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Structural design for the building of the College of Medicine,
Polytechnic University Palestine proposed in the city of
Hebron

Prepared by:

Ahamad Mohmad Sweity Bashaer Mohamed Nshoweh
Majdi Majed Alnamoura
Polytechnic University Palestine-2010

Absteact

Idea of the project can be summarized in the work of structural design for
the building of the College of Medicine of the Palestine Polytechnic University in
Hebron, the proposed design to include the work of all structural design and
drawings and all details necessary for this building.

The project consists of the College building, which is located in the region,
"Wade algati - nemra” in the city of Hebron, the building consists of five floors
including the ground floor, basement and building houses several different
spaces use of conference rooms and chambers of teachers and other services.

Has been designed in accordance with the building code for the American
Concrete used in the work of the structural design of all structural elements.

this project has the full details of the analysis of horizontal loads, and
anchored live and dead loads and the environmental loadings, and then
distributed to the structural elements vertical and horizontal, and structural
analysis for each element in for the design of the building code as followed. This
may review all architectural plans to comply with the structural design.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed 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 centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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.

L d = development length.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load.

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

Vn = nominal shear stress.



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

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

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.






OS Sus LIS g Lpaadle B 5 w5 Aasay LS anill Gl sl s

o Adsasd Julad il e o Abaall L ddamad 2l e np be o Jeasy eyl
el oy o Ggal s g iV @ ey L CageSh e a8 4l Y olii
B g e Lo Log sliadl pe a2 gl a8 sl syl € DUAN e ot Te s

\Lﬂ.‘l:sluuj

skl g L aihe cda] L) Led e ) Adaud) slall s3a e
A A sy Lo JS Gdad JL§ O e ew clllidly cdalaal) oda

.5.‘!9.1#1 3'.}.-;.“ n;':]:'n__;_g_).h;:

aldl s 8 gAY G e skl g abadll I an sa g adl) dke LYl (S

el OIS Cua SO Gaed f g e peluall g ol e ASlE Al 5 Alle dilSa
o skl (allaal) oda e U3 dayg el Wl dededll lulall e i

foanys Lol alaill dearada gy 4ib auladll Ayl e ol e gl a8 OSWT b g el il

aal ¢ comal al laalally A all 1aa Lieg ) Uliay e lISH 5 e g ol el

C olnal Liading Ly a1 dpadetll (5 4



i
Cilaalall (gl g aal (o o Cplauli &30y Anala o Julall dlailae 8 a0
5 fiaa o Adlie Cilealall 2S5 g8 pe Cmwal daalall o Jiosaag taa L o L

gV Gl (5 B e B gl

s Aid lay 8 saly e o el cpludh SISy Andla el
aac 52l dmalall 3 ) e i D) dae 282l e alild Lag Sleanadnll 2ac Saby )
I ety el N o N Wi e e e B i
cAuadl

sy i 81, AN A 8 feddal ek A8 Ul Aadal ety
t_g_}:.l.nﬂ agd Aol g doball JSLELD | caer Lpaal e o= sl 53¢ Jouati ol ld geell

cdag oSl e o2 0 Al ) el ) sy adl



wiall Cpa hagl

J&Jﬁkﬁgﬂaﬁ.‘.ﬁdﬁ d._]...u.luﬂ __'_J.'ﬂ L_ili."h?' P -ﬁu"tj ].hn.ﬂl.: 1@}1 2'.u|_).‘|.‘|:1
D sl e Ll e sae g g el fia

b 525 sall ALAN jealiall alin s JalSidll LAY meratl yig e Jeall (

BYFECTRAT- . ARCNRR PTG fgd ) pealic ClS el 2 el 340
caall 1 b A0 ealinll g g aglany) cllalaaddl Calbis, elgd g

dacd Lol 8 lalnus) A Clegladdl G8S ud 5 cmil g o Jeall (
G S o g Nl 8 bl ol ) i) il (DA e ol
(el gyt ) Jpeagll llsg an s gl (Sl

Lol 53 A Leaii€E gl Lgle Joaas ol sana 4803 3ok g pila o ca il (
e g Ay I aal el (g 2l Gy o lema Jalaill 305 48 jra s
Ll D dll edlaaad

ler Janll 3 ala (oSl Gpnanill s Aduaiill A5LEY1 llaladall gl o Jeall (
g gl 120 200 e Jealls eadl 2ic

Jiat (g ASLAN) Y laa) A8 3 JalSie aa ye Bliar g g kel see o (S 3

Clinls ¢ AR e dupny W AiBa el ASAN) jedlial Cabi. A g asecdd

Sle g gall s2a e S0aa0s



Sl gy Amalad # giall Akl AS) At et e 3ol g
Apne (e B Jlatd ) Aedl ) "5 jai-pled) oo fdEleie b Al Abos 8 ol

LJal

o Loasay gl LAY poaliall JAS] Sl jall aea Jady pog el Jaag

sl Lpde 2 gall Adlaill gl CD0A) wa gealiall ada cabidd, ¢ el )
AALAN! jeabiall gl sl mant saae Yl ol se Al o Cun 4l (5 lenal JS2) DAL
Cliie g el o cluld e At N RSN jaliel aecat 5 Jlan ol o dldlad)

il 3 jala o oSal AL Al adill g Adanll Cllaladall jugatie el ) jaa

S opoodal A pn da) e Jlea) W opogpdall O ghadl Amuge Al 2w

P L e R PV PR el IR RN

Axalall il A4S el &y lexall Cllabadall daliai A 3 (

cllaladdll A 33 e 2 e (5 jlene Joaet ol pal (5 sl Aalad Als i (
A (sl plee ) A jleadl Sllabadal) sda aa e daad e A g A lend)
G uatiagas Ja by cllabadl oo g f Ay o > e et gl 3 a0 4l
PR P POV RS TS DON [RCH SV TEON UV

o oS ) ASEW) sealall aaat Ko (S ) Add e Jeadl (



§ somiall L i

Ga el Bsasmge 058 o oSa A Axd il Jleall g gl A8S voar (
JSi adint Jleal o3a ad o Cua Leed o G 5 ds Jleal 5 & Jleal
coshdll d el il g g e bl

e e adl 50 e el A8LAYT pealiall JC ALY el doless ALl (
Jede 3 fsal Jlaa¥!

Clllially il S Sy ALY jealial) ciliaal LIS saail] dless aLall(
o) 138 b dpnigh Ll ) 5 el

pracstll Jgla dilaia g dnia (u S eyl e ol | el ddes pe ST
g sl ddled Ll Jdea gl 5 A

5 sl cllabaadl Gaats ALl G35 g gkl Jal o a1 ) Jseadll (
isad gy simy S pualiad penl Liduicl

Al A et Jad e g (- ) JSA




(-)
( )

Jeliis LlS Cmg Jae ;g ogpdall & jlenadl Gillaladall e g 3UY| 2
Gllabadll dae] o g ool e 8y (S5 Al ol il Chan Llene 5 sl
Jalsml ¢ lge o8 e 2 el el ASLAN) sealial ciliaal gl Aigdl Aaliy)
AllE ALISS. 3aal g Baa DS 5 e Bamall A jlenall anliaill pa arebiall o3
D gl e Jgemd &in Y g gl g 23 13gag ¢ als JS SUN dalall e Al
) Jeadll

__;l__;’nh_ﬂ_z_..ij;tj_);ﬂllmeLhiJ Lﬂ:ntj_).:nu.huyl_'nmiﬂ_éi

—

Lol Juadll |
.\L‘J—lj.llﬁ]ﬂ s E_,.ﬂﬂ 12'@_1 ﬁ.n...a‘ih h;'ll__'ll.h:h! O l’n:'é_! I.:i._‘l-_.}Ln:l.ﬂJl] ?I.‘\.nl.n.n'l“ l_I.l.ﬂl."
el Jeadll ¥

ASLANT Al

~m

() el

,LII__L..a_g:Hlu E_'IIII‘_'.'IJIIJ |.5|='L_I.ﬂ.;|.]l| caldalas A0 .‘l|.‘|.5!_5 L@L&.ﬁ] _).n.all_hﬂ] Hn..a:\j

S Jsma sl oY s Lo UK e e smd e g sl b Janl) b Juledl



Ej_}.:m.lllqﬁl.u.u _j_-;|__;_ajw__._1.n_}]|.]=.1=:n.¢.ln| (1— )J_s_‘;_]'l Ot . Jeadl 138 e B ga all :..LJI

. J.u.ll.l*-’_'n__].ﬂnﬂ .'_'1|j.1=.i.1'| ._.'ﬂ,

Basiall dajh Jaaad: (1- ) Jsse

(bl g o} e







OS Sus LIS g Lpaadle B 5 w5 Aasay LS anill Gl sl s

o Adsasd Julad il e o Abaall L ddamad 2l e np be o Jeasy eyl
el oy o Ggal s g iV @ ey L CageSh e a8 4l Y olii
B g e Lo Log sliadl pe a2 gl a8 sl syl € DUAN e ot Te s

\Lﬂ.‘l:sluuj

skl g L aihe cda] L) Led e ) Adaud) slall s3a e
A A sy Lo JS Gdad JL§ O e ew clllidly cdalaal) oda

.5.‘!9.1#1 3'.}.-;.“ n;':]:'n__;_g_).h;:

aldl s 8 gAY G e skl g abadll I an sa g adl) dke LYl (S

el OIS Cua SO Gaed f g e peluall g ol e ASlE Al 5 Alle dilSa
o skl (allaal) oda e U3 dayg el Wl dededll lulall e i

foanys Lol alaill dearada gy 4ib auladll Ayl e ol e gl a8 OSWT b g el il

aal ¢ comal al laalally A all 1aa Lieg ) Uliay e lISH 5 e g ol el

C olnal Liading Ly a1 dpadetll (5 4



i
Cilaalall (gl g aal (o o Cplauli &30y Anala o Julall dlailae 8 a0
5 fiaa o Adlie Cilealall 2S5 g8 pe Cmwal daalall o Jiosaag taa L o L

gV Gl (5 B e B gl

s Aid lay 8 saly e o el cpludh SISy Andla el
aac 52l dmalall 3 ) e i D) dae 282l e alild Lag Sleanadnll 2ac Saby )
I ety el N o N Wi e e e B i
cAuadl

sy i 81, AN A 8 feddal ek A8 Ul Aadal ety
t_g_}:.l.nﬂ agd Aol g doball JSLELD | caer Lpaal e o= sl 53¢ Jouati ol ld geell

cdag oSl e o2 0 Al ) el ) sy adl



wiall Cpa hagl

J&Jﬁkﬁgﬂaﬁ.‘.ﬁdﬁ d._]...u.luﬂ __'_J.'ﬂ L_ili."h?' P -ﬁu"tj ].hn.ﬂl.: 1@}1 2'.u|_).‘|.‘|:1
D sl e Ll e sae g g el fia

b 525 sall ALAN jealiall alin s JalSidll LAY meratl yig e Jeall (

BYFECTRAT- . ARCNRR PTG fgd ) pealic ClS el 2 el 340
caall 1 b A0 ealinll g g aglany) cllalaaddl Calbis, elgd g

dacd Lol 8 lalnus) A Clegladdl G8S ud 5 cmil g o Jeall (
G S o g Nl 8 bl ol ) i) il (DA e ol
(el gyt ) Jpeagll llsg an s gl (Sl

Lol 53 A Leaii€E gl Lgle Joaas ol sana 4803 3ok g pila o ca il (
e g Ay I aal el (g 2l Gy o lema Jalaill 305 48 jra s
Ll D dll edlaaad

ler Janll 3 ala (oSl Gpnanill s Aduaiill A5LEY1 llaladall gl o Jeall (
g gl 120 200 e Jealls eadl 2ic

Jiat (g ASLAN) Y laa) A8 3 JalSie aa ye Bliar g g kel see o (S 3

Clinls ¢ AR e dupny W AiBa el ASAN) jedlial Cabi. A g asecdd

Sle g gall s2a e S0aa0s



Sl gy Amalad # giall Akl AS) At et e 3ol g
Apne (e B Jlatd ) Aedl ) "5 jai-pled) oo fdEleie b Al Abos 8 ol

LJal

o Loasay gl LAY poaliall JAS] Sl jall aea Jady pog el Jaag

sl Lpde 2 gall Adlaill gl CD0A) wa gealiall ada cabidd, ¢ el )
AALAN! jeabiall gl sl mant saae Yl ol se Al o Cun 4l (5 lenal JS2) DAL
Cliie g el o cluld e At N RSN jaliel aecat 5 Jlan ol o dldlad)

il 3 jala o oSal AL Al adill g Adanll Cllaladall jugatie el ) jaa

S opoodal A pn da) e Jlea) W opogpdall O ghadl Amuge Al 2w

P L e R PV PR el IR RN

Axalall il A4S el &y lexall Cllabadall daliai A 3 (

cllaladdll A 33 e 2 e (5 jlene Joaet ol pal (5 sl Aalad Als i (
A (sl plee ) A jleadl Sllabadal) sda aa e daad e A g A lend)
G uatiagas Ja by cllabadl oo g f Ay o > e et gl 3 a0 4l
PR P POV RS TS DON [RCH SV TEON UV

o oS ) ASEW) sealall aaat Ko (S ) Add e Jeadl (



& sodiall Lo

Ga el Bsasmge 058 o oSa A Axd il Jleall g gl A8S voar (
JS adie Jlealyl ada ad o Cua lged g oal o ds Jleal 5 L Jlasl
coshdll S el il g g de bl

aline e a3 s ell AALAY1 pealiall JC LAY Jilatll dleny ALl (
Legle 3 55all Juaal

Cldbadly a@ll 2y Cus A0 eabiall cibiaa LAWY anecall dlesy ALl
ol 1ae 8 G ddila ol g dlaall

araraill Jgla Ahie g daa fp 0D 35k e ol el Adee e ST
g sl Al Ll Jagdl S A

o AN Sllabadll Gaeat il Gl ¢ gl Jal e Al Y Jseadl (

cotial Legging Al jealinll aseal 400l



:( )
el i gy oM Jnall S e S 2y
Sllabadl dael e g g pdall 1 o ) JS5 Al jall sl casn Llene g5 dall
SelEE ¢ Yge g8 e g Yt ASLEY ealial] cahal) gl Asass ) LA
ALE ALISSe S3al g 33a o Ry Mo Faall oy larll ¥ apihiccll

D A il e gl @i Y g g el a5 1305 ¢ o0 S0 AT Aaladl vie 2l



g
E

_Jl_fl;l._]b_..ij;tj_).hllﬂi:mjbh;u1 Lﬂ:ntj_).:nu.huyl_'nmiﬂ_éu

—

Lol Juadll |
coliiall e g sill 13g) avarail Sl A ¢ i lanall aseliaill Cia,
t&IED Laadl) Y

ASLANT Al

~m

(e ) Jeadl)

.;II_I‘L-.AJH1J E_'IIII‘_'.'IJIIJ I.EIT_'lI"I.ﬂ-':I;lll Sildalad ol .‘l|.‘|.5!_5 L@L&.ﬁ] _).hﬁ]_‘l.“ H..L..a:'aj

sl a Y ke S e ptie gad o opogplal 3 Jeadl 8 Jlldl S
& 3 p8ally Jandl Jal el i 30 daladall (1- ) Jgoad o . Jaall 138 (a5 myall sl
. Ueall 4 jidall & gladll 33,



Eapiall el Jgaad (1- ) Jssa

(bl 7 1) S

Bk | #
_,r_n_d:'ﬁmﬁ

fa_,v..LJ clhbas el

By

f’_J}‘E‘"!’ g




( -
(

CQJMJM‘Z\SJA( -

- )

)

iy larall yualial) (- )

clgalgl( - -

( -

)

- )



¢ el a5l

TAadls -
g Gt el 1o sl Caid g peandl e o sl gl Cus el i
sln (g ol gall adgs JEW o sl gd 5 dual gl liall Bl 3 Lyl Mt &l 3lA o) S
ADIAY Al 03¢d Jlan (o il 4oa 5 Lo Slitiea Aali )l gea (o5 ) pea Juil ) i g
il ga a g banall il 4un g Lea aaghy i ¢ ISH 5 4a gag 08 5 sleall Cansid] 13
cad gl an oY aamdd VB jlaad li ladie s dgm g Jad gein ple S 8 JS1 OIS 13 L Jlead
Cans L 500 Ayl g ALl dalie Gl 5 8 Dagill g 4adl ) 5 JUal e el o
s By lelualin pa Jolilig Lelans Levie laliall (o psall W oy 1 38 L a2y J gl
prlaill o3a ppu Jual Hgall 90 Radam adad soe ) dlSie Sy or JAd) (e Uas dual
G B b el ey By jpeay Dol i3 e Al ey Aldie el dida 4 L e
Ul il o) 5 el o) Jal JS 83 Shason o aliie wdia JS3 e LIS Dlaie] Al
cpaiiall JSAIL ledali jl o g8 Ay peas S i A0 adalli g od g
[E g pdeall (e dale Ao -
585 SIS Lgamms o o eibendd e HESH N s Jia) Aine sl e iy Y
o —alatll 5 RN a8 Lt oy dadatl liagall lanal) o3a Alaa (e g Do e
A el g LB Y Ao ) e asi e a3 Y 5 Adage AEEY o Laa o DL

g-—ﬁj u'»-"m dua g d—tLﬂ:u:lll QLLAEMJ'I t‘\u Pjﬁji':‘:' tr‘:&&] e I.a_i._' E'.n‘k” o Jn:!.li} Ql...a_:

