 rage 8 LeSe Gl 18 elail 8 de ) sall acliaall g dpaladl 2) 21 JDUA

.f LT T
o™ LI e




A Juadl

1 Jg¥) (@lall 2.4.2

(il (pn s gy s LS ) LAY Rt g 50 (e (Ll 138 (S0 LS i jlana s Fullan (i) 29

laall Ol ) 53 3 g o ABLaYL alaainl) Gl el aan 2283 dlie s dilise Clalisa 5

whi

L m____O0___ |

. d¥) Gl Jalada 5 (4-2) JSi

10



A Juait)

: S Gl 3.4.2

OsSh g el @ﬂ\}é@\;ﬁ\&&b\ﬂ\@&dﬁjs @)A)lo 786@@.\@\ Jaa daliag
ALl dudicg dalide Glalua s cilelaial del8 g guda i jiida g CoilSall g Al jall Caall e 220 e Baldall 13a

:bUJi @bﬁﬁ“b‘-}&j‘&‘)})ﬂﬁ‘,&

Ll

‘% SR ﬁgggg*
| R e

*ooow

&b
e |

Ly

U
o

HE BEE
RO EE

B @fﬂ

B -
fE

E

. PG (Gl abada 1(5-2) J8&

11



A Juait)

s G gkl 4.4.2

Gl ity Sl 5 Al Al G pall e dae e Gl 1 S g ca e e 278 (A Gl 138 Aaliwg
;oUJi@byﬁL«SoM\Q\J}JJﬁj}:@L'A?L\ ca_\ul_m‘sﬂﬁa.nuhm‘s c&buﬁ;\g\slﬁ}gyh

fEo
£
L
o
L
40 ] e
L PR
PRl

. Gl gial) Jalada £(6-2) JS&

12



A Juadl

s Clgal sl ciay 5.2

Adledll dgaldl ]

odgd SV e all O LS il dals N sasall Jaadl jelai s ¢ haall dpus ) dgal ) e 3 be a5

LeS ela sl Lan o) 55 S ye (el by lane s Lllen | jedae (iimy Le e Lo 533 Sl Al 311 3815301 DA (e ety dgad )

Bac (35 82 gm pal) ALK & 5gal) Liad jelays culiiall plii )l g giiy inal) & SIS Al Zeal gl oda JA (e elay

gl Jia dgal sl o2 sLiny Adlite o g aladiud Liaf jelayy ¢yl jun Wl |laia iad) L) iy La g _usdl
Al UKD 5 jeday LeSecllall ol Y amsansall jaall g dgila jall

Llledl) dgal gl 2(7-2)Jsd

RPN EVEN U )
Gl e poase 9 LS (g lanall w5l Led eday dum coliall A ) dgal ol ALY & dgal ) oda a3

g 55 ek LS dgal sl Wllea | jetae (uSad (1 35Sl dpala 51 380 ) dgal 1) 020 (8 gy Billa JS (8 i) b Jads
I O 6 el LaS Al 20 3 sall 5 avsacsal) jaallS dgal gl b &iLiy) o) sall aladind

13



dnsiadl dgal gl 2(8-2)dsa

Lad,al deal ) 3

Lesd el LS canl s (5 sima o oLl L selas isal) (8 i) 6 5all L) AL gnl gl 5 dgan) ) 038 (5
e bl Gl ey avenall aaldl aladiul g dnlu A sale Lgil) (& Cnodin) dedus ABS JK5 e ) & Hg
r Sl JSall 8 ey LaS celill |y jlara Yiaa Canai il 5 4l shall clulul) ) 5eda

T I . I_I

48,0 Agal gl : (9-2)J8

14



A Juadl

iy il deal 4

asly ALS JS8 o (s lenall el el Cun (il dgalsll Lo Lo g LSS 3 Alilas dgal gl o3a ysiad

(sisall n gl sl adgd Ullen | pelia axs 3 mall (yn gl ) ALa) dadia Kala o a3 pm 50 Agal o3 e

Sy isal) JIS 3 J20501 5 55 DA a5l ciaall o sinl) 5 all e b Jata Ll gl sl o o sinl e
Al UKD 8 LS cJpend) s lenall jglaall 13a 4S5 ol

A Al Agal gl 2(10-2)Jsad

: A al) diag 6.2

o bala Jia g ¢ AS all 8 Wsend) s s Aal ) sle) e ol Cua ¢ ) Jea AS jall JISE s

Uia gall Gkl 20xd 5 aall LA AS Al Sl (38 5al) @ sall Ay ganll 5 488Y) A8 jally Ll 5 el ) Jaan sl

e e Gn ee A (e had IS Gl shll maes B 2T Ldld el J1a (8 400 seal) 5 238Y) AS jall Aol Lal 4
&5 sebadl sk e IS Ll sgun s 38 all 7 gam g

i) Jal JEl b Lardouall Jilo sl a5 2 aliall i

15



A Juadl

[l
ol mLinlim B ki) L) ”}Th’h’k r"-" ﬁ_& !

ALl el | T

Section A-A :(10-2)Js&

Section B-B :(12-2)Js&

16



S S

: iall e A0 A g 9 7.2

3D Lsa:(14-2)Jss

17



Gl Suadl)

Sulll) Juadly

A U

-

Aadiall
) avanalil) Casr

il B AGLERY) pualiall 4 AT cibaad

AL jualial)

18

1.3

2.3

3.3

4.3



Gl Suadl)

dlaxia 1.3

& el Jidaill 30 g sall Gl yiall 5 SISV Gada e Y sl QS (5 jleral) Caagll DA (1

araal o ol IS8 ALY aveaill g 3) dpetigh ol i) 5 4 jlanall clllaiall ae oilaly g3l SLESY) avanall

ol s laa s yualiall oda Z8S Camy cany Ul 5 Lle 555 30 Jlealy) BS 4 45 Cupmy 45LESY) pualiall 4dlS
o axe 5 5 berall apaail) o Lliall ALYl g g il 13¢] dpunigl cilluall el

Q,:La.’iu‘ﬂ asaail) 4 2.3

ea] aslia s ALY 5 Lpigh )il maes (e (e Gl Lite gl I ol IS JLEY) apenatll Caagy
eabial) paai Wy iy e B g Lol 5 IOVl e At Jleal Ll s da s Aie Jleal e da A1) il Jisal
isle el dpliy)
Lo Al claleaY) 5 il Jand e 38 ALY jealiall lalie JLiA) e 48at oo Safety ) oY) o
Alal (e paiiudive (g3 m jall L3S 5 A8 daia adalia s el 3 g sk e Lediad o 1(Cost) 4SH) o
sl cuad 5 (Deflection) 1) bisa (sl s Gus (e (Serviceability) Jueiill Juall Lada 253 @

il (5 lanal) il e Lhu fi55 A (Cracks)

Lol Al alsdl 5 IS o

i) B ALATY) jaaliall 4y Jatl) cilud jal) 3.3

OSar LA e il Cus capanaill g Qs Adee Sl 4g LBl i agas oty e 0n Apaill A pal) i
JS e adl gl Jleal) ani g dun (S5 ALaN) ealiad) il 53 oy ) ¢ Jdadl) Cillee e (58 Lo Jumdl 1 J gl

Jua¥ 1.3.3

s BLiiall Jlgdl) Eisan ()5 Leade Aadl ol Jlaal) Jasd e 5 508 (4585 o Lpapana oy A1) A0LE3Y) pualinll 0y
Al JlaalW)  daall Jlall ddisal) Jlaal) - JlaalY) o3

19



Gl Suadl)

Ll Jlaa®) 1.1.3.3

aliall pran Geali Cus dardiuall oLl 3l ge Gl 3l e 0 W SN el 035 oo aaS Jleal &
ALY g latall A5 el JSE i) o 30 Jlaad g AU <l gl 5 ALy

: IS g aniinaall 3 all A ) RSB (3 Lak 5

dasiioial) 3 gall 4o gil) ABUSY (1-3) Jgaadl

Aadiioaal) ABU)) ) a8 )
ariicual) Bakal)
(KN/m?) Jeadeiiall

23 L34 1
22 4 all 2
25 Al ,all 3
15 CuY gy ghall 4
22 3 il 5
17 Jall 6

Lal) Jlaa¥l 2.1.3.3

Glly b Lay ¢ Lgie o g Clanind o) ¢ Aalial) LeiWlentnd aSay cileLiill 5 4030 L) o e ) Jlaa) a0 s
s Jali A 5 b3S yall g de ) sall Jlaall
sl Lestiss Galas) ol sl
i) e g el 3l e e Lany 305 3ea YIS il JleaY)
o pall 5 Aifiall e ASHELN Y5 5 565 ¢ sl SIS ¢ AY Gy e LaSlal s Sy S5 ASL) JlaaY)
3 S Cen il aladiad Ao 6 e lalaie) dadl Qa1 dad Gan (2-3) Jsaalls cclanall o 5 3all s BV 5 43 Al

‘@J‘)‘\J‘

20



Gl Suadl)

Lall Jaall) (2-3) Jgaad

Al Jaall ] 5 )
(.KN/mZ) pladsudl dask d::uw
Laglaill L)
3.0 ouyall (st
3.0 Vo s Jaladl s &l pedll @ 1
3.0 oadllca,e o
5.0 ol panill Cleld o

dlayY) Al

3.0 v LON| Y
2

4.0 Sl e

10.0-5.0 oAl e e e
3

2.0 Lyl o
5.0 GYlall g cilelall 4
4.0 LSl 5

Ll Jay) 3.1.3.3

st Jiaii Jlaall o34 5 capanaill die eV ey WAAT Cang A Jlea) (e GG & 5l a

S |

S AV e 2Ll Le i Al ) a5 dadi al) bl el eday el e i3 A8 5 8 Ge sk

Juaal aaaty (gt SLSIL iy cad e Aail CulS 13 Al g Jaia (e Aails il 1) dan 5o (S35 eldl Jad ol cliiall

panal s Limilie ol Aadi pe CilS g ) gar e (pe ALalaY) Can (g @ sall 5 m )Y mans e il pla ) e Talaie ) 2L )
SOV S s (0.4 KN/m?) ey zloll bais e Talaie] adll o s

21



Gl Suadl)

st 2

A Gas) e Tolaie ) = 50 Qleal ani (S s oz s oS0 5 oy Ll Led impaty o oSy Al Jlaa) 8
ol mas e slandl gl ) o

S LBl (gl mhadl (Sle @

Al e gL Y G 7 s Jlaal dad (3-3) Jgaad)

z s Jlaal (H) o2 g o Lidal) gle
(KN /M?) (Slk)
0 H <250
(h-250) /1000 500 > h > 250
(h-400) / 400 1500 >h > 500
(h—812.5)/ 250 2500 > h > 1500

