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The main aim of this project isto prepare al of the structural design and
construction details of amultistory School building located in south
Hebron .

This School building consists of 4 floors and it contains many activities.
It consist is reinforced concrete skelton  structure with stone,
concrete,block as cladding . ACI 318m-08 will be used in the design of the

structure.

The project contains the structural analysis for vertical and horizontal loads,

the structural design, and details for each element in the project.
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List of Abbreviations:

Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

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

At = area of oneleg of aclosed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

d = distance from extreme compression fiber to cancroids of tension
reinforcement.

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement..

I = moment of inertia of section resisting externally applied factored loads.

Ln = length of clear span in long direction of two- way construction, measured
face-to-face of supportsin slabs without beams and face to face of beam or other

supportsin other cases.

LL = liveloads.

Ld = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal 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.
Vu = factored shear force at section.

Woc = weight of concrete. (Kg/m3).

Wu = factored |oad per unit area.

@ = strength reduction factor.

XVII



CHAPTER

1

Aadiall
adial (1-1)
Ea) (2-1)
£ axkall o Auls 5 (3-1)
£ sl G hagll (4-1)
£ 9 pduall 2 ghad (5-1)
£ sl sl clau (6-1)
sl il (7-1)

a0 Jsaadl (8-1)



siadiall (1-1)

sdhyy e el 128 IS 4l Lladl slad palet ) Al geand M Gl o A
Al daliy algill asea 81 ek el 1aa 38 Sua dag ey s sl dlalliy a3l

A il Slaesall 5 581 el Al wagld 3 aall glaill 138 AT e S8 AGLENT 4 A peal

S, gadad SSULY Aalaly LY Sae) 55 Sllle ud T A e ey Rl el L8

Al el ) Al sl A aread N Lads daids Al Sl dalal) saly

spnaiile - 1 oSG Rinil T o] milemneniis et el il N 38 el 1385
S Ty Lpaganad s LALE 0 L jlaa Wt 5o 8 oy el el Apadarll laall s3] s kil
Ly A sl i) il ] i amy gl Audl gl 5 gl y 5l RS Jan e 5,30

ctbaall 03g A jlenall Ciallaliall i g3
Gt JoaSi Ly jlans dagacal 8 sill £ og ol 13s jlgal e Lolelaal JS Siad Gllaidl s ey

-2i5l B £ g jdall iy ST LALLY dareialy 3 sl



 aal) (2-1)

A Sl alinll arenl I prealll g Jlatll e g il e d ) A5

ERE PRSP
e A0 SN jealinll e jeaie (8 o Gall g Jleally 50l psen Jidad S Cus
AN aliall =l dlad 30a3 8 g AL se Yy leae iy guall y ilaall

. J"-it"h-" : III

1§ g piall (e dale 5k (3-1)

CGa Aelaatly A oYl Glesddly el Cile] i g peadi GE0 Luadadll Sl
PR, IR PR-PUR 8- O JICH 4 R, P~ SOOI L S TP L1 L
Al e Agallaadl calaa) Bgiady Slaaiul Al g 3120 5 i€ & jnea s

e ) aeill sl 134l Wilaie 8 Laedaill G laddl alaee B dlu ps Ll DA

Gpaly ;) Sleliy O pida e gotaall 6 Al lalial Gl 4y peiall illlaill (e de pasa

P B P B S B



[E gl e ciagd) (4-1)

Copand ) & g kel Cilaal i

5.._-;].& il aal

b e 4 W Ll et N gl e culiial) oda 4y Gl A SN S Y S
sid i A dliall g alai®Yly dmilall p Jleadl Silillaic 3aiad G 2 Y Cus el sda 4

e

AL ilaal,

Ay lanadl i) e e lady Y sy Sdall ) ala oy Lol el ) cilael

sl (5 fanall JSEN 5 bl e S ¥y sl Jali Agagdadll clllial

Sl el 3 sl jealally el Y Cya Ayl s sl s

--uj._)il :'_}JI..-:-I'_& _J.unI;J'.E



1§ 9 el & ghad (5-1)

sia by g (ale pdse el Glgaly bila) (0wl i jndd) Silabadall ) -
. el lpany pe Siladadal

A iliaall Clagdill 5 & lasall jealiall ae o jleii Y Cus, 53asY| ag )5l alall -
5 anal aacadll Lpniay

el e Aadl gl Jlaally ASLENT ealiall saad S Suay LAY el A 2 -

cndiall SLER AUl slael
(] -

_'_____'1._5.-11 ;‘J}S‘jl ;"-.ul-;l-"\‘il )-d:l]..'br_rﬂ t‘m# ?_’.‘uj¥| "] Al

AN jeabinll agend Y] apaalll -

Ll AL 5 g gl A 20 Zuan sall Bpdaisll A0 Sllaladll dlae
Al Al ciallaial Wy g g il A4S -
£ el JLAA) Gilaai (6-1)

rabindl ppanaill 43 jgall L8] Lpanl (e jaal 320 g gkl liidd duaal 2 ga

b 1L Y s Ay Al il oo alay gAY
ALl 28 pul 30y} 1 il 13 s jeies g2 8 Agladill cilbita

it g ataca 8 dadiall dilaall p Apalall 48 el L€l SIS, LBl 3 deddd) A58
Sag ol ol Sl g Bz el 0 LT sl sl Al Sl a Ll
o A slemall y Ainall Aunigh 350 ) g g sl e anfi gn Gl e ) e 3 oY
e Jpandly z il bl clanl pladdi S g adls 3 s ] 05301 g Al 48



g sl il (7-1)

(S8 Aliais Jpad 3o e & g bl 1 5 siag
£ g paall ale dania 2o Jadll w
£ oapiall 5 lenall Criagl Caalyy 1 U Jeadl  w
g el AU pealiall ciiay Jo 5 a1 LIED ool
AL pealiall 48185 LAY apacadll g Jiladll o) paf tadl ) Jiaill w
laadl o A0 U ssacalll Joliy ) Joaill w

Lualiioaall e gilly Lo Jom il 8 30 il iy 2 ailad) Juail

) Jssad (8-1)

C__, lamall chilialas o) a_...1_)>
e
< PSS RS S | >
———
<._5.-ks.11 Ly ,.,.......:m)
{
|
|

g asdall Al Jal e Jas (. )pdu OS2



et gk Pl 55 104
s =

£ aodall Lol

- ..-EE_E_ -

Lflast el A a

Faodall Syl Jlash

o Tt B ety (PP

il .1'!.'-:.2

E_,JJ._.JH s

3 phall o

U aadll g g pdiall e 30 Jpaadl oy (. )ad JS2

S Jeaill g il i) Jaandl s (L )pl JS2

E;!:L;Lﬁall_g :::J_}luh ;n..‘lllu_cn

6 il ey Sl




CHAPTER

asid (1-2)
(il skl Cha 5 (2-2)

LSilgal ol L (3-2)

A arall ualial] (4-2)

. 48 all (5-2)



dadid) (1-2)
aganl el Ll i g &y i Y Sae ) die L Y1 cass 3 aal) gl e s lanall Cieag)
Bl Daea JS ek Aaldl g g op sl Aapla pgdy it
o) Saliind g 4ie o ga el Ak gl B s 280 s Dl malill 5 lenall aracaill
o dog il ada 8 agall ey Sy Sleady il g A ganall 8 Ly plll sde Jidig Jladl jeaall
paal Jeans JJallyy Ji1 apanaill dasial g Ly N Ll (3885 Cupms a2 Lgaians 1 Je i
G A8 all dal SISy Cilalusall b iy Cual) Aadala gl cdUnall aghs Biady tia Jaldy LelSie g lens

. e

@Eﬁraruiqjltgﬁlﬁ@ua‘;ﬂ h:JL.J.L).:]lll _.:l._i;.!\-j,.uu"l‘.i_ﬂll ;:.J’J.un:l"lﬂ&.ﬂsl u:hll_y.li-z.i.yl _'.',.nj

r.'l._ml'l 'I_H;u:'n H\ bl calidladll ,;,13, Lema falaill JH;’_HMME_J)} ;.:1J!I.m:“ i |
- \;I.l':l!-! I-J_I—;u})llm.“ n.:.l‘:]..}.‘.'.u:llll} ] l:-l__:h&::l.lﬁ a.‘lﬁ I;n.l."li:hg.ll} 15_)3_“ :'.I:L_'l.lklji I..EJL..!.J ;LL._I.lIle ;.:ﬂ.:}h_’jl !.:Jljh.y-l-“l
saactl L msad IS 585 il & g dall Aol oll 5 geall aad A dpenl 3 5 A1 gl



Gl shall a5 (2-2)
fa N ) -

Sdle o paing LS s Ay dhe o el LS (Lpaleall 338 5 di il pae 086 1Y)

(adhll gl Jo e o Ll 5 gty .

. e o =S L= _'ﬂ
oty Teachas
it Classrosms w
L _“_-J. 1 _ Clasmonas
*nw

i Cardar

daREgaHBEERE

J;Hil I:l,iuﬂﬂ( . )M|



T -

Gl pe o e tny LS4l j0 Cighon Biu e Bl 1 580 Sia o Bl s Jalie als

(ol sl o e e Ll 5 0aa,

l_ Clasgosms cl Clasgosms H

S s (. sl



:U.I'ij&_&ﬂ—
iha e Ll (gsing dion i b sk e iy s, o N T Al il

bl sk e jess dima 31 e pay IS cliaslly eliaYl

Taat . IRAGE = T M e

Lakwry
ey

s
sharma

Ulosgom: Classrzmy

tIa"” Cardes

S8 Bk (. )l

e ek ¥
it e paiag Sy a2 Cisbia el e sgias e @ o Guball 128



A G ()8

slgal ol (2-3)
(Ausiadl dsalall Al gl -

| daia Ugadamd Uil b lalall jaal) aladiad S G Al Bl dgal gl oda et
e oS ale JRG cwptell el daadi N Agal ] adgalll JREN Lpd ek LaS

Sl el e el 2my el a5 Jus 4y jaa Slal )



ssial s dgal (L)

- (Aulla Ll 4 Jdat & FECJY

I

el uwlaf ] of ul v

4 EY E1ES

£

n

Paadlad dgal ol -



] B EE

AT
2= P E FEEEE
==V AEA HE=ma=s
|
| Ed LA (B == EA B =
= = M B — B Ef —
T ra
= |l# el = el =EAl =
=Nl =0 LEI= s
N |
T LiE] FEFFE
== A HE=EEI=
i
000

.p.-'i

a0 Al 2( L )Jsal

T,
e
k
j‘._g#’* A Ed ’“f:ﬁﬂ.@‘i
ke { | -é. Ell=— WE
L
i
Sog==p5 EEFE
&= # Flla = =
EW_F e Ed i\ B == Sl E
#= Fla= =
— # A=
= LI £z LHE=Ee
+0.00
¥




G pall Agal (L) Jsad

iy juanall pealinll(4-2)
g

4 g A I)E_,Ju:t.x“ l:‘d: 'll
v o A Agadad e i g
X H FE]
II'IJﬂ'IJaM&Q‘,SA:(J’SJE
4 I..Aulk T
I 2t
l._ll_,.i_..n.ll_ _A.!

