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The Structural Design of Hospital

Work Team
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Anas Mohamad Aabdl-hamed Aaljada

Palestine Polytechnic University — 2012

Supervisor:
Dr. Haitham Ayyad

The idea of this project is the analysis and design of all structural
elements of the proposed hospital building, which will be separately studying
each component and structural design works appropriate for them.

The project consists of four floors in addition to basement, which
contains store, kitchen , electricity room , emergency room and operations
room, followed by the ground floor which contains a financial department ,
cafeteria, Outpatient Department, administrative department ,operations
department , department of radiology, department of pharmacy and
department of reception, and the first floor, which consists of operation
room, intensive care unit rooms, patients rooms , department of surgery
,stores, and recovery room, the second floor which consist of obstetric and
gynecology ward ,doctors resting room, internal medicine ward, and the third
floor which consist of pediatric ward, patient rooms and doctors resting
room.

This building will be "structurally” designed according to the
Jordanian Code of loads , also the American code of concrete design
(ACI-318-08) will be used in the designing of concrete members .
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List of Abbreviations

a = depth of equivaent rectangular stress block, cm.
a, = depth of equivalent rectangular stress block at balanced condition, cm.

a,. = depth of equivalent rectangular stress block at maximum ratio of
tension — reinforcement , cm
A. = areaof concrete section resisting shear transfer.

A, = Gross area of section.
A, = area of shear reinforcement within a distance (S).

A, = area of one leg of aclosed stirrup resisting tension within a(S).
A, = areaof tension reinforcement ,cm?
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A = areaof reinforcement at compression side, cm?
b = width of beam in rectangular beam section, cm
b, = effective width of flange in T-section beam, cm.
b, = width of web for T-section beam, cm.

C. = compression force in equivalent concrete block.
C, = compression force in compression reinforcement.

d = distance from extreme compression fiber to centroid of tension — side
reinforcement.

d' = distance from extreme compression fiber to centroid of compression-
side reinforcement.

E, = modulus of elasticity of reinforcement ,MPa

f'c = specified compressive strength of concrete.

f, = specified tensile strength of reinforcement.

M , = nominal bending moment.

M , = factored (ultimate) bending moment.

R, = coefficient of resistance.

t =dabthicknessin T-section beam, cm.

b, = factor asdefined by ACI 10.2.7.3.

e's = strain in compression — side reinforcement.

e, = Yyield strain of reinforcement.

r =ratio of tension reinforcement.

r, = ratio of tension reinforcement at balanced condition.

r . = ratio of reinforcement equivalent to compression forcein slab of T-

section beam.
I max = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.

I min = Minimum rétio of tension reinforcement permitted by ACI 10.5.1.

I eqq = required ratio of tension reinforcement.

f = strength reduction factor.

DL =dead load.

h = overall thickness of member.

| = moment of inertia of section resisting externally applied factored |oads.
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 = LiveLoad.

Ld = development length.

Lw = length of wall.

XVi



M = bending moment.

Pn = nominal axial load.

Pu = factored axial load.

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

V,, = nominal shear stress.

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

W, = weight of concrete .(Kg/m®)

W = width of beam of rip.

W, = factored load per unit area.

d = flexural depth of the beam, cm.

L = beam clear span, from support face to other support face.

N = number of stirrups required within a given segment of the beam.

N1 = number of legsfor each stirrup.

Vg =nominal shear strength provided by shear reinforcement at the section
where Vsisthe max permitted by ACI 11.12.1. Locating of this section is
needed to define which maximums provisions applies.

Veeqa = required nominal shear strength provided by shear reinforcement.
V,, = factor shear force at distance d from the face of the support.

V., eqa = factored shear force at the mid- span of the beam, will not be zero if

the beam is partially loaded with superimposed |oads.

fV, ..« = reduced shear strength of the beam section located along the beam
span where minimum shear reinforcement is required in accordance with.

X, = thedistance along the beam at which Vg occurs. For any beam section

within the distance X, , V,, isbased on 11.5.4.3, otherwiseis based on

11.5.4.1,
X = distance from the face of the support along the beam span after which

stirrups shall be placed with the maximum spacing per. 11.5.4.1 and 11.5.4.3
E. = modulus of elasticity of concrete ,MPa, see 8.5.1

El =flexura stiffness of compression number.
f. =caculated stressin reinforcement at service load, M Pa.

S

I, =moment of inertia of gross concrete sectional about centroidal axis,

neglecting reinforcement , mm?*

I . = moment of inertia of reinforcement about centroidal axis of member
cross section ,mm*

k = effective length factor for compression member.

XVii



M, =smaller factor end moment on a compression member .positive if
member is bent in single curvature, negative if bent in double curvature mm-
n.

M, = larger factored end moment on compression member ,always positive

, mm-2

B, =nominal axial load strength at balanced strain condition. See 10.3.2, N.
P. =critical load, see Eq.(10-10),N.

P, =nomina axial load strength at given eccentricity, N.

P, =nomina axial load strength at zero eccentricity, N.

P, =factored axia load at given eccentricity, N £ fP, .

u

r =radius of gyration of cross section of a compression member ,mm

d,. = moment magnification factor for frames not braced against sides way,
to reflect of member curvature between ends of compression member.
RL:ribl.

B1: bearl

R .W:Retaining wall.

B.W: Basement wall.

XViil



. 9all JLEA Gl
 §9odal) daglay (3l Gl - -
Agadd il - -

_daandl calaad



Al aal g e o Gaial Ll iS5 Amglall )l (e Gl 3 jatin s Aaila Ala ) (& g 5 Ladl L) aa g of die
(L) sl Aal) a1 sl 1) g JLal Laila slrnse IS 4] J g o1l B Jin 5 LS5 U5 T alaY iy

ag Adapnall JUadY) ands A AGY) adla T a5l 53 Sl GlasY) Sa of (oalall (e S8

elnall Y] aa g il Hshiy Gl sk ae, ) oda 3ail W e 5 5 jlaaldl s CLEAVIS Y o) sl
) Gudigal) 50 Sl (e agllandil 5 agili Calisiey (Wil claliiad At GIaa Y1 AS) g0 e 2 Y IS aiundll
Al 5 S A e paaall Ja) (e alsla g o lSEl

Can il gang (e 4313 585 ntia s (38 e Jasha o e Al ) ile Ja )l GaY) Sl (i s aenay (e sa (udigalld
e O Jslas e BBV e sl el (e sp (utigal) JLaia) S ollia pumly ) Sa0 5 Lin (B g Caaa (8 2a) 5 (i
Azl da 5 ¢l )5 o shaall Jleal)



- gosial) LA Gilad -

- gl dagaday (3l Glpad -

sl Jadiy (53 canliall GISA) 55y V) BEa Y o2a s Akl djle HI" elran Ay pdill 4y ) 5 juall Cilalgia¥) aal
5 ) Jalail) Jas ALaAS ALl Al 5o 2ol s puday Jaall (5 588 1A Galuall 5 4 seill
Lsing 58 s dalall o3 ol 7 paill AdliA) jealial) arana

| Congl) I3gd iind iy idiionn ppaaiy Bl L g 5 sk JiS) (6 (3lliall 138 cyas

b oo dld L3O Aplall Ao 5L 35 il e lSa 8 JIS ddial) g g pda ) -
L) e ) olae el b aeluy ol V) 28 Jia i ( )

—Aaadld Gl - -

O] GananigaS A ey Ciial ) dudia Gaadd S WY L& g kel 058 ol g ) Bai A -
oda (S5 Y il s dpadaill Jlaall Leie 3 psea o sliie (e 5 jlie Gulali 8 il alef of GllAS
M@@Jw\w% MLA@JUAA\

o)l Al sl gl Ly Gl e Gldy LY asenailly e U ) lgall i€ 3 Juaall (38 B -
Eiany ualiall 038 avenaiy dilide Agli) yualic wdusingley - SLEY) Jalatll JSA (a Aleal
A Al e pdgisle) e pe Lede Al sl Jlea¥) ge ol



- KTy .
Al Calaa ¥l ) Ulia g 88 () <5 o alaS) aay aad) 138 o0 Ju

crilbabiall e 45Uy o jualic a)sis ddlitall ajbiall culiall iyl Ul sl e sl

:\..1\3\.‘1;?\ )AM\M‘AGBJJSM
Al ) sl 8 Ll 5o 3 1 el Ly 5 ks
sl Jal) e L lin 5 SLEY) pranall geal_y plasd

3aee Y5 lae Y1 5 B Jie A0LEY) pualiall (e jeaie JS dalad aiu Jlaall 138 85 sl 13¢] Llane () S0
Slie Y e 32Y) Led o 30U ol apanat s Waolagd apaad 5 ey dgle dadl gl Jlaa¥l aany
On g sosiall 130 21 Y Lpapanad &3 3 ASLEY) juabiall Ll cilabdd) Jae alis a3 e s
25l as ) ) EY) s

Bl 25l e S Cleadl) VA Jaal) s Capn o ALY Al o g g el Vgl Jaall sy
] Aol )l A e

. (ACI-318-02) daliaall 5L asebiaill b S5 yaY)
(Atir, staad pro, safe, etabs) Jis ALY el g Jaill zal s pladiul
.Microsoft office Word & Power Point



Jomad S8 o Leallay Al gl sall ot i 0 O g Aspmall A8 Hhally ale Gy (g 4K )
coge s s Lgie Juad JSal Jealtae 8 Sl e i 5 288 13l

= G pa s g s pdall il

Loadlaal g Caanl) AEG ¢ Al denial) Jady

Cuall Jady ;

onall LY pealiall Gy Jadia

ALy pealiall LY araadl) 5 Judaill ;

L Sl gl il ;

& somiiall Calaal aee Ll 55 4y larall a5l e Linma oo 28Ul @llh g A jlanal) cildaladll 4 50
ada g g
sxacl g5 Jie cllabddll o pualiall oda ayjsicllisy . 4 &l Ailasy) pealiall 3l o

szl L) Amd . Jon Jlaal o Aiae Jlaad cilS fe) g Al e 28] gl Jlaaly) yaas
(

apenaill Juee ganyall L paas il Adlina Jreaill Vs aaadl Ly yealiall (a3

Ll le

el il e el A0LaY) jualinll apana

Al daal g L) dual sl

e giiall o sulall zal s (pe Al el Ay sl il 45 iy elld s aperaidll daia e U

) Ja e aie) 8 S Gy JalSia JS g 5 il yualie aosead L3001 22wl cillaladall gaes |

A ggn (ALL) udiga



Aol JS1 5 a3l 5 g 5 el Qe Juslasi peaa gy N saal

\ ) Aol pal) Al A g pdiall a3l Jgaad) (- )