JdN3 3

sl 5 o e Lete a e Leie Algh daul ) 5 48l 58 ge sbe & 5 Gl e i A Al Qs aal (e

Jial 4 jat die el Al peniay (SIS malid g OlSlaws dasnaall Gaill Gl jas aladiuly Leia glia (Say g «3EY) o 5o

a3y s o J OV e atih o) el elal e ddailaal) o5 shaall Qi apaail) dulee L Lgile ] je Gang Al Jlaal) o8
el 3 6SH ) e sa g Talie) padll (o 85 J5Y N Jleal

ALY aliall 4.3

‘;u.qj\ JPJR.L)\)Q.\M\ é&:kﬂ&éuﬁﬁ ‘;ﬁ\ 3.)3\.&;}” ‘)m\.uj\ L}“:“QJWL}“T’JLQ @L\Aﬂ @uu}ﬁﬁ
L e s bl g Alalall () jaadl s 3aae Y1y ) saandl 5 Claiall ¢ pualindl 028 adl (a5 ¢ il aladind aiadla

22



Gl Juadl)

ladall 1.4.3

Alasy) ealiall L) Ledde 3555l Jlaat) s dand ) (o) J65 o 50l Gabiay) eadlial) e 5 ke o

ol i ) L a3 (50 Baee Y15 O yaall s ) suad) e sl 3 ALala)

s b Lo Leie ¢ Anliadd) Al Al Cilaiall (e Jlanin) daild sayse g Adlida o) 5if aa 58

.(Solid Slabs) Aiaaall a3l
: &) a5 (Ribbed Slabs) 4e jiall a0l
. (One way ribbed slab) 2! 51l sla3¥) b Cuaall Cilaie

.(Two way ribbed slab) ¢palai¥) GI3 cuaall Gilaie

: (Solid Slabs) 22 s olad¥) ) diaaall cidial) 1.1.4.3

Cap Cldie Gany 6 aa) gl eladY) 3 Aacaall Culaiall o3 aladiul 5 355 cpalad) 5 aals oladl sa L Liag

LBase CJAX\

A gl sladY) Cild Alaan cilaie 1(1-3) J&)

: (Two way solid slab) ¢:ala3¥) &) Liaaal) itial) 2.1.4.3

a5l olas¥) iy Aiaadll saiall aoliind A1 kel e ST 3 Jisall Jlal) il Jla 8 aadis

Gua ST IS Jlaal) dk glia aakatod Lot @iy g calasall - ANYS 5 e ealll ah GlIY die g clgtia glia
s S) JS e e Ll s O g sl 10 araai ) e salll oy 3 clgdag

23

1

2



Gl Juadl)

Gidall s2ie & Claial e gsill 13 alasind o (2-3) JSEN 8 Asaage cpalaily Lol ani )V el £ 3
ol

Sty il Laae cillie 3(2-3) Jsadl

:(One way ribbed slab) 2/ sl sla®) ) cuanl) citic 3.1.4.3

fen o8 Cltial) o3a Al o5 sy ¢ ALl e (9 dalie Ll )y Latie Csial) sl a2
Lellad 51 A Tl SO L e Lad g 5 pial) 138 Gl sha

shrirkage & Temperatuesr Bar's

Cne way rib slab —
.

3

P
Hallew Block [ 32 em ) s

Aa gl olady) Gl quaal) Cilsie 3(3-3) JS&)

24



Gl Juadl)

:(Two way ribbed slab) ¢Lai) i) quarll cidie 4.1.4.3

s e 3 ate s 5l sla¥) i Bllial) & das JS8 G shll e 8 4aladinl s g sl 138
(LY LS aalady) cld el G N JSE 5 ¢ Alalall 3aee )

"

Rib (1)

Hollow Block ( 17 cm )

Steel Bar's

AT G ) cilalie 1(4-3) Jsd)

osall 243

Jal 4p8e ) By smase ysmen (e 5 A 56 Baae ) ) Baall Jals Gliac V) (e Jlaall i A dpuld 350530 jalic a s
8 3aee Y (A i) clilaall | k5 (Jinl) (e 538l e 558 ) A5 "Drop Beams" sYaal) ) suall g (ilaiel)
Dsea 0SBl (8 03 Cage Gl seall (ladaBl ) Jaal) e Slabe g 5 pdal) 13 L dasaal 3 el il

Leal) lae W1 Jleal Jiy o 6 Lgale ) (85 yanna

25



Gl Juadl)

Top Bar's

Support (2)

Support (1)

Bottom Bar's

Rib

Hollow Block

Maine Bar's

Beam web

Busaaal) g 3Yal ) gual) JISAT (5-3) Jel

iy 3.4.3

i) juaie 68 Gl g bl ) Leliig ) gl g laiad) e Juaal) Ji 3 s )l eainl) Baac Y ygiad

Ay Wal elgale Aadl gl Jlaa¥) sy Ji e 8 al8 ) 585 Sy Lgapana Cong N, aal) il 5 Jlaa¥) Jii & (5 )5 0

il s Jalaisall L cbagae JISET saae Y1 adalial 5 AL shall 5aee Y1 5 5 ypaill 53ac Y1 ¢ (e 63 e gd baecY) g1 531 )

Lpial) 5 Apasall 5 Al Al Lgiad dadiiaall Balall dagua s (e 2ae S AT Cayieat @llia 5 Syl 5 a0 pall 5 aliadll

saec ) ) ALY Al gl saac Y @lligh ¢ Jshall Cun (ge A site g inal) 130 8 Aadiina) baae ) ) Al Ll 5 ¢
13 gan] ladaia (6-3) SN (s ¢ IS Alidainna (5 AT 5 (510 58 Lo Lesad JSEI Cua (s clglinpda Cum (as ¢ 3 paadl)

26



Gl Juadl)

Maine Bars

Column

sl JISi aal 1(6-3) Je&

s oalll O 4.4.3

A88Y) JleaY) Aa glial bl IS5 a5 5 Lgale Al gl) 28N 5 20 ganll (5 gl o a8 Alala 4505 jualic o
LeieliS e 2y 3 (Ao aaall (e Gaiday =L () jaall 038 5 ¢ (shear wall) o=dll Ol (oandis Y 5 2LV (5 8 Jie
Y g5l daglaa e

Led (A A8 (o 58l daglie (o Jan LS Ll A giiall A 1) () 3591 Jani e ) paall oha Jansy
S e eladl JS 8 il () jan A (o3 A sliall S ye (s Ablsall (455 Ble ) e ae cpalasY) 8 La i 55 cang g Ll
S Le 8wl )

233 o a5 ¢ 488Y) (5 58l A gl nall ) paa e W 15 g dall alg JulES ) aial R3S () paall eda 0 5S5 )
o2 a5 ¢ Aadlall J pamdll 8 lgapanal (o (St @l g iaall S s s S0 Lgmy 535 el Gl () jaa
i) bl e Tad A gAY ) aally ¢ deliaadl Gl ¢ oAl Cu ol paas ¢ Gl asll

27



EJEY Juadl)

. ll' l I Steel Bars
|
i
oalll jlaa 1(7-3) Jsdd)

1l 5.4.3

WIS areal o olgilY) e oy gt of V) cliiall ely die ladai Tay Lo sl o clulu) o e a2l
el (B ALY aliall

) ol s saae Y ) ) gl ) Ja5 aiad) e dadl ) Jleal¥) 0l clgile dxdl gl Jaal g o) 3 5Y1 48yl
a3 oy &gl Aagida g Lale Zad) gl JleaW) e Tely 5 ecbulod dpapaaill Jlaall) & JlealV) oda ()55 50 bl
JS e dadl gl Jlaa g 4 5l Jani 8 5 Lai @3 5 Adlidie 1530 (e bl aladind a8 siall (e 56 dddiosal) bl ¢ 53
oY) Al je sada g e N o aie JSE (e Liiall IS 0285 Ll 1 ka3 5 (b

28



Gl Juadl)

Maine Bars

Square Footing

SR bl ¢ (8-3) Jsadl

;2o 6.4.3

a2y ) 8 il ol ) JESYT e Ol SLEY) 5 g lanall jeaiall e 5 le 71508

¢ an) 5 oladl 3 Alacas saie o el Ll & all avenal ol g, sasl ol Aajall gl Jidd 5 ysua clelis ;) ) Gidal) ¢ lis )|

LY meaill 8 e V) cpe 8220 IS cp g ptall ela e de 5 sa pral 5 S0 Lie 5 e 8 Lgwladinl o
Al A3y pha g Al JSE G (9-3) IS5 LSl dmaall 055 e Aadlill JleaY)

29



Gl Juadl)

Shear wall

Staircase

Tempreatuer & Shrinkage Bars

Shear wall

. T 1(9-3) Jsad

:%JU’.'\MY\ (J‘J"?'“ 7.4.3

O il anl kil an AR e 2 Y S g s phall (sl daded Culie 8 el gl CEURY) Casnsy
bl Al Al e el o) yaad) 365 5 BV Y S LY

30



EJEY Juadl)

Steel bars

Retaining wall

Base of wall

LA i (10-3) s

:(Expansions Joints) 23l Jualsd 8.4.3

o s dual b 5l (5l a daa Jual 58 Aalal) glia 81 5 JISEYT 3 5l 5 Sl 48Y) a1 3 Sl S 3 235
2aailly el Zlendl G 5 ¢ i (40-35) G0 el Gae OIS 13 Jualill pumg aly 5 clae (pa jall Jual sill () S5 08
Ll & gas ) elld o of o9

t b LS Aalal) cliiall aaail) Jual s (g (5 saadll Adlisall paa Sy

Ll 4 s ) Jual il 038 doat of e caairall 2 5S s Liiall ABS 5 ) ja s Jual 5 alodind ray
ool LS el AN alayY abiall il yiaty Ll 530 (50 o slal)

31



Gl Suadl)

el 4 gha 1 3 3haliall & (40m)
Aol g5 s BB 4 (36m)
e il g5 3 3Ll 3 (32m)
A8 GRS (28m)

cem 522 el Jeald S

32



4.9

4.10

4.11

4.12

4.13

4.14

Chapter Four

Chapter Four

Structural Analysis and Design

Introduction.

Factored Loads.

Determination of Thickness.

Load Calculation.

Design of Topping.

Design of One Way-ribbed Slab (R112).
Design of Two Way-ribbed Slab (R221).
Design of Two Way-solid Slab.

Design of Beam (B144).

Design of Column (C64).