'| 14 lj_fjl,;j).'; l_H.an].l.a.l
1 L] P

1 I:._;.Ll_ln

al 1 h_l-’ul:hl'l JRima g L

tges jtall Cighall -

| E—— Ay lall haa 84,

¥ B - o }
é_ln.n'llu_‘-'x_!.m'l_).]l._l..n_}.u;

; 4 ol ' 4,

e 8 T oA

(S - |

-u:ﬂﬁ-hi...na.j)iﬁﬁsj_.;};,_l
3y Sluled 3

i gdl i3, luly

3 I e eyl )}!)ﬁj.l’j'

- ale nj.!f_
di Fea
A i T . -l*:ﬁ.l‘_.“tlu
4 ayad By A _f
‘}hll‘j._'lllnjﬂﬂ__!li_l.—ﬂ}l | | Hil |
B ikl iall I..ﬂf.ﬂ"..\.l'l Jua®y auiadl
36 e il y ¥ J“
§ A -‘.'l_-ﬁllluﬁl-)ﬂ ) : :
I j‘H hﬁMﬁJ_ﬁAﬂﬂﬂﬁ
IF‘:LP
s Ml » Al
bl lpamg iy @ |
I ;u‘lhllhj-ﬁll &!thu 3 MI,QM'J}E;M
| o el gall g :
il Jgowy S - -
)_J..:._.:l'lc_.ud- -
§ o yiis il::n.ht'i':
i FlLlnEI".lJ.J._LLh‘:]
4 | Y,
W g PRTL. ’
: FLF_I.JI:. r.j._..sJU

RETRC



Mgl , dabue ads Sys JV1 GALY sl 1 o)
Al -
P leialee plagsel all oLl SOl e pagll gl S A jaall Yl il N Bl 8RS aE
RETgre
il Sl e 0
gt 4DAE ot gl DMl (e dpuy (S lldy G pasmy el dsle e G jadl
CAe L e a2l sl aal g
18 Al (5-2)
mew JO 5 A0 ol asealt O s g pdall 1 apanal 3 caidie JE5 A8 el 45 Jhasle] e S ad

uﬁﬂad_dz;ﬂl_iq;llﬁﬂlj.t1JJY|H“aﬁfﬂdﬂ.ﬁ J&J}SJ&JSJJLMJJJI'I ljJ'l.Tl.'lJ-.'Lnl'I ._j_,:n._..

calged



CHAPTER

3

AN Cia gl

dadiall (1-3)

I asanalll i (2-3)
dalaal) @il Lasy (3-3)

A pranall) dal 4 (4-3)
rsall e 8 el Jlaall (5-3)

il A pSal) AULIN| jualiall (6-3)



D dadiall (1-3)

s gl St U e 3gny e b il et dilae (e o] ingll
Apbai® ) Al ey Sl duall (e daDla 6 sl e A0LEYT sealiall ¢l gial
il A Sl ase a8 Al pall e ogde Y A Sl A0LERY1 ealinll A8 jee et g
ol Y ) il e Jgeandl jealiall a3gd ddiaal) g1 gt} e b jlie Jaad S5, Aaludd
£oapdall 138 sl B A8 3 ASAN) jealiell Ciiag g Sl
A araanl Liaa(2-3)
Al gl ol Jead e alig e 5 ey elSie Sl Gl laal s S ssecall dilee e cigd
D b e e el ASLER aaliall spaad iy iy o Sedddiudl iy Slilkiie Wil Al Gusg ¢

e 58 LY pealiall plalie jLAS) e <&da5 4 (factor of safety) (il Lile

i Aptdl Clalgaty gl Jaal

G e s dadiall oLl ol ge LEA) Bl e lgidad 25 (ECONOMYy) Ausloaidl) 4dlsil

) P L R q,-ll:‘-‘ :'h',', JI,:,'_'-.iI

(deflection) 1 31 Lo gaell cuind Cua ' (serviceability) Juedall el duadlia 353

. opasdicall ~le 5 8 il (Cracks) wilsadil

Alagadl 4l e Likisd




‘dglaad) i Lasy! (3-3)

Lelaad 558 48 paal 4y ill Clia sandll g Sl JLEAY) anyy aldll (e 23 2aaly oLl I8
b g ) Asdial) Ll AL Bac 5 A sal) oluall Coguia A jaas Lee iy Leilial ga g
g A daslsally Lwigh clujall Aol JSpa Lo ol dus e 4nalic Glees dlaely @i
Ll Jeai 368 e o Jgumnll i a5 Leale a0 Cilia gadll e 5 45l o3 (e il 3415 Julad)
(] 16) sstis g s il Lgle Al a0
558 a3 A8 o3 Ui Sy lalidl o € Falioe ) #Ua5 4 il Janil) dad (pe 4siciall el o3 (S
A4S sade Al puia 5 g Adpaall 4 ) A1) (3 sk e Gl g Qb1 A 55 Gl & Cpead (ks e A Jaas
aduhall oda ASLew luad 4 HYI Cliluall o) jals L Eus - ('base course)
( / 35)

AN asanaill Jal ¢ (4-3)

Tofls e e gy el 1agh AN maall as s 6 s L pe
Sl Jaey oy ial) kil N U p3ady s pall 38 B o shie a1 I3 Al el
AUl gl 4zl
1 '-|'| a3 =Ry t e e | ke [ |+ i . Ry --FI £ e . d .|r~l-| o H

. sl AL Aol Cildalad s bl ALy

L all e 5 il Jlaal) (5-3)
lshoan cng Juaal) (po ol gl Band i ay e g1 )y Lelead LSSl sy D (5 8l de gana 8

RV eE |

czabl Jlaal Y Jleal 2L Jlasl adall g el Jlaa¥) lyie ddlise Jaal sall e e



sl Jlaa¥

o el Al Jleall (05 e o - ) SN

Y g phgally il Sum e A 4S5 g Apada V) Andladl 5 08 e Anilill g Aadlall 5l A

5 ) gt Ll 5 385 pall ualiall )4l y RS pealinll (39 (b Jaa¥l 028 Sialig ¢ aall jee Jha
By s dlas 25 ¢ alls S8 sall Beadle pun 51 05 I ALYl ¢ L ally pdal IS dasiion
pieai A ee B Aadi ) o gall Age gl AEESH o ASLEN ealiall s3a slad A0 e A e Jlall
¢ gl y ¢ B bl y ¢ bl saay e Al A T e el Gl 3 el a g ¢ RSN jealial
Clagadll ol Liad dlliay ¢z AN 3 il Gulads 3 el 5 laadly ¢ Slaaill o ga g L3

el aladl il pSiall o ddleall camlY) I AELYL



N Sl s Raniiall o gall dae il SN (- ) sas

Tile
Sand 17
Reinforced Concrete 25
Hollow Block 11
Plaster 22
Mortar 22
kalkal 0.1

rdgall Laal¥)
¢ PRI iy a3y IS iy Al aBgall g Al Aali e e A Jlasl A
npls o dllig o Y gl 52em e 0080 O Sy e AT e Silp e tal g5 0 el odgd (e
¢ Lt g A Al o all y Silseall y 5 el Sy LaldlY) e U8 Jleall sda s gaty o Lisal
sanall Jglandl e Liiall ff el alodid daplag p i 2aad amy Jlea¥l ods ke e J sl S

L A apS By gl Jlaall af sl S5 8, Abisall iyl el 13



S 38 i rall ealiad dall Juaalil 1( - ) s

Classrooms

Library

Corridors
Labs

Rooms teachers

W W s~ P>

Kitchen

Bathrooms

Stairs 4




‘gt Jual

o leard wal|

windward wall

Wind pressure on buillding =

cid ezl Jlal (- ) s
gl e o e tlidel G b el sisad Aee g ol e A 508 S5 2Ll Jleal
Ll 2gny ol dni o oy il Cum o dmlgag o V) o p el S iy g 5 gualll
pi e Jpanll a1 280 Sldie) Sy 5 AY) il puatall e spaly abhia f e pige bk
DA Alslall 3 el J3a g Y] L
Q=0.613 (V,)*
V;=V.51.5,.5;

P s

(N/MP) san gl y Adaimall (i 1 o capuiia G0 33 g6 e 2Ll Saalial Jaiall : Q

Ll gl il apana oty Ay stma plid ) e M A pu by 2l dpseall 2 iV,
. (M/s) gl 5 Lia slia

C @Sl e ) et DA e aagy g ) B2 g Jalas 1 )

el sl e g el By e s ddagy il V1S e g Jdes 1 S



c a8l e A el o s le e saagy las) Jdes 1Sy

Dl S clalaall 3a S 3 N 080 ) g e ol
S::1.0
S;:1
S;:1.0
V:35(mfs) ......... 4/5/3-b
= V, =35*%1.0%1* 1.0 =35 (m/s)
= Q= 0.613*(35)? =750.9 N/m?=0. 7509 KN/m?

