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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 Ag = 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).

e b =width of compression face of member.

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

e C.=compression resultant of concrete section.

e Cs=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 fc' = 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 L=length of clear span in long direction of two- way construction, measured



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

LL = live loads.

Lw = length of wall.

M = bending moment.

M, = factored moment at section.

M,, = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

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

Wc = weight of concrete. (Kg/md).

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strength reduction factor.
€c = compression strain of concrete
€5 = strain of tension steel.
és = strain of compression steel.

p = ratio of steel area .

Vi



ale idival LALAY) araal)

: qlllal) dlac)

gj\iﬂhﬁh\ﬁ\m

e*'*'-OMMﬁaMQ
s )

KIKEN P

2 Egdal) padla

e (e g simy 3 Al i) ealiall puand LIV el g 5 51 138 8 Cings
CGAY) paaliall e by g Sl g aec )y ) sun g

o aal oy dbdlael # i ple 480w e B)le b g (Gl ol ALl e g g pdiall 138 (S
sl dalisa (3l sk & e 5 (e i A0 ) Loie )l Aabiaa 2 gusd il e (5 i
o) AR b (e e AVY )lgia

Cun ¢ (ACI3I8-11) (Sspa¥! il all 2 5K 188 g dapanal dipes chose Sl 3 58 il 138
Aalal) AgLasy) Jlail 5 ¢ 4815 Al 1 ol sY) Jalal ALY Jpaldill e (5 s 4
el o) e ) alasiind I ABLAYL aiall 35S Crn JWlS apanaill 3 ¢ puaie S

. Autocad , Atir , Safe, Etabs ,SAB : Jie dsuaigll

Aliadl jealiall gead LIV ppansil ;o e 038 (55 0 g 5 el oLl 2y il
S sl

Gl g dl

vii



Structural Design Of Operation Hospital

Done By:

Mohammed Ibrahim Hlegawi

Palestine Polytechnic University 2020
Supervisor:

Eng. Mai Haddad

Project Abstract

The aim of this project is to achieve the structural design for all the concrete elements. It
contains slabs, beams, columns, foundations and other elements. This project consists of
eight floors and it is a proposed general hospital for the governorate of Bethlehem that
contains two Basement floors of each area (900 square meters) and six floors of an area of
each (877 square meters) of health use. This building is a reinforced concrete that will be
designed according to the American Concrete Code (ACI318-11), as it will contain the full
details of the analysis of vertical and horizontal weights, then the structural analyzes of
each component, then the complete design according to the code followed in addition to
the use of many engineering programs such as: Autocad, Atir, Safe, Etabs, SAB. We hope
that after the completion of the project, we will be able to present the structural design of

all the different elements of the entire building.

viii



S8 Juadl)

dadiall

Aaaial)
£ 9 pdal) Cilaa]
£.9 pal) AlLia

£ 5 deall 3 g3a
JCalalieal)

£ 9 ial) J guad
Lol Sis)

V-

Y-y

A

£

o)

-y

vy



—sdadiall V-

ek el e gas ¢ smand) je o Lo 3 e ST e shall cila she pal e GSusall 5l el 2y
LG mrany Shall & jels Cua ey paall slall a8 Calida (8 daadie She 2a g ) daldl) dals)
Al 5 A )il Cleasal) 5 Al ) ALYl 41S 138 dlgel il

agil Calisey (ulil) cilaliad Al sV AS) g0 e 2 Y S Ailin [ shais LYl ) shad aa g
Ol mall s Gkl S (LIS 5 Lo ) il IS0 Slaall 25 aenay 5 Jidh (e 58 adigalld allaniil g

Gilsh T e ()5S0 ple ifiud JLEY) areaill ol jaly LAl o g5 8all 13 b A )l ) saa

s i ) iy
- &JJM\ alal o voy

¢ ob La Liia 08 () 55 G AllaS) ey and) 138 (e s
ALY pealiall Culiall sl 5 cAalida) o jliall Canliall LY aUail) sl e s pal ()
& Jrall dall e Llaall sle ] ye an
Adliad) AalisY) jealial) el e 50l (Y
. Adbiaall Ll A Ll 50 a3 A1 e sleall day 5 ke (T

(Y il gl o aladil o) (€
=2 &JJM‘ MS.JAA A

138 85 ¢ anall 4 ol ALY pualinll ppead SLEY] araadll 5 Jdaill 8 & 5 puiall 130 A JiaEs

B 0ol sl s saae Y1 s Cliac Y1 5 S Jie LAY jealiall (o jaie JS Jilad s Jaal)
dale Sl V) G 38V e ¢ L a3 il apanai s Waladl s a3 a5 ¢ Lgle dadl ) Jlaa) paay
& s iall 13 7z AY ¢ Lpasanal o ) A3LEY) jualiall 4dul) Claladl Jee alaw o (a5 ¢ Liiall GlaY!



-t ool dgaa £

z A & 5 e Aatia ¢gpbind JDA Janl) ais Cum o Jah ALERY) Talil) e g 5 piall 13g] Janll iy
o il Jeadll & 25330 £ e 5 (T YooY 01 2) il 3l Al el ) Jeadll b () oS
L ausd 1) 25}

E

o.)

ks i gan g 128
. (ACI-318-14) alidall ALy maleaill 3 LS 5a¥1 2580 slaie ] ()
s e 5 (etabs)(Safe )«(Atir) Jic Sl sl 5 Jalail gal y aladind (Y
Microsoft PowerPoint ,Microsoft Word :die (s a¥1 o gulal) zal s alasial (¥

':&JJM‘JJA -9

e Al 838 b Jgead Aay ) Jladl o5 4l Can ¢ J el A e g g ) 13 (s sing o) @il (e
A g s e b i Le JleSiad & )

Adlaal g Caal) A8 ¢ daladl ediall Jadis © J Y1 Jusadll
& sl (g larall Ciua gl Jady : (SEN Juadll

(el ALY jealiall Caa g Jady : QI Joadl
ALY jaabiall SLEY) sl s Jalall 3 a5l Juadl

 laa il 5 il ualall Juadl)



-2 E"JM‘ Q\}\ﬁ! Vay

oaiil) JLeS) 5 clgale o 3O A jlenall CBanill 21S ¢ ) ja) an laun Ay Jlanall Zalill (e g g piall Al a3 )
235 ) e 2 54l

Clac ¥y ) sunll g32ee VIS yualiall 038 a5 51l ansVI AV 5 aall 4355Sl A3LESY) yualiall 4l 5o Y
O dale 5 gabaB¥) Cailall a5 & sain sall (5 jlanall ppanaill go pabay ¥ IS

