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Structural design of Hahul Hospital
in Hahul
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Hamza Arman

Pal estine Polytechnic University 2014 2015

Supervisor
Dr. Maher Amro

The idea of this project is the structural design of a Hospital in Hahul,
composed of three departments. Surgery, Internal Medicine, and Women and
obstetrics. The project will includethe structural design with all details necessary for
the building consisting of sixfloors. the total capacity of the hospitalis 300 beds.

The architectural design of the project is based on multiple steric blocks
distributed consistently in terms of aesthetic and functional purposes, as well as it
isdesigned in the form of distributing blocks that provide comfort, ease and speed of
access for users. The importance of the project can be observed in the variety of the
structural elements of the building such as dlabs, beams, columns, foundation...etc.

The project - God willing - will be designed using ACI code and we will use
some of programs of structural analysis and design such as Autocad2010,
Office2007, Safe, Etabs, Atir...etc.The ACI code will be used to determine the loads,
and we will refer to several references and graduation projects for data and design
caculations. So the project will include detailed structura study, analysis of the
structural elements, expected and calculated loads, the structural design of the
elements required and the preparation of construction plans.

Table of Contents
L giaal) (g



| rlu- =

dadiall
i sl ) ) siad) Ands
i £asdadl i
ii E AN F g e sl Balgl
iv elanyl dadoe
Vv Bl g SN A
Vi Aoy el AR pai bl Aadie
vii A ala ) AAN  edtall Ao
viii S eaiS ) Al Aaies

S—

dadhiall -

E el ple Gy a0 -

£ aphall Las) cil -

£ oaetall il aaf -

(5_,J.:..5|).;.;..,Jb adgt, -

(Ejﬁud\dju)gj_,&qh.-j.hﬁ _

E s deally Jaadl Jal jal (el Jalaiall -

£ oaiall e Aal -

Eoasdiall ad g -

‘I_i__y.d!i ‘u.lﬂrl_ i - =

s eaddl 4S 4o - -

A lanadl sl - -

ABEY) badloaall iua s -




Jai auldall

‘-'.lm &Lh.'il

AN | gl

A el

ailgal ot —aea g

Adladll dgal ¢l

Ay pind Agad gt

A8 A Agal ol

A Adl Agad gl

-E_,:.JI n._.i...d_J

L,.l"l..:u‘?."l la-l_l-l—ﬂ:lrl Ty

e ,..F.......n:'.!li b s

Jlasd

Adgall Jlaatyl

Eadl Jlaa®

annl Jlea®n

L Jlaad

ALGRT guadl il all

ALl eabintl

ol Al )

Al gl aladyl Sl cuaall S ibe

dad pl) aladyl il Adacaall 5aall

FABLr




PIREEC R PR

31 Structural Design & Analysis Chapter 4
32 Introduction 41
32 Factored Loads 4.2
33 Determination of slab thickness 4.3
34 Determination of slab thickness for one way ribbed slab 4.3.1
33 Load calculations 4.4
34 Design of topping 4.5
36 Design of rib 5 4.6
38 Design of positive moment of rib 5 4.6.1
42 Design of negative moment of rib 5 4.6.2
43 Design of shear of rib 5 4.6.3
43 Design of flexure of beam 37,UG 4.7
47 Design of negative moment 4.7.2
48 Design of positive moment 4.7.3
50 Design of shear of beam 4.7.4
51 Design of column(C103) 4.8
53 Design of isolated footing of C(103) 4.9
53 Load Calculation 49.1
53 Determination of Footing Area 4.9.2
53 Determine the depth of footing based on shear strength 4.9.3
55 Design for Bending Moment 4.9.4
56 Development Length of main Reinforcement for Mul 4.9.5
56 Design of dowels 4.9.6
57 Isolated Footing Detail 4.9.7
58 Design of Shear wall 4.10
58 Calculation of shear force on shear walls 4.10.1
59 Shear Wall Design Parameters 4.10.2
59 Design of the Horizontal reinforcement 4.10.3
60 Design by using Reinforced concrete 4.10.4
60 Design of shear 4.10.5
61 Design of the Vertical reinforcement 4.10.6




61 Design of bending moment 4.10.7
63 Design of stairs 411
63 Load Calculations at section (A-A) 4111
64 Design of Shear 4.11.2
65 Design of Bending Moment 4.11.3
66 Secondary reinforcement 4114
66 Stairs at section (A-A) Details 4115
Bt | ealdl aadl)
=l -
il g3l -
Al el g jdbaal -
Jolaadl e g
Al A Al PR g ptiall a3 J giad (=) ds=
daddiecall 4l gall Aue il ABLGSH (=) Jssa
fall Jlaa¥ (=) ds=
Al e 8 UG Y s 7 B Jlaal Aad (=) dass
Dead load calculation of one-way rib slab (=) ds=




Dead load calculation of topping (=) Jdasa

JUEIN g

tji.d'l r-L'n,d'I_gu.':J"""l;u..':E

gl aladl s L ) Al

M uﬁj ‘-__J.d_fh‘l 'I'il.'l.u

E
o
E
~l~ |~~~ ~|~|~ ]|~
1
~

Js¥ el alas. =)

AU glall Bbi, -)

G | eyl Jakads -)

A alall lai -)

ifleddl dgalsh | (1 -)

Ay slall Agal ol ( -)

Al dgalsl | ()

A Al dgalsd | (0 -)

dsal pled cim o phie | (- )

crpall AT puabiall o,

aa) ol slad¥ly uandl il d 3 kel

Aa) ol aladyl b3 Adacaall 3aBaf

i __'|.'L“

el B Aasiieall gl £ g

phiall A Aadideaddl Baas £ gl

ekl o pRl A glBall ia

[ O |

One -way solid slab

Topping of dab

Rib location in Underground floor slab

Geometry of rib (5)

Moment Envelop for rib (5)

Shear Envelope for rib (5)

~— ) ) ~— ~— ~— ~— ) ) ) ) ~— ~— ~— ~—
1
N—r

loading of Rib




Beam location in Underground floor slab

Support reaction of rib (5)