Design of Stairs.

Design of Basement Wall.

Design of Shear Wall (W08).

Design of Isolated Footing (F1).

33



Chapter Four

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 one type of slab “one way ribbed slab”,. They would be
analyzed and designed by a computer program called "ATIR- Software " to find the internal

forces, deflections and moments for ribbed 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-318-14 code.

4 .2 Factored Loads:

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

qu =1.2D1 +1.6LL ACI — 318 — 14 (5.3.1)

DL: Dead Load .
LL: Live Load .
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Chapter Four

4.3 Slabs Thickness Calculation:

4.3.1 Determination of thickness for one way rib slab:

According to ACI-Code-318-14 ,Table (7.3.1.1), the minimum thickness of
nonprestressed beams or one way slabs unless deflections

Aot

are computed as follow: Y
i |

L1 6.5 . e
— = ——=0.351 m .... for max exterior span =
18.5 18.5
(control)

k
L1 73 o 1
poiaiev 0.347 m .... for max interior span \\

Select Slab thickness h= 35 cm

Note: We solved deflection that may appeared
in some spans by reinforcements.

Fig. (4-1) : Spans location
of rib (R112)

4.3.2 Determination of thickness for two way- ribbed slab:

Assume the thickness for the shown ribbed slab (R221) is 35 cm .

Cf:

Beam263({50°35) 4 Bey

(5E.58l0ggwesg

R221

(gt.06)zaaueag
(sg.06)cazweag
Q
. m
e

Beam271{50°35) Be

Of3 qu

Fig. (4-2) : Tow way-rib slab location

» Minimum thickness (deflection requirements): ACI — 318 — 14 (8.3.1.2)
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Chapter Four

» All exterior and interior beam have rectangular section of 50cm, 85cm respectively and 45cm

depth for both.
+h3 w453
Iy 85=ﬁ =55 _ 645469 cm’.
: 12 12
Ty 50 =202 28045 _ 379688 cm3
b, 50 12 12 cmo.

»Slab section for exterior beam:

The moment of ribbed slab is the sum of moment of inertia of T-section ribs within

distance (% + by) .

was defined as one-way ribbed slab design (br= b,

»for rib bf = 62 cm

50%8%4+12%35%17.5

Y= = 10.91cm
50%8+35%12
62%10.913  50%2.913 = 12%24.093
Irib= 3 — 3 = 82347 cm4 .

»wfor rib bf = 52 cm

_ 40%8%4+35%12%17.5

Y. = 11.66cm
40%8+35%12
52%11.66%  40%3.66° = 12%23.343
Liv= 3 — . + = 77682 cm*.
»(Exterior beams):
Short direction
»L=69m,bf=62cm,bw=50cm.
s 82347+(22+50
Is = T /2bw) BT — 524630 e
f
Long direction
»L=77m,bf=52cm, bw=50cm.
o+ 77682+( Z22+50)
s = Libe/2+bw) _ 2 — 649840 cm* .

b 52

»L=7.7m,bf=52cm, bw=_85cm.
36

62

10.91
S
<
P
8

27

Fig. (4-3) : Rib section in long
direction

52

| — ]

11.66

27

12

A

Fig. (4-4) : Rib section in short
direction




Chapter Four

770
_ Irib(L/24+bw) _ 77682x(—+85)

Is z - — 702126 cm4 .
o&f=II—‘S’
ofl = %—;ZZZii =0.724
of2 = ‘I—b = = 0.993
of3 = ‘I—b =2 = 0.724
ofd = ‘I—b =T = (.584
Z()Lfm _ II_:_O.724 + 0.993 1— 0.724 + 0.584 — 0756
2>afm> 0.2
B= th—gt =22 - 101
Doy = OBl TO0OSHED o e b= 35mm .0k

36+5B*(afmo2) 36+5+1.116%(0.756—0.2)

( 6cm cement block, 21 cm polystyrene block( kalkal), 8 cm cover )

4.3.3 Determination of thickness for two way-solid slab:

»Minimum thickness (deflection requirements): ACI — 318 — 14 (8.3.1.2)

O
Beam277(50750)

@
@

o

3

N
@
w
[
o
A
o

Beam278(50750)

O3

Fig. (4-5) : Solid slab in roof
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2% (5.5 +6.55)

hyin = 0 =0.134m

Select primary thickness h =15 cm —
50 35
15
»For exterior beam 50
35
According to ACI-Code-318-14(8.4.1.8) , “~— S50
the section of beams are computed as follow:

hw=35cm<4 h=4x15=60cm ... ok Fig. (4-6) : Ext eri obeam section

15%(50+35)+50+35%(35/2)

Ye = 15%(35%50)+50%35 =28cm

(50+35)*(15+7)> 357> 50x*28 .
b= — + = 663558.3 cm

3 3 3
35 50 35

»wFor interior beam 15
hw=35cm<4.h=4x15=60cm ... ok 50 35
hw + 2hw = 50+2x35 = 120 cm 4
hw +8hf=50+8%15 =170 cm 50
select 120 cm

15 % 120 (35 +175) 435550 % 35 Fig. (4-7) : Int eri obeam section

2 =302cm

Ye = 15 * 120 + 35 = 50
120 (15+4.8)° 2x%35%4.8° 50%30.2° .
b = — + = 766975 cm
3 3 3
»For slab in short direction :
(50+2%)+15° . _
s= Ty, = 91406.3 cm™ .... Exterior slab
(50+550+456)* s
Iy = ~——2—— = 155531.25 cm® .... Interior slab

»For slab in long direction :

50+22)+15°
I = % = 106171.9 cm®* .... Exterior slab

(50+54042-655)*153

S

z = 182109.cm?* .... Interior slab
I, 6635583

S PRty Y

%= 1. T 914063
_l,_ 6635583

%2 = 17 1061719
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_ Ly 766975 _
%3 = 1.7 15553125
_l_ 766975
%= 1T 1821094
7.26 + 6.25 + 4.93 + 4.21
Ufm = ) = 5.66
Ay = 5.66> 2

So the minimum thickness of slab will be:

In(0.8+-2) 6550 (0.8+-=)
min 36 + 9B 36 + 1.19 fm
. Litong _ 655 _
lr&hort 5.5 .

Primary thickness = 15¢cm < 15.425 cm

4.3.4 Determination of thickness for beam (B144):

According to ACI-Code-318-14 ,Table (7.3.1.1), the minimum thickness of
nonprestressed beams or one way slabs unless deflections are computed as follow:

L1 7.6 .
— = —=0.41 m .... for exterior span (control)
18.5 18.5

L1 6.1 . .
— =—=10.29 m .... for interior span
21 21

— Select total depth of beam h=45 cm. ( drop beam).

L.
&

% — ]

Ei 1B

i ]
[Eodsiess) Dol | KSt00cziweos) _A.."'.'.Il I

T

Fig. (4-8) : Beam(B144) location
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4.4 Load calculations:
4.4.1 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 follows:

Cirie: wiyr Fili slab Shrinkage & Temperatuer Bar's

Fig. (4-9) : One way rib slab

Calculation of the total dead load for one way rib slab is shown in the following table:

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Quality

ON Material Density Calculation

' KN/m’
1 | Topping 25 0.62x0.08%x25 =1.24
2 | Rib 25 0.27x0.12x25 = 0.81
3 | Sand 17 0.62x0.07x17 = 0.74
4 | Mortar 22 0.62x0.03x22 =0.41
5 | Tile 23 0.62x0.03x23 =0.43
6 | Plaster 22 0.62x0.02x22 =0.27
7 | Block 15 0.5%0.6x15 = 0.45
& | Partitions 2 0.62x2=1.24

y |56 KN/m
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Nominal total dead load = 5.60 KN/m? of rib.
Nominal total live load=5%0.62= 3.1 KN/m? of rib.

4.4.2 Tow way- ribbed slab:

Calculation of the total dead load for tow way rib slab is shown in the following table:

Table (4 — 2) Dead load calculation for two way rib slab

Quality
Density w
Material Calculation

KN/m® KN
Tiles 23 23%0.03x062x052 0.222
Mortar 22 22x0.03%x0.62x0.52 0.213
Sand 17 17%0.07%0.62%0.52 0.384
Reinforced Concrete 25 25%0.08%x0.62x0.52 0.645
Topping
RC. Rib 25 25%0.27x0.12(0.62+0.4) | 0.826
Concrete 15 15%0.06x0.5x0.4 0.118
block(0.5%0.20%0.06)
Plaster 22 22%0.02x0.62%0.52 0.142

> = 2.612 KN
Dead load of slab :
DL=—22_ — 81KN/m?.
0.62+0.52

Wp= 1.2 x 8.1 =9.72 KN/m?,
Live load of slab :

WL=1.6x5 =8 KN/m’.

W o = 9.72+8 =17.72 KN/m?.
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4.4.3 Tow way- solid slab:

For the tow-way solid slabs, the total dead load to be used in the analysis and design
is calculated as follows:

Table (4 — 3) Dead load calculation for two way solid slab

No. | Parts of Rib Quality Density
KN/m’ Calculation
1 Reinforced concrete 25 0.2x25=5
2 Plaster 22 0.02x22=0.44
Y = 5.44 KN/m’

Nominal total dead load = 5.44 KN/m>.
Nominal total snow load = 1 KN/m?.

4.4.4 Topping for ribbed slab:

For the topping , the total dead load to be used in the analysis and design is
calculated as follows:

Table (4 — 4) Dead load calculation for topping

Quality Density
No. | Parts of Rib KN/m’ Calculation
1 Reinforced Concrete 0.08%25x1
Topping 25
2 Sand 17 0.07x17x1
3 Mortar 22 0.02x22x1
4 Tile 23 0.03x23x1
5 Plaster 22 0.02x22x1
Y = 4.77 KN/m

Nominal total dead load = 4.77 KN/m>.
Nominal total live load = 5 KN/m?.

42



Chapter Four

4.5 Design of topping:

Design of topping for ribbed slab as a plain concrete section :-

Hollow Block ( 27¢m)

Fig. (4-10) : Topping of one way rib slab

qu=1.2xD+1.6xL
=1.2x4.77+1.6x5=13.72 KN/m. (total factored load)
Wy 12 _ 1372+ 0.52
Mo=—7—= 12
@M, = 0.55 * 0.42 * V24 x 1000 * 80%/6 = 1.28 KN.m
PM, = 1.28KN.m > M, = 0.286 KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.
For the shrinkage and temperature reinforcement :-
p=0.0018
As = p*b+xh=0.0018 1000 * 80 = 144 mm?.