ALy yualiall e 3 jigall Jlea) alagl 5 Jilas Y

Jlea¥) s il e el 450aY) pualinll apenad ¢

Al maaill el o Gask e peadll 0

JalSiall Al alSly ¢ 5 8l 7 jA) Leasanad i (Al A0LESY) jealiall L0040 Gllabaddll Sl 1
Al JAal



Q,Jlﬂ\ Jadll
§ Jaral) Ciua gl

[ 3

A \EA\\

g9l (e dal

£ 9 siall a8 g

(el 4,88Y) Jalusal) Ciua g
gl sl ha g

il b gt

u.'t,ul\gézé)ai\n_baj

VoY

AT

Y.y

¢y

oY



- Aadia VoY
I 5 o s 8 4in s 4 iy S sl Y oY) s i 83 3 e oy jlanall gl yiad
e JS G alalial ae il b pladlly dlies 4 jlans 44 ylay

Y5 landl i lanic (i 3 gaa g dal e ale ol 08 JST (IS 13 5 ¢ LS8T 5 A ga g (83 jlerd] Canual g0

PR RS FER R DWONG . pt PRV I NP IO

s o Vsl Tag a5 JaST e o jlad) o s Jal e sae e &8 e ) L 6 maaill dlee )

A8l el Il a5 55 6 sm G cdndalia g oalagl s Liiall (S5 apan Al jall 028 (8 oy Cas (5 jlerall ppanall

AS jall 5 4 5l A o Liagl Agleall 038 3 Ay ¢ ) slaall 5 Baac V) @8] 50 dpaai s 4y sllaall alag¥) (Gaiad Chagy
Al ) lllaiall (e la e g Jasill

I aag A ALY manail) dlee Tag Al L) sumn Leal S35 (5 Jlonall apanall Al o (ga slgiiY) 2a
2 e el 2y g Lle el ) dilisd)l Ja) e laldie) Lpailiad 5 40LEY) jualial) slagf yaas

Al ) 5 e Gl ) jealial

- Eosdall 0o daal YL

e il ol sa Jall IS8 ¢ Gl 23l s dlayl e Y OIS asinall b A g¥1 5 Gl je¥) 834 ) ge
eeilaliind i 5 il 23al danadiay

6 Jana (S aiay 4df LS ¢ A 30U ALY many @iy ¢ ale Al oLE) (g gl 3 S (el
ppanaill Jae il 4y jlanall 5 diaall dusigl 5 50 e g g pdiall Ay jlerall cillaladall e J gaal) 233 cJaen
Lelady 3 A0LiY) jealiall el 430 cillaladal) dlac) 5 sy

e YAV Lgiabue i)l dakad o ol jlu o) UG gt (pitila ALV ol sha & (e i) ()5S
Lusfi e e Veow el daluay ¢ aase



q&\gﬂ\éﬁ v-Y

Jf alilaay g g pdall JLidl i 4l Ua 5 LEY) oty ¢ aal i dinne b il g 5 el o se o
&%M\%ﬁé“c@ﬁhﬂ@‘@;ﬂéﬁﬁb\yéﬁjc@JM\M\Q;J\
Y15 Al il

: gl o) VoYY
A Sl s pehall g ey

w5 JOIA 28V e T Leal) J gl s o cinnall S e e 4g )
(siial Adhaiall dals Y

- &JM@AY‘&M\ dﬁéJ Y-¢
sAggad il VoY

Sl 21 S e (s sina s ()Y i (5 s o 7,00 4smia s caa e sia 877 Adalun gl
(Y-Y) Jsdd) ki)



-

LY Y é.al.h Y_¢_¥

D e ssing il s o Cus ()Y gl (5 giie (527,00 Lersmias cau s 877 Liabua gl

gl S -
C(Y-Y) Sl ki

: ‘;&UY\ Lg,al.h!\ v_¢_v

rsle sl 138 (g ging G oY) hans (5 siasa e + 0,90 4xsmia s caia e 900 4inbusa il
Jusay) -

selshll -

Aslad) ad -

Slike -

Lodds —

OJRa =

Clales —

(YY) Jedd k)

s @l gty
sle Bl 138 (g ging G oY) pdans (5 e (352 +4.90 43 smia s can s sie 900 Adabue gl
Glabe -
Oaldd e -
Clelaalda e —

w\‘)..gg.\.aﬁ:u)c -
Al —

JETIE

(Y-Y) Jedd) i)



s AU gl eoglY

Cun Yl hu 5 siae 358 +8.90 S Gkl g s caa e sie 900 Gildall Aalise il
Dt Gl In (g iy
Jullia e —
Clabe -
hae —
Sl e -
(£-7) Jall
s oaldd) g @\Jﬂj Gl L’é.ll.hl\ -6y
Cua Y s (5 sie 358 +20.90 ¢ +16.90 ¢ + 12,90 42 gmin g cxa 3o 5ia 900 4iabina alis
:‘_Ac &\}H\ 0l g}d
Slabe -
il e

LS

C(0-Y) JRE | (£-y) JRdll il



|

S
—
L]

N ey

Ag el Al a8 Ll (Y-Y) O

=



:b'<}._

JsY) Gadall 5 oam , V) el 81 Ladsall (Y-Y) U

AR



Gl g S all &) hiall(£-Y) JSG

VY



T 5|
i
IL
-
[8&%is 2.
a s

Lomelall 5 ol Il idall E8Y) il (0-Y) S

VY



- algalyll hag oY
sAgledd) dgal gl Yoood
Aaall e dhi ) dgal S a

R— Pe_ m——

: _aml e,

ja: frg : l ;

g it | i

i L—dpbidp dfon g 0 3
oo A bl m |
=" ‘ R R G | s

. e RES

o SEEE sl S TR !;

North Elevation

el Zgal g (1Y) S5

P Ansind dgalgl YooY
sbiinnall aa Sl J2all e (5 gin

South Elevation
A giall Agal gl (V-Y) 84

¢



2 A8 ydl) dgal o)
el 18 Ja e (s

East Elevation

a8l dgal gl (A-Y) J<a

s Ayl dgal g Yooy
Aall e jlaie s o) shall JAaa e (5533

D T T T T T

West Elevation

G il dgal S (3-Y) U<

Yo



-1 ol B adaldall LY

section A-A

A-A () -Y)

-t i) (A A Al Chay VoY

Lagenll Al ligh ccabialy (and) Loy (e Caliad 48 gha (Y (sl 84S jall JS3 (e JiS) 2

i gildall DA (e 4a8Y) A @lling caeaally 213V DA (1

1



Gl Suadl)