Geometry of Beam

Loading ofBeam

Moment envelop for Beam

Shear envelop for Beam

Isolated Footing Detall

Moment & Shear-Diagram for Shear Wall

Stairsplan

Stair Section

~~~ |~ |~ | N | N ||~ |




List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.
Av = area of shear reinforcement within a distance (S).
At = area of oneleg of aclosed stirrup resisting tension within a(S).
b = width of compression face of member.
bw = web width, or diameter of circular section.
C. = compression resultant of concrete section.
Cs= compression resultant of compression steel.
DL = dead |oads.
d = distance from extreme compression fiber to centroid of tension
reinforcement.
Ec = modulus of elasticity of concrete.
f. = compression strength of concrete .
Fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supportsin other cases.
- LL =liveloads.
- Lw = length of wall.
- M = bending moment.
- Mu = factored moment at section.
- Mn = nomina moment.
- Pn = nominal axial load.
- Pu = factored axial load
- S = Spacing of shear or in direction paralléel to longitudinal reinforcement.
- V¢ = nominal shear strength provided by concrete.

- Vn = nominal shear stress.



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

- Wc = weight of concrete. (Kg/msd).

- 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.

- €= strain of compression stedl.

p =ratio of steel area.



1-1

L B9 pdally ale iy

Cpashdl S
ﬁjﬂdﬁ\&\ -
( ) -



1-1

g Al 4 il Caslaill 5 CageS ) Taalle Sl (e Gandl ) adlly Bie lus) Gl
4 ddanall o sl a2aiuld ASe ol agial Ay ae oSl 5 agal sladl Cadlal y glail 45 glae
i) g agaall aaladin) Y guay cpdall g5 jlasdl g bl gall o glda g GLEAT (e (s glall 138 cLa3Y
RPAEA (I ST PNPREC A
Lalall 5 dalall asln C¥lae (& dacadiall A1 ) oladWU Tay ) sdaill 5 padil) cldhiiad sl
damall 380 pall g ) Gl bl 5 G laall 5 Claalall Jhe palad) slise liial JSI Jand

Alt) laa Y A0 ga (e 3 Y S paisall eliall ZUEY] pagaibn shaiy sl sk as
@AA‘L}A‘UA‘U‘}B}@J‘SAT@A&@&\U&JJ-@-A‘JJJ‘;’.’LL&UA e@ui;*uﬂmL}uu‘th&\
A il 5 58 S ) (A L

L) areal g g (3l shall daaie Sl LY aeaill o) ol oLl sa g5 pdall 138 B
ROPENEQETIVUE PEIN | S PEN B RN

D E sl ale iy 231-2

el S ¢ Aide A ol
3 shll aaad 2K 4

1€ gdal) LA Gl 1-3

, ) (B AGEY) jealinll apanaill 35 lgall QLS Lanl (e ) sal 2o ) g 5 pdiall JLial daal 2 sa
ALY ) Al £ e a5 ) ALY, Gl 138 5 A 53 g 5 el Jhe il il sl
s ALY Ll 38555 apanal (8 Aadiall duleall 5 dpalall 48 padl) Gl Gl

23 Ugal s

& sl dagaday (Bl Gland L sg 5 pdall 138 HLia) ) candy Glasd sae Glln
- Sl il e Lpandli S dnadd il ) 2 sas

- £ 9 diall dagday Adbaial) Gl

e b il 4 RPN



20l) S G s Lo 5 piia AN ¢ 5 e 090 o B A2 )
ALY ualiall 48 ¢ 010 L) ¢ g e B LgBadaly ALY Glasleall pend ) dalal),

(oo 32 NS As ) eled) clidlaia (e o ja Y,

- dadldl) clud)
Ll g pmall 058 ol g i) Bu i e,
oo Lebai€) o5 3 il sl sl o Tl DA (e ALEY) el 5 lgn laiS) b,

538 aanaly cAdlide AHLEY jealic (hedysing Loy gyl 138 8 Glad I3 Gty cius s yall

B 5 Al ele b sisle] e g clale Bl 5l JleaY) ga Canliii Cynyualiall

-8 9l Cilaai]-4
- a,wl.u.n alaal

el 5SS g AN Ll g5l ikl sall oLl had dli 3 Sl il o2 i

JEI IR (e Lidg 5 Bas Lgie Jang o g lerall gadaiien g jliiall 028 J3A e, 4 jlesall (o) 5l

Dshi e dy L pald s lers all daaal 5S)pall (5555, Cleal ) (8 el jualial) 5 dduliiall
giobas s dadl ot e Jy g,

- Al calaal -

LY o ealic w55 Aaliaall a liall Cudiall lasy) pUail) jlas) e 5l
e Adbiaa) Clilisall JMA (e Al yall Ll o U1 LalinsiS) 3l e slaal) 4818 Cipla
o Lgae Jalail) A8 48 pra 5 Wil )3 SR LeansiSS ol Baa 430 (3 )k g 3lad e ol
8 byl jualiall Calisal panail) 5 Jlaill Jlae A JalSia g e dlias g g pdiall 2ay O (S el
(e guin sall o3 o ik 5 ALl (g 45y Ll ol

-( ) 1-5

L Sal) Aglaay) pealiall maend LY apenaill 5 Q) b g g ) 1an ASEe Jia
520215 (lae W1 5 DUl Jie 45LY) jealiall (go yeaie JS olad i Jlaall 138 o,



O 2AY) a4 a0 bl avanal ¢ odlaf aa A a, e Aadl ) Jlaaly) yaay,
, lemead o8 Al ASLEY) ealiall 450,450l Cillalad b dae alis o (e,
2851 s () 1BV s e s il 138 2] AY
( ) 1-6
calisal 4 glladll dpuaigl) dApliasy) cllabaddll dae) Joopogpial 1 A A il i Cagu
Litesa 83aal) 3 lanall asebaill ga asabiaill o3 JalS e 5 e 32 5a sall lal) 8 2LEY) jaliall
1-7

(1-1) A dsadl o

(1-1):



L7

[/

(b {

-

adll

C.

¢ Sarall Ciua olf

L Aadiall VY
L B9l (o daal YUY
L g9sdall gBga ¥-¥
LTI REWYRTE
L Tty puadd) AS A YUY
A laral) pualindl ¥_Y_Y
., A88Y) Jablocal) Ciua g% - ¥
. cilgal ol Ciag oY

A8 Al Clag oY



dadial) VY
—: dadia (V.Y)

) Gl (Mol B8 ) S o Ja ¢ peandl 138 By ol A 5 cpuigl) o glall ol aal B jlaall e

Msina dali sl ) s o b pa Jumdl ) CaseS Bla (e ol sall 02gr JE0E 6okl 53 5 4sa) sal liall Lk
A Aaplall o3gd Jlen (g 4l 4 5 L

O Ul (i 8 Albadll e a2 I e ) o) - (g oberall Jaall ddabiy (e s i Sl Al )

Loga (iaalls (s AV A (e sl e (3 5 aleay Lo Al oe) 3ol 3 (g slamall () 5 Jlaall (he oLl

il JSa lgal 5 (A aall Jlaall G 7 e Leie el 4 jlanall Jo 5 il (Gia 08 () o) 4yl 5 CilS

Sl o yuaily ¥ (g5 jlanall o sedall GY 7l lare g 28 ()5S @l el lld L (Al Adida Sl

Ll a6y Lail 5 ¢ mndl (g LeS ind

pranaill A oy Vol Tagi cany JaST e o o) oy s Jal jes2e e o8 e sl Laia (Y apanall ke )

s wilda ) Bt Hlie VI (e 335 Lanal) IS8 apa Als yall 028 A oy Cum (5 landll

A stlaall sla¥1 g cle ) ) (Baiad Cargy el yal sl a5 55 5 pm ¢ gaall 130 L) alaas Lelal (e )

Clllaiall (e la pue g Jll 5 48 a5 4 seill Al 5o Liagl doleall 02a 8 &g ¢ ) slaall 5 20 V) &8 g0 g

Al )

Y g A SLa) menail) dlee Ta Al Lty semn Leal JA)5 (s lenall mpanail) Al s (e slgBiY) 2ayg

sda e Leli ay Il g Lgdde a8 ) daliaal) Jlaa¥) e lalaie ) ailiad 5 45L5Y) jualiall slal apaas

A_ul.;uﬁ‘t.\:ual\b&bgﬁéﬂ\#ﬂ\@d\é\ﬂ\ﬁ#}@&d}ﬂ;@h@d)ﬂ; ?.-.“‘-‘43°)S-°‘u‘
3¢d el 138 A& edll 5 ) ads QL) Gao pe s lld K dmiall cilaaal)
A Aalall Gl 8 o

£ s phall (e daal YLY

ety 4l LS A U0 LY g (381 sl peny iy e eLil (A s phall B S8 Ll Cus
‘LJHLQJSCA E\J\NDMDP‘)A\:\S:\L}M;\J\G&:LBLA:\M\‘US&JG”&J‘A\ \hd}«;gg‘)\.wdﬂu
ol ) A1) s (S0 b ol L g5 Ll (e i La 1Y eanall il e