U el Gpmpansill 5 e gl bl Syl Lkl e Al ok e e i

‘p sl Laal

oliad maa gl Jpanll pladiclyy ad) sl e gl N1 4 jae SIS e 2 B0 Jlaal il 0S4y

‘J.a-‘l_;‘ﬂ .".JS.H [EETRCY



LY 28l G e e p LY Gas 2 B Jlasl 1( - e

0 250>h
(h-250) /1000 500 > h > 250
(h-400) / 400 1500 > h > 500
(h—812.5)/ 250 2500 > h > 1500

(+1001) (5 shuas 53 5 o) haie e uall £l ) 20 2y Bl B Jleal Jpoa ) 1ol
TS ) Jlaal s 5 SIEN 2l Lass
SL = (h-400) / 400
SL = (1001 — 400) / 400 = 1.5 KN/m?
W Laal
a5 Lgle 0 ¢ 4y Auall (i Y1 il Ll A8 jall a3 0, A o) gl e Y
—ball daglie ol 13y ape el ie e G JleaYl a3 350 ) canyy Ll e S
Gllall o el el 8 de el gl G i Biske e g g diall ln B Lga glie e s N
b aglasy



SEISMIC HAZARD MAP FOR BUILDING CODES IN THE LEVANT

E 3°E AGE 3
—_—

&M |

. 3™
R
e R S
L - Hirms
R L e (e
Seismic Zone Factor,Z
34N M
MasCus
N 32
eyl
M ¢ b ]
N artn-Ad-Shelkgh i P -z
1 w;fm“n;;mmwm
PGa (g}
[

oo0. e B A1s  Be 028 030 a3

—_— —_—
IIE 34°E IEE AE

==Toan [0l s iy T i BT e e, ke Rl Bl e Frapuom, (05 Ageerg b bisroiioon ossryrand, o ihs oo S He 50 -G-00-FH0THA

Oalaadi 3l 1 Blalidl oy cpiidda s (- ) Jsll



el A gSall ALLEAN) aliall (6-3)

i e Jadlad S5 oinlSn ) ALY ealiall e Ao gana a ile el paen 5SS
EJ._AE-‘EIj )’_..L?Jlj \Lll.:._i;.l'l J_-.al._-'m_lil- b.l'.'l.h Ip.ﬁ] ;;"“.! éﬁ.ﬂ'l I.-.l.:‘;lil_:l.;.x..llj ‘-I_'Ldﬂiﬂ_’ If-._ujl .'.‘,}:.:LJ

Al et g dlalad) ) 2l

=] |

ALY ealiall ) gale 3 5 pall Jlaaly) as dad 0 g g8 Ji8 e 5 0l LAY pualial) s
Lo e g gl 12 8 la o5 ) Lo et g Baas ¥l el el i all AL
sigd b A Lag o (300U el 8 A0LERY) apalisll 3 s gaas (530 g el ATl IS 8 SIS el
o
.(One way ribbed slab) !y slails e jhe ilaie (

.(One way solid slab) !y sladls dalis Shacas Sliie (



One woay tib 2lab —.

Shrinkage B Tamrerabuer Bar's —\1\

Hoallow Blede (17 cm ) =

_..Tal_.n:‘:i'lni.*.'i.;hjiﬁl:&.}_;( -)

—

/r— arne way sold slap

mam reinfercment —

—

J&‘Jnmh%ﬂﬁiﬁﬁ;ﬂq( - )



:E‘Jﬂt

LG ) Y e dal g B gt psanal 3 g

Stair

shear wall

L Temperature & Shrinkage Bars

Shear Wall

ol Q85 et (- )



Lol

— bpgmaa jpun D e g Ay SaeeYl D) Gl e Jlea¥) a8 8 Al 300 palic 4
G i A a4 Dropped beam" il ;guall s — ilaall Jals dud .,41 Hidden Beam
p ol e il ol gl § g kel i el JAYT ) Bakad

ALl gl ( 3osmal jaall (

o
o

Suppart (2] —

P

Support d1]

.
Eattom pare —*

syl il AN seead S5 (- )

RIb = — T- Eeam
‘\

%, L Eatorge Block

el Glall sl B (0 -)



sl
Sosma peaie gb Al LN T el e Jlaal) i b s B peaindl A Saes|
Lile dadl gl Jlaat) ay iy Jas o 500 5585 Cuny Lpapanad cone Ay il by Jlaal) Ji

Al Al Saee 3 (5 Hay Jibiicee (uadaie Ll 5 g

—

Mzin Bars

Agelall pleda iyt (- )



tpalll o) s

Jeaa¥1 dagliad ] J88 p3450 Lo Gl gl A2 ganll (5 ) ol Alels Y jualic 4
badh Gy Sig gl L Y1 (Shear Wall) gl O joa iy 3 s 7L (5 98 Jia @Yl
Sl dacdy z Al G oans deleadd) Hpia all 6 Aelal G oaedl ey Al ) Jlaa) Ae glaal
Lt it y ] e 8 paianal) Gl i e 228 e ad) gy Ll A gkl Bl 1 1500 s
T S (B0l sde iy Syglall Bl glall ) Glall TS 8 ey L Sl o gasal

Shearwall

el (58 Ao gl fin phaa G 1( - )



et P

UlS araal e sl 2y o Lpasaad o V) dLiiall ol vie laddity oy L Jl & lala) o e a2 1
il 8 ALy yialiall

A pd smaall i sagall e Zad) gl Jlaa) Gl ¢ Lgale A8l gl Jlaa¥ls ) 55Y) 4 jaal

e 1oy 5 (il sl Jlaa) s Jasdl o3a 5S35 ¢ loabadl) ) |yl g saac )

bl alasiul a8 sial) (e s ¢ daddioal) LW & 53 25 25 a8 gall dagida g Lgale 228l 5l1 JlaaY)

_j"_ Mmire= Eary
vl

e Clurmin

Square Facting




CHAPTER FOUR Structural Analysis & Design

CHAPTER
4 "DESIGN OF STRUCTURAL MEMBERS'

4-1 INTRODUCTION.

4-2 DETERMINATION OF THICKNESS OF RIB SLAB.

4-3 CALCULATION OF DEAD LOAD
44 LOAD CASESAND LOAD COMBINATIONS.
4-5 DESIGN OF RIB (NO. 2).

4-6 DESIGN OF BEAM (NO. 24)
4-7 DESIGN OF BEAM (No. 3)

4-8 DESIGN OF COLUMN

4-9 DESIGN OF ISOLATED FOOTING
4-10 DESIGN OF COMBINED FOOTING
4-11 DESIGN OF WALL FOOTING
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4-12 DESIGN STAIR
4-13 DESIGN OF SOLID SLAB OF STAIR ROOF
4-14 DESIGN OF SHEAR WALL



CHAPTER FOUR Structural Analysis & Design

CHAPTER FOUR

Structural Analysis and Design

(4-1) Introduction

The structural design of the project is the most important thing to
be done.. It isthrough design we determine the amount of reinforcement
in every part of the project to be realized all the conditions of
construction and safety conditions according to the Jordanian Code and
ACI 318m08 which were adopted in this project.

In This Project, there are two types of dabs: solid slabs and one-way
ribbed slabs. They will 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 cal culation will be made to find the required steel for

some members.
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One-way ribbed slab

(4-2) Determination of thickness of rib dlab
Thickness of dab (h) will be determined according to the limitation of deflection

Aallow = l—
360

The value of min h will be determine according to the following tables, if his
selected grater than the tables value, the calculation of deflection is not required.
Vaue of h according to (ACI 318m-08 —table 9.5.a) depending on span L (clear

span)
h| ] Structural system of dab
I
16 Supported £ L ?
| One end
h> 185 Continuous — Fod field |
.-huil:r L ;
| Both ends ERTI
h> o1 Continuous = — Wi el - —.
o A e et
| Cantilever 5
h>— &
8 : |
i
.#'H L f"-
h[ cm ] Structural system of dlab
105 Simply
Supported - 169 cm —_—
Oneend
21.9 Continuous Eud field
— 405 cm
Both ends
Continuous Middle field
16.5
= — M0 em Jf"""'
—————————————————— Cantilever

Maximum hreg=21.9 cm

we assume h=25 cm




CHAPTER FOUR

Structural Analysis & Design

(4-3) Calculation of dead load

Ribbed Slab

Jcm tile
2cm mortar
10cm sand

Zem Plaster

Figure (4-1) section in oneway ribbed slab

Tile

Mortar

Sand
Topping
Concrete Rib
Block

Plaster

Slab Dead Load = 4.23 KN/m of rib
Partitions = 1*0.52=0.52 KN/m of rib

0.03*0.52*24 = 0.3744 kN/m of rib
0.02*0.52*22 = 0.229 kN/m of rib
0.1*0.52*17 = 0.884 KkN/m of rib
0.08*0.52*25 =1.04 kN/mofrib
0.17%0.12*25=0.51
0.170.4*11

kN/m of rib

=096 kN/mofrib
0.02*0.52*23 =0.229 KN/m of rib

Total Service dead load for rib=4.75KN/m of rib
Total Service dead load for slab = 9.14 KN/m2

Factored Total Dead L oad(rib)

=1.2D (ACI 318m-08-9.2.1)
= 1.2¥4.75=5.7 KN/m of rib

Factored Total Dead Load(slab) = 1.2¥9.14 = 11 KN/ m?

Liveload =3 KN/m? table (2-3)
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(4-4) Load cases and load combinations

According toto (ACI 318M -08 -8.11) — Arrangement of live load

8.11.1 — It shall be permitted to assume that:

(a) The live load is applied only to the floor or roof under consideration; and

(b) The far ends of columns built integrally with the structure are considered to be fixed.

8.11.2 — It shall be permitted to assume that the arrangement of live load is limited to
combinations of:

(a) Factored dead load on all spans with full factored Live load on two adjacent spans; and
(b) Factored dead load on all spans with full factored live load on alternate spans.