£ 3 pdall LAY Ciaan gl

[ X3
D
o
b
-
1
-

‘“’al_d.\.a'}f\ M\ XN P o

Al asl) ol Lady) vov
N al) ¢y

iGN paliall oY

dasiivial) Ay gulad) gmal i 1Y

ARY%



o dadia VoW
DA e L) agy gl g IS Al A5 oSl ALY pealinll maa iy S cang odin £ 5 e (gl
s L) paliall e manad () o 31 Y) le clgad] (o palial o3 asaca dic 52 Jal 5o
Cingl (3in3 ) Ay slaal) ApeIly yuabin) manad Cams (5L aBY) Jalall Sl Ll (Al ey 4o AJ) 3y

Y SIY Leia

- Lrahiu‘z’\ avanail) XV P

Landigh) al sl aaa G el e Ao Jsandl g 5 e oY ALY areaill (e aladl Cargdl
Jua¥) aaen Jaay (gl Al Ja g 5 e B by Y (o Aan AN < Sigall gend o slia e A5LESY)
Apalamy) Al Sle ) ye g 4l g pil) aladiu¥) Apadia e Llial) cigll it g cagde dadl )

Alasy) jealiall adalia sl e 488s5 3 ( Factor of Safety ) gle¥) dale ()

Lo Aanlll lalgay) 5 68l Jaad e 5 08
e paducls (o) i all LIS 5 240 Dl lalli 5 oLl ) 50 32yl (1= Lehsint o :(Coost) A4S (¥

Ala

st 5 (Deflection) 15 b s sl ias Cus (e (Serviceability) daill isal) dadla 3508 (¥
sl Ao Ll 353 ) (Cracks) cisasl)

el JRE (8

YA



_s Alaad) o LgaY) ¥ow

il g 54 jre AR e oy Cus 5 il e all J8 o5 () cangy AL D JLEAY) aal (e 4 il and ey
3 A olie g g e ()Y il Ll ) gl i) daed Lia) g clglan 3 )08 (520 g @ sall (8 53 92 sall
Sl A siisae dee JMA (e pandll 2y g el ()5S O cang A1 Gl (5 gise daa g ccile ] b
dlee @l ) e & ol Uy ) oS daila a5 WSl clgand i sl 4 il Ciline 330 5 28 sall 8 dalidg

53 pall e slaall e J peandldy gl 50 Dlain¥) o3 Lail

Unconfined Compression test e

-1l HLEAY) 038 (e Lgaling ) gl aal e g

Llall gl e isall el iall ey iadl) (e Legle dadl gl Jlae DU 4l Jesd 58 ok

CA il g g e adtay (gl 5 Apalitay)
1l gndll 538 (e g ‘@L&."X\ el Lgiae Sl g ddbo HAT) 33 ga Aalaial) il gaall IS

Jani s ol aaatl Al AN CilaSa pu€ Clagad @
Slump Test — Al All L suell jasd @

Jaal) ¢v

Ll 3 5 all Jlaa¥W) o8 olua Cang s Leleaid dgana s el e i i 5 58l (o JlaaY)

aleais 5 el e Lle (uSeinn Jaa¥) Glia 1 psa S s s 6 (Y dlgle araail S50 iy
S Gy lei M

Jlaal¥) Lealy 5 (A9 Al Aall 5 A3all Jlaa) & asenaill U1 Glanally AT Cangy ) Jlaa) aal ()

AV ol Jie Aol e

14



- SIS L o e 3 jisall JleaaY) Casias Sy

: (Dead Loads) 4ixall Jlaal) .y

o0 Jlaal gd ailiy 8 dandivsall oLl 3 0 (e 0 585 A A caall 035 e Al Jlaa¥) o
olai¥l g Hladall A4l ceﬁh i )

£ IS g Aariicaal Mgall Ao gill AEUSIL 3lety Losig

23 Lol 1
22 gl 2
25 Aabeeall il i) 3
10 skl 4
22 5)Ladl) 5
17 Ja)ll 1

Faadicaal) dlgall duc gl A8EKN 1(V-F) Joaa



. (Live Load) 4l Juaal) ¥

e gl o Aall Jlaa¥l aaad 5 el L (i ey A jaie ) 23Sl Jlaal & Zaal) JlaaY)
Gaad s Lall Al Jlaal¥l ol JS L Lo J senall o L) 0 58 s ¢ sl 138 aladial (2 i lagi il (1
s el A 5 el b Ll

sl Lastise pal2i¥) o) 55l e

sl e i el )il e Lany 315 3ea VIS @Sl Juall e

ASla) Y 53565 ¢ gl SIS ¢ AY Cly e LSl s Sy Al AL JlaaY) e
A Al gall 5 Aifia )

2o/C8 (T)5 csbiivall Cojal 20/0S (0) aiad Lo Jlaad 3 Y1 35S0 a0l o Lilias 3
.G‘)Sﬂ 2 (“/US (°)} ¢ E\)AY\} C'_z\)Aﬂ

-2 Aol Jlaaly) ¥

el (e i A Jlaa¥) 5 Uae¥! elae s gz sBill Jlaad Jaii 56 Al Jal adl (e Al Jlaa) o

Bomde 05S3 2Ll Jleals | adsall 5 laall Al (ga 3 pia yiiad Jlea¥) a3a 5¢ Al Jleal s daajY)

o Jlaa¥l o3 a8 Lgale iy Al jualinll 5 clgy arbaa’ Gl dalisall 3as 5 o adiad ¢ olaiV 8
A Aapnall 40U Ay drd 5a g ¢ el gL 3Y1 5 ¢ Aoy

Ddlealloda (any blad s

-r YA Jasf -]
Ll e asie As ) gasis dndl o g alad caans 4l 5 4l ) Jleal e 35l a5
Ol A3 oed il 58 a5 AV (s sl Lals ¢ ol sV o e 5 DY) o ja A8 5 aall ol Jia
Lind) s sm gall il

AR



s LAY aliad) oY

(5 pil) pladiud Al 0 S35 Leda Y (i A Al 38 Aals) juealic sae e (g siag O ang Sae S

_:}at\zj\cﬁhehim}

. Foundation <lulusy) ()