Fam

o e At L B D YT R R R N - 211'-."4-."-‘}-“‘!';‘,]'1';'-‘."1

Ll pal

Fad i

sl el e

L ol ;_-JJ

7y el s iz
—_—
fypied bl 2

el

i i

Pl b dur

fasd s

futd 2




','l

IS

4 suaidl) ulds

dllail) dgal gll
48, Agal
L siadl dgal sl

A Ad) dgal s

. 488y Jablucal) Chuay -



oAk calhly @l jlas DA e i) — —gladldule dals 4 0 LAl
Lo 138 5, 3 _patunall A ) £ 1)1 3 pane JuSH1 W e el s Jlial i aSial5 1S 4l o3a Biail ly)
padaall o ) gas Simeall pgialy ddaliogalilais & e Y)sadlel el Gse il pal  Glall 2aaliy 138 Lia gy 3 Jic
) sihall ot e JuS 5
¥ Lihaa Jidh Cuny 83 e g 5 e ol Liie (Y sl dpaal eSS Lia g
A Aabia ol bl g caida gl Bt e VI e 33 s Liiall USG5 apaat Al pall 0ds 8 2 Cus (5 jleradl asanall

038 (b ol ) saall 5 Baac Y a8 o dpani g A slhaall alay¥) g e i Bad Cargy ¢ ¢l 138 oL At Lelal (1
Auids ) clllaiall e e e g Jaml) 5 A8 jall 5 A seill 5 3 )Y Aud a Lol dulaal)

OaSi dalal) 03 5 can s JaST o5 GISaY1 a8 Lie A gllaall dalall ) laill s e ) shaie (e asenadl) IS Ll

W|Q\J&Y\dﬁhy\ @MJ&Q\@JL@‘M\dkw@%\ﬁjﬁ‘)@u@de)&Mﬁiﬂuﬁ

L sl 555 5 LAY £ Catie b AR saae Y (pe AMAD s RS claliad) 5

e dapaal ol Aas daSl e o ladl &y s ae dal e b of 2 Y dee gl 610y
e e 2aly sy A (5 lanal) msaaly U3 fag s (ALY Al 4y jlanall Zaldll ) (piials

o3 6 s A sllaall dlag¥l g e il (Baiat Cangs 481 pal 6V ay sl (g yan ) Adliad) clllaiall 5 cailda gl (§ada
Cdaids o)) el e la e 5 A sall g Janll o 4 seill 5 J Jadl 55UV A o dulasl)

ALasy) pealiall alagl aaad ) Caags Al ALY aeadll dlee Tan g jlerall areaill ddae (e olgiV) anyg
Jlea¥) Jaiy s 5o a i Al jualind) o328 Ll (i e ) ddlisadl Jlaal) e slaie) @l pailiad



b Dlidiue 3say ) dald) ladine als ani daged (o slhall CaiS 5 Judandill le jls & Jlsadll JMA e
Baall cilllial) e pi dadser Clidiue dsas Jall o5y

Lotk Al lalia¥) aes by G e €3l Calaal) Biay ale Al apeal des
b LS daludl) bz pamic 3 gall 3l Oe g sdiall (O sSh dum Aglanddll 5 5uY)
C ) C ) () %l
Oo Anaall Aalal) e cralie JS3 il sl Slaadl) Led £ 538 5 e e () ( )

sanadl

gl peadll A - -

Slo uadlly Lol e IS il 4 jae Cingd el Jilat 8 dagall Jalgall e ualil) 5 2Ll AS e A o e
Agagdall selial) 5 A 5l Adlaiall pranaill Ja 5 5l oy Cumy (AL A 585 i e 8 ) Al Sl )



_s A adly) Jablaad) - -

g sodall dady

(- --)RilenamalSeial  Jo dadyy-r dpgudl gl - - -
cSlileall 44 e / , /
/ Chghll cleadl) oy
ST RV REN L e LY . /

/ gl g ol el e

A guiil) (33 Jadadia <(--2-)

10



= (- - - ) ISl e s LS AT el Y Jadig - -

. 3.:\;‘)\.;1\ Q\JL:B.]‘ /

LS/
colbleadl

Al ad /

11



(- - - )dSal 8 ke LS AgV) ol 3all (e O Gildall 138 Jadly ;

Ccilileall a2/

A 4l /

L I__'|
L

I

12



JS Gl 13 Jast

Y el 329 (e

e
40
=

(- - - )OSl i LS

RNy

i

13



(- - - )JSAl G et LS A o) 3a Y (e JS Gl 1as Jedy

Gl skl e claluall a8 *

4 putll

14



- dlgald ay - -
L jaall e (e sig dnalall Aalw 3l &;L»dvfuu)sj\@;w\wg@\m\ggﬂ\wﬂq\ﬂ\

pldiul o G Jleall jaie 5555 Ay sall oy plall 4 glae dog il Lgtuulia dday 5
OSSO 5l g sl (558 Bhadll jany Cileal sl A ahldl jaall

Al dgalgh) - - -

2 Y) s 4 sl Galdall o gusia Lad G sasie o (5 9ad s diall Gan I Ja dgalsll oda (5 a3
cMMuﬂ&&S@mﬂdw\jﬁ)ﬂ\wt}JG&\d-;\u..q‘s..u.qnd..q\s . )«LSUJAA@)\MAU\)})—\UMS
(---) G LS isiad) ) Jea g @ )l g LEN e dgal 5l

A ) T s
= e — M M =
| —— E E |
I N = = A
— [l =
= =1
= sLl5 |2
- | o (| = ._%.%
I = ' A
i T =t NI Al
' R - O LI }%H
" = - £
I THNIIT] raﬁiﬁ-.?x
(LI T e
il dgalsh (- - )

15



-1 A siad) dgal

@\J@#U@%JWQ\J}}&Q@}M&S usa&uﬂsc)sd;ush‘l@.;\)l\bad

oY) Gl 5 & gl el (s gasia Lo el LS ARl QS ) deal s
(---) Oy LS
—

TOTTT0T

moooogao

il dgalg (- - -)

16



<A Al Al - - -

gl Gl e 8 S GRS By ) i o e n e Tl o2 (5553
U:“":‘L‘“S d}?\j&g}uﬁl\‘}s\.ﬂ\uwﬁj M@N‘Q‘J@‘Mﬁy;&%\}”bﬂ@)@)\-
(- -)

J
{

AAMARAMAARA

sl [ﬂ% |F

An A Al (- - -)

17



g Al Adledd) dgalgh - - -

by Voas (all (i 5 0 o (g 5383 Gl Jamy = Jaae e (g5
(---) O LS Gl 3y pull (3
Mo T — 1
e l:'.""".'l ! | .=
= 'I'glllﬁl'l' ol E — m
by 1 — | E ElllllllllllIIIIII E = o u .l?‘ ”
! non 93— || 3 El || 5 T
— 1
{SRTIIN e =Wl |l 2 i
! m =
d L
L1

A Al Al dgalgh (- - -)

18



- Al Al dgal gl - - -

el g Ll e dgal ol sda Jhat LS dlies 3y jlene & 50 o (583 LS A dA
Ailaiall stV g L e dealsl o3 (B LS il ast Il Jaadl ) 525l

A&l Adladd gl gl (- - )

19



- A Al dgsiadl dgalgl - - -

jSa.@.;\ﬂ‘b&dla’ixﬂhs @\J%JWQ\J}}Q&@}M&S MLL}JA\M&LQ@A\}X\D&@}M
_(-- -)(M"\Qﬂgbs ;s.\.u.uuﬂ'w @Lﬂ\@iﬂ\é&dﬁbﬂ ;s.u.uuﬂ'“ @&\Q\J@J\J}A

A A Ay giall dgalgl) i( - - - )

20



3 LA Jiati il ¢ 48 al) o Al el alllsle) e a3 Cun ¢ udl)
Glall (i Cumy Gl sl (o JREH &) sy 53 Ll 5 2 a5 284S Sally LSS
Jidew ARSI AN e e (s giag o3l Js¥1 Gl e 38l Al seas cpatia s ileal) G e Y
& el g Al g5 isall ¢l 3 ks oo Sl ()5S, sy A il 2 sl Aliso (o Cany
) Aol (3l 20w 5 iaall e A8 sl Al Cap B8 sal) 8l 5 ¢ gl

A e A8 all A8 Jhabe iy ma g (- - - )

21



e giadl)

(Y asaatll Cara
Aokl g dgllasl el al

ledial - -
Al JlaaY) -
Al Jlay) -

Caad Jlal - -
Aleall il syl
aslaay)

( ) - -

CAaliay) ool - -

22



adualdl men B Gendll 5 il 5 W) 5 4uilss e Opme Gils o 5eai® Y Caa g dlee gl ()

Lllaal) ailuatitn adle Ca il ke | Ve e Sl AdANN
LY 5 Al sle) e ge aland GISaYL muadd ALEY) adils e capaill A jall a5 e 1Y OIS

b Jlaa¥) Ja L oty Al 2al) 5 il I adls meat e ula vl 2

s Al Gl gl 5 Ledae dale o g Lale Capadll 5 AALAY) ualiall a2 AiS Caa b s Lo

MM\Q.;JW\QJ}JM&QLM‘B\.G\JA@ L@JJM\JLSB‘\]\
_:g_‘abid‘g\M\JM -

d3aal g3 € Jary Lol i 5 JalSie Liia sV s s ALY asanail) (o oalad) Caagll
el 48 ey Of WY LAY jealiall (e peaie (5 araal die 5 Ay g A s ds Jleal (e L paa )
- 4l

Cuuliall ALEY) eaial) H) YA e 4d) Jsea sl 2% o( Safety ) v
ols e (m ey ) clalga ) 5 JleaV) A e

Aty (s m il 24l Gaob o gt 25 1 (Cost) v
e Aallall (90 e alal e

(Deflection) 213 bsw sl caind dus e (Serviceability) Jdeeiill el 4ada 3508 v/
bt adead 5 G jlens iuall o 55 (Cracks)

- gl g daldadl) eyl -

Led i patt Al Jlaa ) Y A ) Ay Gk ALy calad) (s Al Jalail) dlee ¢
el gl 5l e ase dpw biled 5 Al 5 A8 slhal) ALY JSEIL Lta i

- L s 48 Hla o e 5 il 5 ) gaay JleaV) s
Jlea¥) 5 4l Ll Jles 23 5. ( ) Gl Jles -
A

ool il g ¢ la Al Gilead) (S Jadiip 1 (3ol e ) 4 Jlaal) -

23



Guan e 4Ly pualial) o Jleal) Jia dglee & daliiadl 483 sle ) yo cany
.Gl Canuatll

o8 3Laiall Hligd) Casan (93 Lgle AxBl ) Jlaa¥) Jaad e 508 () 65 Of Lapana &y 3 A5LEY) jualiall
Al Jla¥I( Al Jaa¥) (il JalI( o n
- Aall Jlaal) - - -

LAY jealiall paen el Cua deadiall clid) 3 50 ol 35l (00 050 W S ) ()5 oo anii Jleal &
oY) g lafall Al cails (S el a 300 Jleal g8 4500 & el

s Y 2 o Lle J peanll SIS e Aandtiiall 3 gall die gill ZAESIL (3laty Lasd

(KN/m?)