AR



il wall g aglell ye de gena e ke Al Ladly Lelaial b Jdgig clina adg,
gluall e lehaia o da O 5 ssanll yo o lghanl Al A jid de gl
padl adedlly B ) e Baleall Alels Aluy Asededll gl 2a Gl ¢yl 1
LS Jie Arada’ Sioige g g atel AT Aipra Lgie e g Un yt g cilan'Y) sda Lo geatll
Ngesanaly i B g I il
g ol Ll €l Gl giat cals K L2 g gkl 5 S8 adln
e clelaall o jaladll el e Jad geb eRal) Sl b jia Al dleaad
A lenall Cllabazdl e Joeaadl A Y clasdll e e gty o piday cal€a Jlitad
daely AW asealll Jee tid A jlesally Al duxigll 5 JE e gog ke
Al jee dae] (e gogsdal g g A RSN pealiall aeal ddnl cllala

(f g hall g -

Bla el g AR Al 1 aall 200 o pall 08 gl Al o ks 4lli g g sde (sl aracal
Al jealiall load Cus ik sl Adlid o @) il o 3 kel a3 gl ol
() apeatl (Biail aflig (a3 8z i apacaills Lalle
ell s giall (oo ) Clalie e (e cpdgall gualic e dale 5 S8 ellac) caay Gllil
siledl ZLol slatl g ilapaall bl plin ) ilamadl Cleadlly g sdll sl Ale

Ml _JLl.Mj :__‘u...alu

'Y



Jadll Y dadl gl "5 pa—pdabll o g " Adlaie 8 af ¢ JSAN Aaliiia e (ya Y) Aaled

ge g adall A O o cla gl o el ASD Sad Chga s sdidad Aae e A

(o) JS0 pe Ladleie A) Y ey DISE 3AL G 535 6o i) 5 (531 sl

O calie S jlalslel je g cJleall bag 2 Baiat g el Aik oll Baaatisle] pe Gl

ey Sleli el el oYl By Y JLa) 3ok Ry 4l i
REBCURCH PREG PRCH Y YO

Lajlaal 5 o) ) daad g (- ) (JS

3, _iwrrmyﬁmy_i_mwthnmiw =

Site plan
Seale : 1/500

gigad Blada (- ) s

VY



el byl - -

G g bt lehoay g3 (3a ) Bl Aindd g ls cals e a1 Aakd ai
G OsSs gl N A Al i ) B ¢ A Al gt aBses damy LS 5 L
G Al alel e 5oy id diu e a3 Aad G clild s 2§ il
tadgall loal

Ay g ol Amalall dabad e lisall a8 gall AaiL

iihie 8y oY) A skl b aug lSe okl A 5 S0 ) slel pe cud

A Akl g dadlall a2an o e AU Aaden) Slesgall sda Jie e Slal A jan

Ll g o

el B s el llladll Ay gllaall Gilaliall pd g e 5 )

elall 5ol esl Jio dalal claaall 8456 Cuac aplanll Blalic (s ad sl 2al ¢

Ll

g Al Jal e g el i Al claladl g

Al i b g Al Blalies 43 jlie Alats U al pa i ¢

\K4



gy peadd AS 0 -
e i ) Jilas 8 degd) Jalsall e eedl] 52l 0 A e A i
Al dgn iy ol le) b I dasi bl uall o uedlly 2l e JS
Aanlall sl 5 & gpalls daletall aaraill Jag pd b Cuay

el el ol iy (=)

sun set Sun nse

cll A g (- )dedd
A8l hay - -
NG FURYS-L PR T R EURY P T P RO W SV - [ L P
aediall B84 s |l Gl pe SR ST glals I AKH & s e A8 el
i osn 1y 8L S8 e el Jeadl (Ke YL el apatey el s jlad

\o



i A8 ja Y aed o il Ja0s AS el Al WL il )y e g pall s Jaaal Ay e
o5 At A4S jall o Badldl ey LAdbaa G gl Lo dd 5 ES ja g aal ) Gl Jal
Ctnall 8l 6 el b el culed il ) pea DA e Jad (S5 A gl Bk

o oaally Blaty Led 45 jall > s

a2y Jedlly 850 ejald & e S0 B w1 @) 8 A5 5al L
oY GBS ol cleliy calSal ) hesill aee 43S el i Ay ae el
O e JS8 S0 B ghall L sdadl) A8 pall edals L el JLil) Allial Al
(3 shall ada i ddbiadl cile)
Sy Bl SH ae amally 2l ) DA e o Lils B glall e Al ) S jally Bl Lad
A el Gl skl Jals A Al e oy laay wll L osaaie cSLD Aal L

(= )JSEN aaiim g Lo l3ay , Lgia o

Sectton (-

L]

V1



ITETHER T JLULET =
SR
73 LI T

....
] HE

sl

|
0 N e 2 o 3 ]
B s s I:;H Hl |_l P [ | e =

e 1 | | | | S

ke - TH i

Section B-B

Section DD

el A sl bae o all cleld (- )Jed

VY



tdy faaall jealiall -
R PURRER A [ L U QUL IR SLNRGY A EX R RN Mg IV REU B EAPR A
Lol Lo g il Duladl po i ) A el Sepdall Gl galls S Lgfilas diald Goelis Dl g
lb 0l Ay jlanad olll o dimr Sadidll gdsadl b3 cligin il o) e g Yl
DI (e & gelh na A jlees Al CluaCly Ladd Lt Gl @iy clals Ling g Yiea
3 jlenall ylall b Usgale | i jedas g dsel fiall Abpnedl il jll e ledaads sl Ay
A lenal Ly d ol B A e Oyl
rcilgal ol Ciag
it el e I Ll laad asenai sl (g ARia) lgal gl o G2 Y
L 0 5 e il Lpoags a0 Adda gl D) el L (s Admaall Al pe aiBle
e i 5 2 Y A5 dgald gl La el o) clandl oUa (DIA e o 138 tdgal

QP EPRIN B> EQUI QY+ RO TR

YA



D Al dgad gl

A Al Agal (- )Jedd

odgl JBUl s L el ot H Jaadll seda Ly donet jll Agal gl oa dgal gll 230 2t

lpsat A0 Aigla )l (D) uSay o e 1aa g Aendtiall cilatill Aol aad 5y Agal
Jalall aga g Slgal ol (g jlanall srecatll (A e jeda g g pdall bia B, ) iled
Aga (e Slatill adge Sudl jaall e e s Hadtiul el LS Rud i 4@ Q)
sely by 53 cumliall g gl a ) e 88 Y s Al dea e Sl al
ol e BSal Lala gl JSU Jadidd i a8 u Ly Ldida gl i
Claiill o3 Fe 8 5 AT Bea ey e e Yles Bpal gl oda o bl Cua o i

Bl s 8 eall Andl (m peiy 4 cal e cailall 1) dpnada selia) g3 agad

14



il

- dlladil)

- —— -

milxﬂnﬁh_n aHnr!
ﬂﬁ u__. “H!.__.__. I. _

Hll-._._ “.F_rmll 2|
B e == s = i =

Aledll Agalgll( - )Jedd

RUYCTERS [ DBN I W I 0 I R

il lagh Canliall

.;H -'-*].

e

Jals eda

)0 g Aty sy

2l 2ax e S ) Jleall i)

el sy 53

..nll"

it

20l

e

Jwadl jaadl e pe g Gadaud

=a) .ﬂ‘_j}”

3 g e D

1.--

155l

-

dgam e A

| 3ol aaand B LS g Al

M dnd e clall sl sl

s
-

-

.h'-'a__]fﬁ”



East Elevation
48 )0 Agal (- )Jsdd

Al g cundiad g e il Aead ) oAl Usal L Agal ) el

D e ol laolid e ladll Alsaa ga dgal ol oda jae Leg Aeadliall Silail

dgal ol oda Jlity Ansaly g Aalull g disall Leuils e acd L aieddl 55 U0 52acY)

E_J:hn.az.j.j:b} |ﬁ.Ll_ﬂln_;|_5."..‘1 le;jgh‘;lc-

gy siad) dga) )

EEE

L]
nnnnn

IEE I RN EE

South Elevation

A giall Agalgl( - ) Jedd

AR



ey Aendioall 500 saeel (DA e Y W e LS, dgal ) e g
e S Aariidl o gall e o gl 55 il elit LS L usnliall 33 g a0 o3a
e Ll sl oaa iy L iy 46 o clicll Al jlae 3 cilatill Ui b 5l

dem\}@\épjﬁé“mgj 5 “,. ,‘J\@Aﬂ\

f il shall Ca g
) Al )y b el JSA e LIS faldie) sdieg dpavigl 43S 5 4l
YIS Bl el e de e g aall 13g] Aglal daliudl alisy
T gedl] (Bl 1. .

LSl ) say ety Jaae e Gl 1as 5 e

T ---—--n---v--t--(:i%i
i 4
etk

Basement Floor Plan Furniture

Dpedll (bl Bl - )

Yy



e S8 dhacidy 3 ok il pundilll 4%l i b B gaia ey Y ) 13 Jala
gosh a( )Gkl g da figdll I adis Al gl Cand g 48 jall Aleu 2 jes

radlall cled il e daliel o2a

fgadl 8 Al s la Jhae a g Cua 5 e g ukae e L pilsl g et
ek oh e L LS B Sl e L bl T oy )
sl
T pEh -
. Anatomy Lab ; Pathology Lab Leie & joiadll (mes il 128 & 2a g
L N1 aidal
el Jaaall e oo B Al S dmeasg 2 Biok s @il 1 I Jsall S

ol e e L s IS

Ground Floor Plan Furniture

e M ) bl - )Jed

Yy



G L [ T [ CRONOSS-U(IPR - ST 0 SN Gillall 13 Aalue gle %
Gy JS Jnde jeall g @ilall 8 450 sa gell ciled il Cillla gy Al DLl (e Dliad
te ) Jadin il g e il oda e A8 sall &l g
g

A il dgadl e ks A Dlaae ady iliae Slllad g e jlae ol Y aadiag
ity S8 5 Ay dgd A8 pall 580 S e By JLEY] Alia e Ao Jaae
e oalghy me L dcage aly i A1 Geoaae Y
1 pmlaall A2l -

5 S G jualae el e @il 138 5 sy
Do yide -

otalis LgaBga s € Ol p0a 8 SO0 e ) 5 da
N T RV | LR

coa i Gl e de jee iSe Lyl el COlSe e g 2ae e 6y
ralaall 5

o O el g bl GBS, CBUIL dials el e aa g

Y¢



T k)
(S gl Mg aBli€ ey & Gollal 13g] da gl Aaliall ol o
de 3gall g Bkl 138 350 gm pall e il Catlle g (e DL e Dl Al aslel

r) Jads g e il ada A jall Al gen ey JSA

First Floor Plan Fumiture

J¥ Bl B - )Jsdd

Yo




D
OS5 Qi aa s 2By L dal g Jaae 4l wddline Sigllad s yin jlae o) jaY aadig
Alghy i . amje e dus S o s ST sy (S Al 4 48 ad
 fh
1 pmlaall A2l -
B il TR B LT T i
ks -
otalis LgaBga s € Ol p0a 8 SO0 e ) 5 da
PO e il -
A Bl e e e i L G el ClSe e jdg 33 e S

alaadl S e -

o O el g bl GBS, CBUIL dials el e aa g

Ll (aaldal)

Gl 08 e lausgie (lSe 0 Sl eS aass 0 Baob e G 1 ) Jsadl S
I, e

Op—d h S gal Al allu€ Wiayy s Gkl 13g) Aa giidll dalisdl AL o
Ge jpall g Bial 1ae 850 sall il il Ciilag e e D) e Dl Adbal) asled i

‘;"'ik” 1 “__ﬂbj&u“)ﬂﬁ“h hEJEEJﬂJ1u_3€-HHLBS‘:"

Al



Second Floor Plan Furniture

i el A2 li -

5 o pualae cleli e Gl 138 (5 fa

i -

ihe o getaga i LS e leaBaa s S O pise J00 e a5 fing
. gaalall

N T RV | LR

o el Bl e de jge Gaepaell COlSa (e g 2ae e 680

talaall g g

o Ol Sl LS CBL L ALls aal eoaa g

Yv



) gl 5,
1 ) Jpemsl o uall ALl dgall 3 ahy  poge s Gl 138 Al als

Pl

Jed Floor Plan Furniture

SN ) dahees( - )JSAN

Lol Jpeal (S add LS ppilhgall cilSe oy 4Sal o Jaid 3l 13 5 fing

el Jeasl B U i 13y el B S (eSS

YA



ALaay) A Al

(-)

() praalll i (- )
(3-)
@Lﬁ}}\ﬂﬁd\(-)
(--)

(--)

(--)

( ) (--)
(--)

dgalia) ¢ paadl (- - )
(--)

(--)

¥4



@L&JY\ yaliall (da g

(-)

@Qﬁh}@)@\ Qw\c.,}a;:’a;\fjg)w\ &_'L&A)MC}A¢L€—.L.|Y\ Az

ALl 25 gl ALY yaaliad) psan Al 3 Led iy Bauas s e ) JESY) 5 el LelS

Sad e Jand) 35 5 iall 1 (n gl Cirgll J g sl 13 ¢ 4Ll inall L)
ALY pealiad) AASY W LY myanadl

5 s 5l ALY juabiall Calisd LAWY aseaill Joe sl Juadll 38 a8

Al Jlaall ap8 ayant aay U3 ¢ ALY pualiall e b je 5 (al () jaa g 2e) @ g Baac]

50 oA A Jlaal s da Jleal 5 &5 Jleal (e Jleall a8 ¢ 55 5 ¢ puaic JS Ll i pay Al
LDl 8 L Josemal) 31 a5 il gall 5 (panliall G g Sl13 i

[ ey psasalil) ;.m( -)

Jani e 58l 4l JalSia LG 2Uai e Jaanll 8 aeaill dlee (o gl ()

e Al Cailda gl 5 Gpeadiddl dala by 56 Led Gty A (658 5 agle dadl gl JlaaY)

La i) 5 Al yealinl) apaai dolec 85 55 5all Jal sadl 2yaa3 Sy clld e feliyg ¢ LedaY
Dok bt b ) (S Al

sLiall 3 g LAl A e lld Bia S 5 :( Economy )Aabai@y) adsll - <
s Aliall ddlKal) Gl adaliall Ll Gl g LY dalaad Zoliall 5 4 330

g aadid il Gl e S A4l

3 el s AN Jaa¥) G sl s 51 Safety Factor )oY dale <
IR e lla g Gl Jale Baiat ay ¢ Jsraiil) o danall Jas ) lagaY!



S Al Jaall) 5 5 58l Jant e 3,00 ALY jealiall adalia sl

e e ]

Dl Baiad 8 Al LY Jalae dpanl jedai
 oudigall a5 A (65 Jaianal) 3 jelat Al Jeal) (@

| &g ind b ey (Service ability ) Jendill Gisall dadla aga <
(Cracks) @sis &isaa sl (Deflection) 4 ¢ sessall 2all (e 23 ) b s
ALY jealiall s g cand )

(-)

G s Ll sty O 0S5 sl e daBl gl JeaY) 5 o5 8l psen b

Wad (ol oY lld 548 Loloa 5 Lelilad 5 aall Lel (i ahy Al (o ) g 48 jaa (55l
Liie ol (83 05all Jlaall) 5 ¢ daliaall 20y jualiall apanai dgdae o (uSaips cililual) 8
Jlaa ¥l s2a Jpualdt Jslitinn g (A5i) 3 pdle e Jlaal s 3 pilie dpt ) Jlaal ) dapi (S

-

: s 3 ( Main loads) i ) - -
s s L ALisy) jualiall o 35 Jie : ( Dead Load ) 4wl Jlall <

L 5 BBl g a5 5 il il

el aladinl dapda e Jlea¥) sda adiniy: (Live Load ) 4adl JlaYl <
erdiiall Aaliaal Gl 52 Y1 5 Y 5 Clarall g (alaiY) Jaa 8 Jialig

bl G

)



B 5 OOV 5 2Ll Jlaald (e ¢ Aalall (e Aailll ; Al JLa) <
5 el O3 ALY paliall saalll 5 clad) clilae 8 Jlaal) o Jasi G
Db LS e DS a5 (R

:(Dead Load) 4l - - -

5 dsall G e A8 (558 (o 5 A )Y Ada]) (658 (e Analil) Ailall (58 a
Al ALyl paliadl O ) ol e (5 58l 028 it g ¢ Liitall jae 3ol 30 @i Y 5 okl
aic gl GBS ¢ adal LS aila S5 agle 5 S el jealiadl () 50 ) ddl) ¢ anall 45 Sl

-M\JBJMM&A)\A

a8 daadiall alall Ao i) LGS 48 e LA (e Al Jlaal 2 s oy

Do gl e 8 paaliall sl (5 SE g ¢ jalinll @l alayl 48 jaa s A5LEY) sualial

= e 3 jaall g ghall 5o (dalual o) daledl Ll jall o dal il Al Al

o= Al ¢ coda il o) ga s ¢ Tl ¢ Dl A e 565 lalll 5 ¢ da Al cilgal sl

e ) 8GN (V7)) Jsaad) a5 Adlead) CRLYS Guia Jlae (e el dalall il 5Sol)
- A al) 2 LisY) jealiall arenad 8 Aeddiuall o sall

Aadiiaal) 3 gall Ao oil) ABASY i (- )