. Columns 3=} (Y

. Beams sl (¥

. Slabs <laz=ll (¢

. Shear walls (=l o)) ) (©
. Stairs z!a¥ (1

. Basement Walls 4wl o) jos (VY

_:&A\gﬁdﬁﬂ\@wy|ﬁw‘u@w\ \&C_..'aﬁ

LT ADT

- -
FCOTUTINT I A L COINT

ALY paliall pand s g an ) (V-F) JS4

Yy



- (CUDL) ) csdel) YooY

aliall (W Ll 8 el Jlea¥) Gamay dpmst (5 g8l) Jiii A A5LESY) yealial) (e 3 jle el
eV 5 ol s ) suall Jie sl 3 Allal) ALy

- Lad Claiall (e cpailite (pe sip g il 1a 3 Liaadiiu
solid slabs 4ieadll Glaiall Y
. Ribbed Slabs 4 jall Cilagall ¥

-: (Solid Slabs) diemaall clsial) V-V _8_Y

i lea s Gpend g sil) 108 sy g
:(One Way Solid Slabs) 2a! s sladl & diaaall Glagall )

:(Two-Way Solid Slabs) csalad) & diaaall Claiall | ¥

One Way Slab Two Way Slab

. el i) (Yo) JS&

& sl 8 Ul o3 (e S 5 IV & sl aladiind o3 38

Yy



-: (Ribbed Slabs) 4& jial) cilsgall  Y_y_o.¥

Lt (el ) andi A2 jiall culaiel) Ll
: (One Way Ribbed Slabs) sl oladl i de jiall ciladall

aallad 5 L5 4681l a5 kel 13 3ol (0m S e S b LDl o3 ot o

| _— A {— | — | W——.

e S s

Aalgelad) Ade jdall clagall (Y-1) JSi

S sseall Yooy
)il g aae V) L claiall (e Jlaal) Jas 4005 jualic
)@.J:S\JSBM\&MUA&JL@SA“U}S&JP&BJ\J: - (H|dden Beam)BJM‘ J}A&J\ (\

ahg Baall o o S LeSans Sy g 0o 30 -1 (Dropped Beam ) dkdludl ) guadl (Y
Up stand ) s si=) sl (Down Stand Beam) i) cualai¥) asl & el e 23050 ¢ 5l 510
.T-section , L-section _swall sda cand Cusy (Beam

oo sl ale Ble) pe ae 3 ) sasall 5 Adal) ) gusald) aladiind &5 28 ) gualdl 5 B2ec Y1 o il | ki
.( Limitation of Deflection ) (st=331)

Y¢



(Adadlu) ) smanll JIS (£-7) UK

A il pe S Jlaall A guaal) padi
Adpaall saiall o il abieat] Lisd lgle Lailall Jreadl Ll sall s gusad) a5 ()
33ee M zla¥I jlaie Julis (¥
sl (Say dalise Lgin ¢ 5a IS ol al () 35Sl claliall culd dglu jal) culaiall apuds (Y
5Bl s g lassy el
Juabl e Jgeanll 3aae V5 ) guadl G ol Y Jgmie Jand @lld g Lgiany aa 3202 Y Lay 53 (&
sl (& elinil a5 el a5 o8

- baasd)  Yoo_v
G A b)) el ) gl g calaiall (e Jlaa1 Ji5 & i Sl pucaiall Baac V) e
esle Za3 gl Jlaa¥) w55t J8 e 3008 0 5S5 Cuny Lasana
saac Yl abalidd y AL shall 3aac V) 53 juaill 3aac Yl 1o 58 o 68 Baec Y ) il ) Aol Ll
G e baae Al Gyt @llia 5 «Sall 5 oyl 5 aliaall 5 g ylall 5 dabaisall Lgia cayae JIS
andall 5 dniaedl 5 duilu Al Leied deadiva) 3okl dala

Yo



44!.!
%3y
wilrs
P
v‘fll_‘
AL
4552
2ty
$551%
".;".-
"':‘.‘-
syl
eyl
.-..'"
‘.' 4%
ey
gid:?
eiu;d
egin,
gis,¥
gaiie
Rezh
ALt
'4:!":
anyiz
S

‘§=¢

il 3 geall JS (0-1) S

-: (Shear Wall ) o=lll ¢ j2a £-0.¥

Ao glial bl JS0 anaiis 5 AEY) 5 230 sarl) (5 gill o a5 A0LESY) ealinll (e Juls juaic 8 g
lo LeieliS e 33 a sl e il el o paad) e3a 5 Y N5 2Ll (558 Jie 481 JleaY)

LAY 5 gl daslie

i ) slal) (sl 5 lan V) a lieg o 55 LS Lol ol (52 anll Jonl) iy ¢ j2n o3 o 5
Ao sliall 3 e 0 ALl (5 585 G Ble) e e alad¥) (& i) 8 Gaill () pan 05S5 O g s el Ld
. OSar Lo B aall JEIN 35Sy g olani) JS (8 (il () 2 41SS 3
LY il 5 Al O i ¢ aebiadd) () jan s ¢z oAl G ol sasa ¢ ) aadl s2a Jiadi

Y1



el (B il Ol s 58 (1Y) JSS

PRCH DO D (I

s a5 aaas 3 ¥ emial) 405 g g il b S 30 1 il 58 LY
ol )y Al Jaa ¥l s 3l s 83ae Y1 pe et Jan ¥l Jii 31 cim ¥ 5 (inall oy Jom sl s
co=Y

8 ‘A&-ULQ 4.1.5\ ‘( lAA}“ \; “9‘ ) ‘ \”'4 »S\ 31 y‘ 51 “7 .

138 5 (Shallow Foundation) sl (ball (cams s G sl (e LB 5% 8 a5
b Add clulad ol dliadie ac) @l clulud ey 8 el 8l cllad (58 GlS ) e Baxy 0585 £ 53l
,&}M\‘;MM@.'A,@@\JJ@Q}“L‘SAM

Yv



spread footing's neck

footing

reinforcement bar grate

f 1200 T
— +300 + 200 S11200/1200
e H = 500
fox = 212/100
foy = @12/100
C1 300/300

column stirrups

hook

column rebars

stirrups in the joint area

column

/— footing

1200
for't
@12/100
1100

d

| 1L

L
4[II

Il

spacers i
g l J § for securing T
= 2:12‘/“1)00 the cover depth

-2l Gl S (V-Y) US4

YA

1200

——



AN

GUJ‘ f

i

5l G\)J‘}I\

O QY e Jgpaall paiall e

e

Silay

sl

Cus

-

Uall g ) i iy
sladl 3 diaraa

&

|

“..J.EJ;\‘,S\:\;JJX\EUSJ\Lﬁaﬂﬁ)ﬂb@&bm)“;

HMS

| z A

Sic s

-
o,

JA\}

e ¢

e b Laladiiul

b sz N

-
49
=

-

4400

a0 (A-Y) J

-

@:u'ay

Lo

A\



- Agalnay) gloaad) Aoy

sl Of Jslad Ja i e ) i) 138 (e i La g el (53 el g ol i) il Jail al) o3 i

e @l (5585 Y1 A il Ja gim g Lyl 5 A0 () 5 A slial BpaliiaY) ) paall aensly ¢ land) 13 o jai
A gadl oLl

£ 5 O Ol aladind 88y aal) e gl dgalall ol dalical) Alu Al (e dpaliny) ol jaall 25 Gl Sy

. gl 13a 8 (basement wall)

U-hock#8/10

912/15

gkl Hlas (A-Y) JSi

—: Aadiiccall 4 gulad) gal gl -

ABLEY) ealiall Jualdll aw 1 &l 5: Autocad 2016 ()
oY) aenaill s Atir (Y

Etabs (¥

Safe (¢



Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Design of one way ribbed slab (GF.R3).