dasiiouall 3) gall dpe ol 48U (- )

s Agal Jlaal) - - -

leie ¢ 3 OVlexin) ol Al LW lenin) oSay lelia) s A1 L (o e ) Jaal) 4
D dedd A

Ll e i a3l el e i )5 ea VIS Al Jlea)
e ASHELY Y 83eally sl IS AV i e LSl s (Say il
oo Tlde) dall Jleal) 4ad Gan (- ) 5 claxall g 3 3eadl s iy

24



ASCE/SEl 7-05 Jleadl S5V ol phaill &5 adly Wade ¢ o,V 26Kl Gana il st dge 5
oLl sagay laluall COBERY @y aars SV 3580 Jlaal g & he ALE Lall Jla¥) o) L
(eSaY) s G Jlaadl (41 ) Jisaall G LeS el s claball i) 5 clalasind

plasia) dagh
(KN/m?)
50 ) il o
5.0 =
4.0
5.0
25 4".!',5 !\ ‘5:‘1-“5‘
all Jlal (- )
- A Jlaa¥) - - -
- A s dmhal) ilad) e ealill Jea¥) 8 JiaT
ZL
L) e 2Ll e s A sl il Ll el il e i Al

st LIl QST a3 Ge At il 1) Al Jaka (g Aal alS 1Y) A sa g 5S05 eldl Dad ol ciliaal
o Aadi pe S ol g Sl e ALY CGun G alsall 5 (V) mhau e Gl gli)) Lo Taldie) 2Ll Jlaal
(0.4 KN/m?) bl
(

G Gand) e Tolaie ) sl Jlaad anis Sars oz s aS1 53 Jedy Laiall b i ety off (S G Q) (8

s Il o pall el (e

25



Y S el e e g LYY G B Jlaal A Gy M) Jsaadl

(H)
(KN /V?) ( )

0 H <250
(h-250) /1000 500 > h > 250
(h-400) / 400 1500 > h > 500

(h—812.5)/ 250 2500 > h > 1500

A g (8 P s sl Jlaaf Aad o( - )

(
oo Lot ase Lo Algh Al ) 5480 58 e s ke A 5 el e i A Adll Jlea) sal (1
Jiad dn ya3 ie ) LDl ey IS ol 5 lSlansy daaad) Gaill Gl jaa aladiuly Lie glie Says
s (oYU ol ik sl glol e dkdladll 53 shall Qi aaaill ddee 8 lgile) po cany Jlaa¥) o2a
il 35S N e g5 Talaie ) aill (5 5 JY 3 Jleal apaas

- Aleal) o jlsiY) -

CLESELL Ae Ll l Jlee Y1 aen L (i 5 cad sall 40385 gual) il jall Jee e (Y Al A 5ol Bauy

Ledle elill aie 3, il (s’ 48 jlay 5aill Lgtian jig o glaall sty 48 sl olaall ) sdaall 5 45 il Al )25 o8 sall

bl azaail 4o 50 (Bearing Capacity) il desizd e Jgasdl s ALY Gudigal) 45 gy e ST
Aol Gand Qi (o g il oS () 28 Jacadll 5 aall

26



-1 ALA) jualiad)
@l 4aing Y ALiSie as) 5 S maail  Ganll lpiany pe ALY jualiall sl dlcasa e 3le s il

Adadl ) aadl s Baae Vs ) sl y culaiall ¢ pualinll o34 aal ey ¢ Ll ey G Jleaal) Sl
e s alll g

- ( ) R
Leale 33 5all Jlea¥) sy Gt I (5 580 ALY pealiall (e 3 e Cilaka)
il g3 ) L a0 53¢ Baae Y5 ) paal s ) geald) Jie ) A ALalad) dslasy)

© bl lie Aaludll Al AN S (e Jlaxin¥] Al sanse 5 Adlida gl sl a5

. Solid Slabs
. Ribbed Slabs

JS laial) (e (e 55 L) &5 A jlesal) Clllaiall ¢ 53y g 5 pudall 28 & Cldledll (e dpael) 5 g
03gd (s b s A8 J gaadl) & ALY aseliall) 3 ra g Al 5 aladiu¥) Al a3l 8 Lo o
composite slabs
. One Way Rib Slabs
Two Way Rib Slabs caaladl 8 4e jhe ilaie
solid slabs

27



. Solid Slabs -- -3

S ey e ) g sl 138 it
. One Way Solid Slabs -

. Tow Way Solid Slabs cpalail 8 Aiaaall ilaiall -
oY s cldie 8 Ul a3 (e V) g sl alasiad Q5 S8

Comlaih ddeas (- - )

28



-: Ribbed Slabs. .-

2 Led Cpand ) i A2 il Clainl)

. One Way Rib Slabs -
. Tow Way Rib Slabs gsalail & cua -

-:(One Way Rib Slabs) - - - -

O vy rin siak Shvnkage B Temperatuss Doy -,

29



- (Tow Way Rib Slabs) ¢l - - - -

Laansi 5 ilalinall a6 w2850 palad) 8 Camanll Cilie

Halice Block [ 17am )

30



e ) Leliy a6l Aaadll Claiall Apull 4pli) jualic

-l (e g e Al Al

5 st L) (5 Gy Bakal) JR0 i) ) guaal e 3 e -

- . (Dropped Beam)
a) A el e 20 e ) 5 ahs saied) gl e 51 el 06K ) smeall @lli e 5 e
Dl oda audi Cusy (Up stand Beam) (Down Stand Beam) Aéull cpalasy)
. L —section, T-section
Dzl s32ee ) e o g ol e 3 3all (g il il sl | i
.( Limitation of Deflection) ( )

e e

Hiddo B sz

31



oed Al R sl
Nele L85l Jlaall sy e 5,08 05S Cuny Lpapanal ang el

leie buae JSil saac Yl alalid ALy skl saac s 5 jaill saecY) ipe 61 o ed 32ee V) gl ) dailly W
Leiad deriivuall 3alall dagla s (g 32ee DU AT o @llin 5 (S jall 5 el 5 aliad) 5 g Al 5 Qo)
CAgadall s dnaeall g Al )

@k’wd;&g-- S

Al eI £ g G (- - )

32



-2 (Shear Wall) - -

Jlaa¥) e gl asbasl IS5 aasis 5 Lgle Aadl gl 23881 5 300 gand) (5 sl ol Alala 4lis) pualic a0 s
35 i anll 0e ity ol ol el ot (shear wall) ool Ol e ey IV o 5 8 o 2480
3—,\§W\ sl Aaglia o Lgheli€ e

Led i yaty ) AN (5 gl Ao glie e s LaS Ll A giiall 2 1 ()51 Jasd e 3 oda Jais
sladl JS 3 (aill () o AN A e sliall S pe o Ablsall (55 0 Ble) pe ge caladY) e i iy
OSas Le Bl aall JE S 5
AEY) (g il Ao glial) i) o pan e W T a5 sl al g QS 5 el 48S ) paall eda (585 )

& Laaal (e oSl @llys el JalS (G ey pae JS Lem jsis ) (8 ol () jan aaad o3 N8
ol G loass Ol s S

33



-: (Foundations) - -

el e LBV ey oy Lgasanad o V) Ll oLy die adis fas L Jf o8 Gl o (e a2 il
el ALY jealial) 44l

a5 el & ALY ealiall G Jaal) ddls
ba¥) (sSas Al ) Sl W)l saee Y () Q) s e
Lall YLy YN 2 st Ll e Aasll) Auainall Jlaa) Liaul 5 (iaall el Jlaa) Jasd (e Jae

23a3 oy &8 gall dagha g Lgale Aadl N Jaal) e Tely s Gl dpapanatll Juaal) o Jlaall o3 ) S5

058 35 (Shallow Foundation) ahedl (el cavss pa V) mho oo Wi 06K 3 bl
138 o g damg )8 A8 oy cMaulall e leay ysi o (5 @Y1 Adsaad) 4yl cilinks ) Liinal) Jleald Jaal 4 3l Ja)a aee
.(Deep Foundation )Gl il & 53

Sy Faslaey —

34



3senll ook e GA¥) I il o Jlea¥) JB RS gy (L - - ) (. - — ) odSal U
L o) b bl as a3 dlee g s gl 5 ) (e Leale a5l Jlaa DU 4 il da slie dlee i g

35



: (Stairs) - -

Y G ) i o Cam el 3 il Gy ol 1) JEY) e
a5 olad) & Liacaa saie o liely WA g dl ayeal Sy, Baal gl Aa sl gl Jid b e clelis )
Y arealll A eV pe B 38 AN, gkl ela i e de ge gl g S8 Le g e (B Lealadiul
sl aebad) ¢ 5

A B asgia( - - )

36



-:(Retaining Walls) 43liwy) g el - -

@ jad ol i o) Jglad o guza (e U1 I8 e iy Lag Lgdla (gl el g ool ) il Jail el 028
b gal) olaal) (e a4 il o g g Ll Ayl () ) 5 Ae gl AaliiaY) (o)) jaal) aaaai s ¢ laall 1a

L gand At () jan aladiul e 2 Y O g 5 el il dadad Caplia 8 peal ) CODEAY) Cansy
gl sae ia g saall e ol Apalall ol dadisdl) Dlas A e Aol o)) jaad) 385 o Sy BY Y1 5 eVl e
D e i) Ol sl e

s e aaiad ) (gravity walls) dsdlall o) jaa
. (cantilever walls) 4 pSI ) sl
.(braced walls)

37



-(Expansion Joints) - -

sl 230 Jaal b Aualal) g lia 81 5 JISEY) b i 5l 2aY) sla¥) il Sl JS 8 245
(- ) ool pase 81N dualdll pas oy 5 lae (paia jall il sil) (ST 085 L oa
sl sill 038 et JV I JladY o gliaS Lt jal cliinall Jidad die |, cliids Sigaa ) @l oy of 050 2aailly
ol Lal G 5 Ly Balad) il il 5 cldal RSN (s Jucal il o3gd s 2001 3150 Jaal silly

A daal sl o2 Juai () e cadinall 35S G Liiall ABS 8 5 ) ya 2203 Jucal 58 aladial oy
ool LS il A sl alaall clilisall i 5 LBl A () 50 (s slall il an

Adlall 2 5h (40m)
Aalad) 3 skl il Blalid) 3 (36m) o
(32m)
(28m)

. (3cm) oe Jualdll (e Jiy Y ol g

s (-)
izl ) o3a aal (e 13ed JalSial) mranaill Joe 4 O S 2ae aladiuly

ALyl 54 leral callaladll) aa dalee A padiy 3 (AUtoCAD) -
Juzad¥) el ) ga ALY pealiall apaail) 5 Judaill dlee 8 axiiion 3 (AiF) -

sy Aalial) Aalay) jualiall aeaill § Julail) cildee o L ading o3 (Staad pro) - -
Al duvighl Jlae 8 Lalasial SV yiiay 5 s yaa galle zali
o shy AAlS) AALaY) jualiell apaail) 5 el Gllee b Lial andig Al (Etabs) -

Agiaall duighl Jlae 8 Lalasial SV jiiny g iy o alle

38



Chapter 4

Structural Analysis& Design

4-1 Introduction.