Material Quality density

Tile 22 KN/ m®
Sand 18 KN/ m®

Reinforced concrete 25 KN/ m®

Block 9 KN/m®

Plaster 22 KN/ m® |

& sl 8 Rardbouall Ciiadl 38a] 35Sl s i i e (V) SN

Y'Y



-

Aigal) 380 b dagial) e Apalli : (- )

Tes =
Mortar —e—|

sand —-s—

| hosoid) ARl
(plaster) yulul & ;/ R.C slab (gl )

:(Life Load ) 4l oo
PS5 ISl DAl it s o gall 5 Al Aali e it A JleaY) 8

S Lt Sy Ll Aala
G Jie Al ) LS e Ledis oSy Al Jaa1 @l 8 54a Jleal g
A0 Al 3 gall g Atdal) yae Calanal) 3 jea Yl g < gl
O alitg 3 sl g o jlaie W) s 2a) Ay 8 (aladY) sl b
DAL e e
clad) ) g ol Jlaal Jie aantll oL Laidl L (ia yaty 28 Jlaal
il Colaxall
claalad 5 oAt e e daladiul g Laid) daph e aaiag al) Jlaa) o yaaiy
O OSa 4eladin) dands Cavs Liite JS Al Jlaa¥) aif (st Jglan dasr 5 ¢ la e 5 4
C e IS Al Jlaa¥) w48 jaa LeIDla

Yy



Jaa¥ a8l e alaie) juaie JS Ao dadl gl dall Jlaall o (Y-F) Jsaall Gaw

: @JJS{\

) palind Ladl Jlaal) (- )

(KN/m?) &l Jlaay

il Gy o

Al 3l J gucill @
[ ]

- i) - - -

- "

Jlaal (e 4l Jlaal¥) Jaidi 5 ¢ lafall 5 ad gall Capn (a3 il Jlaa¥) o
¢ dlea¥loda o e g Jalse sae @lllin 5 Ayl Jleal ) dila) SOV 5z 58 5 2L

Ye



Ao Bl 212 33 Lyl Jlaal @lla€ ¢ dad g el gL ) 304 3 2o 35 Die 2Lyl Jleald
Lz

S (i
Jueal A () Cum aclii ) 5 Juall @B ge yly i s ¢ olai¥ly laiall 5 e (58 8 5
Adhie o8 el 25 5 GlAS 5 ¢ Aadi o laay blae el Lgie Caliad (o508 il L )
, Aaddic dihie Bodga g (o CliAy dadi j
gl de su o Lol Jleal o adiais ¢ Ll e 280 (5 58 ~L )l Jeal S50
s 5 ¢ el e Lggad 55 Il Aalisall laie ) Adla) 4y gall slea Y13 5000 J (e Jaasi A
Y~ Jleal aasdl o ;Y12 < sl |

(ii
Dy ¢ Lanal e e ) dslaial i) e alaie Vi 2 ol Jleal Claa 24
D A Jpaall AL a1 2

(-)
()

0 h <250

(h-250) / 100 250 < h < 500
(h-400) / 400 500 < h < 1500
(n-812.5) / 250 1500 < h < 2500

(iii

6 5l oda Aai al gy g Aaia)l ) jualie e sl g4l Jleal o
) 4@yl o 58l aglis 5o W ae ) Adla) QY ae ¢ ag el sda (e s Lid) e ag e



2 UBC 2580 alaie) sy 5 ¢ Lanal 45 Sl jualinll (saa) A 5 Gaill ) jan (o<l 5 8
AoV e Al (g g8l s

- (Secondary loads ) 3 sl & — 4, g3l - -

L s ¢ Al all Cilaall (3laSil ool pall il Jleal e Jlaa¥) oda Jaiiis
sale 5 ¢ Jaal) o2 sl aaad Jual sy sy Caan g Jla (8 Jlaal1 038 daslia oSy 5 ¢ A5l
Ll saiaall ALy shall Ll A Jeaal gl 528 pading

- diLaay) ]
a3 Al g Al AELEY) aliall (e Ao gana (e ()5S (iae ) Litie 61 )
@ ol ua (Y N Jlaal oda Ji 5 Ld (e A Jlea) e slie (e LSy (S Lguiany
A3 L o) jaa g ad o)) yaa gt JKEL 2l @ giaael 5 ) gun 5 Claiall (e S Sl
A G (2-3) JSa 5 Aaliaall A0l jualiall (e b s

Ribbed Slab

Isolated
Footing

Alady) pualial) gisig S S - )

1



3t ALY jualiall (e de sena (e O 5<0 all 20K Saall SLESY AUl )
Db LS paliall o2 (4o guaic S a5 Sy 5 ¢ el S (585 A
i ) 58l 5 Lede dad) gl Jlea¥) Ji e Jaad 40l jpalic e 5 le (o 5

O ¢l sl sae a5 ¢ Alaall Gl saall ssaeeN) () 4S5 ¢ Lgae saaiall ) galdl ) Ll
roh L g ) s o3 (e g o iliall 8 Alantioaall Cilaial)

s aal g Jaead slail b Cilsie 4 5 ¢ (Solid Slabs) diaadl cilbdl ()
AL Sl s IS 5 e

b aal g Jrendolail 3 Ll a5 ¢ (Ribbed Slabs) de Jiall cidadill (Y
- (bl

¢ aanalll dglae & i) (e g padiiuie ¢ A0S ae A Gl e V) aaedl dails

Jrand slal il lac Y1 Colaie
. (One way Ribbed Slabs)

Jran palad) culd Clac ) claie
. (Tow way Ribbed Slabs)

A%



8 daala g i) Gulal s mdas e Jgeasd) ol Letie Colaiall 028 a2dis
b g liac (e Ly g Ly aliac Y1 Cilaie Alpadi s gy (V-1) JSAEI 5 ¢ Sl )
laiad) o3a JA1 paall a3 5748 sk ) ALYl Gl sl e Jsene salas

..,.L..ar.iﬂl Baie Cie iki.. 1 (T-T) JE!

YA



a5 aad g Jead sladl @l (laac sade axaius La) Adlall s2a 88 Cpe o5 llia
r) sl e (02Y) 5 (£-7) S 8 LS ¢ Jraat (s

wide 1lot beam -

slob ribg —
’7 hellow poLs—

 —— S

Ldnwnsmnd
¢dge bgam

Blob« minimum thickness TE5mm

wide 1lat

TR
:’.l:illi.rrrrn_',_1I
i | depilh al rib
~%s et 400 9GO or | ﬂnt more Iumn
1200 mm centres :

G wowid by —

Jraad Gaalad) i (-)

Y4



(--)
Lienaall laiall 8 ¢ Jlaal) J8 e Jand ) 30LEY1 pealinl) aal (e ) gl yiia
O Hlaac Y1 cld claiad) 8 Jlaaly) Ja5 GlIAS ¢ 3aae V) ) sadall (e Jlaal) JiL o 58

2Ll ) sl o) g3l eaza g (1-F) IS 5 ¢ Baee ) A3 (e 5 ilae Y

(2) Overhanging
Beam

L)

< ) z
(3) Continuous
Beam

L) ) gl apalii 2 (6- )

O Lgapual 23 SlAL Al ) gall s il g il 8 ) gl a8 gl dpuilly Ll
sl Ll 4 Jeaie s LS

P 5 (BaRall (8 Axdda) Baall (5 shuse pe () 5ST ) g (A5 <
(7-Y) Sl 3 LS ¢ (aV-0) o La Ledl shal = g i ) sall cld colaiall i 30le

Rectangular (V)
Section

(7- )



i s ¢ Jand) (e baiall e 358 Al ) guad) a5 ( ) <
JSE) 8 LS Ll Sy gl il B2 a5 ¢ Ay ghall ) sl cld Claiad) Jla &
_;(/\_\”)

L - section

(T) (-)

&)



: (--)
L e Jlaa ) J85 e Jan A A5LEY) jealind) @lli Ll saac ) Cay a3 Sy

S (VY JSE 8 LS ¢l ) sl By o

-

Gl (e () sSall sl aliaall Leie 5 piie 58 Lo Lgiad ¢ Bagae JISET saae W) phalial
12gd (a padl Jlial dsad e Jabaiise JSUolail (g1 3 Jsdall 2y 30 Y sy Ok (0 48 40
&) 53l Lan adalie (VYY) ISl (5 Al A Jail g eliac W1 028 e W) 5 ¢ Jodaianall

Bac VI

emfocL

Circular Square Rectangular Polygon Combine
Section Section Section Section Section

&y



a5 G ¢ Cilaiall e dxdl gl Jlaa¥) Ji5 A sl ALESY] peaiall 3aac V) el
Ay yuabiall L aesaee ) o G ¢ LU ) saall 5 cilaBiall (e Jlaay) iy
e 58 ST i Lpasanal g Gl el ld e el oo Laidl JSa JSU saaia
Opand () 488Y) (5 58l Lgtia glia Cuna (e gl 1Sy 5, Lgale a8l 5l Jlaal) w58 5 Jaa
(3 e 3aac V) 53l saac )

. (Braced & Un-braced Columns) sa8all j& g 8adal)

a8 saac ) e 5 yiall 18 Jlaal) il 1) arae oladl 8 508a Baac Y] g

idagi yall 32ae Y 5l (Shear Walls) ol Lail sa Jie duala cliac| ddau) 53 LelaSh o 5l olaV)

S 1) ol ¢ el Cadlan saie e Baae V) yuied o 1 ¢ Al A ST ) saiie ol VIS
gl 53 all 2a8Y) JlaalW) o &5 ) & Cpmn o) 8 3 Y)

(--)
3¢ Lgale a8 g1 400 el 5 A88Y) (6580 5 Jlan DU da gl Alals Al jualic a4
¢zl Jlead 5 J3Y 3 Jleal e Al 4@ 5 58l A gliad bl JS3 Gaill 0 jas adius
D815 ) e g ¢ A1 Jlaa DU Lgiia glia 3ol 31 elld 5 apall (e yiaday (il Gl pas b
ol () pan A1SES () A glaall S ja o Adlall 0585 O ang WS ¢ etV L padll o) joa
psJe JHlE o il IS jaalloda 55l 5 0SS e JB aall 85 S e g ol IS 3
il (Ao Gadll o pas 35 isale 5 ¢ A8 (5 8 A laall il Ol sas e o U 5 A

C A laall (pe Aalal) AEY) 5 43 gl (5 58l Coun oalay) dan oy yaise

¢y



G Ol (S palll s Jiali 5 ¢ Sl (8 lgra )58 5 patll O i paai a3 08 5 s
¢ Al Gl shall () Jeai s el e T alasi¥) A da A AT s 5 2
ragle S N el g b las (VYLT) JSA i gy

(Shear Wall) 0 -)

(--)

Jssmne (ule) O Ca ¢ Liiall 138 Jaas 3 2 5l 5 Lasall o JuaiV) dala sa Y|
Jiul A il Sl d yas Jlaa¥l oda G iy Cumy Al ) Al 48y jlay Laiall Jleal Jii 0o
(5 AN JlaaSU ALY Ltial) ¢35 5t o o a1 0 31 €l 5 LY
& 53 La (o yal dala Juaal 40 51 J5Y 5 5 2Ll Jlaal 5 dall Jlaal) Qe Lisall Lyl
- osilatia g alaine JS3 A i) e Jlaal) a5 s o Uil aladi

123



Lo Jst ol Lale ¢ Lgapanaai iy ) yealindl Al o (2o )58l ) Gl o el gl (e
A e @l 5 L) e el gl Jlaa¥) spaas 4y 5 bl oo L of ol A o2 2y
e el 5 eV ()5 (A Adlal Gl ) a3 saae V) ) geead) (e JiE 3 JleaY)
O L 8 (05 a8 Gl (1 3 ¢ Ll g o5 aan iy el o g ) ALYl Jlea) ells
05Sssl ¢« (Shallow Foundation ) el (s oo Al Al b () mdas
o (3S)) CLulaY) e g sl @it aalall 8 (<5 il ) Ll Jlaad Jial 4 i) Jals Wpee
Gaanlly (b1 el oy 5 A 53 A8 yhay cliadall e Leay s ) ¢ (s 8Y) Apaall 4 il
L) o Gua (i )Y pdans can YY) gila 33le 5 ¢ (Piles Foundation)

¢ Lol il S il all uludS aadius o (Strip Footing) .
o b JlandBacld e 3 le s 5 el Gl G (VYY) JSA

Strip) o -)
(Footina

¢o



54l Al Baee D GululS aaais 51 (Isolated Footing) - - -
saclil) JS5 o g () £-F) ISl 5 ¢ Y1 Jaduall & OSSN Aldatie )5S Le Lle 5 dandl)

:(14-3)

SS1 5 g sexd b1 4 5 1 (Combined Footing) - - -
20 8 JANN Cun Laa ST 51 a3 gae o881 5l ¢ 3 gand £ 38 5all pie Ao gliaS Gna (i il
B G Lale oS Baae ] g Bac 8l pra gy (1 0-F) JSill 5 ¢ 5 AT bl i B
L O sand) G Adlial)

2



Cpiges o3 jida bl s (- )

O 3oke b g esae gal 2 aaii 1 (Raft Foundation) - -
o)l ssaae Y e Jlaal) ad) Jain Cua Linall (e e 3l ol ¢ alS Landll paiiea (pulad
o Delai ) 3aae Y (any ae A8l el JK e 50 (V1F) JSN 5 ¢ 4 e Lee g
- bl das ) Adlal sac al)

1Y



Gae L 058 Al bl & (Deep Foundations ) diesd cululudU duailly L

¢ e (V-0) e 2 (e (Ao 5S4 13 A il g s Lasall g g5 cadlialy caline (upnldl
iy 5 ¢ (5 0 5S Lgadata () (gl il shand (<& e (685 35 0la S e e ) 8 Jia g
e O Sy ALSEaY) Gl oy ST SISV e ading Gl Cpe 93 ) Gaeal) (el

o sl Gm

- Agaliia) ¢ipaal ( 4- )

a4 gail) Gf (35S @ld 5 ¢ Laiall 4y gl (Golla & A0l o) joall aladiin) sl

e glsil sae dlia ¢ Juabe JS8 Haallsded menal Jue givas 5 ¢ Apaphall (a1 G saia

JSE (VYY) Sl s ¢ (Cantilever ) aslad) aliinT lasdl leaal (e dgaliind) ol jaall
: aadiuall laal)

¢A



Zi( - )

€9



:(Expansions Joints) (--)
Do LS Aalall culiiall aaaill Jial g8 G (5 guail) ddlisall a3 Sy

Cobaals 8 Jlal) sa LS Uil 3laliall da 60 J) €0 (0 @

ol ghlll ga Yo JI Y (e @

LSV Sl ge ails Sliie W1 cpa 3891 Ja i cilalusal) 038 3305 (Sar 5 @
can Bl gaaadll

Gl Cany ) g1 5 Aaliin) Tl oS A0S Al 3l Jlac i s 3 5 @
DA e sbaall o aiad Ao 31 cildalia¥1 33 5 Jucal gill (g0 Clilsall
) Jaal 68



CHAPTER FOUR Structural Analysis & Design

CHAPTER
I "DESIGN OF STRUCTURAL MEMBERS'

4-1 INTRODUCTION.

4-2 DESIGN OF ONE WAY RIBBED SLAB RIB (NO. 31).

4-3 DESIGN OF TWO WAY RIBBED SLAB
4-4 DESIGN OF TWO WAY SOLID SLAB

4-5 DESIGN OF BEAM (NO. 66).

46 DESIGN OF STAIR

4-7 DESIGN OF GRANDSTAND

4-8 DESIGN OF COLUMN (COL 11)

4-9 DESIGN OF BASEMENT WALL
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4-11 DESIGN OF COMBINED FOOTING

4-12 DESIGN OF WALL FOOTING FOR STAIR
4-13 DESIGN OF MAT FOUNDATION UNDER ELEVATOR
4-14 DESIGN OF THE WELL

4-15 DESIGN OF SHEAR WALL
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CHAPTER FOUR

Structural Analysis and Design

4-1 Introduction

The strength of a structure depends on the strength of the materials from
which it is made. For this purpose, design material strengths are specified in

standardized ways.

Actual material strengths can’t be known precisely. Structural strength
depends, on the care with which a structure is built, which in turn reflects the quality
of supervision and inspection. Members sizes may differ from specified dimensions,
reinforcement may be out of position, poorly placed concrete may show voids, etc,

and this can reduce the strength of the structure.

The design strength provided by a member, its connections to other members,
and its cross-sections in terms of flexure, and load, shear, and torsion is taken asthe
nominal strength calculated in accordance with the requirements and assumptions of
ACI-code-318-02.

So in this chapter we will explain the design of the structural element for this

project, the dead load is cal culated based on type of used materials, but the live load is
chosen based on the values that are used in chapter three tables (2-3).

4-2 Determination of thickness
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4-2-1 Determination of thicknessfor one- way ribbed slab

The main loads acting on the floor structure are dead and live loads.
Dead Load is calculated based on the density for each materia used in the slab.

The overall depth of slab must satisfy the limitation of deflection required in
ACI Table (9.5.9).