AN AN AN AN
Load Case 1: ACI-8.11.2-a
LL
V.V V V V V V YU € Y Y Y Y " 9y %2y Y Sy 9 9y Yy yYy DL
V V V V V V V VY V Y V Y V Y YY V Y Y VMV Y M Y Y Y VY Y Y Y Y Y Y Y YYYY Y YYyYy
AN AN AN VAN
Load Case 2: ACI-8.11.2-a
LL
\ 4 y \AA 4 A\ 4 V VYV VY YYy VY N Y M Yy Y Yy Y Yy Y'Yy
DL
V V V V V V V VY V Y V Y V Y YY V Y Y VMV Y M Y Y Y VY Y Y Y Y Y Y Y YYYY Y YYyYy
AN AN AN VAN
Load Case 3: ACI 8.11.2-b
VYV V V V VvV VP Y 9YP % vvYPeeYy LL LL VYV VV VYV VY VYYYVYYVYYVYYVYYVYY
D
V V V V V V V VY V Y Y Y VY VY V YYY VDU LU . -UZUU D VYUY &V T P YV V' 5959 DYV Y 5  YY v vYyyy
Load Case 4: ACI 8.11.2-b
LL
y V Fy v v ¥ DL
V V V V V V V VY V Y YV Y V Y VY V Y Y vV vV " " Y Y VY M M"Y Y Y YYYY VYYYyYYy
AN VAN

From each case%éget the Maximum moment: -4
> Maximum negative moment from load cases 1+2 (ACI-8.11.2-a)
> Maximum positive moment from load cases 3+4 (ACI-8.11.2-b)
» Envelope moment diagram from all possible load cases.
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(4-5) Design of (Rib 2) infirst floor:

e Using ACI coefficient we get the following moment values for positive

moment .

Wu=12DL +1.6LL =1.24.75+1.6*(3*0.52)= 8.2 KN /m

Effective Flange width (b, ) accordingtoto (AClI 318m-08-8.12.2) :

b for T- section is the smallest of the following:

b =L/4 =334=825cm
b. =b, +16t =12 +16(8) = 140 cm
b. =C/IC =52¢cm.................... Control
Goomntry Hnits mrcdor, mm
b LT L b2 L1
! A : & ! i ! H
L %3 B 33 0 £ k| 310 el
' I 4.1 ' I ' 4.1 ' ' 11 ' 3.8
53,
#,
5.
EFa
AR
Figure (4-2) spanslength of rib (2)
Rib 2]
“““ E=ELEE==
| | g |
il ey B | | =g ] PU— | g W
7l .—-"— I
| 1., L RAMIII)
TR A nm T il |_I| e cood AR oo MO A o
1T ARINEHHITIER --!!!_IHI HRRIN ||||||H|I|||I|||I||||

111 EEE |

Figure (4-3) Rib location
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Using " Atir" softwarefor the following values of moment and shear:

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments:

spans 1to 4

-15. -14.
-11.6
7.7 -8.5 - N
AL A
| .06\1.4 } 1. | } 1.0 |
| ! ! l ! lllsl ! 1|29l ! i |
' 0.7410.88 ' l0.62 l0.71 '
2 .
6.7 7.1
11.6 9.8
1 164 2.46 1 2.26 _ 1lga 1 2.05 } 2.05 1 2.28 152 }
Figure. (4-4) The design moment for the Rib (R 2)
Shear
-20.5 t6s 183
-15.4 :
-11.7 -13.2 -12.7
-8.8
: : : : H
8.7 o
13.8 13.5 11. 14.2
18.6 1. 19.3

Figure. (5-4) Thedesign shear for theRib (R 2)

(4-5.1) Thedesign shear for theRib (R 2)
Vu=15.4KkN .

The magnitude of shear strength of concrete :-

f Ve =0.75(v/24)(b)(d) / 6 = 0.75(~/24)(120)(216) / 6 = 15.9KN

1.1* fVc =1.1*159=17.5KN > Vu

No shear Reinforcement

Use® 8@ 20cm c/c
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(4-5.2) Design for Positive M oment:

Determine whether therib will act asrectangular or T — section:
For a=t =8cm

MU max = 11.6kN.m . for all spans .......... From Figure (4-4)

D = 0.25-.2-0.6-0.08=0.216m
Mn¢=0.85* fc* t * b, *(d-t/2)= 0.85 (24) (0.08) (0.52(0.216-0.08/2)* 1000

=149.4 kN.m
@Mn ¢ =0.9 *149.4=134.4 KN.m
@Mn available = 134.4kN.m > Mnrequired =11.6 KN.m

Design asarectangular with b, =52 cm

Design of span (1).

Mu=11.6 KN.m .................... From Figure (4-4)
420
fy = =
= 0.85(24
0.85fc' A24)
* -3
Mn _ 11.6* (10) _ 0.53Mpa

" bd?  (.9)(0.52)(0.216)2

* *
c_L( fp_2mRn |_ 1 1_\/ _2%20.6*0.53 | _ 4 5013
m fy 20.6 420

A's =0.0013*(520)* (216) = 146.4 mm?

Max & Min Reinforcement Of Ribs:

A'Smin = ;/(; (ow)(d) > W(bw)(ol) ........... (ACI 318m08-10.5.1)

A S min =77.143 mm?

ASmMin=864mm°........... control

Weuse As= 86.4 mm?

Use2@10 As=158 mm?> Asreq =146.4 mm?
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Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb
(158) x 420 =0.85x 24 x 520 x a

»a=6.25mm
C=a/0.85=6.25/.85=7.4 mm
&s=(d-C) (0.003)/C
£s=(216-7.4)*(0.003) /(7.4) = 0. 0846

=0. 0846> 0.005

=0k

(4-5.3) Design for Negative Moment:

Support (1)

Mu=85KkN.m ..................... From Figure (4-4)
fy 420

0.85fc  0.85(24)

* 3
_ Mn _ 85" (0)° 1 o
bd 2 (0.9)(0.12)(0.216)

* *
S AL 1_\/1_2 20.6*1.7 | _ 4 qoan
m fy 20.6 420

A's =0.0042 *(120)* (216) = 109 mm”>

ASmin =%(bw)(d) > %(bw)(d) ........... (ACI 318m08-10.5.1)

A S min = 77.143 mm?

ASmin=864mm?°

1.3*109=141.52 mm? .......... is Control
Use 2 10mm ,ASs =158 mm?
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Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb
(158) x 420 =0.85x 24 x 520 x a

»a=6.26 mm

C=a/0.85 = 6.26/.85=7.36
&s=(d-C) (0.003)/C
£s=(216-7.36)*(0.003) /(7.36) = 0.085

=0.085 > 0.005
=0k

(4-5.4) Topping Design:

Live load =4 kN/m?

Dead load:-
Tile =0.03*24=0.72 KN/ m?.

sand =0.10* 14=1.4KN/ m?.
Topping = 0.08*25 =2 KN/ m?.

morter = 0.02*22 = 0.44 KN/ m?.

Dead load = 456 KN/ m? .

W, =1.2(4.56) + 1.6 (4) = 11.87 KN/ m?
Assume slab isfixed at support point (ribs)

2
MU = — Wu x L
12
2
Mu = —[%J =-0.158 KN.m for 1 m wide strip

Calculate modulus of rapture of concrete according to (ACI318m08-9.5.2.3).
f, = 0.42,/f/(MPa) = 0.42\/24 = 2.06(MPa)

Mn=(f, Xs)
2 2
_ bg _1x0.08" _ 4 o107

Mn =2.06 x 0.00107= 2.202 k pa
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®Mn=0.55(2.202) =1.21 KN.m ,(® =0.55 for plain concrete)

®Mn=1.21 kN.m > Mu = 0.158 kN.m

According to(ACI318m08-7.12.2.1), minimum reinforcement is required to prevent
cracks and to minimize temperature effects:

For fy =420 Mpa, p = 0.0018

p =0.0018

A, =0.0018* (1000)* (80) =144 mm?/1m

Use @ 8 @ 20 cm center to center both directions.



CHAPTER FOUR Structural Analysis & Design

(4-6.1) Design of beam ( 8):

Seomelry Unite:meter,cm
cad cdd cd
1 2

—— A — A

L, T I L A ::|

03 & 0.6 3.28 B 0.25

! . l 1.05 37 !
25

8o
A A
Figure (4-6) spanslength of beam (24)
e I —— P e e e i JT______ n o =T| 7_ ______ .
E==pH== 2=l
s M I = et B~
NE= == g =1

R — _!En o : | - - el | & _' AT T 1
(I o Ty 0 8 510 T AT T Aty
e PR || o ] ] = » E™] =1 IR TR
!::é'::::jil
T Ly, Py

Figure (4-7) Beam (8) location
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Using " Atir" softwarefor the following values of moment and shear:

Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 2

-119.8

-73.5 -68.3

1.16/0.88 |
|

! | !
'0.81j0.72"
|

51.1
90.7
1.07 1.98 | 2.22 1.48

Figure. (4-8) The design moment for the beam (8)

Min Reinforcement Of Beam:

_Jfe 1.4 _ 24 14
Asmin = %) (bw)(d) > W(bw)(d) = 2020 (80)(196) > -~ (B0)(196) .

........... (ACI318m08-10.5.1)
A 'S min = 458< 522.7mm*
(4-6.2) Positive moment reinfor cement
Span (1):
Mu=51L1KkN.m.................. From Figure (4-6).
Check singly or doubly :
C=(3/7)d
C=(3/7 )* 0.196 =84 mm.
a= 0.85*84= 71.4mm.
®=0.65 + 250/3 * (Es-0.002)= 0.9
® Mn=® * 0.85 fc' *b*a* (d-a/2)
®Mn=169.2 KN.m
Mu max =90.7 KN.m < ®Mn o« = Singly .
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0y
0.85fc'

420
0.85(24)

_ Mn _51.1/0.9*(10)°
bd * (0.8)(0.196)?