4-2 Determination of Slab Thickness.

4-3 Deter mination of Thicknessfor Two Way Rib Slab .
4-4 Determination of Factored L oad.

4-5 Design of Topping .

4-6 Design of Rib (33).

4-7 Design of Two Way Ribbed Slab (T3) .

4-8 Design of Two Way Solid Slab (S.S.6).

4-9 Design of Beam (86 87 88 89).
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4-10 Design of Long Column (C20).
4-11 Design of I solated Footing .
4-12 Design of Mat Foundation for Well .
4-13 Design of Basement Wall .
4-14 Design of Stair (4) .

4-15 Design of Shear Wall .
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4.1 Introduction

The project consists of several structural elements that should be designed according to the
ACI code, using the finite element method by means of computer software such as “ATIR” and

“STAAD pro” for analysis and design.

4.2 Determination of the Slab thickness:

— - T ~

O 0 P60 il B8TBE0GY) ol BAB(GONSY) o BAIBOSY o |

 Rib33|
Mo mGo of /s alff Bﬁ#{ﬁﬂyﬁj} o= 5,[5&55} o

Figure (4-1): Ground Floor Slab.
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According to ACI-Code-318-05, the minimum thickness of non-prestressed beams or one

way slabs unless deflections are computed, given in table ( 9.5 -a), asfollows:
hmin for one-end continuous (for ribs) = L/18.5
=524 /18.5 = 28.32 cm.
hmin for both-end continuous (for ribs)= L/21
=481/21=22.9cm
hmin for one-end continuous (for beams) = L/18.5
=550/18.5=29.73 cm.
hnin for both-end continuous (for beams)= L/21
=717/21=34.14cm

Select Slab thickness h= 32 cm with 24cm block & 8cm Topping.
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4-3 Determination of Thicknessfor Two Way Rib Slab:-

B BIBZTONT2) } ]
= 8.3 :
i
TS == =
= ch —— e —
g I, 2
i

1

£

B158( 70003

40*8* 4+ 32*12*16

Y =

40*80+32*12

Figure (4-2): two way rib dlab.

52.

32.

A A

=10.55cm

_052x(1055)°  (40)x (2.55)° , (12)x (21.45)°

| .
rib 3

3
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|, = 59609cm’

Iy = ibh3 N 70* (72)° = 2177280 cm®
12 12

|, = bh® = =% 80* (52)° = 937387 cm'’
127 12

Iy = ibh3 N 70* (82)° = 3216313cm’
12 12

|, = bh® = =% 80* (52)° = 937387 cm'’
127 12

Slab section for interior beam :

59609 6175 _ e
0.52
o= 209 1000 = 1249496 cm*
0.52

_ 59609 x 760.5

- = 871781 .63cm*
0.52

_ 99609 x1005 _ 1155058 6em?

st 0.52

1:I£: 2177280 _ 31
|, 707857

2 _ 1y _ 937387 08
l, 1152059

&= Ten7sies
s3 "
lps _ 937387 _ .

a,= = =0.
Y1, 124949

l,, _ 3216313
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_al+a2+a3+a4 31+08+3.7+0.75

- =2.09
4 4
2<2.09
According to ACl-code:
h, = In(0.8+ fy/1400) ACI-318-02 ( Eq: 9-12)
36+9b
L .
L, 855
h - 9300* (0.8+ 420/1400) — 223.3mm < 3200mm

" 36+9*1.09

We select from one & two way rib slab, The Thickness Rib Slab = 32 cm with block 24cm &
Topping 8cm.

4-4 Deter mination of Factored Load :-

4.4.1 Deter mination of Dead & Liveload

Tiles - 0.03*23*0.52 =0.3588 KN/m

Mortar - 0.02*22*0.52 = 0.2288 KN/m

Sand Fill > 0.07*17*0.52 = 0.6188 KN/m

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

Rib -0.24*25*%0.12=0.72 KN/m

Block - 0.24*10*0.4=0.96 KN/m

Plaster - 0.03*22*0.52 = 0.3432 KN/m

Interior partition - 1*0.52 = 0.52 KN/m

Nominal Total Dead Load =
0.3588+0.2288+0.6188+1.04+0.72+0.96+0.3432+0.52 =4.79 KN/m
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Tota liveload =5kN/m?
Nomina Total liveload =5 * 0.52 = 2.6 kN/m of rib

4.4.2 Determination of factored dead & liveload
Factored dead load = 1.2*Dead load = 1.2¥4.79 = 5.748 KN/m.
Factored Liveload = 1.6*liveload = 1.6*2.6 = 4.16 KN/m.

4.5 Design of Topping:-

Tiles - 0.03*23=0.69 KN/m
Mortar - 0.02*22 = 0.44KN/m
Sand Fill > 0.07*17 = 1.19KN/m
Topping =2 0.08*25 = 2.0KN/m

Interior partition > 1 =1 KN/m

Nomina Total Dead Load =
0.69+0.44+1.19+2+1 =5.32 kN/m

Tota liveload =5kN/m”
Nominal Tota liveload=5* 1=5 kN/m
factored dead load = 1.2* Dead load = 1.2*¥5.32 = 6.384 KN/m.
Factored Liveload = 1.6*liveload = 1.6*5 = 8 KN/m.
w, =6.384+8
=14.384 KN/m.
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w, * 1% 14.384*0.4°
12 12
=0.192KN.m

2
> Mn=0.42 fc‘*%

* 2
=0.42 /24 * % — 2. 2KN.m.

f *Mn=0.55*22=1.21KN.m
f *Mn=1.21> Mu = 0.192KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.

For the shrinkage and temperature reinforcement:

r =0.0018
As =r *b*h=0.0018*1000* 80 = 144mm".

Try bars ®8with As=50.27mm?

Bar numbersn= 14:7 =2.87

Use @8 at 30 cm in both directions.

Accordingto ACI-7.12.2.2. Limitations of spacing between bars:

Spacing <5t and Spacing<45cm.

Spacing =30cm < 5*8=40cmand < 45cm. OK.
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4.6 Design of Rib (33):-

The Effective Flange width (bg)According to ACI-8.10.2. be for T — section is the smallest of the
following :

be=— =21 _1.03m
4 4

be =b,,+16t = 0.12+16*0.08 = 1.4 m.

be = Center to Center = 0.4+0.12=0.52 m - Control .

1 2 3 4
1 2 3
Al . A . A
A A A
0.5 4.64 07 4.11 0.7 4.45 05
‘ 5.24 ‘ 4.81 5.05 |
I I I
52.
32.
12.
A-A

Figure (4-3): Rib geometry.

Figure (4-4) : Rib Section

h2.

12.

A-A
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Dead load - Service

Units:kN,meter

4.79 4.79 4.79
5.24 481 5.05
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60
5.24 481 5.05

Figure (4-5) : loading of Rib (33)

Moments: spans 1to 3
-27.5 -25.8
1 I ‘
5.
24.2
| 21 } 3.14 } 2.4 } 2.41 3.03 2.02
Figure (4-6) : Moment Envelop of rib (33).
Shear
-31.2 -
-25. - .
-21.2
-19.2 -16.
H : : —
16.7
21.9 oy OB 23.9
' 30.1
Figure (4-7) : Shear Envelop of rib (33).
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4.6.1 Design of flexure:-
d = h - cover — ®;— ®/2 = 320-20-10-6= 284 mm.
Mu(+) = 24.2kN.m
beff<=520 mm.  (control)
<=4.11*1000 \4 = 1417.5 mm.
<=16* 80 +120 = 1400mm.
—2>beff =520 mm.

f *Mnf =0.9*0.85* 24* 0.08* 0.52* (0.284—0.08\ 2) =186.36KN.m.
f *Mn>mu
186.36 > 24.2

- rectangular section.
4.6.1.1 Rib design for positive moment :

Mn=24.2/0.9 = 26.89kN.m

Mn _  26.89*10°

Rn= == 5
b*d 0.52* (0.284)

=0.641 MPa

m = fy - = 420 =20.6
0.85* fc  0.85*24

2mKn
fy

\/1_ 2* 20.6* 0.641
420

)

:i(l_ 1-
m

0= 1 - = 0.00155

20.6

As = 0.00155 *520* 284 = 229.1 mm?
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Jfc 1.4
in =—7—(bwld)==—(bw)d ).....cceoeunu ACI -10.5.1
A = 1) 10> k) ( )
V24 14
ASnn = 4(a0) 12ON284)> 355 (1204289))
As,,,=100<1136............. thelarger iscontrol

As=229.1 mm>> As,in=113.6 mm? O.K
Try 12As=113.1 mm?

#of bars= AY Aspy = 229.1/113.1 = 2.00 bars * Note Agp1p = 113.1 mm2

e Check for strain:-

Tension = compression
As*f,=085*f *b*a

2*113.1* 420=0.85* 24*120* a
a==8.96mm
C:E:@=10.54mm
b, 085
o _ 284-10.54
S 10.54
e, =0.08> 0.005

X0.003

OK
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4.6.1.2 Rib design for positive moment ( mid span ) :

Mn=9.6/0.9=10.67kN.m

* -3
Rne M 1067710° (oo
b*d?  052*(0.284)

= fy - = 420 =20.6
0.85* fc 0.85* 24
1 2mKn
p=—(1- [1-=05)
m fy
* *
p=—— (1 \/ M =0.0006
20 6 420

As = 0.0006 *520* 284 = 88.45 mm”

As,, e X (bw)d)> 1; (SN0 (s | N— (ACI -10.5.0)

" a(fy)
2

1.4
aaz0) NP g0

ASnin = 30007 120)(284) 2 2(120(284))

As .. =100<1136............. thelarger iscontrol
As=88.45 mm*< Asyin=113.6 mm?

Take Asyin=113.6 mm?

Try ¢10 with As=78.54 mm?