Minh=L/21 for interior span
Minh=640/21 =30.4cm

Minh=L/185 for exterior span
Minh=633/185 =34.2cm

Minh=L/16 for simply support
Minh=525/16 =32.8cm

4.2.2 Determination of thickness for two- way ribbed slab

SZcm

11 6cm

i
3 6cm

= 1Z2om _

Y=FAY/JA

Y rib = (2*0.2¥0.08*0.04)+(0.12*0.35*0.175) / (2*0.2*0.08) +(0.12*0.35)

=0.116m =11.6 cm

lib = (0.52) (0.116)% (3) — (0.52-0.12) (0.036)% (3) + (0.12) (0.234)*/ (3)
=7.77*10* m*b

lgap1= (7.77¥10%) (7.8)/ 0.52 = 116.55* 10™

7 arn .--"- e . -"'.... =3
=" Htm
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lgap2= (7.77¥10%) (10)/ 0.52 = 149.4*10™*

b = (1/12)bh3= (1/12) (0.8) (0.35)3=2.86*10-3

o1= Iyl o= 28.6*10-4/149.4* 10" = 0.191

0= ly/ | ga= 28.6* 10%/116.55* 10-4 = 0.245

Om=0a1+az/ 2= (.191+0.245)/ 2= 0.218

0.2<0 1 < 2

hm = L (0.8+ F/1400)/ ((36+5B(0 m-02) ).....€.... ACI-318-02
B=LdLp=10/7.8=128

hm = 10 (0.8+ 420/1400)/ (36+5* 1.28(0.218-.2)) = 0.304 m = 30.45cm

We select from one & two way rib slab , The Thickness Rib Slab = 35cm
Use an overal depth of 35cm  (27cm block) , and deflection must be

considered .

4 -2-3 Effective Flange width (b ) according to ACI code 8.10.2:
b for T- section is the smallest of the following:

bE

L/4 =480/4=120cm
b =b, +16t =12 +16(8) =140 cm

b =C/IC =52cm....ccccvvviiinnnnn, Control

4-2-4 Dead load Calculation : -

Tifes 3 am

MNearderr 2 o

Cercrrwes Sanedd i T oomn

I concrete Fopping S om
Cloarrorete ook

I enrtericerfes il

Plervresr 2 o

Figure (4-1) section in one way ribbed dab
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Tiles
Mortar
Sand
Topping
Block
Rib
Plaster
partition

0.03*0.52* 1* 22 = 0.3432 kKN/m of rib
0.02+0.52* 1*22 = 0.2288 KN/m of rib
0.07*0.52* 1* 16 = 0.5824 kN/m of rib
0.080.52* 1*25 = 1.04 kN/m of rib
0.4*0.27%1*10 = 1.08 kN/m.
0.27%0.12* 1*25 = 0.81 KN/m of rib
0.02*0.52* 1* 22 = 0.2288 KN/m of rib
(1.25) (0.52) = 0.65 KN/m of rib

Nominal Total Dead Load = 4.9632 KN/m of rib
Factored Total Dead Load = 1.2¥4.9632=5.956 KN/m.

Liveload =5 KN/m? .
Factored liveload =5*1.6*0.52= 4.16 kN/m

4-2-5 Design of topping:-

Live load = 5 kN/m?

Dead load:-

Tile=0.03*22=0.66 KN/ m?.

Motar =0.02*22 = 0.44 KN/ m?.
Sand =0.07*16=1.12 KN/ m?.
Topping = 0.08*25=2 KN/ m?.
Partition =1.25 KN/ m? .

. Total Dead load = 5.47 KN/ m?.

Wu =1.2 (DL) + 1.6 (LL)
= 1.2(5.47) + 1.6 (5)

= 14.564 kN/m?.
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2
MU — Wu x L
12
2
Mu = | 14964207} _ 5104 KN.m.
12
2 2
_ bg _1x008" _ 4 yo107m?

F, =042,07 = 04224 =203

Mrn =17, )s)
Mn = (2.05)(0.00107) = 2.2 KN.m
®dxMn=0.55xMn (® =0.55 for plain concrete)
®Mn =0.55*2.2 = 1.21 KN.m > Mu = 0.194 KN.m

w= No structural reinforcement isrequired.
Minimum reinforced of slab is required according to ACI — COD:
For Shrinkage and Temperature:
As,, =0.0018 xbxd
=0.0018 x 100 x 8 = 1.44 cm?.
» Use ® 8 @ 20cm on center both ways

4-2-6 Rib Design (R31):

The length of spans are shown in figure (4-2) below .And the locations of
Ribl are shown in figure (4-3).

Spanl Span 2 Span 3

4.8m T 8m 4.7m

Figure (4-2) spanslength
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Figure (4-3) spanslocation

e Using ACI coefficient we get the following moment values for positive
moment .
Wu=DL +LL =5.956 +4.16 =10.12 KN /m

4-2-7 Design for Positive M oment:

Moments: spans 110 3

Figure. (4-4) The design moment for the Rib (R 31)
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Design of Span 1:
Mumax =28.8kN.m .......... From Figure (4-4)
Check if a<t:

Assumea=t=38cm
d= h-Cover-stirrups-d/2 = 350-20-8-6 = 316 mm

M = 0.85* fc* t; * b, * (d-ti/2)= 0.85 (24) (0.08) (0.52)(0.316-0.08/2)* 1000
=234.2 kN.m

@My =0.9 *234.2 =210.8 KN.m

@Mn =210.8kN.m >Mu =28.8kN.m

Design as arectangular with b, =52 cm

» Design of rectangular section with bg =52 cm.
fy 420

M= = =
0.85fc  0.85(24)

my_Mn _ 28.8*(10)°
"~ bd 2 (.9)(0.520)(0.316 )2

:i(l— a 2mRn] L(l_\/l_z 20 .6 * 0.615 J:o.00148

= 0.615 MPa

fy | 20.6 420
AS . =p x b x d.

AS o, = 0.00148 x 520x 316 = 243.2 mnv’.
Check for minimum reinfor cement:

.4/ fc 14 )
A'smin= AT (bw)(d) > W(bw)(ol) ........... (ACI-10.5.1)
. 30 14
A'smin= 220, (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2
> Asmin. =1.264 cm®.

o As= 243.2 mn?.

> Select 2¢ 14 With As = 306 mn.
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Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
306x 420 =0.85 x 24 x 520 x a

» a=12mm

B =0.85

C=4a/0.85=12/0.85=14.1

& =(d-C) (0.003)/C

& = (316-14.1)*(0.003) /(14.1) = 0.06

=0.06 > 0.005
=0k
Design of Span
.4/ fc 14 )
Asmin= ) (bw)(d) > W(bw)(ol) ........... (ACI-10.5.1)
430 1.4
Asmin= 2420) (120)(316) > 220 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

»Asmin. =1.264 cm?.
> Select 2d 10 With As= 157 mm?>.

Check of Strain:

Tension = Compression

= Asx Fy=0.85x fc' xax b
157x 420 =0.85 x 24 x 520 x a

» a=6.2mm
B =0.85
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C=a/0.85 = 6.2/0.85=7.29
£.=(d- C) (0.003)/C
£, = (316-7.29)* (0.003) /(7.29) = 0.12

=0.12 > 0.005
=0k
Design of span (3):
Mu=28kN.m.......... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn 28 * (10)°°

Rn = — = _=0.6MPa
bd 2 (0.9)(0.52)(0.316)

: :il— 1 2mRn | 1 1_\/1_2 20.6* 0.6 _ 0.00148
m fy 20 .6 420

AS . =p x b xd.
AS o, = 0.00148 x 520x 316 = 243 mm?’,

Check for minimum reinfor cement:

i 1.4 ]
Asmin= AW (bw)(d) > F(bw)(cl) ........... (ACI-105.1)

V30
4(420)

AsSmin=

1.4
(120)(316) > - (120)(316) .......... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

> Asmin. =1.264 cm?.
o As= 243 mm>.

> Select 20 14 With As = 306 mm?>.

Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
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306x 420 =0.85 x 24 x 520 x a

> a=12 mm

B =0.85

C=a/0.85=12/0.85=14.1

& =(d-C) (0.003)/C

& = (316-14.1)*(0.003) /(14.1) = 0.06

=0.06 > 0.005
=0k

4-2-8 Design for Negative M oment:

Support (2)
Mu=198kN.m ................... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn  19.8*(10)°

RN = —-= > =1.83Mpa
bd (0.9)(0.12)(0.316)

c_Af(; jj_2mRn | _ 1 1—\/—2 20.6*1.83 | _ 4 qous
m fy 20 .6 420

AS . =p x b xd.
AS 1o, = 0.0046 x 120x 316 = 174.4 mm?".

Check for minimum reinforcement:

.4 fc 14 )
Asmin= 2(y) (bw)(d) > F(bw)(d) ........... (ACI-10.5.1)
. 430 1.4
A'smin= 220, (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

»Asmin. =1.264 cm?.
- As=174.4 mm>.

> Select 20 12 With As = 226 mm?>.
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Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
226x 420=0.85x 24 x 120 x a

» a=38.8mm

B =0.85

C=a/0.85= 38.8/0.85=45.6

& =(d-C) (0.003)/C

& = (316-45.6)*0.003) /(45.6) = 0.018

=0.018 > 0.005
=0k
Support (3)
Mu=189kN.m ..................... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn 18.9* (10)’3

Rn

- — = _=1.75Mpa
bd 2 (0.9)(0.12)(0.316)

* *
. _ 1 1 ho 2mRn 1 1_\/1_2 20.6*1.75 _ 0.0043
m 420

AS . =p x b xd.
AS 1, = 0.0043 x 120x 316 = 163 mn’.

Check for minimum reinfor cement:
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.4 fc 14 )
Asmin= 2(y) (bw)(d) > F(bw)(d) ........... (ACI-10.5.1)
. 4/30 14
Asmin= 2a20) (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

> Asmin. =1.264 cm?.
o As= 163mm>.

> Select 2d 12 With As = 226 mm?>.

Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
226x 420=0.85x 24 x 120 x a

» a=38.8 mm

B =0.85

C=a/0.85= 38.8/0.85=45.6

& =(d-C) (0.003)/C

& = (316-45.6)*0.003) /(45.6) = 0.018

=0.018 > 0.005
=0k
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4-2-9 Design of shear reinforcement:

-33.4
_ 1
25 i -23.51
- 4] g W
,-'"'ff .-"'/-f_ ”__/’
| — - | . — =
b e I
_,?-:I? 2 T 14.9 f__.-"f
24.2 €13 - 25.8
32.8
Figure. (4-5) Thedesign Shear for the Rib (R 31)
Vumax =26kN ............ From Figure (4-5).

f Ve = 0.75(~/24)(b)(d) / 6 = 0.75(~/24)(0.120)(0.316) * 1000/ 6 = 23.6KN

1.1dVc =1.1* 23.6 KN=Vu max = 25.8 KN

No shear reinforcement is required. According to category 2 for joist
construction

Use @8 @ 20 cm.
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4-3 Design of Two way Ribbed slab:

4-3-1 Dead Load Calculation :-

Tiles 0.03*0.55* 0.55* 22 = 0.19965 kN/0.55* 0.550f rib
Mortar 0.02*0.55+0.55* 22 = 0.1331 kN/0.55* 0.550f rib
Sand 0.07*0.55%0.55* 16 = 0.3388 kN/0.55* 0.550f rib
Topping 0.08*0.55* 0.55* 25 = 0.605 kN/0.55* 0.550f rib
Block 0.4*0.27*0.4* 10 = 0.432 kN/0.55* 0.550f rib

Rib 0.27*0.15* (0.55+0.4)* 25 = 0.962 kN/0.55* 0.550f rib
Plaster 0.02*0.55* 0.55* 22 = 0.1331 kN/0.55* 0.550f rib
partition (1.25) (0.55) *0.55 = 0.378 kN/0.55*0.550f rib

Dead Load =3.18 kN/0.55* 0.550f rib

Dead Load per unit area= 3.18/ 0.55*0.55= 10.5 KN/m?
Live Load = 5 KN/ m?

0u=1.2D + 1.6 L = 20.6 KN/m?
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Figure (4-6) Location of Two way Rib.

La/ Lb=7.8/10=0.8

From Table (12-6) :

Case (4)

Wa=0.71

Wb =0.29

®Vc =Vu

Vu=Whb* total load *(0.55/La)

Vu= (0.29/2)*20.6* 7.8* 10* (0.55/7.8)
Vu =16.42 KN

fVe = 0.75(/ fc')(b)(d) / 6 = 0.75(~/24)(0.15)(0.316) * 1000/ 6 = 29KN

No shear reinforcement is required
Use ®8 @ 20 cm.

4-3-2 Designs of moment

4-3-2-1 Design of positive moment:
From table (12-4)

Cadl=0.039

Cbdl=0.016

Ta@ilL

)esign
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Madl = Cadl * W * (La)?

Mbdl = Cbdl * w * (Lb)?2

From table (12-5)

Call =0.048

Cbll =0.02

Mall = Call * W * (La)?

Mbll = Cbll * w* (Lb)?2

Ma ( pos) ={ (0.039*12.6*(7.8)?) +(0.048*8* (7.8))} *0.55

Ma ( pos) =37 KN.m/rib

Mb ( pos) ={ (0.016*12.6*(10)?) +(0.02*8* (10) %)} *0.55

Mb ( pos) = 20 KN.m/ rib

d= h-Cover-stirrups-d/2 = 350-20-8-6 = 316 mm

Mn=0.85* fc* t; * b *(d-t/2)

Mn; = 0.85 (24) (0.08) (0.55)* (0.316-0.08/2)* 1000
=247.74kN.m

@My =0.9 *247.74=222.96 KN.m
@Mn =222.96 KN.m >Mu =38 kKN.m

Design as arectangular with b, = 55 cm

me__ 40 556
0.85fc  0.85(24)

Mn  37*(10)°

L _ = 0.75MPa
bd 2 (.9)(0.55)(0.316)

* *
r =i[1_ 1_2mRn] 1 [1_\/1_2 20 .6 o.75j=0_00182

m ~ 206 420

fy

As = 0.00182* (550)* (316) = 315 mm? >Asmin=126.4 mm?>
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Select As =315 mm?
Use 2® 16 mm , As =402 mm? in Both direction ( X & Y).

4-3-2-2 Designs of Negative moment :

From table (12-3)

Caneg =0.071

Cb neg = 0.029

Mnaneg = Caneg * qu* (La) ?*0.55
Mna neg = 0.071* 20.6* (7.8 ) *0.55
Mnaneg = 49 KN/rib

Mnbneg=Cbneg* qu* (Lb) ?*0.55
Mnb neg = 0.029% 20.6* (10 ) > 0.55
Mnb neg = 33 KN/rib

fy 420

m= - =206
0.85fc  0.85(24)

* -3
rn=Mn ___ A0 _34ypa
bd 2~ (.9)(0.15)(0.316)

. :il— 1_2mRn _ 1 1_\/1_2 20.6* 3.6 _ 0.0096
m fy 20 .6 420

A's = 0.0096* (150)* (316) = 455 mm? >Asmin=126.4 mm°’
Select A's =455 mm?
Use 2 18 mm , As =509 mm? in Both direction ( X & Y).
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4-4 Design of Two way solid slab:

4-4-1 Determination of Thickness:

Ly =5.5m
Lx=3.9m

LY 55 14000

Ly 3.9
- Two way

minimum thickness of the tow way solid slab is to be determined by the
following equation:

_ per
min 180
Not less than 5in

h= 189 = 0.105m
180

Sdect h =15cm
15cm > 5in =12.55cm....ok

4-4-2 Dead L oad Calculation :-
dab =0.15%1*1*25=3.7 kN/ m2
DL = 3.7 KN/m2

SL =1 KN/ m2

qu=12D+ 1.6 L =6 KN/m2
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Figure (4-7) Location of Two way solid.

La/ Lb=3.9/55=0.7

From Table (12-6) :

Case (1)

Wa=0.81

Wb =0.19

dVe =Vu

Vu= Wb* total load *(0.55/La)
Vu=(0.19)* 6*3.9*5.5*(1/3.9)
Vu=6.27 KN
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fVc = 0.75(,/ fc')(b)(d) / 6 = 0.75(~/24)(1)(0.116) * 1000/ 6 = 7IKN
No shear reinforcement is required

4-4-3 Designs of moment

4-4-3-1 Design of positive moment:

From table (12-4)

Cadl=0.068

Cbdl=0.016

Madl = Cadl * W * (La) 2

Mbdl = Cbdl * w * (Lb) 2

From table (12-5)

Call =0.068

Cbll = 0.016

Mall =Call * W* (La) 2

Mbll = Cbll * w* (Lb) 2

Ma ( pos) ={ (0.068*4.44*(3.9) 2) +(0.068* 1.6* (3.9) 2)}
Ma ( pos) = 6.3 KN.m/rib

Mb ( pos) ={ (0.016*4.44* (5.5) 2) +(0.016* 1.6* (5.5) 2)}
Mb ( pos) =3KN.m/rib

d= h-Cover-stirrups-d/2 = 150-20-8-6 = 116 mm

me_ Y __40 556
0.85fc  0.85(24)

o o M 6.3*(10)°7
bd 2 (.9)(1)(0.116 )2

* *
. _ 1 1 1_2mRn _ 1 1_\/1_2 20.6* 0.52 — 0.00125
m fy 20 .6 420

= 0.52 MPa
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AS = 0.00125*(1000)* (116) = 146 mm> < ASmin=270 mm"

A 'S min = 0.0018 * 1000* 150 = 270 mm-

Select AS =270 mm®
Use® 12@35cm , in Both direction ( X & Y).

4-4-3-2 Designs of Negative moment :

A 'S min = 0.0018 * 1000* 150 = 270 mm-

Select AS =270 mm’
Use ® 10@25 cm , in Both direction ( X & Y).
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4-5 Design of Beams - (B66):
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Figure (4-9) L ocation of Beam No. 66.