Oabands GUST 5 daala 8 4 jlenall 5 Ainal) duigl 3513 e g 5 puiall & jlerall cilladadall e Ulias il
e s Ay jlenal) Cllaladial) ellil Alcaie 5 Adlas Al 5o ey ALY aseadll Jleef iyl S ellyy

OsSh Cua AdgUaall Hay udigall ol A Cand g(A) 7 8 alen)  maenal Bale (8 Ay jlenal) duigl) B s
cppenail) e daiall Aalall ae uilia J5 Akl ol ilaxal) L ¢ 35 Cua ¢ Gl sha

£ 9l adga Y_Y

iy 8 jrall 4 sall @l L) ja ¢ Aling 4 £ LI 3l el a8 gall Al 50 sy Al g e () praal

J@gﬂwéﬂ\ﬂﬁwubcﬁc%\%ﬂﬁ
Lol e el 2Ll sl ¢ Ansaal aaall
() oomibeHibia o il Jomla e Jase e ¢ 5l gy 3

sl Gy Hseall 4 miage o WS Jsala dta oy 2 e ey Jsala Galial sl) (3 5kl
oan N dala ae 4 gling Le (b a8 gall @lly ) daad VL 5 2l 568 5 5k (g Aiatll Al )
skl




. oY) dadadl lall a8 sall (s (-)
b sal) draa )y Y'Y
e Slbal gall ity wiafile & Jolall Aire (1 A s e Cpanald (30 G Snae @ sy Jalad) A wiams
ey dikiall oda sl ) el il il e de sene llin S
5§ s miall 128 a8 sa 8 il 5l aaal) 5 Cansliall 1 sall HLEAY e SO (gAY cilillaiall o Aakaiall 4y g il
N P I I P
& sl 138 Jie ) ikl Al (

(
Al Gy (

S dpml A (
& ol g\#Y&;@LQ\M@}A\L&\ (

CLully (uaddl 4S 2 YoYLY

il il Lo 2l el 8o i ¢ il a6 gl el gl chn 2y (a3 i
_%H\Bcl..h‘)!b&u@.ﬂ\.}z\iw\M\Ljﬁ&@y@w\%ﬂjwm&&&\}é\@




2l bl sua V) Aadd (i e (- )

. ouadil] AS ja gum V) Axdad (08 ygea (- )

A jlazall jualinl) Y_Y¥_Y

oS Lglan Aipna il sia LennsS) L 134 5 ¢ Adladl Jlial) achy adalaa Fy jad) dbuall (po o ginll I ol Jsals A

Q\SJ\J;;@@USEPY\ A e Gagdig ¢ Ylad Guadll Cilasi po NI Lgia il (e dpapdall
Las ¢ oeliay g lad dakine 8 58 3 GalaBV) Lol dagds ) 13 5 ¢ Y

e e 2 13 151 5 el a5 s
4_88Y) Jabliwal) Ciua g €Y

&}MM\&M@L@%}U&JY‘MMeJ&\MJM\ds.uan‘;cJA.\:.}‘L\MJ.\.&J\MS‘)J‘;
5l Glhs A e Gilda e e j5e a5 e e Ll dalie



4y gl Gl V£ Y

. . = A el (Balda dslie

ool JSEl) 8 eage s LS AV o) 3y Jady
Al g Jaaddl (

ERL

~ A~ A~~~

10



@) lally_¢ Y

A )la Glibe

i Jaadl

Adapall

AN N AN AN N N N N

Sllee (a2

Outpatient

¥ F| Emergancy

Draparmant o o
Radiology

11



Jo¥) Ggalaliv_¢ ¥

A ldeal)

12

(AU (gl £_g Y



Alab cble ca e (
dplal) sl and (

%
= Daparivwnt of Ear

- :: . {Noss and Noss

F5 o ¥

Gl gallall o€ ¥

13



&l gl €Y

14



—
J— s
p——— Fl-
,—.—
UL CEATATR L I I T T T TR S

DEpﬂI"I]'I‘IEI'Itﬂf ! LI L T T

st [— F j Pl Pl PSel L é,
Medicine T fu

Cilgal ol Chag 0.
Al Al e 4Be (5305 ¢ iaad) e Y1 g LI aad maana (s (e Al a1 ) 3 L5 Y

b et ) el U O e S 130 5 ¢ Renl ol Lena g el Leua s 3 Al ol CLBNERT ki
sl s unliall A G ) 180 138 bk g e ol O 20 Y ()5 Agal S

Alladd) dgal gl YooY

P&\M\)}d&@;\ﬁ\b&#} w)‘&h;w&&&\“%‘ﬂ\ﬂh% &})ﬁmﬂ@m)\ﬁp\}”
O 5080 el ¢ ) il ) el Lo Qi) iy 53 et Jaadl 358 e LS sl 5

15



el Rgalgl s (- )

g siad dgal gl YooLY

¢ Al palall Ay ol g Jleadl (4o & 58 gl g JSE Agle Sy Cumy ) 3 VAN amy eday Agal gl o2a
Clgal sl 8 LS el g claidl) i 35 25 S (5 AY) Cilgal o) 8 axdiiiadl jaadl g g5 (e Liadl Lin aaaial

CApgalldaaldl (0 -)

16



8 2 Agal g YooY

Gl i el Bl sha )l el jeday dgal sl o2a (85 5 pdiall s )l gl sl oa gl sl 220 yial
Lea sl (5 obemall Jlaadl 55 138 5 o) (e o o) 4y ) i dgal sl o3 8 selay Cus ¢ A
o LS bl g claidll s i a5 LS (5 AN g 5l b aadiuall jaall g g5 Gl Loal L padial
Y Cilgal ll
O sie hie (A Gl leany ae dduliia) 381 gl e de gana o (g sinidgal sl o2 Glo elld ) ddlz)
Jiaiall el (& Cyaall 5kl aladiul (5 5 dgal sl aded HBU g Tay )8 L jlexs s dgal 1) Jaxy Silaia g
Sgn s el 5 gi A S OS5 agen 138 5 2l 35 4 siaalV1 (e 45 5Sall 50 daals 51 IS aladin)
RV P I | O W BN

i

EER-E VRN G

A Al dgal gl €0
leal) il el ans 535 cand 15 Y1 JIU JR1S5 Cun (e 3,0 Fgal ) e dgal sl 38 Ll

Lea e il w8 ga Sl jaall (e g 53 e ST aladial g deadiial) cilail) dadaif aaad e Sliad &l )
Jsb e zla il alasiuly deal ol o3 &jaai us 5 a1 dga G0 28 Mlea Hlaia ellac)

gl sl 8 LS eluluil) g colaidll casi i a5 LS (5 AN g sl b aadiuall jaall g g5 i Liagl L aadial



M

il Rl (- )

A al) Chag 1Y
J sl Wiy
d;\éas‘)ﬂz\.mdbu\"fu.AS\‘;\JwCJJAJ\JdPJ]\R&);@u:cJJM\&J‘C‘)ﬂ\
Ogg\.na:\u\‘)as‘);‘,‘h\j\&@\d&\d@é\ﬁﬁé\ﬁﬁé@@\
el Gl shall (s A1 Al )
:\SJAJ\J&\JH\d';\)rﬂ:@é\j\as‘);j‘d@.m:\a‘)JAg\SA}M\QBJMOSLA\EB}JM\@Q‘)@SMmw\jc\‘)d\j\
gl

Floor Surface N
- Vertical Circulation

Horizantal Circulation

sl dealg s ()

18



SN J il

ALy el yal)

dadial) V.Y
ALY araail) (e Ciagdl Y.Y
ALY apanail) Jal ja Yo
Jlaall €.
dipal) Jaalyiy gy
dgall Jlaa¥iy_g v
dgind) Jlaaly vty
ol Jlaaiy yog oy
Z sl Jlaajy v
JONN Jlaady g v
d085 gaal) Al yalio Y
AN palnd) VY
Culakal) YL
gl oy
el vy
Baacyl €Y
oalll Ol i 0.1y
bl V1Y
aaaill Jalgd VoILY



dadial) 1-3
L8 lia 5 Lgiom 5 5 40LEY) jualiad) Gl b LY Cailall JESY) (e 23 4 jlerall Lalill (e g 5 puliall Al 50 22

Sl cilillaia maen gl L) asanals 5 Al Loma Jalaill 4S5 sall e Alaball Jlaa ) dageda fd 53 o Can

e s A8 sle ) ya g o 5] ) yall g 5 puiall dpuliall AELESY) jualiall Hlis) ALY aveadll cally LS
A el aselaill e Jailad s el sl ()5S Cuny 281 5l )

AL apanail) (pa cirgl) ¥_¥

Ll o B Jal sl 5 Calaal) (e A sama i Can panall Lgaany o adiad ALalSia dglee LAY avaadl)
S il e oa il oda g At s el Caagll (Giay Liiay x5 A

Al ) Ll il uaill 4 gl g J)aY) maen & el el 50 Cua 1 (Safety)

Al 2415 i Laiall () G 5 S) (35 4 5 2(EcOnOMical)isluatiy) 4l -

Lo sagdl g1 sl (a5 il (amy 3 sm sS L) 3 JIs gl caias 1 (Serviceability) -
sl (et Gliat o Ll e S

Ll 5 jlandl el e Liiall -

(ALY avanatl) Ja) ja YY
Oty Ol ya ) (ALY areaill ol je aandii (S

g o sl agdl LYl dena g g pdiall Aanla Cun o g g pSall ALY AU Al a5
il 13gd danlu) A by Jallasl) & s piall Lialdic) oy o gu Il Ll 3) g0 daniy Aaliad) il oo
Ade a8 giall 2ol Y alaal
25 ALY pUaill Gy (380 5 Jaaie S8 Liid) o)l e e Ja I3 LS aranadl) 6 Jiasi Al Ads yall |
Aaa 3 55 Sl g Al 1) e Uall 5 3,883 Jadlsal) ansy G (e 4d Ao 30U ALY Jraliil) Jae g0yl

bl

20



Jlaaly) €Y
Sk LS a5 Al g sl ) el Led i ay () JleaY) s
Qigal) Jlaay) ) ¢

(e Ll L 0 sS l) A yl1 jualiall 1A 56l e dailill JlaaY) &
o 5 a0l JSy 245 i) ol ASailSe Jlae | (sl 5 LeDUAL Aulalall adal IS dilia) o) 3aY AiLaYL

Gl s (L) Al 455Kl gl LS 5 ALY jeaiad) dlagl s VA (e Labos Sy