4.3 Design of a beam (GF.B5) .

4.4 Design of Stairs.

4.5 Design of Column.

4.6 Design of Strip footing.

4.7 Design of Isolated footing.

4.8 Design of Basement wall.

4.9 Design of Shear wall.
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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, there are two types of slabs : One and two way ribbed slab. They would be
analyzed and designed by using finite element method of design, with aid of a computer
program called "ATIR- Software " to find the internal forces, deflections and moments for
ribbed slabs and then hand calculation would be made to find the required reinforcement
for some 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.

NOTE:
( f¢'=30*.8=24MPa).

*  Factored loads

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

qu=1.2D.L+1.6LL

vy



4 .2 Design of One Way Ribbed Slab :-

* Determination of thickness for One Way Ribbed Slab:

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

The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21

=700 /21 = 33.33cm
The maximum span length for simply supported (for ribs):
hmin for simply supported = L/16

= 450/16 = 28.25cm

Select Slab thickness h=32cm (block 24 cm & Topping 8cm)
*Load calculations:

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

design is calculated as in the following table:

Table : Calculation of the total dead load for one way rib slab.

Parts of Rib Density Calculation
RC Rib 25 0.12*0.24*25= 0.72 KN/m
Top Slab 25 0.08*0.52*25 = 1.04KN/m.
Plaster 22 0.03*0.52*22 = 0.343 KN/m.
Block 10 0.4*0.24*10= 0.96 KN/m
Sand Fill 17 0.07*0.52*17=0.619KN/m
Tile 23 0.03*0.52*23 = 0.359KN/m
Mortar 22 0.03*0.52*22 = 0.343 KN/m.
partition - 1.5*%0.52 = 0.78 KN/m

Load Calculation For Dead Load For Rib Slab . (Y-¢) Jss

Y



Total Dead load = 5..164 KN/m of rib
Total live load = 5%0.52= 2.6 KN/m of rib

Factored load

DL=1.2*5.164 = 6.2 KN/m/rib
LL=1.6*2.6=4.16 KN/m/rib

*  Design of Topping:

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

Tiles 0.03*23=0.69 KN/m
Mortar 0.03 *22=0.66 KN/m
Sand 0.07*17=1.19 KN/m

Topping 0.08 * 25=2 KN/m
Partitions 1.00*1.5 =1.5 KN/m

Dead Load =6.04 KN/m. (for Stores)
Live Load =5 KN/m. (for Stores)

Wy=12DL+16LL
=12*6.04+1.6*5=15.25KN/m. (Total Factored Load)

M = Wy 1?2 15.25% 0.42
= =
12 12

= 0.21 KN.Eof strip width

M, = f, xS

1+0.082
6

x10%3 =219 KN.m

2
= 042 Jff » - = 0.42 V24 +

ve



¢M, = 0.552.19 = 1.2 KN.m
¢M, = 1.2 KN.m > M, = 021 KN.m

~ No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement :-
p = 0.0018

A;= p*b*h=0.0018 % 1000 * 80 = 144 mm?.
#0f O = 22rea = 1 — 5 38, Spacing(S) = — = 0.347m = 347 mm.
Apar 50 2.88
280 280
<380 (2)-25* Ce <380 (22)

280 280

=380 * (—)—25%20<380* (—)
aly h

_ % 280 \ * % 280
=380 (g* 2 )—2.5*20<380 (é* 120 )
=330 mm. < 380mm.

<3*h=3*80=240 mm........... controlled.

<450 mm.

~Use ®8 @ 20 Cm C/C in both directions.



*  Design of Rib (GF.Rib3):

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-
bw =12 cm b =52 cm h =32 cm Tr =8 cm

Rib(GF.R3) Geometry.(Y-¢) Js&

1



Loading Of Rib (GF.Rib3). (¥-¢) Js&

Moment Envelop of rib (GF.Rib3). (¢-t) Js&

Shear Envelop of Rib (GF.Rib3) .(¢-¢) Js&

v
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Design of flexure:-

# Design the moments of Rib(GF.Rib3):

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320-20-10-== 283 mm.
— Mu max — 245 KN.m

be < Distance center to center between ribs =520 mm............ Controlled.

— be=520 mm.
— My = 085 f; by *ty + (d — Z)

= 0.85 * 24 x 0.52 = 0.08 * (0.283 - %) %103 = 206.22 KN.m

¢dMns=0.9* 206.22 =185.6 KN.m
— $Mps = 185.6 KN.m >> My max= 24.5 KN.m.

=~ Design as rectangular section.
1) Maximum positive moment Mu®) =245 KN.m

M, =Mu/ $ =24.5/0.9 = 27.22KN.m

_ fy _ 420
0.85f; 0.85+24

=20.6 MPa

R = M, _ 27.22%10°
n - 2 = 2
b*d 520% (283)

1 2%Rp*
p=—1- /1—Tm)

= 0.654 MPa

YA



P =5z (1 - \/ 1 - Zossvne ) = 0.00158
20.6 420

—As=p * b *d =0.00158*520 *283 = 232.5 mm?,

fe 1.4

ASmin = 25 bwrd = Pxbyxd (ACI-105.1)
= V2% 1204283 > %4120« 283
45420 420
=99.03mm?< 113.2mm? ............. Larger value is control.