Number 0f @8 = Breq _ 144 _ 2.86 — Spacing(S) = 2%7 =35cm = 350 mm.

<380 (329 - 2.5 x Ce< 380 (32

=380x(?)—2.5x205380x(§i;°)

3fy 3y

=380 X (30 ) — 2.5 x 20 < 380 x (

g* 420

= 0.286 KN.m

280
g* 420

)

=330 mm. <350 mm.
<3 xh=3x80=240 mm........... controlled.
<450 mm.

=~ Use @8 @ 20 cm in both directions.
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4.6 Design of one way-ribbed slab (R112)

By using ATIR program we get the envelope moment and shear force diagram

as the follows:-

Geometry Units:meter.cm

1 2 3 4 5
1 2 3 4
0.5 4. 08 5.9 08 5.2 08 4.1 0.5
e 4.65 "' 6.7 "' 6 "' 475 !
I T T T
62

Fig. (4-11) : Geometry of rib

Loading
Toad groupno. 1
Dead load - Service
5.60 5.60 5.50 560
465 6.7 6. 475
Live load - Service Load facters: 1.201.20/1 200,00
3.10 3.10 3.10 3.10
465 6.7 6. 475

Fig. (4-12) : Service loading of rib
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Moment/iShear Envelope (Factored) Units:kM, meter
Moments: spans 1to 4
42, -44.8 _
5 -29.3 /N -30.9 Ty
28.5 /\ 26.7 22 2/\;25
0 .31, | | 12 | 1. i
! I ' ! 1.81! ! ! 1.83: '
Ly I I I | Il . il
0.96[1.06 "o ' 'o.‘rs_al Pa
M 1.03 0.97 54
19.9 22,5 229
304
| 186 279 | 335 : 3.35 | 3. , 3 | 285 | 15 |
; T T 1 T 1 T T i
Moment/Shear Envelope (Factored) Units:kM, meter
Shear
-36.2 126 gk -36.1
27.9 A -21.8 231
-16.6 A
~
~ |
il/ f ‘ } —— —— —= H
s
L 15 ‘
21.6
= 323 30. >
40.6 38.3 e

Fig. (4-13) : Moment & shear envelope of rib

Material :-
concrete B300
reinforcement steel

Fc' = 24 N/mm?®
fy = 420 N/mm”

4.6.1 Design of flexure of rib:-

4.6.1.1 Design of positive moment of rib (Rib112):-

Effective flange width ( ) ACI-318-14 (6.3.2)

b For T- section is the smallest of the following:
=350 -20-8-12/2=316 mm.
bg < % * cl easpan+ by,= 0.5 x 500 + 120 = 620 mm

< Span/4 = 6700/4 = 1675 mm.
< (16%x tf) + by =(16x 80) + 120 = 1400 mm.
—bg= 620 mm.

Controlled.

for main positive reinforcement @12 assume bar diameter
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d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 —-20-8 -12/2= 316 mm.
» Determine whether the rib will act as rectangular or T — section:

For hf=0.08 m

t
Mnf=0.85fé*bE*tf*<d—Ef>

= 0.85 % 24 * 0.62 * 0.08 * (0.316 — (’Zﬂ) «103 = 279.27 KN.m

@Mpr= 0.9 x 279.27 =251.34 KN.m

1) Maximum positive moment Mu ®=30.4 KN.m

— PMpr =251.34 KN.m > My max = 30.4 KN.m.
=~ Design as rectangular section.
Mn=Mu/ @ =30.4/0.9 =33.77 KN.m.

0.85f,  0.85%24

M 33.77%10°
K,=—2= =(0.545 MP
0 ped2  620%3162 0.545 a

_1 . _ 2*Kp*m
=—( /1 )

=— (1 - \/ 1- —2*0'545*20"’>= 0.00132 .

20.6 420

—ASpeq = p X bg xd=0.00132 x 620 x 316 =258.6 mm®.

Aspin = ——=*by,*d = —=*by, *xd ACI-318-14 (9.6.1.2)
4 (fy) fy
=21, 120+316 > 2241204316
=110.58 mm’< 126.4 mm® ............. Larger value is control.
—ASpin = 126.4mm” < As,eq = 258.6 mm”.
s As=258.6 mm’.
2 @14 =308 mm*>As,, = 258.6 mm” ... OK.
~ Use2 @14
— Check for strain:-(gg = 0.005) ACI-318-14 (9.3.3)

Tension = Compression
Agxfy =085 xf.xbxa
308 x 420 =0.85 %24 x 620 x a

a=10.22 mm.
c= Bi =2~ 12 mm x Note: f. = 24 MPa< 28 MPa— @, = 0.85
1 .
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g, = %% 0003
C
_ 316;003 -0.003=0.076 > 0.005
2 ®=09.. OK.

2)Positive moment My ¢ 722.9 KN.m

— OM;r =251.34 KN.m > My nax = 22.9 KN.m.
-~ Design as rectangular section.
Mn=Mu/® =22.9/009 =2544 KN.m

0.85f. 0.85%24

My _ 25.44+10°
Kn bed?  620% (316)7 0.41 MPa

1 2*xKp*
p=—-(1- /1 —Tm)

_ L (1 . 1 — 2*0.4-1*20.6)= 0.001

420

—As=p x bg xd =0.001 x 620 x316 = 195.9 mm”.
As=195.9 mm? > ASmin = 126.4mm*

~ 2 @12 with As = 226mm*> As = 195.9 mm?

~ Use 2 012.

— Check for strain:-(g; > 0.005)
Tension = Compression
Ay xfy =085 xf, xbxa
226% 420 =0.85 x 24 x 620 x a

a=7.51 mm.
a _751

C= o o 8.83 mm x Note: f. = 24 MPa< 28 MPa— 3; = 0.85
1 .
gs = 20,003
- 31:*8'203 -0.003 =0.104 > 0.005
~®=09..0OK.

4.6.1.2 Design of negative moment of rib (Rib112):-

According to ACI-318-14 (9.4.2.1), For beams built integrally with supports, Mu at
the support shall be permitted to be calculated at the face of support.

1) Maximum negative moment My © =30.9 KN.m

Design as rectangular section with b =bw = 120 mm
Mn =Mu /@ =30.9/0.9 =34.33 KN.m

47



Chapter Four

f
T
0.85f. 0.85%24
Mp _ 34.33x10%
Kn == omster = 2.86MPa
_1 . _ 2*Kp*m
== (1 1 :, )
=— (1 - 1- —2*'2'86*20'6>= 0.00737.
20.6 420

—A,=p X by xd=0.00737x 120 x316 =279.5 mm”.
—As =297.5 mm? > Aspin = 126.4mm’

2 @14 =308 mm™>As,q = 297.5 mm’ ... OK.

~ Use2 @014

— Check for strain:-(gg > 0.005)
Tension = Compression
Agxfy =085 xf,xbxa
308 x420=0.85x24 x 120 x a

a=52.82 mm.
c= Bi - 502:52 =62.14 mm x Note: f, = 24 MPa< 28 MPa— f3; = 0.85
1 .
g, = 20,003
_ 316%003 1 503 =0.0122 > 0.005
62.14
~0=09... OK.

4.6.2 Design of shear of rib (R112)

Ve, provided by concrete for the ribs shall be permitted to be taken as 1.1 times than that
for beams . ACI-318-14 (9.8.1.5)

d=316 mm .
Vu =32.6 KN.

Ve=1.1 X@

=1.1x % x 0.12x 0.316 x10° =34.06 KN.

@V.=0.75 x 34.06=25.54 KN.

X by X

take region U :

Viimit = @ * Ve + @ * Vs
1.1 9 = Vc = 25.54 KN
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75
@ * VS pin =7*\/24 * 120 * 316 = 8.7 KN

or

5
* 120 x 316 = 9.5 KN

@ * Vs i =

D * Vspnin = 9.5 KN

Viimit = 25.54 + 9.5 = 35.04 KN > Vu = 32.6KN.
PxVc < Vu<@x*(Vc+ Vsmin)

ni n.rei nforcei nensrequi red

9.5
Vsmin = ﬁ = 12.7 KN
selecRleg®8 ,,,,,Av=2x50.3 = 100.6 nm 2
AV Vs 100.6 * 420 * 316
vt i L e 1051.3 mm
d 316
SreqSEZT: 158 < 600 nm

selectP8 @ 15 cm .

4.7 Design of two way- ribbed slab (R221):-

Material :-
concrete B300 Fc' =24 N/mm?
Reinforcement Steel fy = 420 N/mm”

Wp= 1.2 % 8.1 =9.72 KN/m>.
Wi =1.6x5 =8 KN/m’.

W o = 9.72 +8 =17.72 KN/m®.

4.7.1 Moments calculations:
Ma=Cyax W x L2 x by , by =52 cm
Mb= Cp,x W x L,? X bg, b= 62 cm

la 69
ly, 77

0.90 Case(1)
» Positive moments : (Table2+ Table 3) :
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Cap :—b = 0.9) = 0.045

Maposp = 0.045 x 9.72 x 6.97 x 0.52 = 10.83 KN.m
Ca,L (:—Z = 0.9)=0.045

Mapos= 0.045x8x6.9°x0.52 = 8.91 KN.m

Ma pos= Ma posp + Ma pos 1= 10.83 + 8.91 = 19.74 kN.m
Cv,p (:—Z =0.9)=0.0.29

M, posp= 0.029 x 9.72 x 7.7°x 0.62 = 10.36 KN.m
Cb,L(:—Z = 0.9) =0.0.29

M, pos. = 0.029 x 8 x 7.7°x 0.62 = 8.53 KN.m

Mo pos=M b pos.0 M b pos 1= 10.36+8.53 = 18.89 kN.m

. . . 1 ..
» Negative moment at Discontinuous edges = (§><pos1tlve moment )

M neg= 2% 19.74 = 6.58 KN.m

wlkr

M neg = 7% 18.89 = 6.3 KN.m

4.7.2 Design of flexure:-

4.7.2.1 Design of positive moment :-
»Short direction

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 —-20- 8 -12/2= 316 mm.

bg < % * cl easpan+ by,= 0.5%400+120 =520 mm ............ Controlled.

< Span/4 = 6900/4 = 1725 mm.
< (16 tg) + by, =(16x 80) +120 =1400 mm.
—bg= 520 mm.

Maximum positive moment My ¢)=19.74 KN.m
— M,; = 0.85 f. * b *tf*( —g)

0.08

= 0.85 % 24 % 0.52  0.08 * (0.316 — T) «10% = 234.22 KN.m
OM, = 0.9 x 234.22 =210.8 KN.m
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— @M, =210.8 KN.m> M, o= 19.74 KN.m.
~ Design as rectangular section.