3 3) sall de il
(KN/...

23 L) X

25 dalial) Ailu A 5

15 < ghal) .

22 45 gal) g 5_jladl) a

15 Jall 5

3 sall de ) FEESY Jpan s (- )

Lal) Jlaay) 2-4-3

3 ea ) () (alasVIS S aiuna ) sams @ sall el s (a5 A JlaaY) a5
@ hals lan 0o la e sale 323y o Laall phadiua¥) A e Jlaa ¥ o3 Zaf aaindy Cilanall s calidlS S

Al s g 5 el 3 dall JlealW) Gan ()

21



(KN/,..=)
4 il _jlaal) B ga X
3 BEN| 2
4 G‘ LMY 3
4 < gl 4
5 psUaal) 5
2 i<l .
5 ldiall ;

il sl dall Jla¥) da 1 (- )

LaaNla¥i3-4-3

L )Y @l el Jlaald s 2l 5 2 SBIS Linall e i il dpmgadal) ol puail Casens i 31 Jlaa) Jadii g
O Te o alie) (Say Cua o lind a5 i) i e Al Jlea¥
b LS a5 daall JlaaY)

zh Jueall-3-4-3

D Al (Al sal A e Lee il & A ) Al il sedays el e i A 5 8 e 8 e
28 o Al il 13 Al s Jara (e dadls ClS 13) daa e 0 5ST  olgdl ol il o An) e 2Ll e i

e sl 5 e Y mhaa e all gl )5 de judl e Tolaie) &Ll Jleal 2asy [ s LSl (g
AV ol gall (e el 5 Aumiiiia ol Axd pe S ol gas e (e AalaY) Cua

55 Jlaal Yyt ¥

AU el e Talaie) gz Bl Jlaa ani (S5 oz 58D oS 35 oy Liiall g iy of (S il Jlaa¥T

s Ll el el (Sse

G Y G 5B Oleal e (o 1 Jpaad)

22



(KN/,,.)E 5 Jlas) (SAadl)’h” e (e g U3 Y)
0 h <250
(h-250)/1000 500 > h > 250
(h-400) / 400 1500 > h > 500
(h — 812.5)/ 250 2500 > h > 1500
(-)

I s gBryr_e.y

u“scsjg\-&-“:MM‘W)\J\QMW\Z\SJJ\uwuﬂldjeﬁwj@\ﬁj\)m
Y1 5 5l e aanal Cumy apanaill vie e e Jleal) o3 325 of cany g L) e i

Led Al bl e 2l el e sall Gail) Gl jas 85k e £ el 138 8 Lere Jalail) i g

408 gual) il Al oY

Ade L Ll Jlee V) pen Lgr (im g ¢ sall 435 paal) il 5l Jee s Y ALY Al ) Bansy

A e A8y Hay il Lgan 5 e sleall Qo A sad) olaall 5 ) sduall 5 4 il Al 50 g o sall aliSauly
Ll Jeais g Lo Jpmnll sa SLEY) Gudigall 4 i L ST \gle <Lidi(Bearing Capacity)

il Gl agaal

%AL&SY\ paliad)n_y

¢l..\.d\‘_;;:3\a.s\jl\ duy‘ejtsﬂw?ckw:\:\:\hu} )mhcicww:JLc ‘5_1144&\ OSH

23



spandrel | =
bea -

Spi=ad
foating

o el ALY jualiall ard g (-

A alial) g 5 sl 5 sin

Cifagally 7Y

o8 Tl iall 1 a1t g 4 A jlancal) lllaiall slel ja s (iaall 6 Adiaal) Cllladl) e suaall 3 sm g TS

.(One way ribbed slabs)
.(One way solid slabs)

24



(Oneway ribbed slabs) ) sl slai¥) <l qilas ) cildie ) -y -

cleall (S Lealy o shall (e a0 5055 5 31 03 8 Claiall apaal b daddiusal) (3 hl) el (s
(1) JSHI B e 5p LS sl ol

e vy tl slab Shnnkape B Temperatuer Bars =

sy Mok | 17 om )

1 (2-3)

(Oneway solid slabs) s sl slad¥) <)l diaaal) cfaball ¥y A Y
Aaidiiall ASLandl ) jlas ) el & gand Giad @lld g ddoall Jlaadl | i€y ya g\@u\gem
(L) JSal LS gl g Cultie b

25



gy

Sale alyg o el oo Gl shall (e dae (p of Bl i 8 (g sise G JEED Sl a5y 5 ez eaic 7] 0V
(-) sade o lie y L) & Hall aveas

Jgmadiy oty

) s Cam Baee Y1 ) lac ) e dadl gl Jlealy) Ji o 55 el 8 dpuld jualic a s

. (T and L-section) -
(-) Dl e ) o all A glial Y1 aaall Glaaly mludll ()5S
;&JJM\‘;Q&“\&\J)@\&\J&TQ&

26



St | 1§

dlacyig Y
a5 pmall Leliiiy ) pusall ) 8al) (g0 Jlea W) Ji G sy alal pale o
Juaa¥) w555 Jis e 5 50l8 0 S (a ja Lgapanad and Dbl jualic g8 Gl ¢ il il ) 8

Y il 8 Lgae Jaladll Cua (g (e 535300 Y) selgdle dadl

.(short column) & ezl 2ac Y1 -

.(long column) &L skl saecyl -
eeigll akaiall i (5 jlerall (SN Cun (e Ll
JS 3 LS 2 a5 Alainall et 3aac Y1 (e (e 5 o s sing g s pdiall 5 ¢ posall s il s Julaiaaall Lgia
(-)

27



Main Bars —-

oalll o) jaae .y

¢lalall i e s il 8 Blliall (s 8 Ulal s caclad) Gl jaa sz oAl a0 jaad) o

Led oS () Adlal =Ll 5 IOV N JleaY Aais Lail) el (i aty o8 31 4883 i) (5 8 A slin (il 0l an Al

glose al Jlas G (AU JSAN 5 el JalS Sl b 5 el (A (paalaie aaladl 3 Ji 53 e s dlals Ol joa
(-)

28



sabablay) 1Y

8 ALY ualinll 8K avanal (pe gV 2ay oy Lgapanad () V) cLiiall oLy vie Wi fay Lo Ul & il

| il 3ac Laas @ JE e 4l Akl o) aadl g saee Y e Jlaal) Jii il 2 68 G ¢ )
gls ZLE 5 ) Olodls e pos

SRR

(Isolated) -
(Combined) -
(Strip)ika s b
(Mat) -
Leale Al gl JlaaW 5 Lglaa s g8 5 4 il & 5l Lag ll g Adliaa &) il (pe oLl aladiian) S5y Coguu

#  Mhie Bais
.

4
&

apuars Faateg “

-1 23l Jual g8 (V-1-7)

Sy cdas Jual b 5l o)y 2adi Jual s Aualad) glia V) g QWSS 3 5l 35S0 4881 M) il Sl S 8 245
A 3150 Jaal 5y Jacal sl 038 o GV I JladY o 5liaS gl ol cliinall Jidad die 5 e aaa jall Jual gill () 5S35
ol Lal G 5 Ly alad) il il 5 cldal i) (mmy Jasal Sl 03]

29



Gl 4y ) Jeal il o3a Joad o e caatnall o &0 G Litial) A€ 8 (g5l 2003 Jual 8 aladiind aay
ol LeS ) RS ol abiall ClBLall a5 L8l 580 () 50 (5 slall

Al 4y skl s alaliall & (40m) (
Aplal) 45kl il slaliall 8 (36m)  (
(32m) (
(28m) (

() e dald) e Ju Y o

Lgmaladiia) ot Al G gulad) el o VY

AutoCAD (2007) for Drawings Structural and Architectural .
.Microsoft Office (2007) For Text Edition .
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Chapter Four

Structural Analysisand Design

4 -1 Introduction.

4 — 2 Factored L oads.

4 - 3 Deter mination of thickness.

4 -4 oad Calculation.

4 - 5 Design of Topping.

4 -6 Design of rib (5) in the underground floor slab.
4 -7 Design of Beam(37).

4-8 Design of column (C103).

4-9 Design of isolated footing.

4-10 Design of shear Wall.

4-11 Design of stairs.
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Structural Analysis and DesignChapter Four
4.1: Introduction

In This Project, the following types of slabs are used :one —way ribbed slab. They
would be analyzed and designed by using finite element programs such as Beam
D,Safe Sap and other to find the internal forces, moment ,and deflections for ribbed
slabs, and then hand calculation would be made to find the required reinforcement

areafor selected 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 of ( ACI_318) code.

4 2: Factored Loads.

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

OJu=12DL +16L.L ACl -318-11

DL: Dead Load .
LL: Live Load .
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Structural Analysis and DesignChapter Four
4.3 Determination of Thickness of Slabs:
4.3.1 Determination of Thicknessfor One Way Rib Slab:
The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.

The overall depth must satisfy ACI Table (9.5.8):

The maximum span for one —end continuousisL=6.5m

1;5 = 16:5 =035m Ac-31811
The maximum span for one —both end continuousisL=7m
L 7

Takeh=35cm.
27 cm block + 8 cm topping = 35 cm

4.4:Load Calculations:

One- way ribbed dabs.

For the one-way ribbed dabs, the total dead load to be used in the analysis and
design is calculated as follows:

ey s ety b —

-
Hialure Bk 2 8em ] - 3

Fig. (4-1) One way rib slab
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Structural Analysis and DesignChapter Four

Cdculation of the total dead load for one way ribbed slab is shown in the
following table:
Table (4 - 1) Caculation of the total dead load for one way rib slab.

No. Parts of Rib Calculation

1 Rib 0.12*0.27*25 = 0.81 KN/m

2 Top Slab 0.08*0.52* 25= KN/m1.04

3 Plaster 0.03*0.52*22 = 0.343 KN/m

4 Block 0.27%0.4*15 = 1.620 KN/m

5 Sand Fill 0.07*0. 52*15= 0.546 KN/m

6 Tile 0.03*0. 52*23 = 0.359KN/m

Mortar 0.02*0. 52*22 = 0.229KN/m

Sum=4.8
KN/m

Nominal Tota Dead L oad:
D.L.tota =0.81+1.04 + 0.343 + 1.620 + 0.546 + 0.359+0.229 = 4.8 KN/m of rib
L.L. ota=5%* 0.52= 2.6 KN/m of rib

4.5 Design of Topping:

Table (4 - 2) Cdculation of the total dead load for Topping:.

No. | Partsof Topping Calculation
Top Slab 0.08* 1* 25= KN/m2
Sand Fill 0.07*1*15= 1.05 KN/m
Tile 0.03*1*23 = 0.69KN/m
Mortar 0.02x1*22 = 0.44KN/m
Sum =4.18
KN/m
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Structural Analysis and DesignChapter Four

Design of Topping for Ribbed Slab asa Plain Concrete Section :-

Wu = (1.2 * 4.18) + (L6 * 5)
= 13.016 KN/m

Topw =,
.

- For aone meter strip Wu = 13.016 KN/m

HikwE ot ¥rani—

Assume slab fixed at supported points (ribs):

Wu* 12
)

Mu

* 2
MU = 13.016* 0.4

=0.173KN.m/m
fr = 0.42x / fc'(MPa) ACI-318-05Fig. (4-2) Toping of slab
fr = 0.42 x /24(MPa) = 2.057 MPa

=2.057*1000 = 2057.57 KN / m?

Mn=fr*s
2 2
oo bg _100x(0.08°) | oo 105

Mn =2057.57* 1.06x10° =2.181 KN.m

®Mn=0.55* 2.181= 1.19956 KN.m
® Mn =1.19956 KN.m > Mu = 0.173KN.m

The strength of plain concrete section>loaded section .
The plain concrete section is safe ,However, minimum reinforcement for shrinkage
and temperature to control the cracks should be used .

p =0.0018 ACI-318-11
As=p*b* h=0.0018* 1000 * 80 = 144 mm?

\ Use ® 8 @20 cm
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Structural Analysis and DesignChapter Four

4.6 Design of Rib (5):

|
|

— —
1% . o =

==

|
|
AT

(r——] '
e

Fig. (4 - 3) Rib location in underground floor slab.

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

follows:-
rib 5 3
1 i 3
L: al ‘ i . &
A = A — A
0 4.8 1. B L. 4.5
b 5.6 7. ' 5.3

Fig. (4 - 4 Geometry of rib (5).
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424 403
55 /N 24 B5 N\ A8
L ke AN
I 4 ]
It — o Ak H
S / D1 " P 102 P
M-\\\__// ] \_v. A K\H_,,/ff"
55 8 =
| 2 3.3 15 , 35 318 212 |
| I 1
Fig. (4 - 5) Moment Envelop for rib (5)-(KN.m).
353 358
413 20
P
| — P |
é“ 2.3
3.3

Fig. (4 - 6) Shear Envelop for rib (5)-(KN).

DeadiLive |oad - Service

4.5t 820

326

S

3.6

33

Fig. (4-7) Loading of rib (5)-(KN/m).
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Structural Analysis and DesignChapter Four

4.6.1 Design of Positive Moment :
Effective Flange width ( b.) ACI-318-11
b For T- section is the smallest of the following:

b. = (1900-700) / 4 = 300mm

b. =120 + 16 (80) = 1400mm

b =520 mm...........c...... control

»Use M, max positive for span = 25.5kN.m

» Determine whether the rib will act as rectangular or T — section:

For hf=0.08 m

~ Assume bar diameter ®12 for main positive reinforcement.
d =350-20-8-6 = 316mm

®Mn =0.9*0.85* fc"™*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52* 0.08* (0.316-0.08/2)=238.298 KN.m
dMn=238.298 KN.m >> M, = 25.5 KN.m

The section will be designed as a rectangular section with b = 520mm

AS min = \/_ (bw)(d) >=A 'S min —W(bw)(d)ACI -318 -05

m

ASmin =
4(420)

(120)(316) =110.5mm?

A's min :i'—;) (120)(316) = 126.4mm?*~ control

_fy a0 _
0.85fc’  0.85(24)

* 6
_ Mn - 25.5*10 - 0.55Mpa
®bd > (0.9)(520 )(316 )

e Ay fp_2mkn ) 1 1_\/_2 20 .59 * 0.55
420

m 20 .59

fy

A's =0.00133(520) (316) = 218.16 mm*> A S min = 126.4 mm?

38
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Structural Analysis and DesignChapter Four
# of bars = A/ Aspar = 218.16/113.1=1.9 * Note Aoz = 113.1 mm?

 Select hottom bars 2012

Total AS (providg=226.2 mm~>218.16 mm*

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
A x fy=0.85x f_ 'xbxa

226.2x 420=0.85x 24x 520x a

a=38.956mm
__a _895_
=085 o085 ot

0.316-0.01054

e =
: 0.01054
9K 0,086> 0.005

% 0.003=0.086

»Use M, max positive for span = 26.8kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

~ Assume bar diameter ®12 for main positive reinforcement.
d=350-20-8-6=316mm

®Mn =0.9*0.85* fc*b*hf* (d- hf/2)

= 0.9*0.85* 24*0.52* 0.08* (0.316-0.08/2)=238.298 KN.m
OMn=238.298 KN.m >> M, =26.8 KN.m

The section will be designed as a rectangular section with b, = 520mm

AS min = \/_ (bW)(d) >= A 'S min —ﬁ(bw)(d)ACl -318 -05

@

20 (120)(316) =110.5mm

ASmin =

A's min :% (120)(316) = 126.4mm? ~ control

_ fy 420
0.85fc'  0.85(24)
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* 6
N - Mn - 26.8*10 - 0.57 Mpa
®bd 2 (0.9)(520 )(316 )

* *
oAy o 2me ) 1 1—\/1— 2*20.59 * 0.57 | _ 1 59136
m fy 20 .59 420

A's =0.00136(520) (316) = 223.5 mm*> A's min = 126.4 mm?

#of bars= As/ Aspar = 223.5/113.1 = 1.97 * Note Aoz = 113.1 mm?

Sdlect bottom bars 2912

Total AS (provide=226.2 mm*>223.5 mm*

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
A x fy=0.85x f_ 'xbxa

226.2x 420=0.85x 24x 520x a

a=38.956mm
__a _895_
=085 o085 Cormm

_ 0.316-0.01054

e
: 0.01054
9K 0,086> 0.005

% 0.003=0.086

»Use M, max positive for span = 22.8kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

~ Assume bar diameter ®12 for main positive reinforcement.