# of bars= AY ASpy = 113.6/78.54 = 1.44 bars * Note Ap12 = 78.54 mm?
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e Check for strain:-

Tension = compression
As*fy,=085*f *b*a

2*78.54* 420=0.85* 24*120* a
a=6.22mm
c:i:%: 7.32mm
b, 0.85
o _ 284-7.32
s 7.32
e, =0.113> 0.005

X0.003

OK

4.6.1.3 Rib design for negative moment :

Mn =18.9/0.9 =21 kN.m

* -3
Rn= N o 2PA0° 547 vpg
b*d?  0.12*(0.284)
S 120 _ 206

m = _ = =
0.85* fc 0.85* 24

2mKn

1
==(1- 1-
p=-( y )
* *
o=t (1_\/1_2 206*2.17 _ o \oee
20.6

As=0.0055 *120* 284 = 186.6 mm?

i 1.4

As,, = A7) (ow)d)> W(bw)(ol) .................... (ACI -10.5.)
_ V24 1.4

A,y = @(120)(284) 255 120/284))

As,, =100<1136............. thelarger iscontrol
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186.6mm?*> As, .- =113.6mnT

# of bars= AY AS g = 186.6/113.1 = 1.65 bars
Select 2D 12 mm .

e Check for strain:-

Tension = compression
As*f,=085*f *b*a

2%113.1* 420 = 0.85* 24* 120* a
a=38.81mm
c=2 388 s s6mm
b, 085
. _284-4566
*~ 4566
e. =0.016> 0.005

X0.003

OK

4.6.1. 4 Design of shear of rib (33)
Ji©
dVec=0* T bw * d

= 0.75*
=20.87 KN

Jd2* .284*1000

m‘%‘
N

Dependsto ACI 13-08 code
1.1*dVc=11* 20.87 =22.96 kN

* Note Agp14 = 113.1 mm?2

® Vsmin > 0.75(2)* ow * d =O.75*(%)*0.12*0.284*10002 852KN. (control)

24 24
16

> 075 (15 *pw*d =0.75*
16

® vsmin=8.52 KN.
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Vu=25KN (From shear Envelope)

Check for items:-
1/ Vus o V2
25 < 11.48 ( X )
2l ®Vcl2sVusd Ve
1148 <25 < 2296 ( X )
3/ dVcsVusdVc+dVsmin
22.96<25< 31.48 (v )
So categories (3) satisfy. Minim shear reinforcement is required

(ﬂ)minzl*b—W:1*5—20:4.126*10"‘mm2
S 3 Fyt 3 420

\/ fc' N
(ﬂ) min == X sy = L V24 6555 3701¢ 10 mm?
S 16 Fyt 16 420

(&) min = 4.126* 10~* mm~contral
s

TakeAv=2® 8=2* 50

* *10 6
(—2 S0710 ) =4.126*10""*
S

S=242 mm
S < d/2 =142 mm
< 600 mm.

Use® 8 @ 10 cm c/c.
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4-7 Design of Two way Ribbed dab (T3):-

4-7-1 Dead Load Calculation :-

Dead Load = 2.66 kN/0.52* 0.520f rib
Dead Load per unit area = 2.66 / 0.52*0.52= 9.84 KN/m?

Live Load =5 KN/ m?

0, =1.2 D =9.84*1.2=11.8kN/m?
0, = 1.6 L =5*1.6=8 KN/m*
q,=19.8 KN/m?

bw =12cm,h = 32cm
d =320-20-8-7 = 285mm
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l‘lll
B158[70MB2) .

4-7-2 Designs of moment:

— Design of positive moment:

La/ Lb=8.55/9.3=0.92
From table (12-4)

Assume Case (2)

C

a

4=0.0212
C,q =0.0148
I\/la,dL = Ca,dL * quD * (La)2

Mb,dL = Cb,dL * Op * (Lb)2

Figure (4-8): two way rib slab.
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From table (12-5)

C,..=0.0324

C,. =0.0232

MaLL — Ca,LL * quL * (La)2
Mb,LL — Cb,LL * quL * (Lb)2
Mapos= (Mag + M, ) *0.52=

{(0.0212* 11.8*(8.55) %) +(0.0324*8* (8.55) %)} *0.52= 19.4 KN.m / rib

Mb,pos: (Mb,dL + Mb,LL) *0.52 =

{(0.0148*11.8*(9..3) 2) +(0.0232*8* (9.3) 2)} *0.52 =16.2 KN.m/rib
— Design of negative moment:
Ca,neg =0.053

C

b neg=0-0386

Ivla,neg = Laneg *q, * (La)2*052
M peg= 0.053*19.8%(8.55) **0.52 =39.9 KN .m
Maneg = Coneg™ Qu * (Lb) **0.52

My peg= 0.0386%19.8%(9.3) 2*0.52 = 34.4 KN .m

M, pos= 194 KN .m
Mn, =0.85 = fe xbf #tr»c(d —'é")
0.08 3
Mn; =0.85* 24 * 0.52* 0.08 * (D.ZEIS ——;—)* 10°=207.92 KN .m
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® Mn,=09* 207.92=187.13KN.m >> M

apos
rectangular section

Design as arectangular with b, =52 cm

M, s 194
Mn = =——=216KN.m
@ 0.9
Jic 1.4
As., = bw)d)>=—(bw)d ).....cccvvrrenrnens (ACI -10.5.1)
iy )2 S w)
24 14
As., =—F—=(12)28.5)> —(12)(28.5
S = ) (121285)2 1 024285)
As. . =0997<114............. the larger is control
As . =114cny
Mn
Kn= ——
b*d?
* -3
Kn= 216710 =0.51 Mpa
0.52* (0.285)°
fy 420 =206

m = - =
0.85* fc  0.85*24

1 2mKn
p=—(1-,1- )

m fy

1 ‘- \/1_ 2(20.6)(0.51))= 133% 10°

P= 206 420
Areq=p*b*d= 1.33* 10°* 520* 285 = 183 mmP=1.83 c?

1.83 cm?> As . =1.14cnt
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1
Use @ 14 >> # of bar = % =12 * Note Agp14 = 1.54cm?

e Check for yielding
Tension = compression

As* fy=0.85* f.*b*a

2% 154,1* 420 = 0.85* 24* 520* &
a=12.2mm
c= 2 12214 36mm
b, 085
L _284-1436
s~ 1436
e. = 0.056> 0.005

X0.003

= Ok

Use 2® 14 mm ,As =308 mm? inx direction

Use 2@ 12mm ,As =226 mm? iny direction

— Design of negative moment:

M neg= 39.9 KN .m

M
Mn_ Mams 399 a3k m
0.9

()
Jfc' 1.4
bw)(d bwid)..ccooriiinne ACI -10.5.1
G L O a— )
As,,, = %(12)(28.5) 14 (12)(28 5)
As, =0997 <1.14.........the larger is control

As.. =1ldcn?
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Mn
Kn= b* d?
44.33*10°3

Kn = > =1.05Mpa
0.52* (0.285)

m_ fy 420
0.85* fc  0.85*24

20.6

1

b= M1 1_2mKn

fy

i Jl_w)
20.6 420

Areq=p*b*d= 2.57* 10° * 520* 285 = 380.4 mm?=3.804 cm?

)

p =2.57*10°

3.804 CM”5 As . =1.14cn?

380.4
Use ® 16 >># of bar= —— =1.9 * Note Apis = 201.1cm?

201.1

Use 2@ 16 mm , A's = 4022 mm? inx direction
Use 2¢ 16 mm ,As =402 mm? iny direction
4.7.3 Design of shear:-

La/ Lb=8.55/9.3=0.92

From Table (12-6) :

Case (2)

W.= 0,58

W,=0.42

V.= 0,* La*W, *(0.52/2)
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vV, =19.8* 8.55*0.58 *(0.52/2) = 25.53 KN control

V,, = 19.8% 9.3*0.42%(0.52/2) = 20.1 KN

,J fc'
Vec= 1.1* ~—— bw?* d*

2

= 11* Y *120* 0.285=30.72 KN

® Vc= 0.75* 30.72=23.04 KN
dVe<\Wu
Item 1 &2 isnot suitable .

= |tem 3

®Ve <Vu < dVe + dVs,,

dVs >%x bw x d

DVs, =075 (%) x 0.12x 0.285x 10° = 8.55kN
1 ;
DVs, .. 21—6><\/E><bw><d

DVs, =1—16 x /24 x0.12x 0.285x10° =10.47 KN

DVC+DVs,, = 20.94+10.47 = 31.41kN

Vu=2553kN < dVc+dVs_, =31.4kN control

Minimum shear reinforcement is required
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6
ﬂzlb_vv: Sreq _ 3x2x50x10° x 420 _1.05m
S 3 fy 0.12
fc' 6
ﬂ_i bW — Sreqz2><50><10 ><16x420=1.14m
S. 16 fy V24x0.12

S . s%s 600= S, :2—25=14.250m

legd 8/125cmc/lc Select 2

4-8 Design of Two way Solid dab (S.S.6):-

4-8-1 Deter mination of L oads :-

D.L = 4.21kN /m?
FromTANK L.L =10kN/m?
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qu = 21KN / m?
For Im Strip in X &Y direction qu=21 KN/m

Lb=6.15m
La=3.9m

L—b:%:158< 2.0
La 39

. Tow way
select h = 150 mm > hyin = 125 mm

b =100cm, h = 15cm
d =150-20-12 =118mm

545

Figure (4-9): two way solid slab.
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4-8-2 Designs of moment: -

— Design of positive moment:

La/ Lb=3.9/6.15=0.63
From table (12-4)
Case (1)

C.q =0.0768
C,q =0.0118
Mg = Coa * G * (LB)?
Moo = Coa * G * (Lb)?

From table (12-5)

C,,, =0.0768

3
C,,, =0.0118

Mo = Col * G * (L2

My = Corr * Gy * (Lb)2

Mapos™ (Mg + My 1) =

{(0.0768*5*(3.9) %) +(0.068* 16* (3.9) %)} = 24.53 KN.m/rib
Mb’posz (Mpg. + My1) =

{(0.0118*5*(6.15) 2) +(0.018* 16* (6.15)9)} *0.52 = 9.37 KN.m/ rib

M, .= 24.53 KN .m

apos
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M, ps 2453
Mn = = =27.26 KN.m
@ 0.9

As,, =0.0018*b*h

As .. =0.0018 * 1000 * 150 = 270mm?*

Mn
Kn=——~
b* d?
* -3
n= M =1.96 Mpa
1*(0.118)
B fy 420 6

m = - = =20
0.85* fc  0.85*24

1
o= S (1- f1- 2mKn

_r—n fy)

)=4.92* 10°

A 1 - \/1_ 2(20.6)(1.96)

206 420
Asreq=p*b*d=4.92* 102 * 1000 * 118 = 580.03 mm?

5.803 cm?> As,;, = 2.7cnT’

Use @ 12 >>>580.03/113.1 = 5.13 * Note Ap1, = 1.13cm?
Useld 12@15cmclc.............. with As=(100/ 15)*1.13 = 7.53 cm2.
Asprovided=7.53 > ASTEQ.....cvvvvveeneinnnnnn. OK.
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e Check for strain

Tension = compression
As*fy=085* f.*b*a

753* 420 = 0.85* 24*1000* a
a=15.5mm
x:i :ﬁ =18.24mm
b, 0.85
~118-18.24

eS
18.24
e, =0.016 > 0.005

X0.003

= Ok
Usel®d 12 @15cmc/e .............. in X direction
Useld 10 @ 17.5cmclc.............. iny direction

— Design of negative moment:

ASqyiniage = 0.0018x bx h = 0.0018x 100x 15 = 2.7cn?