* *
c_ Ly j_2mRn | _ 1 1_\/1_2 1.9%20.6 | _ 1 qoug
m fy 20 .6 420

A'S =0.0048*(800)* (196) = 76mm° >
A S min =522 7mm’
Use 6 14mm ,AS=9.2cm’>AS,q

Rn

= 1.9Mpa

Check for Yielding:
T=C

= Asx Fy=0.85xfc'xaxhb

(920) x 420 = 0.85x 24 x 500 X a
»a=38mm

X=4a/0.85 = 38/.85=45

E s=(d- X) (0.003)/X

E s = (196-45)*(0.003) /(45) = 0.0101
=>0.0101 > 0.005

=0k
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Span (2):
Mu=90.7kN.m .................. From Figure (4-6).
me__ 1Y
0.85fc’
420
- 0.85(24)

_ Mn _ 90.7/0.9*% (10)°?
bd?  (0.8)(0.196)2

r:il_ 1_2mRn _ 1 1_\/1_2*3.3*20.6 _ 0.0087
m fy 20.6 420

A'S = 0.0087*(800)* (196) = 1370mm’ > A S min =522.7 mm’
Use 1014 ,AS=1540cm’

Rn

= 3.3Mpa

Check for Yielding:
T=C

= Asx Fy=0.85xfc'xaxhb
(1540) x 420=0.85x 24 x 800 x a
»a=40mm
X=a/0.85 = 40/.85=47
Es=(d- X) (0.003)/X
E s=(196-47)*(0.003) /(47) = 0.01
=0.01 > 0.005

=0k
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(4-6.3) Negative moment reinfor cement
Support (1)

Mu=735kN.m.................. From Figure (4-6).

m= fy
0.85fc'

420
0.85(24)

_ Mn _ 73.5/0.9* (10)7®
bd?  (0.8)(0.196)2

r:i(l— 1_2mRn] 1 (1_\/1_2 2.7 20.6}20.007

Rn

= 2.7Mpa

m fy | 20.6 420

A'S =0.007*(800)* (196) = 1095 mm* > A S min =522 7mm’
Use 8 14mm ,AS =12.32cm’

Check for Yielding:
T=C

= Asx Fy=0.85xfc'xaxhb

(1232) x 420=0.85x 24 x 800 x a
»a=32mm

X=a/0.85 = 32/.85=38

E s=(d- X) (0.003)/X

E s=(196-38)*(0.003) /(38) = 0.0125
=0.0125 > 0.005

=0k
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(4-6.4) Design of Shear Reinforcement:

Shear

-164.1
-124.

-96.

-121.8

91.6

63.8

143.7
183.8

Figure. (4-9) Thedesign shear for the beam (24)

Vumax =143.7 ............... From Figure (4-8).

Usually the design value of shear is taken at distance = (d) from support
face.

d: effective depth of the beam.

D =196 mm

Vu=143.7kN.

The magnitude of shear strength of concrete :-

f Ve =0.75(4)(b)(d) / 6 = 0.75(~/24)(800) (196) / 6 = 96.02KN < Vu
fVc<vu=>

Check category 3

®Vec <Vu < dVec + dVs

Determine shear strength provided by steel (® Vs).

OVs, . = (2 )*fic *bw xd>f (1)* bw * d
16 3
Vs, = (%3 )*+/24* 0.8 0.196*1C° > 0.75(%)* 0.8¢0.196-1C°

DVs, =48>392
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Vs, =4&KN
DVC + OVs,,, = 92 + 48 = 140kN
Vu =146 .8kN > ®VC + ®Vs_, =140kN

=>» Check category No.4:-

dVec+dVs . <Vu<dVe+d (%)xJ fc'x bw xd

min —

140 < 146.8 < 92+0.75*0.333* (24)°**0.8*0.196=288 kN
=> category No.4 is satisfied

dVs =Vu->dVe
dVs =146.8-92=54.8

s - D x Avx fyxd  0.75x4x50x 420x196
o DVs 54.8x10°

s<d_20
2

= 22.5cm

=10cm............. controls.

Use @8 with 4 legs @10 cm c/c.
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(4-7) DESIGN OF BEAM (NO. 3):

Geomeiry Units:meter.cm
<43 cdi
1
il
S o :]
B
b3 | i3 4 0.2 ﬂl
.65
I |
al.
3,
Gl e
4.
A-A

Figure (4-10) spanslength of beam (3)

\
‘—| 1

T I T L [T ]

LTI 11

Figure (4-11) Beam3 location
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Material :-

Concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section: -

Bf =80 , h=60cm , Bw=40 , Tf=25
Factored Linear load =1.2*D.L + 1.6* L.L
=1.2%40.0 + 1.6* 10.2=64.32 KN/m

Using " Atir" softwarefor the following values of moment and shear:

Moment/Shear Envelope (Factored) Units:kN,meter

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

36.1 30.2

\ 3.33 409.7 3.33 \

Figure(4-12) : Moment Diagram of Beam (B3)

Clear _ 6380

bE < <

= 1595MM.....ovveon.n. ACI —(10.12.2)

<16* Tf +bw=16* 250+ 400 = 4400mm

< center —to — center

= 3600mm

bE = 800mm

Mnf =0.85* fc*bE* (d —tf / 2)

Mnf =0.85* 24* 0.8* (0.54—0.25/2) = 677.3KN.m
Mu/® = 409.7/0.9 = 455.2KN

Mu/® < Mnf

Design asrectangular section
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(4-5.1) Design of positive moment for beam (B3):

Mu=409.7 KN .m

fy 420
M =085*fc ~ 0.85*% 24 206
Mu /f

KN= bt + g2
. 4097*10°/09 o5

N= "og*(0592 ~ —70VPA

2mKn
- 1. -
m (1 fy
2(20.6)(1.95

- - 1_ —_

P= 206U \/ a0 )= 00049

Asreg=p* bf * d =0.0049 * 800 * 540 = 2117 mm?
Check Minimum Reinforcement Asmin. (ACI- 318- 02, 10.5)

4 fc 14
As . = bw)d)>—(bwld).................. ACI -105.
V24 14
As, = m(4oo)(54o) 225 (400(540)
As,,=630<72C . the larger is control

AS,y, = 720mnT < As, =2117mm2 ok

Use & 25mm with As = 491 mm?

# of bars= A/ ASy =2117/491 = 4.3

Select bottom bars5 ® 25mm.  Total As= 2455 mm2
Select top bars4®d 12 mm Total As= 452 mm2
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Check for Tension steel yielding:
Fc'=24N/mm* - Bp=0.85
Tension = compression
As*fy=085* f_*b* a

2455+ 420=0.85* 24* 800* a

a=63.2mm

c:i :@ =74.4mm
b, 085

540-744
g =

S

e, =0.019>0.005
OK

X0.003=0.019



Shear
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(4-5.2) Design of shear for beam (B3):

-197.1

-246.4

195.3

246.4

Figure. (4-13) The design shear for the beam (3)

d=600-40-8-12=540 mm
Factored shear forces at d=0.54 m from support Vu =197.1 KN

1. Vu < %CDVC

Determine shear strength provided by concrete (® Vc).

® Ve = q:*_\’gc' bw * d

= 0.75* g 0.4* 0.54*10° = 132.3 KN
Vu=197.1> %d) Vc=66.15............ not control

2..%(1)VC <Vu <dVc

Vu=197.1>d Vc=132.3............ not control
3 ®Vc <Vu < dVc + Vs,

Determine shear strength provided by steel (® Vs).

DVs,_ :(%)*\/E*bWXdzf (%)*bw*d
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Vs, =(1—16 )*24* 0.4* 054* 10° 20.75(31), )* 0.4* 0.54*10°

DVs,, =66.14>54

dVs,, =6614KN
DVC + ®Vs,, =132.3+ 66.14 = 198.44kN
Vu =197.1kN < ®Vc + ®Vs_ =198.44kN

Category No. 3 satisfy ...

Use @8 with 4 legs @20 cm clc.
Assume 4leg f 8stirups
f Vs =Vu —-f.Vc =197 .1-132 .3 = 64 .8KN

* 2
s Av = 4*&: 2.0lcm?
* * * * * *
S, = 0.75* Av * fy * d _ 0.75* 201 4203 540 _ 528 mm
' f Vs 64 .8* 10
S, =52.8cm

But S must be smaller than d/2

S0, Select S=25cm < d/2=54/2 =27 cm ..... Ok
Select S=25cm

S0, use stirrups of @ 8 with 4 legswith S=25 cm c/c.
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(4-8) Design of column:
4.8.1 Design of column(C6-....... Floor):
4.8.1.1 Design Of Longitudinal Reinfor cement:

Sdlect column (C 6) for design Basement floor.

p, =1.2*510+380*1.6 =1220KN
pu =1.4*510=714KN

Prreg = 12207 s =1880KN
User =rg=1%
Pn=0.80 Ag{0.85 ¢ + pg (¥ - 0.85)}

Pn = 0.80* 0.6* 0.25{0.85* 25(1— 0.01) + 420* 0.03)
Pn = 3.03MN = 3028KN

Pu<Pn=> OK

k.L M
U< (34-12 —= ) <40.uun........ ACI.10-12-2
r M2

Lu - Actualun sup ported (unbraced)length

K : effectivel engthfactor (K = 1 forbracedframe)

R: radiusofgyration = 0.3h = \/%

kL, = kL, =38.8< 34—12E =22
r 0.3(h) M2
.. long..Column

As=pg * Ag = 0.01* 150000=1500mm?

Use 10 ® 14 for minimum.
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E.l
El =04—% . [ACI 318—- 2002 (Eqg. 10—15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL  1.2(510)

by =0.502
Pu 1220
* 3 * 3
I, = b*h” _0.25*06 =0.0045 m*
12
£l - 0.4* 23270.15* 0.0045 _ 97 OMN.IM
1+0.502
p *El
Py = e ACI 318-2002(Eg. 10-13)
(KLu)
2 %
A _ 31477279 27'? = 26.1MN.
(1.0*3.25)
M1
Cm =0.6+ 0.4[W} ............ ACI 318 — 2008 (Eq.10 - 16)
Cm=1.... According to ACI 318 — 2008 (10.10.6.4)
Cm
s = >1.0 e ACI 318 — 2008 (Eq. 10 —12)
1-(Pu/0.75P,

1

d. = —=1.0001 >1
1- (1220 /0.75* 26.1* 10°)

€yn =15+ 0.03* h =15+ 0.03* 600 = 33mm = 0.033m
e=e,, xd, =0.033*1.0001 = 0.033

€_00%8 _4o0s5

h 0.6

From Interactio n Diagram

TPy _ 1220 , 145 =1179 .33 Ps
A, 0.25*0.6 1000

g =0.01
2
A =1 *A,; =0.01*25*60 =15 cm

Use 10P 14



CHAPTER FOUR Structural Analysis & Design

4.8.1.2 Design of the Tie Reinfor cement:

Fpacing <16 x d, (Longitudinal .bar.diameter) =16 x1.4 = 22.4cm. _ control
Facing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm.
Soacing < Least.dimension = 25cm.

Use @ 8 ties@ 20cm c/c spacing.