Mn=Mu/®=19.74/0.9 =21.9 KN.m.

bxd2 5203162

_1 . _ 2xKp*m
=—( /1 )

= (1 - \/ 1- —2*0'442*20'59) =0.00102 .

2059 420

—ASeq = p X bg xd=0.00102 x 520 x 316 = 166.85 mm®.

fe
Aspin = J— by, * d >E*bw*d

4 (fy) * Dw iy
= 2% 1204316 > 224120+316
4x420 420
=110.58 mm’< 126.4 mm” ............. Larger value is control.

— ASpin = 126.4mm” < As,e, = 166.85 mm’.

~ As=166.85 mm’,

2 @12 with As =226.1 mm*>As,, = 166.85 mm”.... OK.
~ Use 2 @012

— Check for strain:-(g5 = 0.005)
Tension = Compression
Ay xfy =085 xf.xbxa
226.1 x 420 =0.85 x 24 x 520 x a

a=8.95 mm.

c= Bi = % =10.53 mm x Note: f, = 24 MPa< 28 MPa— B, = 0.85
ST
g; = T2 0.003
— 3164993 _.003 = 0.087 > 0.005
10.53
~®=09..0K.

»Long direction

d = depth - cover — diameter of stirrups —diameter of bar — (diameter of bar/ 2)
=350 —-20- 8 —-12-12/2 = 304 mm.

bg < % * cl easpan+ by,= 0.5x500+120 =620 mm ............ Controlled.
< Span/4 =7700/4 = 1925 mm.

< (16% ) + by =(16x 80) +120 =1400 mm.
—bg= 620 mm.
Maximum moment Mu ¢ ~18.89 KN.m
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—>Mnf=0.85fcl*bE*tf*(d—g)

0.08

= 0.85 % 24 % 0.62 * 0.08 * (0.304 — T) «10% = 267.13 KN.m

POM,r= 0.9 x 267.13 = 240.42 KN.m
—@M,r=240.42 KN.m> My max= 18.89 KN.m.
-~ Design as rectangular section.

Mn=Mu/@=18.89/0.9=20.99 KN.m.

0.85f. 0.85%24
My _ 20.99%10°

Kn = oty = sorraoss = 0.366 MPa
1 2% Kp*
pem— [1-=77)
- (1 = \/ 1- —2*0'366*20'59)= 0.000879
20.59 420

—As=p x bg xd =0.000879 x 620 x304 = 165.75 mm”.
As =165.75 mm? > Aspin = 126.4mm”

~ 2 Q12 with As = 226.2 mm?>> As = 165.75 mm?

~ Use 2 012.

— Check for strain:-(g; > 0.005)
Tension = Compression
Agxfy =0.85x f. xbxa
226.2x 420 =0.85 x 24 x 620 x a
a=7.51 mm.

C=g =ogs 583 mm x Note: f, = 24 MPa< 28 MPa— B, = 0.85
1 .
£ = T2 - 0.003
— 304003 5003 =0.100 > 0.005
8.83

~9=09.. OK.

4.7.2.2 Negative moment at discontinuous edges:-

- 1 ..
Mu© = (§><pos1tlve moment )

A,pos 226.1
As = Z =222 mm? < Aspi, = 126.4 mm?

— A= ASpin = 126.4 mm°
~ Use?2 010
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4.7.3 Design shear for two way- ribbed slab :

Case (1)

Wa=0.60 Wb=0.40
»total load on the panel being = 7.7x6.9x17.72 = 941.5 KN
»Load per rib at face of long beam is

VU, face= 941.5 x0.6x.52/(2x7.7) = 19.07 KN ... control
»Load per rib at face of short beam is

VU, face = 941.5 X0.4%.62/(2%6.9) = 16.92 KN
The shear strength of one rib in slab is

Ve=(1.1) x% X \/f. x b, xd = (1.1)x% X V24 x 120 x 316 x 10° = 34.06 KN.
@V, =0.75 x 34.06 = 25.54 KN .
ZPV.=0.5x25.54= 1277 KN..

No need for shear reinforcement

4 .8 Design of two way-solid slab:-

Material :-
concrete B300 Fc' =24 N/mm®
reinforcement steel fy = 420 N/mm”

Wop= 1.2x5.44 = 6.27 KN/m?
Wasnow= 1.6x1 = 1.6 KN/m?

Wu =6.27+1.6 = 7.87 KN/m?

4.8.1 Moments calculations:

Caneg (i—: = 0.84) =0.067 from table by interpolation
Mi .ap,, = 0.067 % 7.87 x 5.5 = 1595 KN.m
Chyeg (i—: = 0.84)=0.033 from table by interpolation
Mi . bpey = 0.033 % 7.87 * 552 = 11.14KN.m

Ca. Dpos (i—z = 0.84) =0.0366 from table by interpolation
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Ca. Lyos (i—: = 0.84)=0.044  from table by interpolation
Mi .ay,s = 0.0366 % 6.27 * 5.5 + 0.044 * 1.6 * 5.5? = 9.03 KN.m
Cb. Dpys (i—z = 0.84)=0.0184 from table by interpolation

Cb. Lpps (i—z = 0.84)=0.0224 from table by interpolation
Mi .ay,s = 0.0184 + 6.27 * 5.5 + 0.0244 * 1.6 * 5.5 = 6.46 KN .m

4.8.2 Design of flexure:-
4.8.2.1 Design of positive moment :-
»Short direction

Maximum positive moment Mu ® = 9,03 KN.m
Mn=Mu/p=9.03/0.9=10.03 KN.m
d=200-20-10/2=175 mm

0.85f, 0.85+24
M, _ 10.03x10°

Kp = =2 = .33 MPa.
1 2% Kp*
pem— 1-=77)
=1 (1 — 1= M>= 0.000792
20.6 420

—As=p x b xd=0.000792x1000x175 = 138.6 mm”
—>ASmin = 0.0018xbxh = 0.0018x1000x200 = 360 mm?
—ASreq = 138.6 mm’<Aspin = 360 mm”.

— As =360 mm?

n=360/78.5=4.58 ... s = 1/4.58 =218 mm

select 10/ 200mm < 2.h =2x200 = 400 mm
<450 mm

»Long direction

Mu(+) = 6.46 KN.m < 9.03 KN.m
select 10/ 200mn

4.8.2.2 Negative moment at discontinuous edges

»Short direction
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Maximum negative moment My © = 15.95 KN.m
Mn =Mu/p=15.95/0.9=17.72 KN.m

m=———"s=—-—=20.6 .

0.85f! 0.85%24
My _ 17.72%10°

Kn = =220 = (.58 MPa,
_1 _ _ 2xKpxm
(- 12
=— (1 - 1- —2*0'58*20'6>= 0.0014
20.6 420

—Ag=p x b xd=0.0014x1000x175 = 245 mm*
—ASreq = 245 mm2<Asmin =360 mm°.
— As =360 mm?

select 10/ 200mm < 2.h =2x200 =400 mm
<450 mm

»Long direction

Maximum negative moment My © =11.14 KN.m < 15.95 KN.m
select P10/ 200mn

4.8.3 Design shear for two way- solid slab :-

Take one way shear in short direction :
Vu=7.83 x(5.52-0.175)=20.16 KN

1l
@ch(bXQXbWXd

= 0.75 % x 1000x175 = 107.16 KN > Vu = 20.16 KN

No need for shear reinforcement

4.9 Design of beam (B144):

Material :-
concrete B300 Fc' =24 N/mm?
Reinforcement Steel fy = 420 N/mm”

By using ATIR program we get the envelope moment and shear force diagram

as the follows:-
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4.03 " 6.1 i 7.6
.

Geometry Units:meter
1 2 3 4
1 2 3
E A T A T+ A :[
1T 1T
2 A
DI.2|5 3.66 I(LSI 5.6 I(LSI 7.22 0|2|5
H H
{

45,

Fig. (4-14) : Beam geometry.

4.9.1 Load of beam :-

Load of this beam come from reaction of Rib101 & Rib103 as following :

Factored

DeadR12.14
LiveR 11.53

Max R23.67
Min R 23.67
Service

DeadR10.11
LiveR 7.21
Max R17.32
Min R 17.32

Fig. (4-15) : Spanl service load from rib103.

»Span 1 : this span support load from rib103 :

DL =10.11/0.62 = 16.3 KN/m
LL =7.21/0.62 =11.62 KN/m
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Factored

DeadR5.27
LiveR 9.7

Max R14.97
Min R 0.59
Service
DeadR 4.4
LiveR 6.06
Max R10.46
Min R 1.47

Fig. (4-16) : Spanland 2 service load from rib101.

»Span 2 and 3 : this span support load from rib101:

DL =7.79/0.62 = 12.54 KN/m
LL =7.13/0.62 = 11.50 KN/m

»Self weight of beam = 0.5%25%0.45 = 5.62 KN/m

Loadjng
Dead load - Service
16 125 125
562 562 562
4.03 6.1 76
Live load - 3ervice
16 15 1.5
403 6.1 76

Fig. (4-17) : Load of beam (B144)
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MomentiShear Envelope (Factored)  Units.kN.meter
Momenis: spans 1fo 3
-230.2
194. 1358
-104.6
-?2.9 -16.9
| ; | |
Fxizusz i
1.46
199.8
1 2w | |
I T T T I T I
MomentiShear Envelope (Factored)  UnitskN.msler
Shear

-149.9

1165 -124.1

-126.9

%

L{ |

115?

157.5
183.3

Fig. (4-18) : Moment& shear envelope for beam (B144)

4.9.2 Design of flexure:-

4.9.2.1 Design of positive moment :-

for main positive reinforcement @12 Assume bar diameter

b=50Cm. , h=45Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=450-40-10-12/2= 394 mm.

Cinax =§ xd =§ x394 = 168.86 mm.

Amax = P1%X Cax = 0.85 X 168.86 = 143.5 mm . *Note: fc =
Mninax = 0.85 X fc’xbxax(d-f)
=0.85 x 24x 500% 143.5% ( 394—L35 ) % 10°®
=471.7KN.m .
— @M. = 0.82 x 471.7=386.8 KN.m .

— Mu < @Mnax
-~ singly reinforced concrete section.
58

24 MPa <28 MPa—f3;

=0.85



Chapter Four

1) Maximum positive moment Mu ® =199.8 KN.m .

Mn = Mu /@=199.8/ 0.9 =222 KN.m .