Useld8 @ 17.5¢cm ....ccevvennnn. With As=(100/ 17.5)*0.5024 = 2.87 cm?.

4.8.3 Design of shear:-
La/ Lb=3.9/6.15=0.63
From Table (12-6) :
Case (1)

W, =0.866

W,=0.134
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Vua= qu* La*\/\/a

V,,=21* 3.9*0.866 = 70.93 KN control

V,,=21* 6.15%0.134 = 17.31 KN

Nen

Vc= 5 *1000 * 0.118 =99.34 KN

®Vc= 0.75* 99.34= 74.5KN

dVe >WVu

.. No Shear Reiforcemaét Required

4.9 Design of Beam (86 87 88 89):-

beam 86 87 8 89
1 2 3 4
|: A e A ' =i A
A L A Ld Ly T A
03 5.3 0§ 657 03 455 06 462 0.3
I 1 T 1
5.7 6.97 5.1 5.07

Figure (4-10) : Beam Geometry
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Dead load - Service Units:kN,meter
. :
| |
49, 49.4 820 a0 o2
k] l |
Ny ;oY g i ! r T SR, S N
o N mme s = 7] 2] W P o ¥ L o
= | G ] [ L L
3.37 . 233 657 51 g 485
T T
Liva load - Sarvice Load factors: 1.20,1.2001.50.0.00
| ana 3 !H ata| |
236 29.7] 257 : B ol
I ] 3 4 iy oy 3
3.37 L 23 6.97 5.1 BFQ 4,85
1

Figure (4-11) : Load of beam

_Moments: spans 1ie 4

-479.8 i
07, 97T 3542 -363.1 3309
238, 2947
/..- .___. :) .\\ ’/ .
2414 84 i 137
f: T I””A:-‘?Ii il Lo y
2 A s 1.02 . 073", .
a2, L i % S lglgel | T |1.|;|'|| 4 & 38,
T 465 i,
2414 T
e 2843
224 | 342 3.48 | 3.49 | 255 255 | 278 228
Figure (4-12) : Moment Envelop for Beam
Shaar
_3B5E -404.2
3044 ] TR e -2627
L G 2335 - qpme
5 ik - -.‘__,--'-h ‘-__.-"'J. H._‘,.f"‘_
[ -'"-'- ' T e il "’" |
r — 11 = T = 1T BEa ]
.-""'. - o % I‘.-f"r'
T 1534 L
A4 H g | 280.1
il 345 T

Figure (4-13) : Shear Envelop for Beam
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4.9.1 Design of flexure:-
4.9.1.1 Design of Positive moment:-

b, =50cm,h =52cm
d =520-40-8-10 = 462mm

Mu= 328.9
Mu
Mn= ——= @ =365.44 KN .m
0} 0.9
fy - 40 =20.6

"~ 085* fc  0.85*24

5 =(0.4-. 06)6b
600
5,=0. 85 T2
; B( 600+ Fy)
-0.85 24 B(—2%_-0.02429

420 600+ 420
0 =0.4*.02429=0.009714

*

Rn=3.fy.( m
*
=0.009714* 420* (1- 0'0097124 206
=3.67Mpa
b_dzzﬂ
Rn

b* 4622 365 44 ©002.44 103

¥4
b=0.47 m
take b =50 cm

C=(3/7)*462= 198 mm
a=198*0.85=168.30 mm
Mn=(0.85* 24* 168.63* 500)* (462- (168.30/2))* 10°°= 648.64 KN.M
®Mn = 0.82*648.64= 531.88 KN.M > Mu =328.9
design singly
(365.44)*10°°

Rn = an = > =3.42Mpa
b*d 0.5* (0.462)
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2mKn
fy

0= 1 1- \/1_ 2(20.6)(3.42))20_00898
20.6 420

As=p.bd
=0.00898* 500* 462=2075.4 mm?

- La- o )
m

fc' 14

A, = W(bw)(d) > ;fy(bw)(d) .................... (ACI -10.5.1)
AS i = % (500)(462) > % (500)(462))
As,, =6736<770............. the larger is control
AS,;, = 770mnY
2075.4mm? > As, . = 770mn?
2075.4

=6.61 bas

Use @ 20 >> # of bar =
314.2
select (7) bars @ 20

e Check for strain
Tension = compression

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

7*314.2* 420 = 0.85* 500* 24* a

a=90.6mm

a._ 0.6 =106.55mm

b, 085

o - 462 -106.55
s 106.55

e, =0.01> 0.005 OK

X0.003

Design of positive moment

Mu= 140.3
Mu
Mn= ——= % = 1559 KN .m
)] 0.9
fy 420

20.6

m = - = =
0.85* fc 0.85* 24
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ane Mn _ (155.9)*10°°
b*d® 0.5*(0.462)°

= 1.46 Mpa

2mKn
fy

-1 - \/1——2(20'6)(1'46) ) = 0.00361
20.6 420

As=p.bd
=0.00361* 500* 462=834.5 mm?*

p= =@ 1-2T)
m

as. =V (o)) %(bw)(d) .................... (ACI ~105.1)

mAfy)
As,. = N2 (500)(462) > % (500)(462))

™" 4(420)

As . =673.6<770............. the larger is control
As, . =770mnY
834.5mm?> As,. = 770mnT

Use ® 18 >> # of bar = 834.5
254.07

select (4) bars @ 18

= 3.3 bars

e Check for strain
Tension = compression

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

4% 254.07* 420 = 0.85* 500* 24* a
a=41.85mm
c= 2 2185 g o3mm
b, 085
. _ 462-4923
*T 4923
e. =0.025> 0.005 oK

X0.003
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4.9.1.2 Design of negative moment

Mu =387 KN .m
®d® Mn =Mu
Mn:ﬁ =430 KN.m
0.9
S A

© 0.85* fc  0.85*24

_ Mn _ (430)*10°
b*d?  0.5*(0.462)>

=4.03 Mpa

2mKn
fy

1
p=—(- 1-20)
m

o= 1 v \/ 2(4.03)(20.6))= 0.0108
20.6 420

As = 0.0108(500) (462) = 2493.2 mm?

As, e (bw)(d)z%(bw)(d) .................... (ACI -10.5.)

Aty

As,,, =770 >637.6
As,, =770mn?
2493.2mm? > As,. . = 770mnY

Use @ 20 >> # of bar = 2493.2 =
314.2
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* Chick for strain
Tension = compression
As*fy=0.85* b* a

8% 314.2* 420 = 0.85* 500* 24* a
a=103.5mm
c= 2 1085 150 smm
b, 085
L _462-1218
*~ 1218
e, = 0.0084 > 0.005

X0.003

OK

Design negative moment :
Mu=239KN.m
® Mn >Mu

Mn :@ =265.6 KN.m
0.9

fy 420
m = - = =20.6
0.85* fc  0.85* 24

ane Mn _ (265.6)*10°°
b*d® 0.5*(0.462)°

= 2.49 Mpa

1
o= (- f1- 2mKn

== Y

. 1 ‘- \/1_2(2.62)(20.6)): 0.00634
20.6 420

)
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As = (0.0067)(500) (462) = 1464.15 mm?

As, =£(bw)(d)z%(bw)(d) .................... (ACI —10.5.2)

"Aty)

As,,, = 770 > 673.6
As,, =770mn?
1464.15mm? > As,_ - = 770mnt

1464.15

Use @ 20 >> # of bar = = 4.66 bars

*Chick for strain

Tension = compression
As*fy=0.85* b* a

5*314.2* 420 = 0.85* 500* 24* a
a=64.7mm
c= a._ el =76.1mm
b, 085
o - 462-76.1
s 76.1
e, =0.015> 0.005

X0.003

Ok
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4.9.2 Design of shear:-

Vu=341.8 KN
Vc= Ebw* d
V24

Vc= 5 0.5* 0.462*1000

Vc=188.6 KN
® Vc=0.75%188.6= 141.5 KN
Vs= (Vu/ ®)-Vc

Vs =(341.8/0.75) — 188.6 = 267.13KN
4\ fc' _
Vsmax=(2/3) * wa* d = 754.44KN .

Vs=267.13<Vsmax =754.44 - the sectionisenough.
Check for items:-

1 Vus®dVve2 (X )

2/ ®Vce2<sVusdVe ( X )

3 dVcsVusdVec+dVsmin ( X )

® Vsmin > 0.75(%) *pbw*d =0 .75*(%)*0.5*0.462*10002 57.75KN. (control)

f 1
> 0.75 1—6;: *bw*d =0.75* 1£64 *0.5* 0.462 * 1000 = 53.05 KN.

® vsmin = 57.75 KN.
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. fc'
dVec+dVsminsvVu<g & Ve + CDT *pbw*d

1415+ 57.75 < 341.8< 141.5+282.92

Soitem (4) satisfy

TakeAv=4® 10=4* 78.54

Av/s= Vdify*d

4*78.54/ s = 267.13 /462* 420 - s=228.2mm

S < d/2=231 mm

< 600 mm.

Select S=20cm

Use ® 10 (4legs) @ 20 cmc/c

(v

)

4.10 Design of Long Column (C20) :-

4.10.1 Design of Longitudinal Reinforcement :-

Select column (C20) for design

Pu = 3150KN

Pn = 3150/(0.65) = 4846.2 KN

rg=15%

Pn = 0.8* Ag{0.85* fc'+r g(fy—0.85fc")}

4846.2*10°° = 0.8* Ag [0.85* 24+ 0.015* (420-0.85* 24)]
Ag = 0.22m?

X =4/0.22=0.46m

Use 50*50cm with Ag = 2500cm? > Ag req = 2200 cm?
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4.10.2 Check Slenderness Effect ;-

@ < 34—12ﬂ ............... ACl —(10.12.2)
r M2

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

I
R: radius of gyration=0.3 h= \/;

Lu=37m

M1&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to be
taken as 1.0.