4-5-1 Design moment of beam (66):
Deter mination of beam Thickness:
Span (1):
hmin=_L/185 For exterior span
hmin=720/185=38.9cm
hmin=L/21 For interior span
hmin=720/21=34.3cm

Use an overall depth of 50cm

d = h -Cover - d-ds/2 = 500-40-10-10 = 440 mm.

Determine whether the Beam will act as rectangular :

MUmax =598 kKN.m . for all spans. ........... From Figure (4-10).

Mnreq =552.9/0.9 =614.33 KN.m
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=0.4*0.85 24 . 0.85* __60 = 0.0097
420

r —04*0.85 ¢ |gx__ 690
600 + 420

fy 600 + FY
fy 420

0.85fc  0.85(24)

Rn =p*fy (1 - pm/2)
= 0.0097*420* (1-(0.0097*20.59/2) = 3.67 Mpa

_ Mn _ 614.33* (10)°
bd 2 (b)(0.44)?

= 3.67 Mpa

B=0.86m
Select B =90 cm
4-5-2 Design of Positive Moment:-
fc’
4(fy)
V24

4(420)

A'smin= (ow)(d) > %(bw)(d) ........... (ACI-10.5.1)

AsSmin=

14
(900)(440) > - (900)(440)

ASMin=11548mm° = 1320 mm"°

A S min = 1320 mm”*

Moments: spans 1to 5

-598.
-467.3 -478.2 -527.7 -497.7

70,

167.6 ' 183.7

16 195 |144 216 | 36 36 | 36 3.6 432 2.88
[ [ [ [ [ [ [ [ |

Figure. (4-10) The design moment for the beam (B 66)
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Span (1):
Mu=167.6 KN.m .................. From Figure (4-10).
me_ Y __40 555
0.85fc’  0.85(24)
Mn 167 .6* (10)°

RN = —= > =1.069 Mpa
bd (0.9)(900)(440 )

S O P AT 1_\/1_2 20.59 *1.069 | _ 1 o006
m fy 20 .59 420

A's = 0.0026* (900)* (440) = 1029.6 mm? <A 'S min =1320 mm?
As = 1320 mm?
Use 70 16 mm , A's = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=4a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k

Span (2):
Mu=336KkN.M .................. From Figure (4-10).

fy 420

0.85fc  0.85(24)
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_ Mn _ 33.6*(10)°
"~ bd 2 (0.9)(900 )(440 )2

* *
r =i{1_ a 2mRn] 1 (1_\/1_2 20 .59 * 0.214 J:o.ooos

Rn

= 0.214 Mpa

m fy ) 20.59 420

A's = 0.0005*(900)* (440) =198 mm?* <A s min =1320 mMm?

Select Asmin = 1320 mm”°
Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=4a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£'s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k
Span (3):
Mu=390.3kN.m .................. From Figure (4-10).
0.85fc’  0.85(24)
Mn 390 .3* (10)°

RN = 0 = _ = 2.49 Mpa
bd 2 (0.9)(900 )(440)

r:il— 1 2mRn ) 1 1—\/1—2 20 .59 * 2.49 _ 0.0063
m fy 20 .59 420

A's = 0.0063* (900)* (440) = 2494.8 mm? > A s min
Use 6 25mm , As = 2946 mm?
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Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(2946) x 420=0.85x 24 x 900 x a

>»a=67.4mm
C=a/0.85=67.4/.85=79.3
&s=(d-C) (0.003)/C

&£s = (440-79.3)*(0.003) /(79.3) = 0.014

=0.014>0.005 OK

Span 4:
Mu=183.7kKN.m .................. From Figure (4-10).
m= fy = 420 =20.59
0.85fc’  0.85(24)
Mn 183 .7 * (10)°

Rn = —— = —=1.17 Mpa
bd 2 (0.9)(900 )(440)

r :i(l— L 2mRnJ 1 (1—\/1—2 20 .59 1.17]:0.0029

m fy | 20.59 420

A's =0.0029*(900)* (440) = 1148.4 mm? <A 'S min =1320 mm?
Select A's min =1320 mm?

Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£s=(440- 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k
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Span 5:
Mu=5529KkN.m .................. From Figure (4-10).
me— Y __40 _ongg
0.85fc’  0.85(24)
Mn 552 .9* (10)°

Rn

= = _ = 3.53Mpa
bd 2 (0.9)(900 )(440)

. :il— 1 2mRn ) 1 1—\/1—2 20 .59 * 3.53 _ 0.0093
m fy 20 .59 420

A's = 0.0093* (900)* (440) = 36828 mm? >A s min
Use 8 25mm , As =3928 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(3928) x 420=0.85x 24 x 900 x a

>»a=89.9mm
C=a/0.85=289.9/.85=105.8
&s=(d-C) (0.003)/C
£s=(440-105.8)*(0.003) /(105.8) = 0.01

=0.01>0.005 OK

4-5-3 Negative moment reinfor cement

Support (2)
Mu=79kN.m ................... From Figure (4-10).
0.85fc  0.85(24)
Mn 79 * (10)°®

Rn = — = _ = 0.5Mpa
bd 2 (0.9)(900 )(440)
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* *
. _ 1 1 1_2mRn _ 1 1_\/1_2 20.59 * 0.5 _ 0.0012
fy 20 .59 420

A's =0.0012*(900)* (440) = 475.2mm? <A s min=1320 mm”~

A's min =1320 mm”

Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(1407) x 420 =0.85x 24 x 900 x a

»a=32.19 mm
C=a/0.85=32.19/.85=37.87

£s=(d-C) (0.003)/C

£s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k

Support (3)
Mu=3722KkN.m ................... From Figure (4-10).

fy 420

m= - =20.59
0.85fc  0.85(24)

* 6
oo M 22000) ) oy
bd 2 (0.9)(900)(440)

* *
r =i[1_ 1_2mRnJ 1 [1_\/1_2 20 .59 2.37]=0.006

m fy ) 20.59 420

A's = 0.006*(900)* (440) = 2376mm? >A S min
Use 80 20mm , A s = 2512 mm?
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Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(2512) x 420=0.85x 24 x 900 x a

»a=57.46mm
C=4a/0.85=57.46/.85=67.6
&s=(d-C) (0.003)/C

£s=(440- 67.6)*(0.003) /(67.6) = 0.017

=0.017 > 0.005
=0k
Support (4)
Mu=4139KkN.m ................... From Figure (4-10).
m= fy = 420 =20.59
0.85fc’  0.85(24)
Mn _ 413.9* (10)°

Rn = > = > = 2.64 Mpa
bd (0.9)(900 )(440)

r:il— 1_2mRn _ 1 1_\/1_2 20 .59 * 2.64 _ 0.0068
m fy 20 .59 420

A's = 0.0068* (900)* (440) = 2692.8 mm?2 >A 'S min
Use 60 25mm , AS = 2946 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(2946) x 420=0.85x 24 x 900 x a

»a=67.4mm
C=a/0.85=67.4/.85=79.3

&s=(d-C) (0.003)/C
£s=(440-79.3)*(0.003) /(79.3) = 0.014

=0.014 > 0.005
=0k



CHAPTER FOUR

Structural Analysis & Design

Su

Mu =527.7 kN.m

M= =
0.85fc'

RN = -
bd 2

r

pport (5)

fy

420

Mn

0.85(24)

=20.59

527 .7 * (10)°

m

_ i(l— | _ 2mRn

(0.9)(900 )(440)°

1

From Figure (4-10).

= 3.37 Mpa

fy

Check for strain:
T=C
= Asx Fy=0.85xfc'xaxb

(3928) x 420 = 0.85 X 24 X 900 x a

>a

= 89.9mm

J: 20 .59

C=a/0.85=89.9/.85 = 105.8
&s=(d-C) (0.003)/C
&= (440 — 105.8)*(0.003) /(105.8) = 0.009

=0.009 > 0.005

=0k

4-5-4 Design of Shear Reinfor cement:

Shear

F

A's = 0.009%(900)* (440) = 3564 mm? >A s min
Use 80 25mm , As = 3928 mm?

2*20.59 * 3.37

= 0.009
420

-212.3

248299.1

-334.9

-419.1

-443.

342.2 -360. -340.27364.1

200.4

176.5181.2

145.3

450.3

414.5

330.5

312.8

513.3 489.4

Figure. (4-11) The design Shear for the beam B (66)
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V, =489 4 KN..........c.oiei. As shown in Fig. (4.11)

dxVc= 0.75x£\/?}bxd

fVe = 0.75(,/ fc')(b)(d) / 6 = 0.75(~/24)(900)(440) / 6 = 242.5KN .
®Vs min=0.75 (1/3)*b*d = 0.75* (1/3)* 900* 440* 10> =99 KN
PV, + ®VS i, =242.5+ 99 =341.5KN
f Ve +fVsmin = 341.5KN <Vu = 489.4KN < 3f V¢ = 727.5KN
» Category (4) Satisfy
Reg®Vs=Vumax - dVc.
Req®Vs=489.4 - 2425 =246.9 KN

But:
@xVs=0.75x @ xAvxd
dxFyxAvxd
>S =
S dVs

Select @10 with 4 legs, So:

2
sznxDTxNoof legs

2
AV = 3.14x % x4
>Av = 314 mm?

=S =(0.75*420* 314* 440) / (246.9* 103)
S=176.3mm=17.6 cm

S<di2=44/2=22cm

S <60cm

use the smallest value of the imitations
< Select S=15cm
=Use @10 @15 cm
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4-6 Design of stair:
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Figure (4-12) stair
4-6-1 Deter mination of Slab thickness:

_§pan
min 20

h,; :4'—40:0.22m
20

min

Use h,,=25cm

:-'H.

D

P #

.,
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4-6-2 Load calculation:

Dead L oad:
Tiles - (0.17 + 0.35) x 0.03x 22 _115KN/m
0.3
Morter = (0.17+0.3) x 0.02x 22 _07KN/m
0.3
Stair - 0.5x0.3x0.17x 24 _204KN/m
0.3
Concret =M =7.2KN/m
cos30

Plaster = 202222x1_ (59 N /m

cos 30

Dead L oad for landing :
Concret =0.25x25=6.25KN/m

Plaster =0.02x22=0.44KN/m
Morter =0.02x22=0.44KN/m
Tiles =0.03x22=0.66 KN /m

Total Load:

D.L,, =11.6KN/M
LL,, =5KN/M

D.L,,lan=7.8KN/M
LL,ylan=5KN/M

From ater pro.We get

116

110

. | b . . s .
Al ]

Figure (4-13) dead load diagram
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Mu =50.9KN/M

Vu =37.6 KN/M

h =25 cm

Assuming @ 12 for main reinforcement-:
So, d =250-20-6 = 224 mm

Take d= 224 mm

4-6-3 Design of shear:

shear agg oA
.--"'_Ff_'__
fﬂ'"’fﬁ# |
CalE
47.3
Figure (4-14) shear diagram
Vu =37.6 KN.
ff 'xb, xd
fye= Ve XBw X8
6
 0.75x /24 x1x 0.224x10°

fVc =137.2KN

6
Vu =37.6 KN< @.Vc=137.2 KN.

No shear Reinforcement isrequired OK
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4-6-4 Design of Bending M oment

moment

Figure (4-15) bending moment
= Mu =50.9KN.m.

Mn,, = Mu = 0.9 =56.5KN..m
09 09

d=22.4cm.
_ Mn
" p.d?
56.5x 107
K,=—
1x 0.2242

__ by
0.85x fc'

=1.13MPa .

I
3|k
7\
i
%‘

N
—-| 3
< |
Ne—

r _ 1 1_\/1_M —0.0028
20.6 420
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Asreq =0.0028x1000x224 =620
AS‘min = fC
. 4(fy)
14
> = (bwj)(d)
fy

(bw)(d)

V24 1.4
= 20420) (1000)(224) < 0 (1000)(224)

653.2<746.6
0 As,;, = 746.6 mm’

A'SMiN=746..6>AS req =620

: 2
AS MIN =746.6mm

.......... Control.
#Of Bars= @ =4.84
54
Usef14@20cm............... With As=1000/ 200x153 = 765mmZ.

4-6-5 Check for yidding:

Tension =Compression

A * fy=0.85* fc'*b*a
765x 420=0.85* 24*1000* a
a=15.75mm
c= a_ —15'75 =18.53mm
b, 0.85
e, = 224 -18.53 0.003
18.53

e, =.0332 > 0.005—— ok
4-6-6 Development length of the bars:

fy
Ly = xa xbxgxd,

2./t
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L, =22 1x1x1x1.2=52m
2x+24
L, =60cm

4-6-7 Secondary reinforcement:

As:%xAsreq :%x765:153mm2

ASSwinkage =0.0018x bx h = 0.0018x1000x 250 = 45Omm2

Usef 100@15cm................. With As=(1000/ 150) * 78.5 = 524mm?.

,

~2

L

PSR
ey

v X

Fatles
>

.)\.

=3 HMARR e L BN

147 Mem T, 3{10¢)
T E14F20anD. 70

- KL
- n
- g o s
-llt‘:"‘. \i;‘-f-"'“'

I:-..'l.!G E' - '___Ln__'«_.'p_ .
Bl4E 0= T >

G143 e B.BUT,

Figure (4-16) stair reinfor cement
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4-7 Design of grandstand:

4-7-1 Deter mination of Slab thickness:
_ Span
min ~ 20

465

h =0.23m
0

min

Use h,,=25cm

4-7-2 Load calculation:

Dead L oad:

chair = 0.1 KN/m
_ (0.3+0.8)x0.03x 22

Tiles =0.91KN/m
0.8
Morter — (0.30+ 0.8) x 0.02x 22 _06KN/m
0.8
Stair = 05x0.3x08x24 _36KN/m
0.8

Concret = M =7.3KN/m

cos 30
Plager = 202%22x1_ 0ot wN/m

cos 30
Total Load:

D.L,, =13KN/M
LL,, =5KN/M

Factored load
g, =12D.L+16L.L=12x10.393+1.6x5=23.6KN/m

For one meter Strip, Qu=23.6 KN/m.

From ater pro.We get
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Mu =44.5KN/M

Vu =52.5 KN/M

h =25cm

Assuming @ 12 for main reinforcement-:

So, d =250-20-6 = 224 mm

Taked= 224 mm

4-7-3 Design of shear -:

-22.1
/L

Pl P 1

-34.8

-32.8

S

-45.5
-24.1

] 1 _.-""- I

7/23.9

41.b

/EEI.E

42.5

i
7 285

1.2

| :11.4;{4
,f'f ]

Vu =52.5KN.

f.f'xb xd
va=—V°ZWX

fvVc

Figure (4-17) shear diagram

_ 0.75x \/ﬁ x1x 0.224x10°

6

Vu =525 KN< @.Vc=137.2 KN.

=137.2KN

No shear Reinforcement isrequired OK
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4-7-4 Design of Bending Moment:

r

-48.3
-32. 2 -33.1
-25-5';’\. 321 31.9
Voo 187 A4q53 A6

- 12.3
/ Rt 18.7
y 27.8

|1.:3|§M='5 2.79 !1.93 I1.5:2! 213, 213 !1.51 I1.32! 1.8, 1.8 !1.5911.115!

Figure (4-18) moment diagram

Mu =44.5KN.m.
Mn, :w:£:49.4KN..m
09 09
d =22.4cm.
« = Mn
b-d
-3
K =294x10°_ 4, ogvpa .
1x 0.2242
_fy
0.85x fc'
0.85x 24

; :l 1- - 2mK |
m f,

1 (1_ Jl_MJ=o_ooz4

T 206 420

Asreq =0.0024x1000x224 =534




CHAPTER FOUR Structural Analysis & Design

AS i, 2 (b )(d)
. (fY)
2 '—(bW)(d)
fy
Smin = 24 — (1000)(224)
4(420)
653.2<746.6
0 As . =746.6mm’
A'SMiN=746..6>AS req =534
ASMIN =7266mm” .......... Control .
#Of Bar LGG =4.84
154
Usef 4@ 20cm............... With As=1000/ 200x153 = 765mm?2,

4-7-5 Check for yieding:
= Tension =Compression

A * fy=0.85* fc' *b*a
765x 420 = 0.85* 24*1000* a
a=15.75mm
c= 2 15D 15 53mm
b, 0.85

o - 224 -18.53

s 18.53
e, =.0332 > 0.005—— ok

*0.003

4-7-6 Development length of the bars:

L, = xa xbxgxd,
2 fc

Ly = 420 x1Ix1x1x1.2="52cm
ZXM

L, =60cm
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4-7-7 Secondary reinforcement:
1 1 )

AS:§>< As,, :gx 765=153mm

ASginage = 0-0018x bx h = 0.0018x 1000x 250 = 450mm?

Usef 100@15cm................. With As=(1000/ 150) * 78.5 = 524mm?.

O e IO
14 M TR g e
SO o e
gt
]7"1« = o { f 1 et
B TGS
G143 20cn o Hlezien L
i B
"\_.. 12 __k -
——————————— bl
o . S A
Bl - ey 5 7
5 LB 9_.::_'.--'3‘__ H10F ]z ";'..‘v[:.f'm'
i B - ki e i ,:!j'l iF
}"%—'_j — y it o i
i [t W

- LT
T gt

Figure (4-19) grandstand details
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4-8 Design of column

4-8-1 Design of long column

Select column (C11) for design
4-8-2 Load Calculation:

Pu= KN
Pn =3850/ (0.65) = 5924 KN
4-8-3 Determination of Agreq

rg=2%

Pn =0.8Ag{0.85 ¢) *1-T g + (fy * ' g}
5.924 = 0.8 *Ag{(0.85%24)* (1-0.02) + (0.02 *4 }
Ag = 0.243 m2

Select 60*45 with Ag = 0.27m2

4-8-4 Check Slenderness Effect:

e |n 60cm-Dirction

Ku 34-12% ............... ACI —(10.12.2)

r

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

|
R: radius of gyration=0.3 h = \/;
Lu=4m
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.