— ASmin = 99.03 mm? < Asreq = 232.5 mm?,

~ As =232.5 mm?,
use 2 d14 = with area =307.7 mm? > Asreq = 232.5 mm?. OK.,

— Check for strain:- for positive moment (g, = 0.005)
Tension = Compression

As*fy =085* f/*b*a

307.7%420=0.85*24*520 * a

a=12.18 mm.

f¢ =24 MPa< 28 MPa— f3; =0.85

12.18
c=—==22=143mm.
B1 085

g, = €% 0,003
c

= 283143 4 5003 =0056 > 0.005 - ¢ =0.9 OK

S 14.3

T4



* Design the shear of Rib(GF.Rib3):

1)Vu =16.9 KN.

fe
q;vC=q>*£*bW*d

=0.75* g * 120 * 283/10° =20.8 KN.

1.1*$ Vc=1.1*20.8 =22.88 KN.
050 Vc=1144 KN<Vu=169KN< ¢ Vc= 22.8

Minimum shear reinforcement is required except for concrete joist construction. So,

No shear reinforcement is provided.

4.3 Design of Beam (GF.B5):

Material :-

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

B =80cm

h =65 cm



According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one

way slabs unless deflections are computed as follow:

hmin for one end continuous = L/18.5
=595/18.5 = 32.16 cm.

hmin for both end continuous = L/21
=650/21 =30..9cm

—Select Total depth of beam h= 65cm.

S S " S S N S T T T -7 IR N S S R S T
8.22

Load factors: 1.20,1.20{1.6

(*-¢) Js& Load of Beam (GF.B5)

&)



(V-#) Js& Moment Envelop for Beam (GF.B5)

Shear

(M-%) Js& Shear Envelop for Beam (GF.B5)

4.3.1 Design of flexure(GF.B5):-

# Design of moment:-
—>MU.max =862.8 KN.m.
bw=80Cm. , h=65Cm.

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

&y



d:650—40—8—§:589.5 mm

Crax=2*d=2*5895 =252.6 mm.
£ = 24 MPa < 28 MPa—f1 = 0.85
dmax = ﬁl* Cmax = 0.85 * 252.6 = 214.7mm.

M max = 0.85 * fc’*b*a*(d-g)

=0.85* 24 * 800 * 214.7 * (5895 - = ) * 10°
=1689.4 KN.m .

€s= 0.004

$=0.82

—OMnmax = 0.82 * 1689.4 = 1385.3 KN.m .
—OMnmax = 1385.3 KN.m > Mu =862.8 KN.m .

=~ Singly reinforced concrete section.

Maximum positive moment Mu® =862.8 KN.m .

M, = Mu /= 862.8/0.9 = 958.66 KN.m .

f; 420
=2 _= =20.6
0.85f!  0.85%24

_ My _ 958.66x10°
bxd%? 800+ (589.5)2

1 2%Rp*
pra(l- [1-m

—L<1_ 1_M):0_009

R, = 3.44 MPa.

" 206 420

—As=p * by *d = 0.009 * 800 *589.5 = 4270 mm?.

¢y



~

c

!

fC 1.4
Asmin = rfy) * bw xd > E * bw xd ol (ACI-1051)
= 2%, 800+ 589.5 > = «800 « 589.5
4%420 420
=1375.2 mm?<1572mm? ............. Larger value is control.

—>ASmin =1572 mm2 < ASreq =4270 mmz.

s As = 4270 mm?2.

# 0f d25 = ‘/‘f—" = % =8.6 — # of bars = 9 bars.
bar

~ Use 918

— As =9 * 491 = 4419 mm? > AsSreq = 4270 mm? .

— Check for strain:- (g = 0.005)
Tension = Compression

As*fy =085*f/ *b*a
4419*420=0.85*24*800 * a
a=113.7 mm.

=24 MPa < 28 MPa—f1 = 0.85

a _ 1137

c=—=—"-=—=133.79 mm.
B1 085
g, = "% 0.003
- 589.5—-133.79 * 0003 — 001 > 0005 K3 cb :09 OK
133.79

Check for bar placement:- =(800-80-16-9*25)/8 = 59.8mm > 25mm OK.

£¢



4.3.2 Design of shear (GF.B5):-

1) Vu=334.7 KN.
fe
c])VC:q)*g*bw*d

=0.75* V24 800 * 589.5 * 10 = 288.8 KN.

6
— Check For dimensions:-
PVC+( 2* o * JfI *bu*d) = 2888+ ( Z*0.75* V24 * 800 * 5895 * 10°)
=288.8 + 1155.17 = 1443.9 KN > Vu =334.7 KN.

~ Dimension is big enough.

— Check For items:-

1- Item1: V, < ‘1’2"0.

334.7 < 283'8

=144.4......Not satisfy.

2- ltem 2 : %<Vu < ¢ V¢

144 4< 334.7< 288.8....... Not satisfy.

3-ltem3: ¢ Vc<Vu< (Ve + Vsmin)

Vs,min = %6 V/24*800%589.5*103 = 144.4 KN

Vs,min = %*800*589.5*10'3 =157.2 KN

288.8 < 334.7 < 0.75(385 + 157.2) = 406.65 KN

Av,min

- 11—6\/24* 1000/420 = 0.73

S
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Av,min _ 1000
=——=0.79 .......... control
s 3%420

Smax <600mm or d/2=294.7 mm........... control
Take U-shape (4 legs stirrups) ¢8 with As = 200.96mm?
S =200.96/0.79 = 254.3 mm < Smax = 294.7 mm
Take U-shape (4 legs stirrups) ¢8 @200mm < S max = 294.7mm.

e



4.5 Design of Stairs:

# Stair Beam §

Stair Plan.

« Material :- concrete B300 Fc' = 24 N/mm?

Reinforcement Steel , Fy =420 N/mm?

4-5-1 Design of Flight :-

v" Determination of Thickness:-

hmin = L/20 = (1.6+3.3+1.3)/20 = 0.31 m
Take h=30cm

Run=30cm
Rise =18.185 cm

The Stair Slope by 6 = tan™(18.185 / 30) = 31.2°

¢y



v" Dead load calculation for flight for 1 m strip:-

No. | Parts of Flight | Density(KN/m?) | Calculation
23*0.03*1*((0.38+0.182)/0.3)=
1 Tiles vy 1.293KN/m
2 | Mortar YY 22*0.02*1*((0.3+0.182)/0.3 )= .707 KN/m
3 | Stair Yo (30/0.3)*((0.182*0.3)/2) = 2.73 KN/m
4 |R.C Yo 30*0.3*1 / c0s31.2° = 10.52 KN/m
5 Plaster vy 22*0.02*1 / c0s31.2° = 0.5144 KN/m
Sum 15.764KN/m
v Dead load calculation for Landing:-
No. | Parts of Landing | Density(KN/m?) | Calculation
1 Tiles vy 23*0.03*1=0.69 KN/m
2 Mortar vy 22*0.02*1=0.44 KN/m
4 R.C Yo 25*0.3*1= 7.5 KN/m
5 Plaster vy 22*0.02*1=0.44 KN/m
Sum 9.07 KN/m