d=350-20-8-6=316mm

®Mn =0.9*0.85* fc*b*hf* (d- hf/2)

= 0.9*0.85* 24*0.52* 0.08* (0.316-0.08/2)=238.298 KN.m
OMn=238.298 KN.m >> M, =22.8 KN.m

The section will be designed as a rectangular section with b, = 520mm
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AS min = 21/(; (bw)(d)>= A s min —m(b )(d) ACI-318 -05

24 120)(316) =110.5mm?
20)

ASmin =

A's min :i'—;) (120)(316) = 126.4mm?*~ control

_ fy 420
0.85fc'  0.85(24)

* 6
_ Mn___ 22.8710° __ 88 Mpa
®bd 2 (0.9)(520 )(316 )

c_A(y fj_2mn ) _ 1 1_\/1_2 20.59*0.488 | _ o 00115
m fy 20 .59 420

A's =0.00117(520) (316) = 193 mm> A s min = 126.4 mm’

#of bars= As/ Aspar =193/113.1=1.7 * Note Aoz = 113.1 mm?

Select bottom bars 2912

Total AS provide=226.2 mm*>193mm°

* Check Strain for the magnitude of under strength factor @:

Tension = Compression
A x fy=0.85x f_'xbxa

226.2x 420=0.85x 24x 520x a

a=38.956mm
a _895%6_
=085 085 mm

0.316-0.01054

e =
: 0.01054
9k 0,086 > 0.005

x 0.003=0.086
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4.6.2 Design of Negative Moment for (Rib):

The maximum negative moment from spans with support is

Mu =-25.9kN.m

~ Assume bar diameter ®12 for main positive reinforcement.

d=350- 20 - 8-6 = 316mm

m = 20.59

Mn 25.9*10°

n =
® bd 2

1

= 0.0)(120)(314)° _ °

' :i[l— 1_2mkn]
m

fy

~ 20 .59

4 Mpa

2*20.59 * 2.4

420

-

A s = 0.00609(120) (316) =230.9 mm*> A 'S min = 126.4 mm?
# Of baI’S = As / Asbar = 2309/154 = 15

* Note Agis = 154 mm?

] = 0.00609

Select bar 2 ® 14

Total AS providg = 308 mm?> 230.9mm?

* Check strain for the magnitude of under strength factor ®:

Tension = Compression
A x fy=0.85x f_'xbxa

308x420=0.85x24x120x a
a=52.8mm

. a 528 62.1
©~085 085 ~orMM
e, = 0-316-0.0621_, 103-0.012
0.0621

e, =0.012> 0.005
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Structural Analysis and DesignChapter Four
4.6.3 Design of shear for rib (5):

ACI — 318 — Categories for shear design:
V= 28.3KN

Ve=11*- fc'b, d
V= %\/ﬁxlzo = 316

V= 30.96 KN.
® V=0.75*30.96 = 23.22 KN

1 —
L.H',:'IIJ"I'E = E IE bw d

; -7
Yimin = Ebw d (COﬂtrO')

_ 1
1’.'1',””'1: = 3
i”:ﬁ.‘,nu’n = 12
Ejl:-i"'lt:l = 1""1-! E Ejl:i"llf + l:“'rr|f1J)
0.75*30.96 < 28.3 = ©(30.96 + 12.6)
2322 <283 =3267.
Case Il minimum Shear reinforcement required .So,
Use ® 8,2 leg
A, = 100.53 mm?.
Vs=2— ¢ =22 _3006 =677 KN
@ .75
A, fo d
§ = ol
vy
< d
Smar = 2’
d _ 316 15
2 2

Use®8, @ 10cm (2Legs).

43



Structural Analysis and DesignChapter Four
4.7 . Design Of beam(B37 ,UG) for flexure:-

4.7.1 Design of flexure of beam 37,UG

Ii i £
]:ﬁ-; "= ]
= =0 - U =T Mu L :
] by
. W %0
— o %E;
e | —
i - ——— —
e
- =
——i=—
Far - = ¥ '§: —
e - & N [ % |
1 i E T
i el ; =
= m— =1 = ;
r_'_;r '|H_|_|:l =
y i
i H L y
o =1 = i

Fig.(4-8)Beam location in underground floor slab

L oad calculationsfor Beam:

The distributed Dead and Live loads acting upon the Beam 37 can be defined from the

support reactions of therib (5).

Reactions
Factored

H i —t
Meadf 1193 4068 14 1108
LiveR 0.5 War 0 1016
Max R 225 .65 572 2125
MinR Loy 53,50 .08 a5
Sanvire
[eadk 994 i) ILES L
LiveR 0.0 1335 1055 N
Max R 1656 8326 i 15.50
Min R 572 1 Al il

Fig.(4-9)support reactions of therib (KN)
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» The support reaction ( service) from Dead loads of Rib (R5 ) upon beam
(B37UG) is(32.83 KN). The distributed Dead load from Rib ( R5) on
Beam(B37UG):

=383 _ 63 KN/m

DL fromRib™ 4oy ™
» The support reaction (service) from Live loads of Rib (R5) upon beam (B37UG)
i5(18.95 KN) . Thedistributed Live load from Rib ( R5) on Beam ( B37UG):

1895

L'Lf:r-rmlﬂihz E =36 KN/m

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

follows:-
i 2 3
1 } 2 }

5 A s s A s g
|:—‘ A — A ——
03 485 08 571 B (085

£ ' B3 P !

I i |

35
1L,
AA
Fig. (4 -10)Geometry of Beam
Lizad load - Service Units: kN, meter
XAl B30
, y v — ——
W ¥ o Ui . ¥ o ¥
vy h ¥
Live [cad - Service Load factors: 1.20,1.2001.60,0.00
36.0 6.0
j A W i y S \ ) W Y
53 63 h

Fig. (4 -11)Loading of Beam-(KN.m).
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Momeants: spans Tt 7
A5
A5 . 45T
.-)lz l‘\-
- L\\
; f/ 2E16Y N
| - |
| e~
184117
-"‘-\1_\_‘_‘_'_'_'_._,.0—"'- .-
53 i S e
4385
£12 | a8 37 .52

Fig. (4 - 12) Moment envelop for Beam -(KN.m).

Shesr
813
T RITR)
- 2665
s - Zart
- o
| ;ff i | fr’:f |
- il — et
2? 225 L
1.1
_'._,_,..-F"'_
432 4
MOA

Fig. (4 - 13) Shear envelop for Beam -(KN)

Assume bar diameter ®25 for main reinforcement.
Selected hidden beam
b, =110cm,h =35cm

d =350- 40—10—% = 287.5mm

4.7.2: Design of Beam of negative moment :
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TakeMu =-4405KNm__ at support (2).
-3
Rn= Mn _ 405/00x10° o0
bxd?  1.1x(0.2875)
fy _ 4% =20.59

T 085fc’  0.85x 24

As,. —£(bw)(d)2 fy(bw)(d)—>(ACI ~10.5.1)

fy)
As,., = ﬂ(1100)(287.5) > ﬂ(lloo)(287.5)
4(420) 420
As.,, =922(1054 ——Thel argestiscontrol.  =1054
As,. =1054mn?
o 1 1- \/1_ 2(20.59)(5.38) ) = 0.01518
20.59 420
As =p* b*d= 0.01518(1100) (287.5) = 4800.6752 >As min =1054 mm?
A 4800675
# Of bars= Seq = =9.797 Note Agpos = 490 mm2
As, 490

Select Top bars 10025 in one layer

TOta| AS(provide) :49087 mm2

* Check strain for @:
Tension = Compression
A x fy=0.85x f 'xbxa

4908.7x 420=0.85x24x1100x a
a=91.87mm
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C=—
b,

c= w =108mm
0.85

e, = 287157108 5 603-0.005
108

e, =0.005=0.005..........OK

*Check for bar distance:

o _ 1100-2x40-2x10-10x 25
s 9

= 83.33mm > 25mm.....ok

4.7.3: Design of positive moment :

*TakeMu=4385kN.m ............ at span (2).
_ Mn _ 4385/09x10°
bxd?  1.1x(0.2875)2

oy 4
0.85fc’  0.85x 24

Rn

=5.36Mpa

=20.59

As,, = E(bw)(d) > %(bw)(d)—>(AC| ~10.5.)

4(fy)
As,., = ﬂ(1100)(287.5) > ﬂ(lloo)(287.5)
4(420) 420
As.,, =922(1054 ——Thel argestiscontrol.  =1054
As,,, =1054mn7

o 1 1- \/1_ 2(20.59)(5.36)):0_015:L

2059 420
As =p* b*d= 0.0151(1100) (287.5) = 4775.375mm?2 >As min =1054 mm?