I"—“<34—12% ............... ACl - (10.12.2)

1*4
0.3*0.6

=22.3> 22

Long columnin 60 cm direction
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E.l
El =04—% . [ACI 318 - 2002 (Eq. 10-15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL  (2234)

b, =058
Pu 3850
* 3 * 3
| _Dh’ 045706 e s
12
* *
£l - 0.4* 23270.15 0'0081:47.7MN.m2
1+0.58
p *El
= ACI 318 — 2002(Eqg. 10 -13)
(KLu)
2 %
p 3Ty
(1.0* 4)
M1
Cm=0.6+ 0.4(Wj ............ ACI 318 — 2002 (Eq.10 —16)

Cm=1 ... According to ACI 318 — 2002 (10.10.6.4)
d_= cm >1.0
1-(Pu/0.75P,

d - 1
™ 1-(3850/0.75* 29.5*10°)

............... ACI 318 — 2002 (Eq. 10 — 12)

=121>1

e =15+0.03* h =15+ 0.03* 600 = 33mm = 0.033m
e=e, xd_=0.033*1.21=0.04

e_004 _ 56

h 0.6

From Interactio n Diagram
fP, 3850 8 145
A 0.6x0.45 1000

g
r, =0.025
A =T x A =0.02x 700x 450 = 6300 mm?"

~.Use20f 20

2 ks
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4-8-5 Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S <48dt (tie bar diameter).
S < Least dimension.

spacing <16xd, =16x2 =32 cm
spacing < 48xd, =48x1.0 =48 cm
spacing < least.dim .= 600 mm
Use @10 @ 250 mm

e |n 45cm-Dirction

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

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

|
R: radius of gyration =0.3 h = \/;
Lu=4m
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.

KU gp_pp ML ACl —(10.12.2)
r M 2
*
1'% 9552
0.3* 0.45

~.long Coloumn in 45:dirction
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=
El =04—2 ... [ACI 318 — 2002 (Eq. 10—15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
12DL  (2234)

b, =0.58
Pu 3850
* h3 * 3
Iy = b* h = 0.6 0.45 =0.00455 m*
12
£l - 0.4* 23270.15* 0.00455 — 27MNT
1+0.58
p El
Py =5 s ACI 318 - 2002(Eq. 10-13)
(KLu)
2 %
P :3'14—227:16.5MN.
(2.0* 4)
M1
Cm=0.6+04 IVEY R ACI 318 — 2002 (Eq.10 —16)

Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
Cm

d. :—Puzl.O ............... ACI 318 — 2002 (Eq. 10 —12)
]__
0.75P,
d._ = 1 =1.45>1
ns 1 3859 -
0.75*16.5*10°
e, =15+ 0.03* h =15+ 0.03* 450 = 28.5mm = 0.0285 m
e=e, xd  =0.0285*1.45 = 0.0413
g: 0.0413 _ 0.09
h 0.45

From Interactio n Diagram

fP, 3850 145
A, 0.6x0.45 1000

g

r, = 0.025

=2k Ps

A, =t x A, =0.02x 700 x 450 = 6300 mm?"
. Use20f 20
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4-8-6 Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACI -7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.
gpacing <16x2=16x2 =32 cm
spacing < 48xd, = 48x1.0=48 cm
spacing < least .dim .= 450 mm
Usef 10@25cm
'_rl"‘"-..r'_
- [T LT
—— IE10RI100 mm
|
—— @10 0 e
400 Ha"_"m;'
[ IE10EI00 mem
< LT INIRIEN
degle 1:100
S — 40
A0 AT, N
(5t
% . o FE:
S0 '_J:;'

Figure (4-20) reinforcement of column
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4-9 Design of Basement wall:

5 Korv'mm

V% A

& m

RV o AN N U

i JI‘.-.

\ %ﬁ;?xfﬁ

\ 35 Ke/m

2.3Knfm

Figure (4-21) Basement wall- Diagram

4-9-1 Load Calculation :

g, =g xhxK,
Oy =18Kn/m®
q=30°

K=05

g, =18x3.88x0.5=35 Kn/m2

q, =PxK,
q, =5x0.5=25Kn/m?

Mu =60 kN.m

Mn =60/0.9 =67kN.m
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4-9-2 Wall Design :
Mu =60 kN.m

Mn =60/0.9 =67kN.m

d =300-30-12=258mm
Mnx 67 x10°

Kn: 5 = 2 =
b*d 1000 x 258
. =i(1— 1- 2mKn)
m fy
. 1 (1- 1_2><20.6><1
20.6 420

As,, =0.0024 x1000x 258 = 630mm? /m

0.25/fc

As xbxd=

IMpa

) = 0.00244

0.25V24 x1000 x 258

min

But not less than

As

_14xbwxd®  1.4*1000* 258

min fy

As,;, =860mm*/m< As ., = 630mm*/m

860

#ofbar inonmeter =——=6

154
Select ®14@20cm c/c

AS nin = 0.0012xb xh

360 mm?% m

0.0012 x1000x 300

420

=860mm?/m

=752mm? / m
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4-9-3 Design of Secondary Reinforcement:

Select the greater of:

AS, ey = 0.002* 1000* 300 = 600mm? / m

#of bar in on meter =@:5.3
113

Select ®12@20cm c/c

4-9-4 Check for Shear :

f xVc>Vn
f xVC:%Q/ fc'xbxd :%@x1000x 258

f Vc=158>>Vu =56.3 kN
.. No Shear Reiforcement Required
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Basement Wall

+0.00 at R
Pl @\

0pe

.ll,..v'.'iv..\'v':'vl,.vv;'.
e o
b f."[] R
X [ Sk g

60 S

3.1 i
o @ =y
RO
e

Figure (4-22) Basement wall- Detail
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4-10 Design of I solated footing:
Once the ultimate column or load is determined, the proper footing can be

designed . The following subsections describe the analysis and design of

footing (F1)

4-10-1 L oad Calculation:
From Column :

Factored load =3850 KN
Soil weight =18 KN/m3
Soil depth =1.0m

Column geometry 60*45 cm

Allowable soil pressure =500 KN/m2

Pu = 3850Kn

Cw=25*0.6* 0.45* 16 =108Kn
Sw=18*3*1=54Kn

Pu, = Pu+1.2* Cw+1.2* Sw
Pu, =3850+1.2*108+1.2* 54 = 4444.5Kn

Total serviceload =2871 +108 +54 =3033 KN
Where :

Cw :Column weight

Sw :Soil weight

Pu :Factored load from the column

PuT :Tota load on foundation
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4-10-2 Design of Footing Area:

To determine the required footing area, the total service load will be used
Allowable soil pressure =500 KN/n?

Area)A = (Total serviceload / Soil Pressure

3033 KN /500 KN/nv?

6.1m2

Try 2.6m *2.6m Area=6.76m2 > Required Area =6.1 m2

For the design of the renforce concrete member, factored load must be
used :

Pu =1360 KN

Pu 44444

S jou = - = 657KN /m? <1.4* 500 = 700KN / m’......OK
Aﬁovided 676

4-10-3 Deter mine the depth of footing based on shear strength:
Assumeh=hmin=75cm ... .. d =75-7-1 =67 cm

Check for one way shear strength
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Critical Section at %+d

2, 4=97 067-1.045m
2 2

L oundation a
Vu=s *[ £ 2dt - (E"' d)j* BFoundation
2.6
VU = 657" (= ~1.045)* 2.6 = 436KN

f Vo =f .(%*\/f_c'*bw*d)

f Vc=0.75* %* 24* 2600* 670 =1066Kn

f Vc =1066KN >Vu = 436KN
. Safe

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

fV_f—( jrbd
PRETERIA
fV_f—rbd

Where:

Column Length (a
b = u gth (a) _ 60 _133
Column Width (b) 45

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

b, =4d +2a+2b=4*0.67+2* 0.45+2* 0.6 =4.78m

s =40 for interior column
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f Ve =f %(u bEJ\/T byd = 0'g5* (1+ 1?)’3}* J24* 4780* 670 = 4911Kn

fv, =f .%[ba;d + 2}/? bd = %* (7.41)* \/24* 4580* 620 = 7271Kn

f\, =f %\/T b,d =O'—;5* 24* 4780* 670 = 3922Kn

f V. =3922Kn ..... Control
VU, =[2.6* 2.6—{(0.45+ 0.67) * (0.6 + 0.67)}]* 657 = 3507KN
f Vc=3922Kn >Vu, =3507Kn........ satisfied

4-10-4 Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)
f .Pn=0.65*[0.85* 24* (600* 450)]/1000 = 3580Kn
But Pu=3850>f.Pn=23580

. Dowels are required for load transfer.
In column

——Pn
f

Fy

3850 5508
65

AS — .
420
As = 989mm?

As =

But use the minimum reinforcement of dowels:

As_. =0.005* Ag = 0.005* 600* 450 = 1350mm’
Sdect 20010

AS, g =1560mMm° > ASeeq,
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In footing

f.Pn=f .(0.85fc'A1\/E)
Al
(A2 [26"26
AL 0.6*045
A2 _,
AL
f .Pn=0.65*[0.85* 24* 0.6* 0.45* 2* 1000 = 7160Kn
But Pu=3850<f .Pn=7160

4-10-5 Design for Bending Moment: B

At section A-A

N
|
el

S R L 1 [TLFT 4

Section A—A
Figure (4-23) isolated footing section A-A

Mu = 486* (1* 2.6)* 0.5= 631.8Knm

Using Reinforced Concrete.

anﬁz 702KN.m

0.9
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Mn = 702x10° 0.6Mpa
Rn =bd® 2600x670*>
fy 420 _ 206

m= - = =
0.85* fc  0.85* 24

, :1 1- 1_2><m><Rn
m fy

o1 1_\/1_ 2x206x0.6 | _ 0 00145
20.6 420

ASyq = *b* d = 0.00145* 2600* 670 = 2526 mn’
Check As_,

ASgrivage = 0-0018* b* h = 0.0018* 2600* 750 = 3510n7
- As = 3510mm’

Select 23 14....AS,, 4 = 3542mMM° > 3510mm?°.....o0K

At section B-B

Mu = 486* (1.075* 2.6)* 0.54 = 733.5Knm S A

L5 s ol
Mn= @ =815KN.m
0.9 .
Mn  815x10° L
~Mn_ _-0.7Mpa
bd? _ 2600x 670 e
L vl 1520
fy 420 _o06

m= - = =
0.85* fc _ 0.85* 24 ;
¢ Section p-B

o1 Ll_ | 2xmx RnJ Figure (4-24) isolated footing section B-B
== = .
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206 420
ASpe, =T *b*d =0.0017* 2600* 670 = 2955mm’
Check As,,
ASgrimage = 0.0018% b* h = 0.0018* 2600* 750 = 3510mn7?
. As = 3510mm?
Select 23 14....AS,, iue = 3542mn° > 3510mn.....0k

o1 [1_\/1_ 2><20.6><0.7J:o_0017

4-10-6 Check for Strain :
Tension =Compression

As* fy = 0.85* fc*b* a
3510* 420 = 0.85* 24* 2600* a
a=27.8mm
x=2_28_o7
bl 0.85
o — 670-32.7
: 32.7

e,=0058>0.005 ... OK

*0.003
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1.075

Z3

0,45
=)

Z3P1d L

2.5

1075

—

% 021
1 0.e0 i

2

& 2.5 s

2Emld | =29

Bottom reinforcment

/l/
sngld 20810 2aats

N L/,

blinding conerete

==}

B 075

SECTION a-a

Figure (4-25) reinforcement of isolated footing
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4-11 Design of combined footing

Footing for the column C10 & C10

C10:50%30 ......D.L =1480KN, L.L =503 KN
Pu=1.2*1480+1.6*503 = 2580.8 KN

C10:50*30 ...... D.L =1480KN, L.L =503 KN
Pu=1.2*1480+1.6*503 = 2580.8 KN

4-11-1 Determination of the footing diminutions
Allowable soil pressure =500 KN/m?
Pu = 2580.8+ 2580.8 =5161.6KN
Cw=25*12* (0.5* 0.3+ 0.5* 0.3) = 90KN
Sv=18*3*1=54KN
Pu, = Pu+1.2* Cw+1.2* Sv
Pu; =5161.6+1.2* 90+1.2* 54 = 5334.4KN
Total service load =1480+503+1480+503 +90+54 =4110 KN
Where:
Cw :Column weight
Sw :Soil weight
Pu :Factored load from the column
Pur :Total load on foundation
Distance between the two columnsis 1.05 m center to center
FR = 2580.8+ 2580.8 = 5161.6KN
FR Position
5161.6* X = 2580.8*1.05
= X =0.52m from C10 center
Force 4110
A = s 500
try...3.6* 2.4 =8.64 > 8.22m’
< 5161.6

=8.22m?

=597.4KN/m? <1.4* 500 = 700KN / m?....OK

4.11.2 Deter mination of the foundation depth
Assumeh=60cm ... ..d =60-7-1 =52 cm

e Check for oneway shear strength
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Critical Section at %+d

2,4-9%, 052-082m
2 2

L oundation a
Vu=s * (% - (E + d)j* BFoundaIion
Vu =597.4* (1.8-0.82) * 2.4 =1405.5KN
f Vc=f .(%* Jfc*b, *d)

f Vc=0.75* %* 24 * 2400* 520 = 7642.42Kn

f Vc =7642.2KN >Vu =1121KN ... OK

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

v =f 2142 |{t'b.d
6 b,
1( a '
fV, =f.=| 25 12|t bd
; 12(b0/d+j ¢ o
fV, =f %\/ f.'b,d

Where:

B Column Length (a) 50 _167
€ ColumnWidth (o) 30

b0 = Perimeter of critical section taken at (d/2) from the loaded area

b, = (0.5+0.52)* 2+ 2* (0.52+0.3) = 3.68m
b, = (0.5% 0.525+0.52/ 2)* 2+1* (0.52+0.3) = 3.39m
~.b, =3.39m

a,=40 ...... forinterior column

fV, =f %(ubi}/ f.'bd =O'T75*(1+ %) J24+3.68* 520 = 2372.3KN

c
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fV, =f. (b i }/ bd—075 [403;'352+2j*@*3.68*520:4391.2KN

fV, =f .?1%\/ f.b.d= %* 24* 3.68* 520 = 2150KN
f V. =2159KN ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, = 2580.8—[613.7* (1.285* 0.82) | =1934.1KN

f Vc=2159KN >Vu. =1934.1KN........ satisfied

4-11-3 Design for Bending Moment:

e Bottom reinforcement

e At section A-A

S |I0Cal)
kMrmdm

=483

B [ OO COE O C .

»=370

Figure (4-26) Moment Diagram for footing

Mu = 370Kn..m
d =600-80=520 mm
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Mn

m= - = =
0.85* fc  0.85* 24

r

r

As

= 310 =411.1KN.m
0.9

G Mn_ 4111x10°
bd®  1000x (520)°

fy 420

=1.5Mpa

20.5

:1[1_ 1- 2x mx Kn]
m ‘\/ fy

~ 205

Req.

As =1924mm>........ control

Select f 18@12.5cm........o0k

Tension =Compression
As* fy = 0.85* fc*b* a
2034.4* 420 = 0.85* 24* 1000* a

a

c

eS
49.3

e

=41.9mm

:£'9= 49.3

0.85

5202493, 5,003-0.028

.=0.028>0005 ... OK

1 1_\/1_ 2x205x15 ) _ o 1oas
420

=r *b*d = 0.0037*1000* 520 = 1924mm’
As_ =0.0018* b* h = 0.0018* 1000* 600 = 1080mm°
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At section B-B

kY [local]
kMrmdm
(=422

VOE
959
127
156
184
22
241
269
297
326
354
383
411
439
465
»= 496

I B [ [ O & O

Figure (4-27 )moment diagram for footing

Mu = 496Kn..m
d =600-80=520 mm

Mn = 49 =551.11KN.m
0.9

kn— Mn _ 51511x10°
bd®  1000x (520)°

oy a0
0.85* fc  0.85* 24

, =l 1- 1_2xm><Kn
m fy

=19Mpa

205
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L1 1_\/1_ 2x205x1.9 ) _ 1 1047
205 420

ASReq_ =r *b*d = 0.0047* 1000* 520 = 2444mm>
As_.. =0.0018* b* h = 0.0018*1000* 600 = 1080mm?
. As = 2444mm?...... control

Select f 18@10cm....Asprovided = 2444mm? > 2543mm? ....ok

Tension =Compression
As* fy = 0.85* fc*b* a
2543* 420 = 0.85* 24*1000* a

a=52.3mm
Cc= % =615
0.85
e, = M* 0.003=0.02
61.5
e, =0.02>0005 ... OK

e Toping reinforcement
As_. =0.0018* b* h = 0.0018* 1000* 600 = 1080mm?

Selectf 18@20cm....

4-11-4 Check transfer of load at base of column:

f.Pn=f.(0.85fc’Ag)
f.Pn=0.65*[0.85* 24* (500* 300)] /1000 = 1989KN
But Pu=2580.8>f .Pn=1989

.. Dowels arerequired for load transfer.