K_Iuj < (34—12(mj L ACIl 10-12-2
r M 2
ﬁ = 24.67 > 22
0.3*0.5
. long Coloumn
E.l
El =04—-% i, [ACI 318— 2002 (Eg. 10—15)]
1+ b,
E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
, _Ll2DL _1392
‘" Pu 3150
* 3 * 3
| b*h® _05*05° o 1u1q5me
12 12
* * * -3
£l - 0.4* 23270.15* 5.21* 10 _ 33 68MN M2
1+0.44
p ’El
Py = e ACI 318 — 2002(Eq. 10—13)
(KLu)
2 %
, 314773368 _ 5 28N
(1.0*3.7)
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d —— M 599
1-(Pu/0.75P,)
. 1
=~ 1 (3150/0.75* 24.28* 10°)

e =15+0.03* h=15+0.03* 500 = 30mm = 0.03m
e=e, xd_=0.03*121=0.0363m

e_0.0363 _, .
h 05

=1.21>1

From Interaction Diagram

fP,_ 3150 , 145 _ o oo
A, 05*05 1000
r, =0.01104

A<= p * Ag = 0.01104*50*50 = 27.60 cm?
Use ® 16 >> #of bar = 27.6/2.01 = 13.73 bars
Use 14 @ 16 with As= 28.15 cn? >AS ;¢q = 27.60 cm?

e Check for spacing between the bar

_ 500-2*40-2*10-5*16
4

S =80mm

S=380 mm =40mm
> 1.5db =24 mm

4.10.3 Design of the Tie Reinforcement :-

S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.
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Spacing <16 x d,, (Longitudinal .bar.diameter) =16x1.6 = 25.6cm
Spacing < 48x d, (tiebar .diameter) = 48x1.0 = 48cm

Foacing < Least.dimension = 50cm

. Use If 10@25cm
@ CE 25
) o
| S -I/
(N
L
14416
D
10€25
lg1c@es elGann A=leg
Bl p T L—T4 o
j_L_Jlﬁ El;u%“w / k) 4"2._%___‘q;
- i ‘ ar
.-"i _\-\-\__H"F.-H-._ ' /
Kl “/? 4‘.- Te— ¢
17 1w ¥ 1 e
. 42
a3
3 43

4.11 Design of Isolated Footing (F5) :-

Figure (4-14) : Long Column Detail

4.11.1 Load Calculation :-

Total factored load = 2700 KN.

Tota servicesload = 1995K N.

Column Dimensions = 50*50 cm.
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Soil density = 18 Kg/cm3.
Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (60 cm) thick.

Service surcharge =5 KN/m2.
Q1o =400 - 5 - 0.4*18 - 0.60* 25 = 384.8 KN/’

4.11.2 Deter mination of Footing Area :-

Try 2.30* 2.30 m with area= 5.29m" > A ¢ = 5.18m°

Determinate q, = 2700/5.29 = 510.4 KN/m?

4.11.3 Deter mine the depth of footing based on shear strength:-
Assumeh=60cm ..... d = 600-75-20 = 505 mm

e Check for oneway shear strength

Critical Section at %+d

+d= 0—25 +0.505 = 0.755m

a

2
2.30

Vu =510.4* (T —0.755)* 2.30 = 469.75KN

f.\/c:f.(%*\/f_c'*bw*d)

f Vc=0.75* %* J24* 2300* 0.505 = 711.3KN

f Vc =711.3KN >Vu = 469.75KN
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:

f.vc:f%(ub—zc]\/ft' b,d
Fv, =f —(b > erd
fV, =f —\/7bd

Where:

Column Length (a) 50

¢~ Column Width (b) 50

b° = Perimeter of critical section taken at (d/2) from the loaded area
b, = 4(d +a) = 4(50+ 50.5) = 402cm

as =40 for interior column

fV, =f %(u bi}l £, b,d = %* (1+ 1—20j /24 * 4020* 0.505 = 3729.5KN

fV, =f. Lb " }/ byd = 272 (404%';05+2j*@*4020* 0.505 = 4366.6KN

fV, =f —w/ bd—0375* 24* 4020* 0.505 = 2486.4KN
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f V. =2486.4KN ..... Control
VU, = Pu-FR,

FR, =s,, *area of critical section
VU, = 2700-[510.4* (0.5+ 0.505) * (0.5+ 0.505) | = 2184.5KN

f Vc = 2486.4KN >Vu,. = 2184.5KN........ satisfied

4.11.4 Design for Bending Moment:-

L0

16

T o
= b’
oy
= 2 : ol
a2 & Lok 2 =
LR ] "E
b i ITAIAT I RS P
735 =
e fo
plaral —
T4} &4 wlh o 1L]
10 230 10
s -
250

Figure (4-15): Isolated Footing

0.09

Mu =510.4* 2.30* =475.44KN.m

Mu =475.44 KN.m for both side

Using Reinforced Concrete.

47544

Mn =528.3KN.m

Mn 5283x10°
n= =
bd? 2.3x0.505

= 0.9Mpa
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oy 4
0.85* fc  0.85* 24

r _1[1_ /1_MJ
m fy

1 2x 20.60x 0.90
r=——|1-[1-
20.60 420

ASreq =T *b*d = 2.2%1073* 2300* 505 = 2546.4 mm’
ASqyage = 0:0018% b* h = 0.0018* 2300* 600 = 2484cm’
ASpeq = 2546.6 > ASqyiape = 2484mm?

Sdlect 17 14....As,, ;g = 2616.95mm* > 2546.6mm?-.....0k

=20.60

J =22*10"°

Check of strain:
As*fy=085*f.*b* a

2616.95* 420 = 0.85* 24* 2300* a
a=23.43mm
- a._ % = 27.56mm
b, 085
o 505- 27.56
s 27.56
e, = 0.058 > 0.005

X0.003

= OK

4.11.5 Development Length of main Reinfor cement for Mul :-

9 K Y,
ldrﬂ'q_ﬁ*i Irj_;l ¥ir 1 b ¥ b
v 1)
Ktr =U (Nostripes) ch =75 + 14 =8Ycm
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kir+ch  U+38Y

=b36 =25
fab 142
kir + ch _ 9=
dh

41 1=1=0.4

id =— —
@req 113*1*.,.'34* 25

* 14 = 345.7mm

Ld available — 900-75= 825mm

Ld aaitane= 825 mm > i‘ﬂ-mq = 345.7mm

e not required hook

4.11.6 Design of dowels :-

Pu= 3150KN

f.Pn=f.(0.85fc’'Ag)
f .Pn=0.65*[0.85* 24* (500* 500)] /1000 = 3315KN
But Pu=3150<f.Pn=3315KN

Dowels are not required for load transfer.
But use the minimum reinforcement of dowels;
As_, = 0.005* Ag = 0.005* 50* 50 = 12.5cm?

Use the column barsasa dowels
SHect 14916

As, g = 28.14cm* > As. . =12.5cm?

Req.

0.24fy . 0.24* 420
Ldipe= db=
Wre™ ™ e J24

Ldzyeq = 0.043 xfy xdb = 0.043 x 420 x 1.4 = 25.3cm

1.4=28.81cm.

Ldyreq = 25.3cm < Ld(1yreq=28.81cm =» control
Ls=0.071xfy xdb=0.071x420 x1.4 = 41.75 cm >28.81cm
Ls=41.75cm
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Avallable Ld=60—-7.5-2*1.4=49.7 cm.
Available Ld =49.7 cm > Ls=41.7cm

Using hook >16*f

Required length of hook >16*f >16*1.6 = 25.6cm

Use Hooks= 30cm > 25.6cm

4.11.7 Isolated Footing Detail :-

L7l Im2 5
17l -6k e— i
et s D L e B N g R e S|

10 90 50 90 10
10 =30 10
250

40

(0

10,

Figure (4-16): Isolated Footing Detail
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4.12 Design of Mat Foundation For Well:-
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Fig.(4.17) Mat foundation
4.12.1 Design of shear :-
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Fig.(4.18) shear in X-direction
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Fig.(4.19) shear in Y-direction

d=50_75-1.4=41.1cm
f Ve =o.75*%*,/fc'*bw*d

fVvc=075* %* \/24 *1000 * 411 * 10 = 251 .7KN

Pu,, =256KN /m?=235*1*0.5=128 KN
f Ve = 251.7KN > Pu =128 KN .......... OK
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4.12.2 Design of bending moment :-
By using the StaadPro.2007 software to anal yze the foundation, the moment result isasin the

following chart:-

P Mol
kMt

e ED
S
-9.EE
714
-4 41
fri
1.02
376
1= ]

i
[

11.1
147

e

IMI-E]I:HIHE

=28

MY [locd]
kM
¢=-T4H

£k
]

-6.32
-7

0os

£
i

212
ny

pit
o
=

226
=3 = g —-"-'-:=.-=,__..._4_.__,_._._TI,.T_.____w______,__,,,__,_:,—g,. )
239

3358
371

415
=411

HEEDOOOEE D HENE N EEE

Fig.(4.21) Moment in Y -direction
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Design In Y-directions:-
h =50 cm
d=50-75-14=411cm.
Fy =420 Mpa

Fc' =24 Mpa

Design of Positive Moment

+ ve Muy =44 4KN.m
_&_ 44 4

Mn = 49.33KN.m
f 09
* 6

Rn an _ 49.33 102 _ 0.20Mpa

bd? 1000 * 411
m= y__ 20.6

0.85 fc'
c oAy [_2mKn)_ 1 1_\/1_ 2*20.6*0.29 | __ 1) g0

m fy 20.6 420

AS, =T *b*d= 7.004*10°* *100 * 41.1=2.88 cm?
Svrinkage & temperatur e =0.0018 * b* h=0.0018 * 100 * 50 = 9cm?
As_. =9cm?.... Control

min

* 2
Slect f 14 @15cm = As = ~20 « (p 1'4

=10.26cm? > As_,, = 9cm?
15

Design of Negative moment
* 2
Slectf 14@15cm=> As= %* [#) —~10.26cn? > As;,,, = 9o’

Design In X-directions:-

Design of negative moment

* 2
Selectf 14@15cm=> As= %* [#J =10.26cm” > As,. . =9cm’
Design of positive moment

* 2
Selectf 14@15cm=> As= %* [#J =10.26cm” > As,. . =9cm’
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4.13 Design of Basement Wall :-

N
'F
_{ 3 - ) l L"'_.-'L'JL__}-\"_’:' !,l l ) l vy -
b
i E \ -.'
) 4 \ sl
Gm % 86m X 0
- J-_;. "
| ..-—. -
w ' = 1'. L
Z i
g
rehx K, PxK,
Figure (4-22) : Load on Basement Wall
= Loading:-
e Self weight of earth :
0, =g xhxK,
Assume that :
Ol = 18 Kn/ m3
g =30°
K=05

0, = 18x3.86x 0.5= 34.74 KN/m?
e Load from surchargeload:
q, =PxK,
0, =5x0.5=2.5KN/m?

e Normal Load :
Isvery small , it will be neglected ( safeside) .
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Whin= 2.5*1= 2.5 KN/m

Wax= 2.5%1 + 34.74* 1= 37.24 KN/m
W in(ractored) =1.6*2.5= 4 KN/m

W maxfactored) = 1.6* 37.24= 59.584 KN/,

Moments: spans 1io 1

212 603 1.74

Figure (4-23) : Loads & Shear/Moment envelope for basement wall
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— Design :-

Thickness Calculation :
Assume p =0.01

Mu =60.3kN.m
Mn =60.3/0.9 =67 kN.m
Fy 420

m= = =20.6
0.85fc'’ 0.85x24
K,=r x fyx(1-0.5mr)=0.01x420x (1-0.5%x 20.6 x 0.01) = 3.78Mpa