EA




-Live Load For Stairs For 1m Strip = 3*1 =3 KN/m
-Factored Load For Flight :- Wu = (1.2 x15.764) + (1.6%3) = 23.7168 KN/m

For landing : Wu = (1.2*9.07)+(1.6*3) = 15.684 KN/m

e Design the flight :-

o ame
15.684 . 15.684

e LT oo

- I,

YMB =0 — Ay(6.2) = 15.684*1.6%5.4+23.71*3.3*2.95+15.684*1.3*0.65
— Ay=6122KN T
YFy =0 — 15.684*2.9+23.7168*3.3 -61.22= By — By = 60.75 KN T

£9



6327 94678 59365

x 36.125

—= — X=15587m
3.3 36.125+40.3578

-Mu(max) = (66.22+36.125)/2*1.3+36.125*1.5587*0.5 — Mu(max) = 94.678 KN.m
-Assume (12 — d =300-20-12/2 =274 mm

*  Check for shear :-
fe
* q)Vc:cb*g*bW*d

= 0.75* % *1000 * 274 * 10 = 167.79 KN.

Vu(max) =61.22 <0.5¢Vc=83.895KN ........... Thickness is OK.

M,, = Mu /b= 94.678 / 0.9 = 105.2 KN.m .75076000
=L - 20 _95p
0.85 fc 0.85%24
R, =4I - _1052+10° _4 4012 MPa.

T bxd?  1000% (274)2

1 2%Rp*
pra(l- [1-Em



_ 1 (1 _ \/1 _ 2+1.4012+20.6 > — 0.003459

" 206 420

—As = p * by *d = 0.003459 * 1000 *274 = 947.892 mm?.

— As(min) = 0.0018*1000*300 = 540 mm? .........

n= as__ 947.892/113 =8.388 ...... use 9
Asp12

s=1/9=0.11m
% Take9¢l12/m or ¢I12@ll- mm with area= 1017 mm?

e Step (s) is the smallest of :
1- 3h=3*300 =900 mm

2- 450 mm

3- 380 (2
5*420

) —2.5*%20 = 330 mm

e Temperature & shrinkage :
As(min) =540 mm? .......... Take 5 $p12/m

o)



4.6 Design of Column (C1) in ground floor:

* £¢'= 24 MPa

* Fy = 420 MPa

*Pp=5000 KN & PL=2000KN

* Py = 1.2(5000) + 1.6(2000) = 9200 KN

e Assume rectangular section and (p = 0.015)

Ast = 0.015*Ag

GPN.max = Pu = 0.8[0.85 fc'(Ag — Ast) + (Ast*fy)]
¢ = 0.65 — for tied column.

9200*10° = 0.65*0.8[0.85 *24(Ag — 0.015Ag) + (0.015Ag*420)]
Ag = 670163.13 mm?,

Ag=a> —a=+670163.13 =818.6 mm
Use 800*800 mm

oy



e Check for slenderness :

T <34 -12(5) < 40
M2

=
lu: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section =0.3 h
lu=312m
K =1.0 — for columns in nonsway frame.

e In (80 cm) direction :

=13<22 .. Short column in this direction

Ast = 0.015*640000 = 9600 mm?

Use 322 — —2_ = 21.14
486.625

So use 22 ¢p25
Design of ties :

Use $10 — spacing: 1) 48*ds = 48*10 = 480 mm
2) 16*db =16*25=400 mm.......... control

3) least dimension = 800 mm

Use $p10@20cm

oy



800—(40+2)—(10%2)—(25%7) _

Spacing = ” = 131.25mm > 40mm > (1.5db = 37.5mm)

4 .7 Design of Strip Footing :-

Try 500 mm thick
Qa,net = 400 - (0.5*25) - (5.52*17) = 291.16 KN/m?

Dead load = 340 KN/m
Live load = 120 KN/m

Pn 340+120
A= = =1.579 m?
qa,net 291.16

A =b*] - Takeb=1.6 m

d=500— 75 — 18/2 = 416 mm
Pu = (1.2*340)+(1.6*120) = 600 KN/m

qu=2=22=-375529116
A 1.6

o¢



e One way shear :

Vu = qu*l (Z—g—d)
Vu = 375*1(0.8 - 0.15 - 0.416)
Vu =87.75 KN

it
* Q)chcl)*g*bw*d

=0.75* \/%_4 *1000 * 416 * 10 = 254.7 KN.

e Design Fluxer :
—_ *1 * b a b/ _a/

Mu = 375 * 1 * 0.65 * (0.65/2) = 79.2 KN.m
Rn = Mu/¢bd?2 = (79.2%106)/(0.9%1000*4162) = 0.5 MPa

420
0.85%24

1 2%Rp*
pra(l- [1-Him

— L <1 _ 1— 2%0.5%20.6 ) = 0.0012

m = =20.6 MPa

20.6 420

As =0.0012*1000*%416 = 501.46 mm?
AS,min = 0.0018*1000*500 =900 mm? .......... control

Use §14/15

oo



e Check Strain :

Asxfy _ 900%420
0.85xfcx*b  0.85%24%1000

C =18.5/0.85=21.8 mm

=18.5mm

418-21.8

£ = T=*0.003 = *0.003 = 0.054 > 0.005.......0k

4.8 Design of Isolated Footing :

e Service Dead load = 5000 KN

e Service Live load = 200 KN

e Service surcharge = 5 KN/m?

e Allowable soil pressure (gqa) = 400 KN/m?
e Soil Density = 17 KN/m?®

fo =24 Mpa,f, = 420 Mpa.

Assume thickness of footing = 120 cm

e Weight of footing = 1.2*25 = 30 KN/m?

e Weight of soil = 1*17 = 17 KN/m?

e Total load on footing = 30+17+5 = 52 KN/m?
e Net soil pressure = 400 — 52 = 348 KN/m?