AS 4775375

# Of bars = =9.746 Note Agzs = 490 mm?

ar

Select Bottom bars 1025 in one layer
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TOta| AS(provide) :49087 mm2

* Check strain for @:
Tension = Compression
A x fy=0.85x f 'xbxa

4908.7x 420=0.85x24x1100x a
a=91.87mm

a
C=—
b,
Cc= ﬁ =108mm
0.85
e - 287.5-108
S 108

e, =0.005=0.005........... OK

x 0.003= 0.005

*Check for bar distance:
o _ 1100-2x40-2x10-10x 25
s 9

Design of positive moment :

= 83.33mm > 25mm.....ok

*TakeMu=2753kN.m ............ at span (1).
_ Mn _ 275.3/09x10° _
bxd? 1.1x(0.2875)%

o fy 4
0.85fc’  0.85x24

Rn

=20.59

As = E(bw)(d) > 1% (bw)(d)——(ACI ~10.5.1)

min 4( fy) W
As . = ﬂ(1100)(287.5) > ﬁ(lloo)(287.5)
4(420) 420
As., =922(1054 ——Thel argestiscontrol.  =1054
As,,. =1054mn7

. 1 1- \/1_ 2(20.59)(3.7)):&0098
20.59 420
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As =p* b*d=0.0098(1100) (287.5) = 2945.2mm? >As min =1054 mn?

ASe 29452
490

6 Note Agos = 490 mm?

# Of bars =

ar

Select Bottom bars 6025 in one layer

* Check strain for @:
Tension = Compression
A x fy=0.85x f 'xbxa

29452 x 420=0.85x 24x1100x a
a=60.63mm

cC=—
b,

c= % =171.3mm
0.85

o 287.5-713
° 108
e, =0.009.......... OK

S

% 0.003=0.009

*Check for bar distance:

o _ 1100-2x40-2x10-6x25
s 5

=170mm> 25mm.....ok

4.7.4 : Design of shear for Beam :

ACI — 318 — Categories for shear design:
VU gritica = 432.1 KN

Ve== fc'b, d

G

V= é\/ﬂ +1000 = 287.5

V= 234.7KN.
® Ve=0.75*234.7=176 KN
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vy = ZV24+ 1000 #2875 = 469.48 KN
So, Case (4)

B + Vominy <W = O(v. + vy)
0.75(234.7+95.9) < 432.1< 0.75(234.7+469.48)

So, shear reinforcement are required .
Use4leg @ 10.
As=314.16 mm®.

_ 4321

Vs=Vp-V¢= —234.7=341.4 KN

.75

Select 41eg @10, @ 100 mm (4 Legs)

4.8 Design of column(C103).

Select (C103)for design:
« Loading:-

Try 65*60 cm with Ag = 3900 cm?
Pu=972.07*6=5832.4 KN.
Take Pu=6000 KN

51

_ 1
Vs min = I
1
Vg min = §bw
1
Vs min = 5 L
Vsmin = 95.C
P
Ut = 3 fc
¥ = Ay fye d
T,
Sy = E o7
max =5
— d —
Smax = 5=
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*Check slenderness limit:

Ku gy M1 ACl - (10.12.2)
M 2

r

M1&M2=1.0 - (braced fram with Mmin).

K=1.0 - (for columnsin nonsway frames).

KU 34 12%1.0=22 <40
r

Lu=3.5m.
rx=0.3 h=0.3*0.6=0.18.
ry=0.3*b=0.3*0.65=0.195

Ku =19.44 < 22.0 Short column for bending about x_axis.

rx

KU _ 17 95 < 22.0 Shortcolumn for bending about y._axis

ry

.design as concentrically loaded column:

P, =0.65x0.8x Ag{0.85 fc' +r ,(f, —0.85f_ )}

6000 = 0.65x 0.8x 39 0.85x 24+r (420 0.85% 24)}

r,=0.022>r min=1%-o0k

A £=0022 *650 * 600 A s=8580mm* Select 28 20=> AS, g = 8796.5mm’

*Design of the Tie Reinforcement: -

Spacing <16 x d, (Longitudinal .bar.diameter) =16 x 20 = 320mm
Spacing < 48x d, (tiebar.diameter) = 48 x 10 = 480mm

Soacing < Least.dimension = 400mm

. Usef10@ 200mm
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4.9Design of isolated footing of C(103):

4.9.1 Load Calculation :

Total factored load = 6000 KN.

Total servicesload = 4285 KN.

Column Dimensions = 65* 60 cm.

Soil density = 18 KN/m?®,

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (85 cm) thick.
liveload =5 KN/m2.

i = 400 KN/M?

4.9.2 Deter mination of Footing Area :

=21 =3.27m
Try 3.35% 3.35 m with area = 11.22 m*> A ¢ = 10.71m°
Determinate g = 6000/11.22 = 534.76 KN/m*

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

Assumeh=85cm ..... d =850-75-14 = 761 mm

e Check for oneway shear strength

Critical Section at g+d

%*d _ ?+0.761=1.086m

Vu =534.76* (3'—25 —1.086)* 3.35 =1055.16KN

f.\/c=f.(%* fc'* b, * d)

f Vc=0.75* %* 24*3350* 0.761=1561.15KN

f Vc =1516.15KN >Vu =1055.16KN
Safe
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e Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

v =f 142 |1 b.d
6l b,
1 a ’
fv, =f.=| 2 12|/ bd
‘ 12[b0 d’ j ©
fV, =f —w/ 'b.d

Where;

Column Length (a
b, - gth () _65_, 1o3
Column Width (b) )

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

b, = 2(d + a) + 2(d + b) = 2(65+ 76.1) + 2(60+ 76.1) = 554.4cm

as - 40 for Middle column
1 2 ' 0.75 2
fV.=f.=|1+= |f bd=—*|1+——|*/24*5544*% 0.761= 7354.76KN
¢ 6[ bCJ ©T 6 [ 1.083} V24
2 W £, b =97 (40 0.761 2}* \24* 5544* 0.761= 9676.334KN
b /d 5.54
fV, =f —\/ b d—%* 24.* 5544* 0.761= 5167.18KN
f V. =5167.18KN ..... Control
Vu. =Pu-FR,

FR, =s,, *area of critical section
VU, = 6000 - [534.76* (0.65+ 0.761) * (0.6 + 0.761) | = 4973.06KN

f Vc=5167.18KN >Vu. =4973.06KN........ satisfied

4.9.4 Design for Bending M oment:
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1.375°

Mu =534.76* 3.35* =1693.47KN.m

Mu =1693.47 KN.m for both side

Using Reinforced Concrete.
169347

Mn =1881.63KN.m
-3
Kn = Mr21 _ 1881.63><1O2 —0.97Mpa
bd 3.35x0.761
fy 420 =20.588

m= - =
0.85* fc  0.85*24

o1 1_\/1_2><20.588><0.97
20.588 420

J =2.367*10°

ASp, =T *b*d=2367*10"°*335* 76.1=60.34 cm’
ASgyiniage = 0.0018* b* h=0.0018* 335* 85 = 51.255cm?
ASp., =60.34> ASgiyage = 51.255cm’

Select 40f 14...AS,, ,i4q = 61.57cm* > 60.34cm?.....0k
Select 40F 14...AS,, g = 61.57Cm? > 60.34cm?’.....0K

Check of strain:
As*fy=085*f.*b* a
6157* 420=0.85* 24* 3350* a
a=37.84mm
_ 8 _378_ 1) somm

b, 085
o — 761- 44.52

S

X0.003

e, =0.048> 0.005
= OK

4.9.5 Development Length of main Reinforcement for Mul :
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Ldavailanie = 1350-75= 1275mm
L davailabie= 1275 mm >!I‘.".f;.-r_,.c|I = 345.67mm

e not required hook

4.9.6 Design of dowels:

P,= 6000 KN
f.Pn=f.(0.85fc'Ag)

f .Pn=0.65*[0.85* 24* (650* 600)] /1000 = 5171.4KN
But Pu=6000KN >f .Pn=5171.4KN

Dowels are required for load transfer.
6000 5171.4_

AP=—- =1274.76 KN

065 065

ASreg=- 2:;t7ﬁ23035. 1 mm2>1950mm2

Take 10f 20 =31.42cm2>30.35cm2

4.9.7 Isolated Footing Detail:
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Figure (4-14):1solated Footing Detail

4.10 Design of Shear wall:
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. Calculation of shear force on shear walls:

From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=55
1=1
Ca=0.24
Cv=024
h,=28

Ct =0.0488

Where:

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

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

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx=height in feet (m) above the baseto level i , n or X, respectively.
T=-C, (hn)3/4 Eq.... 30-8 (UBC)

By using the software (ETABS.) to Analysisthe shear wall it was get result asthe
following:
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Vi diagram ML disgmam
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Figure (4-15) : Moment & Shear-Diagram for Shear Wall.

. Shear Wall Design Parameters:
fc' =24 MPa

fy =420 MPa.
h=30cm. Shear wall thickness.

L= 4.7m Shear wall width
Hw=19.25 mStory height.

4.10.3Design of the Horizontal reinforcement:

I nternal forces & moments:

D Vu=5725KN
Critical Section
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tw_ 4—27 = 2.35m(Control )

2

hw_1925 o
2

Mu = 6201.4KN

4.10.4Design by using Reinfor ced concrete:

Vu = 572 .5KN
Vn =Vu /0.75 = 763.33KN

. Design of shear

d=08*Lw =0.8*4.7=3.76m
Ve, = %* Jfe'*h*d = %«/24 *0.3*3.76 = 921 KN

fc’*h*d N,*d +24*0.3*376 0*376

Ve, = + = + = 1381 .5KN
4 4*1, 4 4* 47
2* N, 2%
Jfe'+ V24 + ————
4/ fc [ Iy j h*d 24 ( 47*03} 0.3 *3.76

Ve, = = 4.7 : : * : = 582 .5KN trol
Cy > T M L 10 > 62014 47 10 562 .5KN (Contral )

V, 2 572.5 2
Vs =Vn -Vcl

Vs = 763 .33 — 582 .5 = 180 .8KN
(Avh j Vs 180.8*10°
F

= =0.1145 *10 °m
S2 y * d 420 * 3.76

[_Avél;in j = 0.0025 * h = 0.0025 *0.3=7.5*10 ’4m(ControI )

sz:L?W=47oo /5 = 940 mm

S2=3*h=3*300 =900 mm
select —— 2f 10 —— As =1.58cm 2
Av

= 0.75mm
52

152 = 0.75 — S2 = 210 .7mm (Control )

Slect ... S2=20cm < Seq .= 210.7cm
S2selected = 20cm
se.... 2f 10 @ 20cm(c/ c)in 2layer

Select 2 10/ 20. Intow layer
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. Design of the Vertical reinforcement:

= (0.0025+ 05(2.5— h—W)(gz—Vh —-0.0025))S,h,

ﬂ_1925_41 25
L, 47

Avn=0.0025x S, x h,

S = é L, = %x 4700 = 1566.6mm

S, = 3x h = 3x 300 = 900mm
Select 2f 10Witharea As = 158mm?
158 = 0.0025x S, x 300

~. S, = 210.6mm(Control )

Select S, = 20cm < 21.06cm
S=20cm

——> Sdect 2f 10/ 20cmc/c

Select 20 10/ 20cm. In tow layer

. Design of bending moment:

Mu = 8048.04 KN.m

Assume Sn/hw = 0.007

C,=C-01xL,
C, =1.12-0.1x 4.7 = 0.65m

CW:£ 2—056
20 20

Select Theboundary element = 70cm > 65¢cm

4 ! x158 = 3713mm’
20

A == As,—

61
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V4 1

Lw  2+(0.85* b * fc* Lw* h)/(As, * Fy)

z_ ! 05
Lw 2+ (0.85x0.85x 24x4.7x0.3)/(3713x 420)

Mu =0.9x Fy x 0.5x As, x wa(l_(Li/ZD =
w

0.9* 420 * 0.5* 3713 x 4700 * (1— 0—;’) = 2473.74kN.m

Mu =8048.04 — 2473.74 = 5574.3kN.m

Design

6
__ Mu/f _ B5743x10°/09 .o

~ fyx(Lw—Cw) 420x (4700 — 700)
As = .08* 300* 700 = 16800mm?
. Usef 18— Select —15f 18— A = 3817smm?
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4.11 Design of stairs:

L =4.01m

hreg=401/20=20.5cm ............. take h= 25 cm.
= Useh =25cm.

0 = tan(16 / 30) = 28.07°

Cos 6 =0.882

o e e ¥ e B e o
EHDE S B e 116

L2

SRR e,
o —

. StairNo 1 ;

\"-\.

Figure (4-16) : Stairs plan

4.11.1 Load Calculations at section (A-A):

4.11.1.1 Load on flight:

Dead Load:

Horizontal Tiles = 0.03*23*(0.33/0.30) =0.759 KN/m.
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Vertical Tiles = 0.02*23%(0.16/0.30) = 0.245 KN/m.

Horizontal mortar = 0.02*22 *(0.3/0.3) = 0.44 KN/ m.
Vertical mortar = 0.02*22 *(0.16/0.3) = 0.235 KN/ m.

Plaster = (0.03*22*1)/ (Cos 28.07) =0.748 KN/ m.
Steps =(0.16/2)* 25 =2KN/m.

Slab = 0.25 *25/ Cos 28.07 =7.086 KN/ m.
Total dead load = 11513 KN/ m.
Liveload:

Live load for stairs =5 KN/ m?.
Factored load
qu=1.2¥11.513 + 1.6*5 = 21.8 KN/ m*.
For one meter Strip, qu = 21.8 KN/ m.
4.11.1.2 Load on landing :
Dead L oad:
Tiles=0.0323 =0.7kN/m’
Mortar =0.02* 22 = 0.44kN/m*
Slab =0.25*25 =6.25 KN/m2,
Plaster = 0.02*22 = 0.44 KN/m2.
Total dead load =7.83 KN/m2.

Liveload:

Live load for stairs =5 KN/ m?.
Factored load

qu =1.2*7.83+ 1.6 *5 = 17.396KN/ m?.

For one meter Strip, qu = 17.396KN/ m.

4.11.2 Design of Shear :

=  Assume @ 12 for main reinforcement:-
So, d = 250-20 -6 = 224 mm = 22.4 cm
Vu=35.97 KN.
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f/f.'*b,*d
fve=-Y°o W =

_ 0.75*\/24*1000* 224
- 6

fVc=137.7KN .>Vu=35.97 KN

fVc =137.17KN

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

4.11.3 Design of Bending Moment :
The Following figure shows the Moment Envelope acting on the stair

Mu = 44.06kN.m
Mn =Mu/0.9=44.06/0.9=48.96 KN.m.
d=224cm.
(M
b-d
* 6
L
1000* 224
o
0.85x fc'
0.85x 24

1 2mK *20.6%
r=={1- -0 1 1—\/1—2 20670976 | _ 5 38107
m f, | 206 420

As,, = 2.38%*10°*100*22.4 = 5.33cm*

As,,,=0.0018* b* h=0.0018* 100* 25 = 45cm*
— 2 — 2

As, ., =45cm’< As,, = 5.33cm

Use ® 12>>>5.33/1.13=4.7
Use5® 12@20cmclc .............. with As =5,65cm2.
Asprovided =5.65> Asreg=5.33.............cceennnn OK.

Check for strain:

Tension = Compression
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A * fy=0.85* fc' *b*a

565* 420 = 0.85* 24*1000* a

a=11.63mm

a._ % =13.7mm

b, 0.85

o _ 224 -13.7
® 13.7

e, = 0.046>> 0.005—— ok

*0.003

4.11.4 Secondary reinforcement:
ASqyinage = 0-0018x bx h = 0.0018x 100 25= 45cnT

Used®l2@20cm ................. With As = 5.65 cm?.
4.11.5 Stairsat section (A-A) Details:

SECTION (A—4)

T FRARE i 3gm

[TH a

Jageegey  hoeze= /"f
;f
» )
L et e
:‘13 1 [L? i __,.--"";
foar OE /l:'ﬁ\ 2
| 1) PR Ll 1 F ot
51 -
o 1=
s - {5
& 4 i
-t (@) o .
A I ] D
ol
?j;}
_,"E?,_,-/’ k I I -

Figure (4-17) : Stair Section
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1. American Concrete Institute (A.C.I), Building code Requirement for structural
concrete (ACI-318M-08).
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