=——=——=20.6
0.85f. 0.85%24
My, _ 222%10%
K, = bed? 5005 (3907 2.86 MPa.
1 2xKp*
p=m— [1-=77)
= (1 - 1- —2*2'86*20'6> =0.00737
20.6 420

—ASyeq = p X b xd =0.00737%500x394 = 1451.9 mm’.

= ‘/; xbxd <—*b * d

MmO 4 () fy
=21 . 500394 < 224500394
=574.5 mm <656 Tmm’............. Larger value is control.
— ASeq = 1451.9 mm > ASpin = 656.7 mm°
~ As=1451.9 mm®.

020 with As =314.2 mm?
Number of 20 =——= 1— =4.62 — no.bars = 5 bars.

~ Use 5020 — As=1570.8 mm >Asreq =1451.9 mm’.

— Check for strain:-(gg > 0.005)

Tension = Compression
A xfy =085x f. xbxa
1570.8 x 420 = 0.85 x 24 x 500 x a

a=64.68 mm.
c = ﬁi = % =76.1 mm. x Note: fc = 24MPa< 28 MPa— f3;
ST
g, = d*.ocoos - 0.003
= 39‘7‘22"3 -0.003 = 0.0125> 0.005
~0=09.. 0K

2) Maximum positive moment Mu ® =733 KN.m.

Mn = Mu /@=73.3/0.9 =81.4 KN.m .

- _ 220 54
T 0857, 08524
_ My _ 814+105
K, = bed? 500+ (3947 1.05 MPa.
1 2xKnp*m
p=nd- 1-=7)
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=— (1 - 1- —2*1'05*20'6>= 0.00257

20.6 420
—ASyeq = p * b xd =0.00257x500x394 = 506.3 mm”.
— ASpin = 656.7 mm” >Asq = 506.3 mm’
« As=656.7 mm’.
@18 with As = 254.5 mm?

Apar  254.5
- Use 30 18 — As = 763.4 mm’>As,¢, = 656.7 mm’ .

— Check for strain:-(gg > 0.005)

Tension = Compression

A xfy =085x f. xbxa
763.4 x 420 =0.85 x 24 x 500 x a
a=31.4 mm.

=5 " 0—8'5 =36.9 mm. x Note: f, = 24MPa< 28 MPa— f; = 0.85
1 .
g = T 10,003
C

394x.003

. 0.003 =0.029> 0.005 - @ =0.9 OK

4.9.2.2 Design of negative moment:-
1) Negative moment Mu © =194 KN.m

PMny,.x = 424.5 KN.m > Mu = 194 KN.m — Singly reinforced concrete section.
Mn=Mu/@=194/09=21555KN.m.

0.85f, 0.85+24
My _ 215.55%10°
bxd?  500% (394)2

-1 _ _
=—(1- [1

K, = 2.78 MPa.

2xKp*m

fy)

=— (1 - 1- —2*2'78*20'6>= 0.00714

20.6 420

—As=p x b xd =0.00714x500x394 = 1406.6mm”.
—ASpeq = 1406.6 mm”>As i, = 656.7 mm”.

~ Use 5020 — As=1570.8mm’>As,¢, = 1406.6 mm’ .

— Check for strain:-(gg > 0.005)

Tension = Compression
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Agxfy =0.85x f, xbxa
1570.8 x 420 = 0.85 x 24 x 500 x a

a=64.68 mm.
a 6468 ,
€= = e 76.1 mm. x Note: f, =24MPa< 28 MPa— f; =0.85

g, = 010,003
c

394,003
76.1

«dh=09..0K

- 0.003 = 0.0125> 0.005

2) Maximum negative moment Mu © =76.9 KN.m.

Mn = Mu /¢=76.3/ 0.9 = 85.44 KN.m .
y _— 220 _96
0.85f, 0.85%24
My _ 85.44x10°
K, = bed? 5005 (3982 1.1 MPa.
- 1= _ ZxKnrm
-1 [1-2em,

=L (1 —- 1= 2*1'1*2"'6>= 0.00269

206 420
—ASyeq = p * b xd = 0.00269%500x394 = 529.9 mm”.
— ASpin = 656.7 mm’ >As,eq = 529.9 mm’
= As=656.7 mm’.
@18 with As = 254.5 mm?

m=

«. Use 30 18 — As = 763.4 mm’>As ¢, = 656.7 mm’ .
— Check for strain:-(gg > 0.005)

Tension = Compression
Agxfy =085x f/ xbxa
763.4 x 420 =0.85 x 24 x 500 x a

a=31.4 mm.
a _314

= s 36.9 mm. * Note: f, =24MPa< 28 MPa— f; =0.85
1 .
g, = d+0003 10
c

394,003
T 369

-0.003 =0.029>0.005 ¢ =0.9 OK
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4.9.3 Design of shear:-

»Vu=157.5 KN.

1l
@Vc=<b><£><bw><d

=0.75 x g x 500%x394 = 120.6 KN.

» Check for dimensions:-

PVe+( =xdx Jff xbyxd) =120.6+( =% 0.75 xy24 x 500x394)
=120.6 +482.55 = 603.15 KN> Vu = 157.5 KN.
~ Dimension is big enough.

take region U :
Vlirrit= @XVC +®XVS

0.75
@ Ve = TXV24 X 500 X 394 = 120.6 KN

0.75
D*VSpin = =TS X V24 X 500 X 394 = 45.24 KN

or

0.75
OVspin = —5— X 500 X 394 = 49.25 KN

OVSpin = 49.25KN
Viinie= 120.6 +49.25 =169.85KN > Vu = 157.5KN.
Ve < Vu < @(Vc +Vsmin)
minreinforcei mentsrequired

45.24
VSmn —m
selecRleg.®10 ,,,,,Av = 2 X 78.5 = 157 mm?
Av Vspiq _ 157 x 420 x 394

= 60.32 KN

Sreq fyxd ~ T9T 7 60.32 x 103 i
d 39
Sreq < ST T 197 < 600 mm

selecp10 — 15cm .
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4.10 Design of column(C64):

4.10.1 Load calculation:

DL= 690 KN LL=480 KN
P, = 1596 KN Poreq = cag = 2455.4 KN

Assume rectangular section with p=1.2% > 1%

P, =0.8x Agx (0.85% fc'+pgx( fy - 0.85 fc'"))
2455.4=0.8x Agx(0.85% 24 + 0.012 x (420 - 0.85% 24))
Ag=1218.2 cm’

Use 40x50 cm with Ag =2000 cm? > A, ;oq = 1218.2 cm?

4.10.2 Check slenderness effect:

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

R: radius of gyration = % = 03h

Lu=3.65 m
M1/M2 =1

In 50cm -Direction

B o34-12 (%Y <40
r M2

1x3.65

0.3%X0.5

=24.33>22 =>long

In 40cm -Direction
K 3412 (2

r M2
1X3.65
0.3X0.4

=30.41>22 =>long

long in both direction

4.10.3 Calculation for reinforcement:

In 50cm -Direction
E.=4700 x /24 =23025.2 MPa

1.2 D (sustained) _ 1.2* 690

By =0.5188
Pu 1596
3 3
[ = 20 04X95 _ 00417 m*
12
EI _0.4-><EC><I _ 0.4%23025.2 X0.00417 — 25267 MN.m2

1+ Bdns 1+ 0.5188
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_ 2 XEl
¢ (Kw?
_ m2x25.267
(1.0%3.65)2
=18.72 MN
M1
Cm=06+04x(—) =1
M2
C 1
Sps = —pr— = = 109<14

—_ 1-—
0.75 Pc 0.75x25.267%x1000

€min = 15+0.03 h=15+0.03 x 500 =30 mm

€ =€min X Ops =30x% 1.09 =32.7 mm
e _ 327 _

= — = 0.065<0.1....... (e =0.082h <0.1h)

h 500

In 40cm -Direction
E.=4700 x 24 =23025.2 MPa

1.2 D (sustained) _ 1.2X690

Bdns: Pu 1596 = 05188
3 3
Ig _bxh’_ 05x04” 0.00267 m4
12
B 0BT _ 0.4x23025.2 X0.00267 _ 16.171 MN.m
1+ Bdns 1+ 0.5188
_ 2 XEl
¢ (Kw?
_ m2x25.267
(1.0%3.65)2
=11.98 MN
M1
Cm=0.6+04%x(—) =1
M2
C 1
Spy = —pr— = e =122<14
" 0.75 Pc "~ 0.75%X11.98X1000

€min = 15 +0.03 h=15+0.03 x 400 =27 mm
€= €min X Ops =27x1.22 =32.94 mm
32.94

= ——= 0.082<0.1....... (e =0.082h <0.1h)

e
h 400

—Here we can solve this column as short tied column

P, = 0.8x Agx (0.85x fc' + pyx( fy - 0.85 fc'))
P, = 0.8x 400x500x (0.85% 24 + 0.0121 x (420 - 0.85x 24))
=4037.6 KN > P, ;,q=24554 KN ....... OK

4.10.4 Design of the tie reinforcement :

S <16 db (longitudinal bar diameter)
S <48dt (tie bar diameter).
S < Least dimension.
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spacing < 16x dy=16x1.6 =25.6 cm .... control
spacing <48x dt=48x1.0 =48 cm

spacing < least.dim =40 cm

Use¢p10@20 cm

5316 — 17171 11 92

40

32 32
™\ 20516 32

50 A2 &
N A - 5716 ?10@20L=172 ?10@20 L =56

Fig. (4-19) : Reinforcement of column(C64)

4.11 Design of stair:

h=(3.95)/20=0.1975 ........ select h=20 cm

0 =tanr (o) = tan ' (5=) = 30.11°

4.11.1 Load calculation :-

3.00

X T T I T T IR K AT T KSR T
X XX KK X KX X XX A S A AKX

Flight dead load computation :-

The structural system & dead load calculation :-
Plaster =( 0.03%22x1)/(cos 30.11) = 0.79 KN/m
Concrete slab = (0.20x25%1)/(cos 30.11) = 5.78 KN/m
Mortar = (0.3+0.174)x0.03x22/(0.3) = 0.695 KN/m B

0.20
/A— 130 —+4#— 130 —~
NN

Stair = 0.174x0.3x0.5x1x25/(0.3) = 1.875 KN/m PR 130 ,

Tiles = (0.35+0.174)x 0.03x27/(0.3) = 1.415 KN/m
Total load = 10.828 KN/m
Dead load = 10.828 KN/m , Live load = 4 KN/m Fig. (4-20) : Stair plan
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Landing dead load computation :

Tiles = 0.03x22x1 = 0.66 KN/m
Mortor = 0.02x22x1 = 0.44 KN/m
Sand =0.07x16.4x1 = 1.148 KN/m
Concrete = 0.20x25%x1 = 5.0 KN/m
Plastering = 0.03%22x1 = 0.66 KN/m

Total dead load = 6.76 KN/m , Live load=4 KN/m and the reaction from flight.