In column

——Pn
f

Fy

As =
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25808 0
65

420
As = 882mm?

But use the minimum reinforcement of dowels:

As . =0.005* Ag = 0.005* 500* 300 = 750mm*
Select 10010

AS,, g = 1560mMm?* > As..,

In footing

f.Pn=f .(0.85fc’Al‘/E)
Al
/E _ /3.6 2.4 _ 7559
Al 05*0.3
A2 _,
Al

AS:

f.Pn=0.65*[0.85* 24* 0.5* 0.3* 2* 1000 = 3978KN

But Pu=2580.8<f.Pn=23978

.+ Use As = 0.005*500* 300 = 750 mm?
Ld =600-75-2*18-14 =475
Ld = fy x db
4./ fc'
420

424

Ld = x18

Ld > 0.4 fyx db
Ld > 0.4x 420x18 = 302mm
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111

2,4

[ I S

oBEEM L3

21B@125%m L=gan

QL 1,09 0.5.,055,0.5 1,05 0.1

3.6

om

I \ N e 26 2o am e
R A

018@125%m L=3an
oBEIEM LB

Y Y Y Y Y Y h S - T T Y Y T
3g189100m L3
16
- I N Y 333333593 133333333

4,0

Figure (4-28) combined footing detail
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4.12 Design of wall footing for stair:
4-12-1 L oad Calculation:

Weight of wall (D.L) = heightxThickness x Im wide x Y
= 3.7 x.25x24*5=111 KN/m
From one way rib =18*5= 90KN/m
L =9.6 *5=48KN/m
From stairs =25*5= 125K N/m
L =11 *5=55KN/m
D.L tota = 111+90+125= 326 KN/m
L.L tota = 48+55=103KN/m
Total W =326+103 =429 KN/m
4-12-2 Determinethe Footing Width :

Allowable soil pressure =500 KN/m?

B Force(service)

Qi net

O e =500-1*18-0.3* 24
O, e = 474.8Kn/ m?

B= 429 _ 0.92m
475

UseB =100cm
Assumed h= 30cm

——>d=h-cover —db
——>d =300-75-20= 205mm
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4-12-3 Check shear action :

_12D.L+16LL
R T

_ 1.2(326) +1.6(103)
%= Imx1 B
q, = 556KN /m?

B-0.3

Vi =0,(

u

—d)xL
1-0.25

V, = 556( ~0.205)x1

V, =94.5KN
(I)Vc:O.T?Sw/fc' xLxd

OV, :O'TB@xlx205

@V, =1255KN
VARV OK

4-12-4 Design of Bending :

B=100cm & h=30m

X\2
MU - qu (2)
0.375
2
Mu =19.6KN.m

Mu 0.0196
Mn=—=
09 0.9

Mn 0.0218
Kn= =
bd? 1x(0.205)2

oty 40 _
0.85* fc  0.85* 24

Mu = 556 (—22)2

=0.0218

= 0.52Mpa

20.6
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, :i 1- 1_2xm><Kn
m fy

1 \/ 2x20.6x0.52
r=——|1- [1-2222—727v2
20.6[ 420

r =0.00125

A =r xLxd

A, =0.00125x1000x 205

A, = 257.13mm’

A, =0.0018x L xh

A, =0.0018x1000x 300
A, =540mm’........... (control)
Use®12@20cmc/c

4-12-5 Design of DowelsBars:

As min,, =0.0012* 1000 * 300 = 360mm?/m

Use f 10@20 cm

Ld = fy x db
4./ fc'

420
424

Ld =257mm

Ld > 0.4fyxdb

Ld > 0.4x420x12 = 201mm

Ld, e = 300—75-3x12 =189mm.....notO.K

Ld = x12
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[ (B | T
i 5 @

- Lo o [ T
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|

00 Th

P
¥

A
-In 912 _=1.15m
w ABLEELS Dom o
130 | i b e
140 e ] T T . | 1&02@00cmet:
L
15

Section (A-A)

Figure (4-29) Wall footing detall



CHAPTER FOUR

Structural Analysis & Design

4-13 Design M at footing under Elevator

=
B
= D
i [ e
I3
/ / \ f. o ". - Y " * -
e iy e e,
L o L e K
T TR TR e
/.-' . - . L ., - . ., - . ;. .
T 3
e A
G Sh ol
ra S . -
T Ty o
ra e ™ -
e §

. 4 -
‘.\A'z __;-cv /. \A."/ 3
.-/ .."- "_/ H-\. .-'."
- s = s
ShZ , ShzZ)
[ *
., 3
s 7 A
e e
_z/ 2 \'\._\._ -
0 o
s .-"/ # \\._
N e
Sh3
A !
5 . P
prd o e 7 2 e =
s . 2 i i £ X
T \\H ,.-'/ Nl SO e I T e
- e A o e e 2 A,
S HE o [ R e e L

Figure (4-30) Top view of Mat Foundation(Under Elevator)

4-13-1 Load calculations:
Shil

Dya=0.25*25*20*1.0 = 125 KN/m

Dead load from ribbed slab =70 KN/m
Liveload from ribbed slab =40 KN/m
gu from solid slab =26 KN/m

qu =1.2*(125+70) + (1.6 *40)+26 =324 KN/m
Pu =324 *1.4 =454 KN
Sh2

1,3
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Dywa=0.25*25*20*1.0 = 125 KN/m

gu from solid slab =26 KN/m
qu =1.2*(125) + 26 =176 KN/m
Pu =176 *1.9 =335*2=670 KN
Sh3

Dya=0.25*25*20*1.0 = 125 KN/m

gu fromsolid dab =26 KN/m

qu =1.2*(125)+=26 176 KN/m

Pu =176 *1.4 =246 KN

Total Pu =454 +670 +246= 1370 KN

Determination of the area of footing :

A= Pu/ 1.4* dall = 1370/ 1.4*500 = 2 n’.
Select A poviged = 2.242.2= 4.84 m° > 217,

4-13-2 Design of shear
d=40-75-1-1=230.5cm

f Vc :O.75*%* fc'* bw* d

fVc=075* %* /24 * 2200 * 305 = 411 KN

VU, =25KN /m
f Ve = 411KN >Vu = 25KN .......... OK

4-13-3 Design of bending moment

... Seefigure (4-27)

By using the StaadPro.2007 software to analyze the foundation, the moment result is

asin the following chart:
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W lozel]
<Hrr/n
<=-238
.-211
-13.0
-12.0
909
54
-173
1.3E
Ra-
9

—L
[=S]

1h. ¢
2.4

HEE OO O REE O -
Mo

Y
n
(¥}
(51
—

Figure(4-31) Moment in X -direction

MY lozal]
kriv'
PO e

A8.2
Ahl
121
401
535
24
n1zz
H1E
f.24

ENDOOCODSCOCOEEEEE

Figure(4-32) Moment in Y -direction
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4-13-4 Design In X-directions:
h =40 cm

d=40-75-1 -1 =30.5cm.

Fy =420 Mpa

Fc’ =24 Mpa

Design of positive moment

+ve Mu, =35.1KN.m

Mn =M _ 35159k m
f 09
* 6
Rn= M0 _ 39710 _ 4 sompa
b.d? 1000 * 305
fy =20.6
" 085
* *
Fo1y 2mRn 1 1_\/1_2 20.6%0.42 | _ ) 000
m T 206 420

e =1 *b*d=0.001*1000 * 305 = 305 mm ?

Svrinkage & temperatur e =0.0018 * b* h = 0.0018 * 1000 * 400 = 720 mm?

As =720mm?=......... Control

* 2
Select f 14 @ 20cm = As = 220 « (&

=770mm? > As ., = 720mm?
20 4

Design of negative moment

-ve Mu, =-23.8KN.m

Svrinkage & temperatur e =0.0018 * b* h =0.0018 * 1000 * 400 = 720 mm?
As =720mm?>......... Control

* 2
Select f 14 @ 20cm = As:&*(p 1.4

=770mm? > As,, = 720mm?
20 4 “

4-13-5 Design In Y -directions:
Design of positive moment
+ve Mu =27.6KN.m

Strinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm *

As=720mm?2...... Control

* 2
Sdlect f 14 @ 20cm = As = 220 (p 14

=770mm? > As, =720 mm?
20 4 =
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Design of negative moment

—ve Mu =-21.2KN.m

Shrinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm ?

.......... Control

" 2
Sect f 14 @ 20cm = As:%*(p - J=770mm2>As,eq ~ 720’

14

wr T A T »
Zhl
A =
BEZ ShZ
£h3
o _-!T‘_E_ ; fﬂ;-%;-"_::n [=- 141+
T |
-l ..
1 T I =
F T | I ,/E&-
£ [ T I I | i UL
= i
| e I R - PRETERTRA |

Figure (4-33) mat foundation detail
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4-14 Design of thewell:
Select the thickness of the wall =25cm

4-14-1 Design of the shear:
Vu = 80KN

DVC = 0.75%1/ o, d

DVC = 0.75x %Jﬁ «1x 0.220 x 1000 = 135kn

®dVe >Vu——> Ok
4-14-2 Design of the bending moment:

M [local]
kM

=326
6.0E
8.87
11.7
14.5
7.3
201
223
287
205
3.3
A1
36.3
397
425
45.3
=481

[ pupminymieieimymyo) § § § ofuj |




CHAPTER FOUR Structural Analysis & Design

kY [lozal]
kMmdm
<= -0.506

-0.408
-0.310
0.212
0114
0.01E
n.03z2
0.1a0
0278
0.376
0.474
0572
0.E7
0.768
0.866
0:964
»=1.06

I [ [ [ 7 [ [ [ 7 o N

Figure (4-34) moment diagram for well

Mu = 48.1kn.m

Xmax
i

Mnx = ——= =53.4kn.m
0.9

me_ Y ___40 o6
0.85fc  0.85x 24
-3
Rno Mn _534x10°

 bd?  1x0.2202
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r _ 1 1_\/1_M - 0.0027
20.6 420

ASge, =T xbx d =0.0027 x 1000 x 220 = 595mm?>

As_. (Horizantal ) =0.002 x b x h=0.002 x 1000 x 250 = 500mm?
~.Use®12/20cm

As ., < As

As,, — Control

~Use®12/20cm

Muy max =1.06 Kn.m

As,. (Veirtical ) = 0.0012 x b x h = 0.0012 x 1000 x 250 = 300mm?

-.Use®10/25¢cm
[Eirrem e O Tt Lelbtar)
N1l
4l 18
= E ﬂm’n‘&;a £
2 ?IS e
g
1l 1.1
2
147 i
.E I=
;
. A
il
. :
Figure (4-35) well i s
5 1 5.7
i E
2 E i
:
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4-15 Design of Shear wall:

Figure (4-36) shear wall diagram
4-15-1 Load Calculation :

WTotal =W Basement +W
W, =83700KN

+ W +W

Ground First Second + WThird

4-15-2 Calculation of shear force on "shear walls” :

Thetotal design base shear in a given (UBC)From Uniform Building Code 1997

direction shall be determined from the following formula:

V=—oW...... (Eq.30-4)
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Thetotal design base shear need not exceed the following :

Wi (Eq.30-5)

:The total design base shear shall not be less than the following

V =0.11Cal.W.............. (Eq.30-5)

H Building =19.6m
Z=30

R=55

1=1.0

Ca=0.24

Ct =0.0488
Cv=024

‘Where

Z = seismic zone factor as givenin Table 16- .

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set forth in Table 16-N or
16-p.

| = importance factor givenin Table 16-K.

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

Ct = numerical coefficient given in Section 1630.2.2.

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

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

3

T=C(h)* (UBS)
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T =0.0488* (19.6)”* =0.454

v, = (CVX | )xw _ (M}ss?ooz 8044.8kN

RxT 5.5x0.454
Not Exceed

v, = (@j W = (%‘524“] « 83700 = 9130.9kN

And Not Less than
V, =0.11x Cax | xW = 0.11x 0.24x1x 83700 = 2209.68kN

V =8044.8 kN ----Control

Ft=0.07x T xV =0.07 x 0.454 x 8044.8 = 255.7 kN

FXi :( V—Ft jXW Xhi :(MJXW Xh =0.0091><V\/i ><hi

WxH),, 852120
w v H Ft (W.H) Fxi FX
floor (Kn) (Kn) | (Kn) | (Kn)

3th 10800 8044.8 19.6 255.7 211680 1926.3 2182

2th 10800 8044.8 15.6 255.7 168480 1533.2 3715.2

1th 20700 8044.8 11.6 255.7 240120 2185.1 5900.3
ground 20700 8044.8 7.6 255.7 157320 1431.6 7331.9
basment 20700 8044.8 3.6 255.7 74520 678.12 8044.8

> 83700 852120

Table (4.1) Calculation of the total Fx

For shear wall in theater

Wall take percentage force from total horizontal = 26%
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26

for third floor F, =-—x2182 =567.32 Kn
100

26

for second floor F, =-—*3715.2=965.9 Kn
100

26

for first floor F, =-—x5900.3=1534.1Kn
100

26

for ground floor F, = ﬁx 7331 .9 = 1906 .3Kn

26

for basement floor F, = M* 8044 .8 = 2091 .6 Kn

ol el

GEZF

20916 5

15222

a8

I0ET 32

975

PSS

==
™,

.,
.
\-\.

31400 8

IFig. (4-37) Shear & Moment Diagram for Shear Wall|

4-15-3 Shear Wall Design Parameters:

fc' =24 Mpa

fy = 420 Mpa

h = 25cm shear wall thickness
Iw=32m shear wall width

hw =19.6m building height
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4-15-4 Design of Horizontal Reinfor cement:

Critical Section
Iﬂ=§=16m
2 2

h_W = @ =9.8m......control
2 2

d =0.8xhw=0.8x9.8=7.8m
V, =3067.32 KN
M, =20057.9 KN.m

fc'
V01: 5 xbxd
V, = \/2_4 x0.25x7.8=1592.2KN ... control
chzwlfc'xbxd N N, xd
4 4xL,,
Assume N, =0.0
V., = \/ﬂx 0.25x 7.8+ N, xd _ 23882 KN
4 4xL,,
2x N
I.| + fc"+ d
4 fc' W( wahj hxd
Ve = + X
2 M, |, 10
vV, 2

.V =Will not —apply
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An_ Vs
S, F, x d
V, = \f/— -V, = 3067.32 —-1592.2=1815.8 Kn
3
A _18158x10° _ 0.55mm
S, 420x7800
A = 0.0025x b = 0.0025x 250 = 0.625 mm
S
S S&:@:B%Omm
5 5

S, <3xh=3x250= 7500 mm

-6
g - ZXA. _2x790°

0.000625  0.000625
~Usef 10@25cm c/c  For thereinforcement in two layers(horezental )

4-15-5 Design of Vertical reinforcement:

_ _ﬂ i_ x S x
pw{o.oozmo.s(z.s | ][ Sxh 0.0025ﬂ Sxh

w

A, = 00025+08 25- 28| 27 50055 |5 xh
A 32 )\ 25x 250
A, =0.0025x S xh
-6
Q:M:O.ZSSm:ZSmm ... control
0.0025x 0.25
h 19.6

S <—=——=6533mm
3 3
S, £3xh=3x250=750 mm

- Usef 10@25cm c/c  For thereinforcement in two layers (Vertical )
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4-15-6 Shear Wall Detail:

shear Wall

o
=]
3
-
B
S10@2s [
\.,_' tyy
ongzs |
ki

o
]

360 —tmzq -3.60
‘%‘\ [T . & .A‘z_{
|,/,x"'}§/f//f AR

S12@25

IFig. (4-38) Shear Wall Detail




(4.9) Design of column

(4.9.2) Design of long column

Select column (C11) for design

(4.9.2.1) Load Calculation:

Pu=YAc. KN

Pn =3850/ (0.65) = 5924 KN

(4.9.2.2) Determination of Agreq

rg=2%

Pn =08A4{085 )y *1 T g+, * ' g}
5.924=0.8 *Ag4{(0.85%24)* (1-0.02) + (0.02 *4Y+}
Ag=0.243 m°

Sdlect 60*45 with Ag = 0.27m?

(4.9.2.3) Check Slender ness Effect:

e |n 60cm-Dirction

MU _gq oML ACI —(10.12.2)

r M?2

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

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

Lu=4m

M1UM2 =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.

Ku gp_qp ML ACl - (10.12.2)
r M 2
1* 4

———=22.3> 22
0.3*0.6

Long coloumn in 60 cm direction



(=
El =04—-% i, [ACI 318 - 2002 (Eq. 10-15)]
1+ Db,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL  (2234)

b, = ~0.58
Pu 3850
* 3 * 3
= b* h _ 0.45* 0.6 — 0.0081 m*
12
* *
£l - 0.4* 23270.15 0'0081:47.7MN.m2
1+0.58
p ’El
= ACI 318 — 2002(Eqg. 10 -13)
(KLu)
2 %
p 3T
(1.0* 4)
M1
Cm=0.6+ 0.4(Wj ............ ACI 318 — 2002 (Eq.10 —16)

Cm=1 ... According to ACI 318 — 2002 (10.10.6.4)
d_= cm >1.0
1-(Pu/0.75P,

d - 1
™ 1-(3850/0.75* 29.5*10°)

............... ACI 318 — 2002 (Eq. 10 — 12)

=121>1

e =15+0.03* h =15+ 0.03* 600 = 33mm = 0.033m
e=e, xd_=0.033*1.21=0.04

e_004 _ 0.066

h 0.6

From Interactio n Diagram

fP, 3850 145 _
A, 0.6x0.45 1000

g

r, =0.025

2 ks

A =1 x A, =0.02x 700 x 450 = 6300 mm*"
~.Use20f 20



(4.9.2.4) Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S <48dt (tie bar diameter).
S < Least dimension.

spacing <16xd, =16x2 =32 cm
spacing < 48xd, = 48x1.0 =48 cm
spacing < least.dim .= 600 mm

Use ®10 @ 250 mm

e |n 45cm-Dirction

Ku 34—12% ............... ACI —(10.12.2)

r

Lu: Actua unsupported (un braced) length.
K: effective length factor (K= 1 for braced frame).