B0

Dctail of column No 6.

Figure(4-14) Detaill of column No.6
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4.9 Design of Isolated footing(F9) C44

4.9.1 Load Calculation:

Service dead load (D.L) = 905 KN

Serviceliveload (L.L) = 102 KN.

Total serviceload = 905 + 102 = 1007KN

Factoredload=12* D.L+16* L.L
=1.2*905 + 1.6* 102

= 1250 KN
Soil weight = 18 KN/m®
Soil depth=1 m

Column geometry 30*60 cm

Allowable soil pressure = 350 KN/m?

Pu = 1250KN
Swv=18*1.8*1.8*1=59KN

cnw = 0.3* 0.6* 25* 1.5 = 6.8KN

Pu; = Pu+1.2* Sw+1.2* cnw

Pu; =1250+1.2* 59+1.2* 6.8 = 1320KN

Total serviceload = 1007 + 59+6.8 =1073 KN

Where:
Sw: Soil weight

Pu: Factored load from the column

Pu: Total factored |oad on foundation

Cnw: Column neck weight



CHAPTER FOUR Structural Analysis & Design

4.9.2 Design of Footing Area:

To determine the required footing area, the total service load will be
used
Allowable soil pressure = 350 KN/m?
Area (A) = Tota serviceload / Soil Pressure
= 1073KN / 350K N/n2
=3.07
Try 1.80m* 1.80m Area= 3.24m’ > Required Area= 3.03 m’
For the design of the reinforced concrete member, factored load must be
used :

s __Pu 1320
e Aoitea 324

4.9.3 Determinethe depth of footing based on shear strength:

= 413.0KN /m? < 1.4* 350 = 490KN / m"”......OK

Assumeh=40cm .....d=40-7-2=31cm

Check for oneway shear strength

Critical Section at g+d

2,4 :0;26+o.31= 0.61m
L oundation a *
Vu=s * (% - (E + d)j BFoundation

Vu = 413* (%8 —0.61)*1.8= 215.6KN

f.\/c:f.(%* fo b, * d)

f Vc=0.75* %* /24 *1800* 320 = 352.73Kn

f Vc=325.73KN >Vu = 215.6KN
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Check for two way shear action (punching)
The punching shear strength is the smallest vaue of the following
equations:

f.\/czf%[hb—zj\/fj b,d
fv, =f —(b . jrbd
fv, =f —\/7bd

Where:

Column Length (a) 60
~ ColumnWidth () 30

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, = 4d + 2a+2b = 4*0.0.32+ 2* 0.60+ 2* 0.3 = 3.08m

a, =40 for interior column

fV, =f —(1+—j\/ bd_075 ( ) 24 *3080* 310 = 1169.4KN

fV, =f —[b i ]\/ b,d = 0175 (403§é31+ 2)*@*3080*310:1761.7KN

fV, =f —w/ bd—O—;S V24 * 3080* 310 = 1169.4KN

f V. =1169.4KN ..... Control

VU, = Pu-FR,

FR, =s,, *area of critical section

VU, =1320-[413* (0.3+0.31)* (0.6+ 0.31)] = 1090.8KN
f Vc=1169.4KN >Vu. =1090.8KN........ satisfied
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Check transfer of load at base of column:

f.Pn=f .(0.85fc'Ag)

f.Pn=0.65*[0.85* 24* (300* 600)]/1000 = 2387Kn
But Pu=1320<f .Pn=2387

. Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:

As . =0.005* Ag = 0.005* 30* 60 = 9cm’
Sdlect 8012

ASp e = 9:04cm® > Asg

4.9.4 Development length of dowel reinfor cement:

Ly = fy do = 4—oo><12:245mm
4,/ fc' 424

L, =0.04xdbx fy=0.04*12*400 =192 mm
o Ly = 245mm

Available embedment =400 — 70 —=12-14 = 304 mm >245 mm

4,95 Design for Bending Moment:
At section A-A

Mu = 413* 0-60% %1.80=1338Knm

Try to design it by Plain concrete



CHAPTER FOUR

Structural Analysis & Design

f Mn> Mu
1800* (400)>

f Mn=0.55*0.42* /24 * s

f Mn=54.32 KN.m
133.8>5432 ... Not Satisfied

Using Reinforced Concrete.

1338

Mn 3 =148.7KN.m

-3
RN = I\/II’ZI _ 148.7><102
bd 1.8x0.31

oty 40 _
0.85* fc  0.85*24

; =l 1- 1_2xmen
m fy

o1 1_\/1_2><20.6><O.86 — 0.0021
20.6 420

ASg., =T *b*d =0.0021*180* 31=11.72 cm’
Check As;,

= 0.86Mpa

20.6

As,,, = 0.0018* 180* 40 = 13cm’

AS, < As,,

1.3* As,, =1.3*11.72=15.34cm’ > As;, =13cm’
ASgyinege = 0.0018% b* h = 0.0018* 180* 40 = 12.96cm’
. As=1.3* As,, =15.34cm’

Sdlect 15 12....AS,, 4y = 15.82cm” > 15.34cm?’.....0K
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Development length of reinfor cement:
Ktr=0 c=70+6=76 mm

;zl/Z.S
ke +C
db
Ldfor ® 12
Ld_gx fy ><a><b><g><| y b:gx 400><1X1X0'8X1><12=28.2cm
=10 .[fc (kﬂ+cj 10 /24 25
db

Available embedment 1.80x0.5-0.6x.05-.07 = 0.53 cm >28.2 cm
ok

But we use a standard hook of (25 cm)

At section B-B
_413*0.75° _
Mu = A %1.80=209.1KN.m

Mn = 209.1 = 232.33KN.m
0.9

_ Mn  232.33x10°°
bd?>  1.8x0.31?

e fy 420
0.85* fc  0.85* 24

, :i 1- 1_2xmen
m fy

Rn

=1.34Mpa

20.6
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o1 (1_\/1_2x20.6x1.34]20.0033

"~ 206 420
Asg., =T *b*d =0.0033*180* 31=185 cm’
Check As;,
As_. =0.0018*180* 40 = 12.96cm’
AS., > Asy,
ASgyinage = 0-0018* b* h = 0.0018* 180* 40 = 12.96cm”
As = 18.5cm?

Select 14f 14....As,, 4y = 21.54cm’ > 18.5cm”.....0K

Development length of reinfor cement:
Ktr=0 c=70+7=77 mm

;:1/2.5

&3
db
:Ld for ® 14

9 fy axbxgxl

L, =— db
‘ 1O><1/f(;’>< k, +C *
db
9 400 1X1X0'8X1x14=32.90m

=—X X
10 /24 25

Available embedment 1.80x0.5-0.3x0.5-0.07= 0.68 cm >32.9cm
= ok.

we use a standard hook of (25 cm)
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Check for Strain:
Tension = Compression
As* fy = 0.85* fc*b* a
2154* 400 = 0.85* 24* 1800* a
a = 23.46mm
bl 0.85
o 30-276

S

27.6

*0.003

e, =0.0317>0005 ... OK

Dzl of coluemms Mo,

17,3744

| : ’7 20 PRGE] S om BRGITS am
Fill — Fill
1414

15Eh2

Fuseding Mo, 9
(Fa

SCALE 1725

Figure(4-15) Detail of reinforcement Isolated footing(F9) C44
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4.10 Design of combined footing

Footing for the column C43 & C27
C43:30*60 ---D.L 1750 KN, L.L =300KN
Pu =1.2*1750+1.6* 300 = 2580 KN
C27:25*40---D.L =270KN, L.L =140KN
Pu = 1.2*270+1.6* 140 = 548 KN

Allowable soil pressure = 350 K N/m?
Pu = 2580 + 548 = 3128Kn
Cw=25*1*(0.3* 0.6+ 0.25* 0.6) = 8.25Kn
Swv=18*3.7* 2*1=133Kn
Pu, = Pu+1.2* Cw+1.2* Sw
Pu, =5410+1.2*8.25+1.2* 133 = 3200Kn
Ps = 1750+300+270+140 + 8.25+133 = 2601.5 KN
Where:

Cw: Column weight

Sw: Soil weight

Pu: Factored load from the column
Pur: Total load on foundation

Ps. Total serviceload
Distance between the two columnsis 2.32 m center to center
Ps for column 43=2052 kn
Ps total=2601.5
2601.5*x=2052*2.32 ................Xx=1.83m from center c27
Areq=2601.5/350=7.43 m2
L=(1.83+.13+.4)*2=4.7 m
B=7.43/4.7=158 ............ TAKE B=1.60 m
Provide=1.6*4.7=7.52>7.43 ........ ok

s = 3200 416Kn/ m? <1.4* 350 = 490KN / m?....OK

71.52
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4.10.1 Determination of the foundation depth

Assumeh=70cm ..... d =70-7-1 =62 cm
Check for one way shear strength

Critical Section at %er

2,4-96, 062-092m
2 2

L.
Vu=s * (% - (g + d)] * BFoundation

VU = 416* (2.35— 0.92) * 1.6 = 952KN
f Ve =f .(é*q/fc'*bw*d)

f Vc=0.75* %* 24*1600* 620 = 607.5Kn

f Vc =607.5KN < Vu = 952KN
The Foundation Depth must be increased
Select h=80cm ....d=72cm

Check for one way shear

2,4-90,672-1.00m
2 2

VU = 416* (2.35-1.02)* 1.6 = 885.25KN
f Vo=t .(%* fo*b, *d)

f Vc=0.75* %* 24*1600* 1020 = 999.4Kn

f Vc=999.4Kn >Vu = 885.25Kn
Safe

Check for two way shear action (punching)
The punching shear strength isthe smallest value of the following equations:

v =f 142 |5 b,d
6 b,
1( a ! 1 /
fv,=f.—|——+21f.bd fV =f.=\f bd
C 12(b0/d+ j C 0 c 3 C (0]
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For c43