6
K= _ 4= \/M ~133.13mm
bd 1000 x 3.78
h=133.13+ 20+ 7 =160.13 mm
select h=250mm
Design of the Vertical reinfor cement:-
d =250-20-14/2=223mm
6
Kn=n__ 670" 1 35Mpa
b*d* 1000x 223
, :i(l— 1- 2mKn)
m" fy
r =i(1—\/1— 2x20.6x135, _ 54, 103
20.6 420

As ., =3.332 x 10° x 1000 x 223 = 740.7mm?/ m

As_ =0.0012*1000* 250 = 300mm*/m
As,, = 300mm*/m< As,, = 740.7mm*/m

1407 _ 48

#of bar inon meter =
Select ®14@20cm c/c
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Design of theHorizontal reinforcement:-

Select the greater of:
AS, o eroria = 0.002* 1000* 250 = 500mm? /m
#of bar inon meter =5—00=9.95
50.24

Check for Shear :-
Vu= 705

f xVc>Vu

f xve=2" [texbxd =%\/ﬂx1ooox 223

f Vc=136.56 >>Vu = 70.5kN

.. No Shear Reiforcement Required

4.14 Design of Stair(4) :-
4.14.1 Deter mination of Slab Thickness: -

L = 0.89+3.3 +1.025 =5.22 m.
hreq = L/ 20
hreq = 522/ 20 = 26.1 cm
hieq =522/ 28 = 18.6 cm

= Useh =25cm.
6 =tan'(1.65/3) = 28.8°
Cos6=0.88
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et

Figure (4-24) : Stairs plan

4.14.2 L oad Calculations at section (A-A):-

4.14.2.1 Load on Stringer:-

Dead Load:
Tiles = 0.03*23*((0.35+0.165)/0.30) = 1.185 KN/m.
mortar = 0.02*22 *((0.165+0.35)/0.3) = 0.755 KN/ m.

Plaster = (0.03*22)/ (Cos 28.8) =0.753 KN/ m.

Steps = ((0.165*0.3)/2) * 25/0.3 =2.063 KN/ m.

Slab = 0.25 *25/ Cos 28.8 =7.132 KN/ m.

Total dead load =119 KN/ m.
Liveload:

Live load for stairs =5 KN/ m?.
Factored load
qu=1.2¥11.9 + 1.6*5 = 22.28 KN/ m?.
For one meter Strip, qu =22.28 KN/ m.
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4.14.2.2 Load on landing :-
Dead L oad:
Tiles=0.03*23 =0.69 kN/m’
Mortar =0.02* 22 = 0.44 kN/m?
Slab =0.25*25 =6.25 KN/m2
Plaster = 0.03*22 = 0.66 KN/mz2.
Total dead load = 8.04 KN/m?2.
Liveload:
Live load for stairs= 5 KN/ m?.
Factored load
qu =1.2¢8.04+ 1.6 *5 = 17.64KN/ .
For one meter Strip, qu = 17.65 KN/ m.

Dead load - Sarvice Units: kM, meter
i
LRI .. ! VoA oy
i 36 , m |
| |
Live load - Service Load factors: 1.20,1.200.60.0.00

9.51

Figure (4-25) : Loads on stairs
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4.14.3 Design of Shear :-
= Assume @ 14 for main reinforcement:-
So, d = 250-20 -14/2 = 223 mm = 22.3 cm

| =Shear
49519
L -'""’-ff!’ |
| - |
528 04
Figure (4-26) : Shear Envelope
Vu=504 KN
ff.'*b,*d
fve=——-—"—

_ 0.75* /24 *1000* .223
6

Vu=504 KN < fVc=136.6 KN.

fVc =136.6KN

>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.

97



4.14.4 Design of Bending M oment :-
The Following figure shows the Moment Envelope acting on the stair

Marents. apans 1o 1

2.76 Eﬂ}-.z 276

Figure (4-27) : Moment Envelope

Mu=280.2 kN.m
Mn =Mu/0.9=80.2/0.9=89.11 KN.m.
d=22.3cm.

(= Mn

b-d

* 6

1000* 2232
m :—fy

0.85x fc'

0.85x24

1 2mK * *
r=—{1- [1- n |1t 1—\/1—M = 4.47*10°
m f, 20.6 420

AS = 4.47*10°*1000% 223 = 997.4 mm”

As,;, =0.0018* b* h = 0,0018* 1000* 250 = 450mm”
As,, =45’ < ASy = 9.974cm’

Use ® 14 >>> 997.4/154 = 6.5

Useld 14 @ 15cmclc .............. with As=(100/ 15)*1.54 = 10.26 cm?.

Asprovided =10.26 > ASTeQ......coveuvevvernnnnnnn. OK.



Check for strain:
Tension = Compression

A * fy=0.85* fc' *b* a
1026.67* 420 = 0.85* 24*1000* a

a=21.14mm
w2 _ 24 erm
b, 085
e, - 223-2487, 503
24.87

e, =0.0239 > 0.005—— ok

4.14.5 Secondary reinforcement:-

ASgyinage = 0.0018x bx h = 0.0018x 100x 25 = 4.5cn’
Use®10 @ 15¢cm ....eveennnn. With As=(100/ 15)*0.79 = 5.27 cm?.
Design of landing :-

Mu=36.5 kN.m
Mn =Mu/0.9=36.5/0.9=40.56 KN.m.

d = 250 20-14-14/2 = 209 mm.

_ Mn

" .2
K — 40.56* 10°
" 1000* 209?

m=_v
0.85x fc'

420
m =———— =
0.85x 24

=0.93MPa .

20.6
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1 2mK * *
Y P LA 1_\/1_M — 2.264*10°
m f, 20.6 420

AS, = 2.264* 10°*1000* 209 = 473.1 mm*

As_. =0.0018* b* h = 0.0018* 1000 * 250 = 450mm?
— 2 _ 2

As,, =45cm’ < As, = 4.731cm

Use ® 10 >>>473.1/785=6
Useld 10 @15cmc/e.............. with As=(100/ 15)*1.54 = 5.233 cm?.

Asprovided =5.233> ASTEQ....cvvveereeneennnnnn. OK.

4.14.6 Secondary reinforcement:-

ASgyinage = 0.0018x bx h = 0.0018x 100x 25 = 4.5cm?

Use®10 @ 15¢cm ....eveennnn. With As=(100/ 15)*0.79 = 5.27 cm?.

4.14.7 Stairsat section (A-A) Details:-

Figure (4-28) : Stair Section

100



4.15 Design of Shear wall:-

Design of shear

3011

KX

BEo.b KM
2011 KM
W 18476 KEIWN.M

301.1 KN \_\

[ T (22076 RRM N
\._ T052 KM M

Chear Force THagram Moment Diagram

Figure (4-29) : Shear Wall Forces

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

R=55

=1

Ca=0.24

Cv=0.24
h,=12m,Lw=442m,

t=0.25m
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.
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Cv = seismic coefficient, as set forth in Table 16-R.
hi, hn, hx = height in feet (m) above the baseto level i , nor x, respectively.

T-C(hf* Ed--308(UBC)

e By Using of Etabs Program we Obtain the shear and Moment diagram for

Design

d =0.8* Lw=0.8*4.42=3.536m

Ve = é* fc*h*d= é J24* 0.25* 3536= 721.8KN(Control)

_Jfexh*d N,*d_24+025*3536 375'3536

(o =108275KN

4 4%, 4 4*4.42

| .W(o.l O saforfz. 502

Ve, = 0.05\/E N l,*h , h*d _ 0.05\/271Jr 4.42*0.25) |, 0.25* 3.536: 52979KN

2 M, I, 2 2207.6 4.42

v, 2 3011 2

Vu=3011<fVc=54135
USE
MINIMUM
STEEL
r =0.0025
Assumd 10

S2=2*785/250* 0.0025= 2512mm
select 10 > As=1.58cn?2
S=250<450< 750« 884

use...f 10@25cm(c/ c)in2layer

Select 2 10/ 25cm. Intow layer

Design of the Vertical reinfor cement:-

hw, , Avh
[ min = (0.0025+05(2.5— W)(ﬁ -0.0029))Sh

S=25cm
S=250<450< 750 <1473
—> Sdect 2f 10/ 25cmce/ ¢
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Design of bending moment:-

Mu = 3052 KN.m Pu=375KN
Ast = (4420/250)* 2+ 78.5 = 3999.12 mm?

OMn = 0| 0.5Astfylw (1 +5-)(1— )| =3036.8KNm

LAY Pyt C aoees o
w=(Gm =605 w= 00633 wu =00141
L wix
L= 00012

Try @12@200 Ast = 4999.02mm2
OMn =3669.8 KNm > 3052 OK
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3. Building Code Requirements for Structural Concrete )AC|I 318M-

05 (and Commentary, USA, 2005.

4. Uniform Building Code ( UBC).
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APPENDIX (A-1)

The coordinates of building corner

Y
158408.7559
158404.1502
158404.1538
158388.6351
158388.6315
158381.7860
158381.7896
158372.3731
158363.5988
158365.5939
158353.1593
158351.1643
158345.4487
158343.7270
158340.2823
158333.0320
158332.7305
158331.7327
158342.6927
158330.3193
158326.4188
158328.4145
158313.6565
158311.6608
158307.8459
158320.2193
158323.6201
158328.1792
158326.2548
158329.7327
158331.6571
158336.2162
158323.6653
158325.6603
158321.1526
158331.5303
158336.0380
158338.0330
158365.5320

X
100917.7804
100917.7749
100914.7759
100914.7572
100917.7562
100917.7479
100914.7479
100914.7376
100922.5553
100924.7944
100935.8734
100933.6342
100938.7267
100936.7943
100929.6513
100926.4385
100926.7071
100925.5872
100915.8220
100901.9346
100905.4099
100907.6498
100920.7988
100918.5589
100921.9580
100935.8454
100932.8153
100937.9323
100939.6469
100943.5503
100941.8357
100946.9527
100958.1353
100960.3744
100964.3907
100976.0382
100972.0219
100974.2610
100949.7600
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158363.5370
158379.7835
158388.6130
158388.6116
158392.3438
158392.3452
158400.3995
158400.3981
158404.1303
158408.7404

100947.5208
100933.0455
100933.0562
100934.2562
100934.2607
100933.0607
100933.0704
100934.2704
100934.2749
100930.6756
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APPENDIX (S)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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APPENDIX (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Member

Members not supporting or attached to partitions or
other construction likely to be damaged by large

deflections.

Solid one-
way slabs

£/120

£124

£128

£M0

Beams or
ribbed one-

way slabs

£ENG

LN8.5

£r21

)

MNotas:

(densi

1440-1920 kg/m?3,

lass than 1.09,

w, = 2320 k
tions, the values shall
a) For structural lightweight concrete having unit density, w
values shall be multiplied by (1.65 - 0.

Values given shall ba usgd directly for members with normalweight concrete
) and Grade 420 reinforcement. For other condi-

m

madified as follows:

, In the range

5(6!!; ) but not

b) For 1, other than 420 MPa, the values shall be multiplied by (0.4 + ,,/700)

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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