4.11.2 Design of flight:

By using Atir program :
10.8
3.38
0.68 : 23
4.00
2.00 .
1 4 4 4 & ] .
0.85 3.3
Fig. (4-21) : Load diagram for flight
1.98 36.5 1.98 |
4 316
37 26.9

Fig. (4-22 ) : Shear & moment envelope diagrams for flight
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4.11.2.1 Design of shear:

Vu=37.6 KN.
Assume dy,= 14
d=200-20-7 =173 mm

dVe = ¢(y/fc " xbwxd) / 6
=0.75 x V24 x 1000x173x107
=105.94 KN

0.5 Ve =52.97 KN >31.39 KN

The thickness of slab is adequate enough.

4.11.2.2 Design for flexure:

Mu=36.55 KN.m
Mn=Mu/ 0.9 = 36.55/0.9 =40.61 KN.m
Rn=Mn/(bxd?)
= 40.61/ (1000x1732)
=1.36 MPa
m = fy / (0.85% fe")
—420/(0.85 x 24)
=20.59

1 2XRp X
p=—(1- /1—Tm)

1 2x136x20.59
P=05s (L~ \]1 ~ a0 )
p =0.00335
—ASreq = p X bg xd =0.00335 x 1000 x 173 = 579.55 mm’.
Aspin = 0.0018*b xd
=0.0018x1000%200
=360 mm?< 579.55 mm’ ............. Larger value is control.

Use 014
n= As/As@14
=579.55/153.9
=3.76
s=-=— = 0265m
- Take 4 §14/m ,With As= 615.6 mm?*/m or $14 @25 cm
step (S) is the smallest of :-
1) 3h=3x250=750 mm
2) 450 mm

280

3) 380 ()25 C.
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280
%*420

4) 380 (5) = 380 (=

=380 X ( ——)—2.5% 20 =330 mm

>——) = 300 mm — control
24420

S=250 <Smax =300 mm .... ok

For the shrinkage and temperature reinforcement :-
p=0.0018

A;= pxbxh=0.0018+ 1000+ 200 = 360 mm?.

Number of 910 =220 = 222 4 5, Spacing(S) = - =22.2 cm

Apar 799
~ Take 5 @10 /m with As=399.5 or @10@20 cm.
step (S) is the smallest of :-
1) 5h=5x200=1000mm
2) 450 — control
S=200 <Smax =450 mm ... ok

4.11.3 Design of landing:-

By using Atir program :
13.0 13.0
L L L
3 358 . o4, 358
1.3 , 0.2 1.3
! !
HEnT i T
13 0.2
I I

Fig. (4-23) : Load diagram for landing
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Fig. (4- 24 ) : Shear & moment envelope diagrams for landing

4.11.3.1 Design for flexure :

Mu= 28.3 KN/m
Mn=Mu/ 0.9 =28.3/0.9 =31.4 KN/m
d=200-20-14-7 =159
Rn=Mn/(bxd?)
=31.4/ (1000x159?%)
=1.242 MPa
m = fy / (0.85x f.")
=420/(0.85%x24)
=20.59

1 2XRp X
p=—-(1- fl—Tm)

1 2x1.242x20.59
P =205 1 —\/1 T )
p =10.003053
—ASreq = p X bg xd =0.003053% 1000 x 159 = 485.46 mm®.
Aspin = 0.0018*b xh
=0.0018x1000x200

=360 mm’< 48546 mm” ............. Larger value is control.

~ Use 014
n= As/As@14

=485.46/153.9 =3.15

s =+ =——=10317
n 3.15

Take 4 @14/m with As = 615.6 mm?*/m or @14 @25 cm
step (S) is the smallest of :-
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1) 3h =3x250=750 mm

2) 450 mm

280

3)380 (52) - 2.5 % Co

280
%*420

=380 X (22 ) - 2.5% 20 =330 mm

_ 280, _ 280
= 380 ( s ) = 380 (2*420

) =300 mm — control

S=250 < Smax =300 mm ...ok

For the shrinkage and temperature reinforcement :-

p =0.0018

A= p*bxh=0.0018+* 1000 x 200 = 360mm?.

Number 0f 310 = 2r¢a = 360 _ 4 5, Spacing(S) = — = 22.2cm = 222.2 mm
Apar 799 45

Take 5 @10 /m with As=399.5 or @10@200mm.
step (S) is the smallest of :-
1) 5h=5%x200=1000mm
2) 450 — control
S=200 <Smax =450 mm ... ok

4.12 Design of basement wall:

Fc’ =24 Mpa Fy = 420 Mpa T

—A—

® — 270 y = 1842KN/m3 : :‘\,//\,/ DAY PN

035 [
N

Ko=1—-simd
=1-sim7
= 0.55 030 3

4.12.1 Load on basement wall: e

For 1m length of wall:

q1=Ko*h*y

* Weight of backfill:

o— N

-

q2=Ko * LL

gl =Ko *yx*h

=(0.55*%18.42*%4.43 Fig. (4-25) : Load on basement wall

=44.88 KN/m
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q1(Factored) = 1.6 *44.88

=71.81 KN/m
* Load from live load:
LL=5 KN/m2
g2 = Ko * LL
=0.55*5
=2.75 KN/m
q2(Factored) = 1.6 *2.75
=44 KN/m

47.6
2.75
443
Fig. (4-26) : Load diagram for basement wall
i /
2.44 100.8 1.99 |
-115.8
-98.
62.8 612

Fig. (4-27) : Shear & moment envelope diagrams

4.12.2 Design of the vertical reinforcement:

Assume h =300 mm , cover =40 mm , bar diameter ¢216

16
d=300—40—7=252mn
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_Mi_1008_
~09 09 -m

_ M x10°  122%10°
~ bxd2 1000 % 2522
_ Fy 420 _ 058
- 0.85xfc” 0.85%x24

1 \/ 2*Kn *m
p=—*|1—- [l ———

= 1.76 Mpa

Fy

1 2%1.76*20.58
x| 1— [1—
20.58 420

=439%1073
Asreq=p*b=*d =4.39%1073 %1000 = 252 = 1106 mm?/m
Asnmin = 0.0012*b*h =0.0012 % 1000 * 300 = 360 mm?/m
Asreq> Asmin

f li
Asmi nforfl exture 0.25 * \/fT

V24
*bw xd = 0.25 * 220" 1000 * 252 = 734.8 mm?/m

420

Asm nforflexturgf;y*bw*dz * 1000 * 252 = 840 mm?/m

For inside wall select 16@15cm = 1341 mm? > 1106 cm?
For outside wall selectd12@12.5cm = 904 mm? > 840 cm?

4.12.3 Design of the horizontal reinforcement:

Asmin = 0.002+b*h =0.002* 1000 = 300 = 600 mm?/m
Select P8@15cm, in two layer

Check for shear :
d=300—40—-8=252mm

1
(Z)Vc=0.75*g*\/fc_’*b*d

1
= 0.75*5*\/ﬁ* 1000 * 252 % 1073

= 154.3 KN
(@Vc = 154.3KN) > (Vu = 104.1 KN )
No shear reinforcement is required

4.12.4 Design of basement footing:

Soil density = 18.42 KN/m
Allowable soil pressure = 350 KN/m?
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Live load =5 KN/m?
Assume footing to be about (30 cm) thick.

For 1m length of wall:

Total service load in basement = 25x4.43x0.3= 33.22 KN/m

Total factored load in basement = 1.2x (25%x4.43x0.3) = 39.87 KN/m
Footing weigh = 25 * 0.3 = 7.5 KN/m’

Weight of backfill = 18.42 * 4.43 = 81.6 KN/m”

Qallow.net = 350 - 81.6 —7.5-5

=253.4 KN/m?
_ 3322 .
“1x2559 M

Take b=80cm,h=30cm

0.25 0.30 | 0.25

qu

Fig. (4-28) : Footing geometry

d =300-75-0.5%14 =218 mm
qQu=39.87/ 1* 0.8 =49.84 KN/ m*

4.12.4.1 Check of one way shear:

Vo =49.84 %(0.25 - 0.218)
- 1.6 KN

1
(Z)Vc=0.75*g*\/fc_’*b*d

1
= 0.75*6*\/24* 10002181073

= 133.5 KN
@Vc >>>> V, ....No Shear Reinforcement is Required.
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4.12.4.2 Design of bending moment:

Mu = 49.84 x 0.25%/2 = 1.56 KN.m
Mi  1.56

= =2 _173KN.
09 009 m
_Mh 105 173+10°
= Tpwdz 1000x21g2  204Mpa
Fy 420
m = 2058

T 085+fc’ 08524

1 \/ 2*Kn *m
p=—*|1—- [l ———
m

Fy
! 1 1
= — % —_
20.58

=0.095% 1073

2 x0.04 x20.58
420

Asreq=p+*b=*d =0.095% 1073 1000 * 218 = 20.8 mm?
Asnin = 0.0018«b*xh = 0.0018 * 1000 * 300 = 540 mm?

Asreq< Asmin
Use As,min
Select P14@25cm = 615.6 mm? > 540 cm?

4.13 Design of shear wall :

N
\Mtff;f¥
B (S|

G

il

1 [
[(5e.00)12 1 weeg

I

|

I

|

I
52.05)24 ) weag)

[co3d]
[Beam146(50°35)| K& [Beam146(50735)] B [B

[

——
@

ﬂ_a@

.

] (
BT

5 | Beam147(§0765) 9 [Beam 148(50°35) | [Beam146(50°35)] [Beam148(50°35
- ==
1n | |
AN | I
@ KX — =]
o [ & H =
2k 5 = =
HE 3 E R115)
N g =+8.0 ]
L wl o a i
5 | [ —
S
3 I |
[Beam150(80°65)| eam151(50°35)]  [Beam151(50°35)] [Beam151(50735
A O Y I e L L]

Fig. (4-29) : Location of shear wall
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Design philosophy in ETABS based mainly on transform loads from slabs to walls directly .
shear wall has been loaded by two kinds of forces :

1) Axial loads (Dead + Live)

2) Lateral "seismic loads, wind pressure"

We make a full model by using Etabs and export the forces acting on selected wall as following :

387 3400/

Shear Moment 4

Fig. (4-30) : Shear & moment diagram for shear wall

4.13.1 Design of wall :

Fc'=24 Mpa

Fy =420 Mpa
Thickness = 25 cm
Height =12 m
Width=4m

Lw<Hw ,, moment section at Lw/2 from base of wall
Lw/2=4/2=2m

Mu, = 3400*%(12-2)/12 =2833.3 kN.m

Vu =387 kN

d=0.8Lw=0.8%4=32m

4.13.2 Design of horizontal steel :

To determine Vc for wall using the following equation:

1-Vc=@b.d=%* 250 + 3200 = 653.2 kKN
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2 Ve=YIp g+ M4 _V2oeh, 3900 + 2369 _ 979 g kN
4 4 Lw 4 4%x4500
. \/f_&
3-Vc=[§+%lh.%=[€+%ﬂ) 250+ 22=4312 kN
Vu 2 327 2

Ve =431.2 kNcontrolled

OVc+OVs=Vu
Vs=Vu/e—-Vc=387/0.75-431.2=84.8 kN
this force will carried by steel bar in horizontal direction .