_ Column Length (8) 60
€ Column Width (b) 30

b, = Perimeter of critical section taken at (d/2) from theloaded area
b, =4d +2a+2b=4*0.72+2* 0.6+ 2* 0.3= 4.68m

a, =40 ...... for interior column

fV, =f —(1+—]\/ bd— ( j 24 * 4680* 720 = 4127Kn

*
f\V. =f —(b > }/ b,d = 0.75, (404 ;’372+2j*\/ﬂ*4680* 720 = 8412.5Kn

fV, =f —\/ b d_O;S* 24* 4680* 720 = 4127Kn

f V. =4127Kn ..... Control

Vu. = Pu-FR,

FR, =s,, *area of critical section

VU, = 2580—[416* (0.6 +0.72)* (0.3+0.72)] = 2020KN
f Vc=4127Kn > Vu,. = 2020Kn........ satisfied

For c27

Column Length (a) 60

c = =—=24
Column Width (b) 25

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

b, =4d +2a+2b=4*0.72+2* 0.6+ 2* 0.25 = 4.58m

a.=40 ....... for interior column

fV, =f %{u bi}/ fb.d= %* (1+ 2—24j J24* 4580* 720 = 3702.2Kn

Ve =f. {b " J\/ bd—075 (40 0'72+2]*@*4580*720=8368.5Kn

4.58
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fVe =f -%\/ f, b,d = O'—;S* /24 * 4580* 720 = 4039Kn
f V. =3702.2Kn ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, =548-[416* (0.6 +0.72)* (0.25+0.72)] = 15.4KN

f Vc =3702.2Kn >Vu,. =15.4Kn........ satisfied

4.10.2 Design for Bending Moment:

Bottom reinfor cement

At section A-A
Mu = 416* 0.5* 0.5* 0.5* 1= 52Kn.m/m
Mn = 2 _ 57.8KN.m
0.9
6
Rn= M0 _ S78x10° _ 4 119mpa
bd? ~ 1000x 720

Sty 40 _
0.85* fc  0.85* 24

" 21 1- 1_2xmen
m fy

19.6

N 1_\/ _2x19.6x0.111 ) _ o o8
19 .6 400
As peq. =T *b*d =0.00028 *160 * 72 = 9.4 cm 2
Check As ..
2 * f ' & * * * *
As . = 0.25 C b*d _ 0.25 * </24 * 1000 720 _ 2 o04cm ?
Fy 400

Not less than

* * * *
As :1.4 b*d :1.4 1000 720 _ 25 oom 2

Fy 400
Asfeq < ASmin
1.3*As ,, =1.3%*9.4=12 .22 cm < As,, =25.2cm ?
As Shrinkage = 0.0018 *b* h = 0.0018 *100 * 80 = 14 .4cm 2

~ As =14 .4cm */m
Sdect f 20 /20 cm ... AS o yiuw =15 .7cm */m > 14 .4cm */m... ok
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At section B-B

Mu = -964Kn.m/ m

Mn = 946 =1071.1KN.m
0.9

Mn 1071.1x10°

Rn=Rn=——-= > =1.3Mpa
bd 1600x 720
me_ ¥ 40 _ .96
0.85* fc  0.85* 24
. :i[l— 1_2><m>< Rn}
m \/ fy
-1139.
-963.1 -961.8
-93.5
-54.6 -58.5
—F——F— —+—
0.53 0.46 1.86 1.85

Figure(4-16) : Envelope Moment Diagram of ~ Combined footing
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Fo L [1— Jl—M}o.oom

T 106 400
ASq, =T *b*d =0.0034* 160* 72 = 38.72 cm? /m
Check As,,,
0.25*./fc*b*d 0.25% /24 * *
As,, - _025 \/24*1600* 720 _ 35.30m2 /1m
Fy 400
Not less than
* * * *
As. - 14*b*d _14*1600*720 _ ,0 o0 o)/
Fy 400
Asreq < Asmin

1.3* As,, =1.3*38.72=50.34cm’ /m> As ;, = 40.32cm’ /m
ASgyinkage = 0.0018* b* h = 0.0018* 160* 80 = 23.04cm’ /m

- As= As,, =40.32cm*/m

Select....13 f 20....AS,, 4y = 40.82cm* > 40.32cm’.....0K
Check for Strain:

Tension = Compression
As* fy =0.85* fc"*b* a
3270* 400 = 0.85* 24*1600* a
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Top reinforcement

In Long Length
Max. Muiszero
AS = ASqiyage = 23.04cm?
Select13 f 16.....As__, = 26.12 > 23.04cm®/m

prov.

In Short length

AS = ASqi e = 0.0018*100* 80 = 14.4cm’
_ 100* 3.14

prov. —

Sdect f 20@20cm.....As =15.7cm?/m

Detailsfor the combined foundation:

ECALE | 2

Figure(4-17) : Details for the combined foundation
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4.11 Design of wall footing: (wall 2)

4.11.1 Load Calculation:

Thetotal service loads :-
D.l =255 kN/m.
L.l =60 KN/m.

For one meter dide:-

Q a1 ne = 300-0.3*25-10=282.5
A = (255+60)/282.5= 1.13 .
Usewidth=1.2 m.

Assume h = 300mm

.qu =(1.2* 255+1.6* 60)/1.2= 335 KN/m’

.d=300-75-20=205 mm.

Vu = (0.475-0.305)* 335= 56.95 KN/m

Ve = 0.75/6* (24)>>* 1.0* 1.0* 205* 10° = 125.53 KN/m >Vu
Depth is enough .

4.11.2 Design for flexure:-

Mu = 335*(0.475)%2=37.8 KN.m/m  ....... Kn=1

* *
o2 Lo [y 2mRn _ 1 1_\/1_% - 0.00244
m fy 20 .2 420

As =0.00244* 1000* 205= 500 mm?

AS 1in = 0.0018* 1000* 300=540 mm’ > AS
Use @ 12 with A =113 mm?

5012 ® 12 @ 20 cm c/c.

Transverse direction = (0.0018* 1200* 300/113)=5.74 .........
... Use6® 12,
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Check development length :-
Ld & = 370.4 mm
Ld aii =475-75 =400 mm > |d ¢

Design of dowels = 0.0012* 250* 1000 = 300 mm? = use 2 ®10 @ 50
cmclc

I SIS el2@eo

. T [ ] ] e S P i
S
AO— 50 —r20+— 50 —10
101+ 120 <10+
- 140} +
15 105 15
012@20 L=135cm

Figure(4-18) : Details for the Strip foundation
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4-13 Design of Stair :

The overall depth of solid slab of stair must satisfy the limitation of deflection
required in ACI for one way solid slab :

Min h =( L /20)

- ': "N- BT :l\:lpx/" ks LA
M<> ’?}@c’fr‘&xx_{‘

7T 463 /

Figure(4-19) : Stair

.‘
_|_
!\..)
Lh
N

%
P

L=plan length of stairs + 0.5 length of landing (or 90 cm whichever isless)
L=4.63m

Min h =(4.63/20) = 0.2315m

Select h=25 cm.
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4-13.1 L oad Deter mination .

Dead load calculation of q; :

o= tan™(1.75/30) = 30
concrete = (25*%0.25)* (1/cos30) = 7.2 KN/m
plastering = (0.02* 22)* (1/cos30) = 0.50 KN/m
stair = (0.5%0.3*0.175*25)/0.3 = 2.20 KN/m
morter = ((0.175+0.3)*0.02*22)/0.3 = 0.70 KN/m
tiles = ((0.115+0.35)*0.03* 27)/0.3 = 1.25 KN/m
sand = ((0.175+0.30)*0.1*16)/0.3 = 2.53 KN/m

Nomina Total Dead Load = 14.38 KN/m

Factored Total Dead Load =1.2¥11.88=17.26 KN/m
Liveload =4 KN/m .

Factored liveload =4*1.6 = 6.4 KN/m
01=6.4+17.26=22.70 KN/m

Dead load calculation of g : (for landing)
Concrete = (25*0.25) = 6.25 KN/m
Plastering = (0.02* 22) = 0.66 KN/m?
Morter = 0.02*22 = 0.44 KN/m
Tiles=0.03*27 = 0.81 KN/m?

sand = 0.1*16 = 1.60 KN/m?

Nominal Total Dead Load =9.76 KN/m

Factored Total Dead Load = 1.2*9.76 =11.7 KN/m
Liveload = 4 KN/m?.

Factored liveload =4.01.6 = 6.4 KN/m?
p=6.4+11.7=181 KN/m?
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4-13.2 Stair reinforcement Design of one meter strip :

Tml]i]:[@
a0 Y o
T MR 3UTRT KR

5 i 5 4
- 3 \ W THd
Ho . o -
R L) ' by i
. B 3

]ulljn;n ;z?j:mrrﬁ:“' ="

Figure(4-20) : Moment for Stair .

0
i
.F'-F-l-

Mu max =68 KN.m

d = 250-20-7 = 223 mm

M fy _ 420 _
0.85fc’  0.85(24)

20.6

o - Mn 68 * (10)°
~ bd 2 (0.9)(1000 )(223)2

* *
oLy 2mRn ) 1 1_\/1_2 20.6*1.52 | _ 4 4038
m fy 20.6 420

A's = 0.0038*(100)* (22.3) =8.5 cm?
Use® 14 @ 15¢cm c/c with As=9.24 cm?> 8.5 cm?

=1.52 Mpa

4-13.3 Min reinforcement :

Asmin=0.0018* 1000* 250=45cm?® Use® 12@ 20cm c/c
As=85>45 cm?
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4-14 Design of solid slab of the stair roof.

4-14 -1 Determination of loads:

Dead load = 5.5 KN/m?
Liveload = 5 KN/m?
0= (1.2*5.5)+(1.6*2) = 9.8 KN/m?
Theoverall depth of solid slab must satisfy the limitation of deflection
required in ACI for one way solid dab :
Minh=(L /20) =340/20=0.17 m
Select h=20 cm.
h=20cm
d=h-2-1=20-2-1=17cm
Mu=(q.*1%)/8 = 9.8*3.4%/8 = 14.16 KN.m
fy 420

m= = =202
0.85fc  0.85(24)

2 _ Mn _ 14.16* (10)°
~bd 2 (0.9)(1)(0.17)2

* *
SN WL - 1—\/ _ 27202708 ) _ 4 oo145
m fy 20 .2 420

= 0.6Mpa

A's = 0.00145* (100)* (17) = 2.5 cm”

4-14 -2 Min reinforcement :

As min =0.0018*b* h = 0.0018* 100* 20 = 3.6 cm?
Select As=3.6 cm?