_ Pn_5000+2000

= = = 20.115m?
ganet 348

A=L?>5L=448m .......... take L = 4.8m
e Pu=(1.2*5000) + (1.6*2000) = 9200 KN

9200

qu = =399.3 KN/m?
4.8%4.8

o1



KN

# One Way Shear :

Vu @ distance d from the face of support :

Assume 20 > d=1200—-75—-18/2=1116 mm

Vu = qurb[ (1/2) - (a/2) - d] = 399.3*4.8[ (4.8/2) — (.8/2) — 1.116
Vu = 1694.31 KN

BVe = 0 x = x /fr x b xd = 0.75 X = x V24 X 4800 x 1116*10° = 3280.3

@V. = 3280.3 kN > V, = 1694.31 kN - Safe

# Two Way Shear :

LetVu= @V, (@ = 0.75)

VU =399.3%[ £,A%¢,A — (0.8+1.116)(0.8+1.116) |
Vu = 8434.8132 KN

B= %{m =800/800 =1 ,bo=4(0.8+1.116) = 7.664 m

os = 40 , interior column

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

.75
_ % (1+ %) V24*bo*d*107 = 15712.95 KN

0.75 ,asxd
2. OVe=— ( b0

0.75
3

1. @¢Vc

3. @Vc= *\/24*bo*d*10° = 10475.3 KN

®Vc=20491.3>Vu=2843481 KN ........... Ok

ov

+ 2) V/24*bo*d*10® = 20491.3 KN............... Control



¢ Design for flexure in long direction :

Use steel bars @20
B=¢Am , h=Y,Ym ,d=1.116m

Mu = 399.3*4.8*%2*(2/2) = 3833.28 KN.m

My 3833.28 x 10°

Rn = 3bdZ = 0.9 x 4800 x 11162

= 0.7125 MPa

420

m =585 <24 200

=—[1- [1-
P 420

1 2mR,\ 1 2 % 20.6 X 0.7125
m 420 | 206

= 0.0017272

As = 0.0017272*4800*1116 = 9252 mm?
As,min = 0.0018*4800*1200 = 10368 mm?................. control

#of 020 = 312

_ 4800—(75%2)—(33%20) _

10368

=33 — Take 33020

> = 124.6875 mm (should be smaller than the smallest of):

1. 3h=3*1200 = 3600 mm
2. 450 mm ................. control

oA



+» Design for flexure in opposite direction :

Mu = 3833.28 KN.m d=1116-20=1096mm

My 3833.28 x 10°

Rn = 3bdZ = 0.9 x 2800 X 10962

= 0.73869 MPa

__420
Mm=085x24
_1f,_ |, _2mRa\_ 1 2 % 20.6 X 0.7387
P=n 420 |~ 206 420

= 0.00179187
As = 0.00179187*4800%1096 = 9226.67 mm>
As,min = 0.0018*4800*1200 = 10368 MM2................ control

8

# of 320 = 12?2 = 33 _ Take 33020

_ 4800—(75%2)—(33%20) _

> = 124.6875 mm (should be smaller than the smallest of):

1. 3h=3*1200 = 3600 mm
2. 450 mm ................. control

S=124.6875mm<Smax=450mm ........... ok

o1



4.9 Design of Basement wall :-

Co=1-sin35=0.425.
hs = (5/18) = 0.278m .

Po = 18 * 0.425* 4= 30.6 Kn/m .

Ho=05*30.6*4=61.2Kn.
Ps=18*0.425*0.278 = 2.13 Kn/m .

Po=2.13*4=9.24 Kn.

Mu = 1.6 * (61.2%4/7) + 1.6 * (9.24 * 4/8) = 63.346 Kn /m



Ra =50.05 From Attir Software
Rb = 27.83 From Attir Software

Assume @ 1¢
d=300-75-7=218 mm

Mu = 32.8Kn.m
Rn =(32.8/0.9) / 1000 * (218*218 )= 0.77 Mpa

m =420/ (0.8 * 24 )=20.58

420

p= %(1 - |1- Z'm'R"> = 0.00187

As=p*b*d=407.8 mm2

As FOR VERTICAL =0.0015* b * h = 450 mm2

SELECT @ 12 @ 200 Vertical Bars For Both Side.

As FOR HORIZONTAL =0.002 * b * h = 600 mm2

SELECT @ 12 @ 150 Horizontal Bars For Both Side.

1)



4 .10: Design of Shear wall (SHW4) :-

940.5

Shear Forces (KN) Bending Moment (KN.m)

v" Material and Sections:-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness h=30cm
= Shear Wall Width Lw=3.2m

=  Shear Wall Height Hw =29.5m

* Design of Horizontal Reinforcement:-
¥ Fx = Vu= 285

The critical Section is the smaller of:
lw
7= 3.2/12=1.60m........ control*

hw

- 29.5/2 =14.75 m *

Story Highet( Hw) = 2.80.

1y



D= 0.8*Lw = 0.8*%3.20 = 2.56m

5 !
DVimax = QE\/fThd
= 0.75 * 0.83 * V24 * 300 * 3300 * 10~3 = 3019.12KN > V, = 285KN

V.is the smallest of :

1— V, =</f'hd = =VZ4& * 300 » 3300 * 10~° = 808.33KN
N,d
2 — I T = 0.27v24 % 300 * 3300 * 1073 + 0 = 1309.5KN
by (0.7 +021Nh)
3— V. =|0.05/F, + L hd
v, "2
3— 1, = 0 05\/_ 4+ M} 300 x 3300 * 1073 = 699KN......control

Vc =699KN

@ *x vc + Qvs = vu

@ * vs = VU-0 * vc

Vs=wvu/@ —vc

Vs = 285/0.75-699 = -319kN  NO need reinforcement

- Maximum spacing is the least of :
* Lw/5 = 3200/5 = 640 mm

*3*h = 3*300 = 900mm

*450 mm ....... Control

Select 10 ,tow layers

1y



A 2%79

Pe= =5, 2300 0.0025

Sh=210.6mm

Select Sh=200mm<Smax= 450 mm.
Take ¢10/20

* Design of Vertical Reinforcement:-

A'U'I?

2 = 0.0025 + 0.5 (2 5 — —) (p, — 0.0025) > 0.0025

v
hy 295
w32 %2

for this wall with ﬁ > 2.5,p, = 0.0025

- Maximum spacing is the least of :

% =3200/5 = 640 mm

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

Use $14/150 mm for two layers

* Design of Bending Moment:-

3200
Ag = ( )*2*1131—48256mm

150
4825.6 420
W=( “)f—y,z( ) = 0.088
L,h) £~ \3200 « 300/ 24
Lyhfe'

C_  wta 0.198 + 0 0098
I, 2w+0.858, 2%0.088+0.85%0.85

oM, = @ O-SAstfylw(1 +—)(1 - _)

stfy

= 0.9[0.5 * 4825.6 * 420 * 3200(1 + 0)(1 — 0.098)]10~¢ = 2632.5KN.m >
940.5KN.m .... Ok

¢
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American Concrete Institute (A.C.I1) Code.
Uniform Building Code (U.B.C 97).
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