Avp Vs _ 84.8+10°

S fy.d 420%3200

=0.063

check minimum ratio : Asﬂ - =0.0025h=0.0025*250 = 0.625 > 0.063
min
therefore , take ratio = 0.625

select P10 two legs with As = 158mm?

= % =252.8 mm < Lw/5 = 4000/5 = 800 mm

< 3.h=3*250= 750 mm
select S =200

4.13.3 Design of vertical steel :

pt="22 = 22— 000316

pl = 0.0025+ 0.5(2.5- Hw/Lw )(pt -0.0025)
pl = 0.0025+ 0.5(2.5- 12/4)(0.00316 -0.0025) = 0.0025

| = A
S.h
select @10 two legs with As = 158 mm?
S=—22 __95) 8 mm < Lw/3 =4000/3 =1333 mm
0.0025%250

< 3.h=3*250=750 mm
select S =200 mm

4.13.4 Design of flexural steel :

Mu ( of boundary ) = Mu max — Mu (by uniform vertical bars)
Av.v=4000%*158/200 = 3160 mm?
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Z 1 1
Lw - o0ssfc/bhp 5 4 085+2474000+250+085 0.469
2t —av ' 4203160

Mu = 0.9(0.5Av.fy.Lw(1 - ﬁ )) = 0.9(0.5*3013.3*420%4000*(1-0.469/2)) = 1828.7 kN.m

M1, =3400 — 1828.7=1571.3 kN.m
C= compression zone

_ Lw
- Au
GOO.W
Au 0.1
— = —=0.0083
Hw 12
4000
C=—=803.2mm
600%0.0083

Lb>c¢/2 =803.2/2=401.6 mm
> C-0.1*Lw = 803.2-0.1*4000 = 403.2 mm

select Lb =450 mm

M/ 1571.3+10°/ 2
fy(lw—1b)  420(4000-450) 1170.95 mm

ASb =

Select @14 with As = 154 mm?
N=1170.95/154 =7.6 = 8 bars

Select 8314 in each boundary side.

s
(D)
O
<
y

410020
L 25 [ A S |

8s14 (15¢10@20) 8414

Fig. (4-31) : Reinforcement detail of shear wall
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4.14 Design of isolated footing:

Chapter Four
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Vertical Section (A-A)

Fig. (4-32)

4.14.1 Load calculation:

From column groupl

DL=442 KN

LL=294 KN

Factored load = 1000 kN .

Soil weight = 18.42 kN/ms.
Allowable soil pressure = 420 kN/ma.
Fc'=24 Mpa

Fy =420 Mpa

Cover=7.5 cm

4.14.2 Determine the net soil pressure:

use steel bar @ 12
Assume h =40 cm
Weight of footing= 0.4*25= 10 KN/m?
Weight of soil= 1*18.42=18.42 KN/m?
Total surcharge load foundation:

W= 10+18.42 = 28.42 KN/m?

aitner = 420 — 28.42=391.58 KN/m?

: Geometry of footing (F1)

d=400-75-12=313 mm
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Chapter Four

4.14.3 Design of footing area:

Pn_ _ 4424294 | oo 2 b=1 5m

- gall.net 391.58
A=b*l
Takeb=1.5m
1=1.88/1.5=1.253, take I= 1.3m

~ s S1282 KN/ T L=1.3m

¢=50cm

4.14.4 Check for one way shear:

For X- direction:

Vu=((L —a)*0.5 —d)x quxb
Vu = ((1.3— 0.3)*0.5—0.313)x 512.8x1.5 Fig. (4-33) : Plan of F1
Vu=143.8 KN

For Y- direction:

Vu=((L —a)*0.5 —d)x quxb
Vu=((1.5- 0.5)*0.5-0.313)x 512.8x1.3
Vu=124.7 KN

dVe,x=¢ (VEc *bw*d)/ 6
=0.75 * /24 * 1500*313*10° / 6
=287.5KN > Vux = 143.8 KN => 0K

dVe,y=d (V' *bw*d)/6
=0.75 */24 * 1300%¥313*10"-3 / 6
=249.2 Kn>Vuy = 124.7KN =>O0OK

4.14.5 Check for two way shear:

Vu,x = qu¥(b*1 - (a+d ) (c +d))
=512.82 (1.5%1.3 - (0.3+0.313) (0.5 + 0.313))
=744.4 KN.

as = 40 for interior column

=2 =167
30

bo = Perimeter of critical section taken at (d/2) from the loaded area
bo =2* (atd+c+d)

=2 *(0.3+0.313*2+0.5)

=2.852m
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Chapter Four

V¢ the smallest of:

\'A =%*(1+§)\/f_c’*bo*d V\here%*(1+§)=%*(1+%)=0.366

1 (asd - 1 (agd _ 1 (40%0.313 _
Ve= —(554+2)Rrbord  where —(%542) = (2222 4 2) = 0532
Vc=§*\/f_c’*bo *d where§= 0.333...........control

Take Vo= *[f{*boxd= - xv24 2852313 x 1073 = 1457.73 KN

@V, = 0.75 * 1457.73 = 1093.3 KN
@V, = 1093.3 >V, = 745.9KN ....... .. ok

4.14.6 Design for bending moment:

4.14.6.1 Design flexure for long direction:

use steel bar @ 12
b=1.5m ,h=400mm, d= 313 nm

1.3 % 0.52
M, = 512.82 *T = 83.33KN.m

0.85f,  0.85%24
R. = My _ 83.33%10°
N @bxd2  0.9¥1300% (313)2

1 2*%Rp*
p=—(1- /1 —Tm)

_ 1 <1 B \/1 B 2*20.59*0.727)2 0.001763

=0.727 MPa.

20.59 420
Ay=p *b*d=0.001763 * 1300 * 313 = 717.34mm’.
Aspin = 0.0018 b *h = 0.0018 * 1300 * 400 = 936nm 2
ASmin = 936 mm”>As, = 721.75mm”.
. As = ASpin- 936 mm”.

— forea _ 936 g5,
Apar®12  113.1
~ Use 9®12
1300 —75%2 —9% 12
S= 3 = 130.25mm

Step S is the smallest of
1- 3h=3*400=1200mm
2- 450......... control

S=115.7< Spax = 450 ... ... ....0k
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Chapter Four

4.14.6.2 Design flexure for short direction:

Take steel bare of 12
b=1.3m , h=400mm , d= 313 —12—2 = 307mm
f{ = 24 MPa fy =420 MPa

1.5 * 0.52
M, = 512.82 *T = 96.2 KN.m

f,
m=—-=——=20.59.
0.85f. 0.85%24

R. = My _ 96.2%10°
N @bxd2  0.9¥1500% (307)2

1 2*%Rp*
p=—-(1- /1 —Tm)

_ 1 <1 B \/1 B 2*20.59*0.756> — 0.00183
20.59 420

As=p *b*d=0.00183* 1500 * 307 = 842.72 mm”.

Aspin = 0.0018*b*h = 0.0018 * 1500 * 400 = 1080 mm”.
ASpmin = 1080 mm’*>As,e = 861.14mm”.

v AS = ASpin - 1080 mm”.

=0.756 MPa.

 Apa®12 1131 9.55
~ Use 10012
1500 — 752 — 10 12
S= = 136.67mMm
9
S =136.67< Spay = 450 ....... ... 0k

4.14.7 Check transfer of load at base of column:

OPn= d(0.85 fc'Ag)
=0.65(0.85)(24)*500*300*1073=1989 KN > Pu= 1000 KN.
Since ®Pn > Pu.

.. Dowels are not required for load transfer
The min. area of dewels= 0.005*Ag = 0.005*300*500 = 750 mm®.
Use 12016, As= 2412 mm?2 >Asmin=750 mm?2
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3. ACI Committee 318 (2014),4CI 318-14: Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264-2.
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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
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Appendix (C)

NONPRESTRESSED BEAMS OR ONE-WAY SLABS
™1 M~ ATl ARl A A A1 A1 1N AT~ e
UNLESS DEFLECTIONS ARE CALCULATED
| e o I P = ™
IVIITIEEIUART L Unenl isss, i
Simply Oneend | Bothends
supported | continuocus | continucus | Cantilever
Nllemhers ngt Suhr\nrhnn nr attashard tn nartitinne Ar
. FPJUI (8] Iu QAW 1T PGI LI 1 W
other construction likely to be damaged by large
Member | defiections.
Solid cne-
way slabs £120 £f24 £/28 £/10
Beams or
ribbed one-
way slabs £M16 £/18.5 £/21 (AL)

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows: . _

a) For structural Ilghtwelght concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.503wc) but not

less than 1.09.
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700,

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)-ONE
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Type of member Deflection fimiiation
Flat roofs not supporting or attached to non- fion due to live | .
structural elements likely to be damaged by 1180
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
tural elements likely to be damaged by large £/360
deflections
Roof or floor construction supporting or That part of the total deflection occurring after ,
attached to nonstructural elements likely to be | attachment of nonstructural elements {sum of { A80*
damaged by large deflections the long-term deflection due to all sustained
Roof or floor construction supporting or k’,?fffanhe'mn,"‘f?'ate deflection dusto ny .
attached to nonsiructural elements not fikely fo| = ™ {240°
be damaged by large deflections

* Limit not intended to safeguard against ponding. Pondmg should be chacked by suitable calculaﬂons of deﬂecnon incl udmg added deflections dua to pondad
water, and considering long-erm effects of all sustained loads, camber, construction tolerances, and refiabilty of provisions for diainage.
t Lon? Herm deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur bafore atiach-

ment of nonstructural elements. This amount shall be determined on basis of accapted engineering data relating to time-deflection characteristics of members sim-
ilar to those being considered.

Himit may be exceaded if adequate measres are taken to prevent damage to supported or attached elements.

it shall nt be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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