Use ®12 @ 25 cm c/c with As=4.52 cm®> 3.6 cm?
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4-14 -3 Longelir reinforcement for one meter strip :

As = 0.0018* 100* 20 = 3.6 cm?
Use @ 12@ 25 cm with As=4.52 cm? > 3.6 cm?

4-14 -4 Top reinforcement :

According to shrinkage & temperature :
Use ® 12@ 25 cm with As=4.52 cm?® >Aggrinkage= 3.6 CP....... Seefigure (4-12)

4-14 -5 Design of shear reinforcement :
Vu max =q,*L/2 =(9.81* 3.4)/2= 16.68 KN/m

d®Vc= Vumax

ove= 2V G

=104.1> 51.6 KN/m

No Shear reinforcement isrequired .

SERM | FEIRHRCEVERT
SCALE I

STAIR SLAR STAIR PLAM
SCALL LSO SUALE [ 50

SECTION A-A
SCALL |23
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Figure(4-21) : Details of solid slab of stair
4.15 Design of Shear Wall:

4.15.1 Calculation of shear forceon
shear walls:

« Earthquakeloads
From Uniform Building Code UB1997:
Z=0.15 from (alnajah university

classification 2A zone)
R=5.5

=1

Ca =0.15

Cv =0.15

hn= 14m

Ct =0.0488
SB :- soil profiletype UBC table 16-K . Figure(4-22) : Shear wall

Where:

Z = Seismic zone factor as given in alngjah university chart of seismic zone factor or from UBC 2A-
zone.

R = numerical coefficient representative of the inherent over strength and global ductility capacity of
lateral force resisting systems, as set in Table 16-N depends on the basic structural system .

| =importance factor given in table 16-K.depends on occupancy category

Ca = seismic coefficient, as set forth in Table 16-Q.debends on soil profile type and the seismic zone
factor.

The soil profile type is considered to be SC which represent Very Dense Soil and Soft Rock in Table
16-J.

Ct =numerical coefficient given in section 1630.2.2.

WHERE:

Ct =0.035)0.0853 (for steel moment-resisting frames.

Ct =0.030)0.0731 (for reinforced concrete moment resisting frames and eccentrically braced frames.
Ct =0.020)0.0488 (for al other buildings.

Cv = seismic coefficient, as set forth in Table 16-R .depends on soil profile type and the seismic zone
factor.

hi, hn, hx =height in feet )m (above the base to level i , n or x, respectively.

Ft =0.07*T*V

T=-C.(h )" Ea...308-uBC
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T =0.0488* (14)°* =0.353
Cv* | 0.15*1

V, = W = *W = 0.08*W
R*T  55%0.353

Not Exceed ==>
* * * *
25*Ca IW:2'5 0.15*1
55

V, = *W =0.07*W
And Not Less than

V, =0.11*Ca* | *W =0.11* 0.15* 1*W = 0.017*W
SV =007*W.......... Control

Tocalculatetheforceat thetop (Ft):

According to UBC 1630.5, (Ft) need not exceed 0.25V and may be considered as
zero where T is 0.7 second or less.

S0,Ft =0.0since

_(V-Ft)*w,*h,

n

2, (w;*hy)

i=0

Fx

For 4™ Floor

W = (D.L+0.25*L.L)* Area

W = (9.5+ 0.25 * 3)* (500 ) = 5125 Kn

V =0.07 *W = 0.07 *5125 = 358 .75 Kn
W, . *h - 5125 *14 = 71750 Kn.m

> (w, *h;) = 5125 * (14 +10.5+ 7 + 3.5) = 179375 Kn.m

(358 .75 — 0.0) * 71750
179375

3" floor

Fx

= 143 .5Kn

T=0.353<0.7
Ft = 0.07*0.353*358.75 = 8.87 << Fx

VU, e = FX+ Ft
VU, paee = 358.75+8.87 = 367.6KN
MU, paee = FX* H =367.6*14 = 367.6KN.m  To find the shear force acts on the shear wall,

Etabs.2008 software is used for analyses
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Table4 .1 Calculation of the total earthquake forces, shear, and moment

Calculation Table for earthquake Forces, Shear and Moment

+14.0

+10.5

+7.0

+35

0.00

Mu Vu Fx YW*H( W -Ft( Ft H V W Floor
KN.m KN KN KN.m KN KN M KN KN #

0 143.5 143.5 71750 358.75 0 14 358.75 | 5125 3"
502.25 251.13 107.63 53812.5 358.75 0 10.5 [ 358.75 | 5125 2"
1381.2 322.88 71.75 35875 358.75 0 7 358.75 | 5125 1+
2511.3 358.8 35.88 17937.5 358.75 0 3.5 [ 358.75| 5125 | Ground
3766.9 358.8 0 0 0 0 0 0 0 At base

Design Values :Vu 358.8 =KN , Mu =3767 KN.m
Mu Diagram Vu Diagram
4 00KN 143.5 kN o 4 1435KN
3 502.25kN 251.1 K\ 105 |3 251.13kN
2 1381.2 kN 229Ky 0| .0 |2 32288 KN
1 | 2511.3KN 358.8 K\ as 1 | 35888 KN
G | 3767 kN 3588 KN o oo LG

Ce =combined height, exposure and gust factor coefficient as given in Table 16-G.
Cq = pressure coefficient for the structure or portion of structure under consideration

«» Wind load calculations

Design wind pressures for buildings and structures shall be determined for any height
in accordance with the following formula:
P=Ce*Cq*gs* lw

Where:

asgivenin Table 16-H.

Iw =importance factor as set forth in Table 16-K.

P =design wind pressure.
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gs =wind stagnation pressure at the standard height of 33 feet) 10.0 m (as set forth in
Table 16-F.

From table 16-G in the UBC, the value of Ce for Exposure B depends on the floor
height and its value for each floor is shown in the calculation table below .
Cg=13...fromtable 16 - H in UBC

lw=1.0

gs :from table 16-F, and by assume the wind velocity equal to 100 Km/h, then:
gs = 0.604Kn/m?

P=Ce*Cq*gs* lw

P =0.95*1.3* 0.604* 1.0 = 0.746KN / m?

Force(Fx) = P* hy,,, * Lo, = 0.746* 3.5* 45=117.5Kn

Mug,, = FX* h=117.5*14 =1645KN.m

Table)4 ..2 Calculation of the total earthquake forces, shear, and moment

Calculation Table for Wind Pressure, Shear and Moment at Base.

Floor Base Shear Force P Ce H Floor
Moment | Moment KN KN kN/m2 From Table 16-G m No.
1645 0.00 470 0.00 0.000 0 0 | AtBase
1430 284.5 352.5 81.3 0.487 0.62 3.5 | Ground
750 646.8 235 92.4 | 0.565 0.72 7 1
387.8 1105.7 117.5 105.3 | 0.660 0.84 10.5 2"
0.00 1645 0.00 117.5 | 0.746 0.95 14 3™
1645 117.5 Total

Design Values

‘Vu =117.5 KN<380.85KN ,

Mu =1645 KN.m<5331.9KN.m
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4.15.2 Design of shear wall:
Design values:

Vu = 358.88 KN
Mu = 3767 KN.m

fc'= 24 Mpa

Fy =420 Mpa

Shear wall thickness(t) = 25cm
Shear wall width(L,) =6.75m
Shear wall height(h,) =14m

4.15.2.1 Design of the Horizontal reinfor cement:

Vu = 358.88 KN
Mu = 3767KN.m

weight,, = 25* (6.75* 0.25* 14) = 590KN
PU,. 4. =1200KN

PU,, = 1200+ 590 = 1790KN

e Determination of effective depth (d)
e Accordingto )ACI 318-2008 11.9.4 (, For design for horizontal shear forces in plane of wall,
d shall be taken equal to 0.8Lw , where Lw isthe wall length.
d =0.8 *6.75 =54 m
e Calculating of shear reinforcement
Vu = 358.88KN
Vu  358.88

Vn = —— = 22022 _ 480KN
f 075

w:%*\/ﬁ*h*d

Vc = %* 24* 250* 5400 = 1102.3KN

Vn<Vc
No shear reinforcement isrequired
v" According to (ACI 318-2008 11.9.9.3), Spacing of horizontal shear reinforcement shall not

exceed the smallest of Lw /5, 3h, and 18 in., where Lw is the overall length of the wall. So
v



CHAPTER FOUR Structural Analysis & Design

o _lw_675

max.

=135cm

S, =3*h=3*25="75cm
S, =18*251=45.2cm
Sdlect S=25 cm

Use @12 @ 25 cmclc

e Check Asminimum

v" According to )ACI 318-2008 14.3.3 (, Minimum ratio of horizontal reinforcement areato gross
concrete area) p (shall be 0.0025.

AS, i = 2.261cm’
Ag = 25* 30 = 1000cm’?

r = AS_ 228100300

" Ag 750
r =0.003>r ;, =0.0025 ........ ok

4.15.3 Design of the Vertical reinforcement:
Avn=|0.0025+ 0.5 25— W )« [ A% ) [ gy
Lw S*h

w_14_,5.55
Lw 5

= Avn = 0.0025* S* h
Select 2f 12 = As = 2.26cm?
226 = 0.0025* S* 250

= S=361.6mm

Check S max.

s - W_500_ ;a6 67em
S

Siax. =3*h=3*25=75cm

Sy =18* 2.51=45.2cm

Slect S=25 cm< S, =36.1cm
Use 2f 12@25cm
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4.15.4 Design of moment:

Design of heavy loaded shear wall
Mu = 3767 KN.m
C> M = % =1.

45 45
Cw=C-0.1*Lw
Cw=15-0.1*6.75=0.825m

= C\Neach boundary = % = O413m

Select Cw =60cm > 41.3cm

Asv:L—W* Avn
S

Asv = %—7:* 2.261=50.9cm?

i B Asv* Fy
Lw 2+0.85* B1* fc"*Lw* h
Z 50.9* 420

Lw_ 2+0.85*0.85* 24* 6750* 250

=0.0073

Mu =0.9* 0.5* Asv* Fy* Lw* (1—£j
Lw

Mu = 0.9* 0.5* 3767* 420* 6750* (1—- 0.0695) = 4471.8 KN.m

Mu = min(des