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

Lu=4m

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.

klu M1

— <34 -12— ACI - (10.12.2)
r M 2
*
_1"4  _95.2
0.3*0.45

~.long Coloumn in 45:dirction



=
El =04—2 ... [ ACI 318 — 2002 (Eq. 10—15)]
1+by,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
12DL  (2234)

b, = =0.58
Pu 3850
* |3 * 3
I, = b*h” _06*0.45 =0.00455 m*
12
El - 0.4* 23270.15* 0.00455 — 27MN.m
1+0.58
p ’El
Py = e ACI 318 - 2002(Eq. 10—-13)
(KLu)
2 %
=314 72716 5uN.
(1.0* 4)2
M1
Cm=0.6+ OA(W) ............ ACIl 318 — 2002 (Eq.10 —16)
Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
Cm
d =T21.o ............... ACI 318 — 2002 (Eq. 10 —-12)
~ 0.75P,
1
d, = 3850 =145>1

© 0.75*16.5%10°

e, =15+0.03* h =15+ 0.03* 450 = 28.5mm = 0.0285 m
e=e, xd_ =0.0285*1.45 = 0.0413

e_00413 _

h 045

From Interactio n Diagram

fP, 3850 145
A, 0.6x0.45 1000

g

r, = 0.025

=2k Ps

A, =t x A, =0.02x 700 x 450 = 6300 mm?"
. Use20f 20



(4.9.2.4) Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S <48dt (tie bar diameter).
S < Least dimension.
gpacing <16x2=16x2 =32 cm
spacing < 48xd, = 48x1.0=48 cm
gpacing < least .dim .= 450 mm
Usef 10@25cm
'_rl"‘"-..r'_
- [T LT
—— IE10RI100 mm
|
— 23105000
400 Ha"_"m;'
—— IS10EI00
< LT INIRIEN
degle 1:100
- —an
2o 2EI0 10,
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CHAPTER
I "DESIGN OF STRUCTURAL MEMBERS'

4-1 INTRODUCTION.

4-2 DESIGN OF ONE WAY RIBBED SLAB RIB (NO. 31).

4-3 DESIGN OF TWO WAY RIBBED SLAB
4-4 DESIGN OF TWO WAY SOLID SLAB

4-5 DESIGN OF BEAM (NO. 66).

46 DESIGN OF STAIR

4-7 DESIGN OF GRANDSTAND

4-8 DESIGN OF COLUMN (COL 4)

4-9 DESIGN OF BASEMENT WALL

4-10 DESIGN OF ISOLATED FOOTING

4-11 DESIGN OF COMBINED FOOTING

4-12 DESIGN OF WALL FOOTING FOR STAIR
4-13 DESIGN OF MAT FOUNDATION UNDER ELEVATOR
4-14 DESIGN OF THE WELL

4-15 DESIGN OF SHEAR WALL
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CHAPTER FOUR

Structural Analysis and Design

4-1 Introduction

The strength of a structure depends on the strength of the materials from
which it is made. For this purpose, design material strengths are specified in

standardized ways.

Actual material strengths can’t be known precisely. Structural strength
depends, on the care with which a structure is built, which in turn reflects the quality
of supervision and inspection. Members sizes may differ from specified dimensions,
reinforcement may be out of position, poorly placed concrete may show voids, etc,

and this can reduce the strength of the structure.

The design strength provided by a member, its connections to other members,
and its cross-sectionsin terms of flexure, and load, shear, and torsion is taken asthe
nominal strength calculated in accordance with the requirements and assumptions of
ACI-code-318-02.

So in this chapter we will explain the design of the structural element for this
project, the dead load is cal culated based on type of used materials, but the live load is
chosen based on the values that are used in chapter three tables (2-3).
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4-2 Determination of thickness

4-2-1 Determination of thicknessfor one- way ribbed slab

The main loads acting on the floor structure are dead and live loads.
Dead Load is calculated based on the density for each materia used in the slab.

The overall depth of slab must satisfy the limitation of deflection required in
ACI Table (9.5.9).

Minh=L/21 for interior span
Minh=640/21 =30.4cm

Minh=L/185 for exterior span
Minh=633/185 =34.2cm

Minh=L/16 for simply support
Minh=525/16 =32.8cm

4.2.2 Determination of thickness for two- way ribbed slab

SZcm

11 6cm

i
3 6cm

= 1Z2om _

Y=FAY/JA

Y rib = (2*0.2¥0.08*0.04)+(0.12*0.35*0.175) / (2*0.2*0.08) +(0.12*0.35)

=0.116m =11.6 cm

lib = (0.52) (0.116)% (3) — (0.52-0.12) (0.036)% (3) + (0.12) (0.234)*/ (3)
=7.77*10* m*b

lgap1= (7.77¥10%) (7.8)/ 0.52 = 116.55* 10™

7 am .--._- = LT
; == 1tm
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lgap2= (7.77¥10%) (10)/ 0.52 = 149.4*10™*

b = (1/12)bh3= (1/12) (0.8) (0.35)3=2.86*10-3

o1= Iyl o= 28.6*10-4/149.4* 10" = 0.191

0= ly/ | ga= 28.6* 10%/116.55* 10-4 = 0.245

Om=0a1+az/ 2= (.191+0.245)/ 2= 0.218

0.2<0 1 < 2

hm = L (0.8+ F/1400)/ ((36+5B(0 m-02) ).....€.... ACI-318-02
B=LdLp=10/7.8=128

hm = 10 (0.8+ 420/1400)/ (36+5* 1.28(0.218-.2)) = 0.304 m = 30.45cm

We select from one & two way rib slab , The Thickness Rib Slab = 35cm
Use an overal depth of 35cm  (27cm block) , and deflection must be

considered .

4 -2-3 Effective Flange width (b ) according to ACI code 8.10.2:
b for T- section is the smallest of the following:

bE

L/4 =480/4=120cm
b =b, +16t =12 +16(8) =140 cm

b =C/IC =52cm....ccccvvviiinnnnn, Control

4-2-4 Dead load Calculation : -

Tifes 3 am

MNearderr 2 o

Cercrrwes Sanedd i T oomn

I concrete Fopping S om
Cloarrorete ook

I enrtericerfes il

Plervresr 2 o

Figure (4-1) section in one way ribbed dab
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Tiles
Mortar
Sand
Topping
Block
Rib
Plaster
partition

0.03*0.52* 1* 22 = 0.3432 kKN/m of rib
0.02+0.52* 1*22 = 0.2288 KN/m of rib
0.07*0.52* 1* 16 = 0.5824 kN/m of rib
0.080.52* 1*25 = 1.04 kN/m of rib
0.4*0.27%1*10 = 1.08 kN/m.
0.27%0.12* 1*25 = 0.81 KN/m of rib
0.02*0.52* 1* 22 = 0.2288 KN/m of rib
(1.25) (0.52) = 0.65 KN/m of rib

Nominal Total Dead Load = 4.9632 KN/m of rib
Factored Total Dead Load = 1.2¥4.9632=5.956 KN/m.

Liveload =5 KN/m? .
Factored liveload =5*1.6*0.52= 4.16 kN/m

4-2-5 Design of topping:-

Live load = 5 kN/m?

Dead load:-

Tile=0.03*22=0.66 KN/ m?.

Motar =0.02*22 = 0.44 KN/ m?.
Sand =0.07*16=1.12 KN/ m?.
Topping = 0.08*25=2 KN/ m?.
Partition =1.25 KN/ m? .

. Total Dead load = 5.47 KN/ m?.

Wu =1.2 (DL) + 1.6 (LL)
= 1.2(5.47) + 1.6 (5)

= 14.564 kN/m?.
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2
MU — Wu x L
12
2
Mu = | 14964207} _ 5104 KN.m.
12
2 2
_ bg _1x008" _ 4 yo107m?

F, =042,07 = 04224 =203

Mrn =17, )s)
Mn = (2.05)(0.00107) = 2.2 KN.m
®dxMn=0.55xMn (® =0.55 for plain concrete)
®Mn =0.55*2.2 = 1.21 KN.m > Mu = 0.194 KN.m

w= No structural reinforcement isrequired.
Minimum reinforced of slab is required according to ACI — COD:
For Shrinkage and Temperature:
As,, =0.0018 xbxd
=0.0018 x 100 x 8 = 1.44 cm?.
» Use ® 8 @ 20cm on center both ways

4-2-6 Rib Design (R31):

The length of spans are shown in figure (4-2) below .And the locations of
Ribl are shown in figure (4-3).

Spanl Span 2 Span 3

4.8m T 8m 4.7m

Figure (4-2) spanslength
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Figure (4-3) spanslocation

e Using ACI coefficient we get the following moment values for positive
moment .
Wu=DL +LL =5.956 +4.16 =10.12 KN /m

4-2-7 Design for Positive M oment:

Moments: spans 110 3

Figure. (4-4) The design moment for the Rib (R 31)



CHAPTER FOUR Structural Analysis & Design

Design of Span 1:
Mumax =28.8kN.m .......... From Figure (4-4)
Check if a<t:

Assumea=t=38cm
d= h-Cover-stirrups-d/2 = 350-20-8-6 = 316 mm

M = 0.85* fc* t; * b, * (d-ti/2)= 0.85 (24) (0.08) (0.52)(0.316-0.08/2)* 1000
=234.2 kN.m

@My =0.9 *234.2 =210.8 KN.m

@Mn =210.8kN.m >Mu =28.8kN.m

Design as arectangular with b, =52 cm

» Design of rectangular section with bg =52 cm.
fy 420

M= = =
0.85fc  0.85(24)

my_Mn _ 28.8*(10)°
"~ bd 2 (.9)(0.520)(0.316 )2

:i(l— a 2mRn] L(l_\/l_z 20 .6 * 0.615 J:o.00148

= 0.615 MPa

fy | 20.6 420
AS . =p x b x d.

AS o, = 0.00148 x 520x 316 = 243.2 mnv’.
Check for minimum reinfor cement:

.4/ fc 14 )
A'smin= AT (bw)(d) > W(bw)(ol) ........... (ACI-10.5.1)
. 30 14
A'smin= 220, (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2
> Asmin. =1.264 cm®.

o As= 243.2 mn?.

> Select 2¢ 14 With As = 306 mn.
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Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
306x 420 =0.85 x 24 x 520 x a

» a=12mm

B =0.85

C=4a/0.85=12/0.85=14.1

& =(d-C) (0.003)/C

& = (316-14.1)*(0.003) /(14.1) = 0.06

=0.06 > 0.005
=0k
Design of Span
.4/ fc 14 )
Asmin= ) (bw)(d) > W(bw)(ol) ........... (ACI-10.5.1)
430 1.4
Asmin= 2420) (120)(316) > 220 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

»Asmin. =1.264 cm?.
> Select 2d 10 With As= 157 mm?>.

Check of Strain:

Tension = Compression

= Asx Fy=0.85x fc' xax b
157x 420 =0.85 x 24 x 520 x a

» a=6.2mm
B =0.85
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C=a/0.85 = 6.2/0.85=7.29
£.=(d- C) (0.003)/C
£, = (316-7.29)* (0.003) /(7.29) = 0.12

=0.12 > 0.005
=0k
Design of span (3):
Mu=28kN.m.......... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn 28 * (10)°°

Rn = — = _=0.6MPa
bd 2 (0.9)(0.52)(0.316)

: :il— 1 2mRn | 1 1_\/1_2 20.6* 0.6 _ 0.00148
m fy 20 .6 420

AS . =p x b xd.
AS o, = 0.00148 x 520x 316 = 243 mm?’,

Check for minimum reinfor cement:

i 1.4 ]
Asmin= AW (bw)(d) > F(bw)(cl) ........... (ACI-105.1)

V30
4(420)

AsSmin=

1.4
(120)(316) > - (120)(316) .......... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

> Asmin. =1.264 cm?.
o As= 243 mm>.

> Select 20 14 With As = 306 mm?>.

Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
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306x 420 =0.85 x 24 x 520 x a

> a=12 mm

B =0.85

C=a/0.85=12/0.85=14.1

& =(d-C) (0.003)/C

& = (316-14.1)*(0.003) /(14.1) = 0.06

=0.06 > 0.005
=0k

4-2-8 Design for Negative M oment:

Support (2)
Mu=198kN.m ................... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn  19.8*(10)°

RN = —-= > =1.83Mpa
bd (0.9)(0.12)(0.316)

c_Af(; jj_2mRn | _ 1 1—\/—2 20.6*1.83 | _ 4 qous
m fy 20 .6 420

AS . =p x b xd.
AS 1o, = 0.0046 x 120x 316 = 174.4 mm?".

Check for minimum reinforcement:

.4 fc 14 )
Asmin= 2(y) (bw)(d) > F(bw)(d) ........... (ACI-10.5.1)
. 430 1.4
A'smin= 220, (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

»Asmin. =1.264 cm?.
- As=174.4 mm>.

> Select 20 12 With As = 226 mm?>.
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Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
226x 420=0.85x 24 x 120 x a

» a=38.8mm

B =0.85

C=a/0.85= 38.8/0.85=45.6

& =(d-C) (0.003)/C

& = (316-45.6)*0.003) /(45.6) = 0.018

=0.018 > 0.005
=0k
Support (3)
Mu=189kN.m ..................... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn 18.9* (10)’3

- — = _=1.75Mpa
bd 2 (0.9)(0.12)(0.316)

* *
co A 2mRn 1 1_\/1_2 20.6*1.75 | _ 4 5043
m 420

AS . =p x b xd.
AS 1, = 0.0043 x 120x 316 = 163 mn’.
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Check for minimum reinfor cement:

.4 fc 14 )
Asmin= 2(y) (bw)(d) > F(bw)(d) ........... (ACI-10.5.1)
. _ ~30 14
A'smin= 220, (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

> Asmin. =1.264 cm?.
o As= 163mm>.

> Select 20 12 With As = 226 mm?>.

Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
226x 420=0.85 x 24 x 120 x a

» a=38.8mm

B =0.85

C=a/0.85= 38.8/0.85=45.6

& =(d-C) (0.003)/C

& = (316-45.6)*0.003) /(45.6) = 0.018

=0.018 > 0.005
=0k
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4-2-9 Design of shear reinforcement:

-33.4
_ ] E
g i 4 il
& -14.4_-] -16.9
,-'"'ff .-"'/-_ ”__/’
1 ---J i 1 ..ff 1 T -{f_‘__t'-
L L o
- 17.2 T 14.9 __.-’f-
A
24.2 €1.3 - 25.8
328

Figure. (4-5) Thedesign Shear for the Rib (R 31)

Vumax =26kN ............ From Figure (4-5).

f Ve = 0.75(~/24)(b)(d) / 6 = 0.75(~/24)(0.120)(0.316) * 1000/ 6 = 23.6KN

1.1dVc =1.1* 23.6 KN=Vu max = 25.8 KN

No shear reinforcement is required. According to category 2 for joist
construction

Use @8 @ 20 cm.
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4-3 Design of Two way Ribbed slab:

4-3-1 Dead Load Calculation :-

Tiles 0.03*0.55* 0.55* 22 = 0.19965 kN/0.55* 0.550f rib
Mortar 0.02*0.55+0.55* 22 = 0.1331 kN/0.55* 0.550f rib
Sand 0.07*0.55%0.55* 16 = 0.3388 kN/0.55* 0.550f rib
Topping 0.08*0.55* 0.55* 25 = 0.605 kN/0.55* 0.550f rib
Block 0.4*0.27*0.4* 10 = 0.432 kN/0.55* 0.550f rib

Rib 0.27*0.15* (0.55+0.4)* 25 = 0.962 kN/0.55* 0.550f rib
Plaster 0.02*0.55* 0.55* 22 = 0.1331 kN/0.55* 0.550f rib
partition (1.25) (0.55) *0.55 = 0.378 kN/0.55*0.550f rib

Dead Load =3.18 kN/0.55* 0.550f rib

Dead Load per unit area= 3.18/ 0.55*0.55= 10.5 KN/m?
Live Load = 5 KN/ m?

0u=1.2D + 1.6 L = 20.6 KN/m?
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Figure (4-6) Location of Two way Rib.

La/ Lb=7.8/10=0.8

From Table (12-6) :

Case (4)

Wa=0.71

Wb =0.29

®Vc =Vu

Vu=Whb* total load *(0.55/La)

Vu= (0.29/2)*20.6* 7.8* 10* (0.55/7.8)
Vu =16.42 KN

fVe = 0.75(/ fc')(b)(d) / 6 = 0.75(~/24)(0.15)(0.316) * 1000/ 6 = 29KN

No shear reinforcement is required
Use ®8 @ 20 cm.

4-3-2 Designs of moment

4-3-2-1 Design of positive moment:
From table (12-4)

Cadl=0.039

Cbdl=0.016

Ta@ilL

)esign
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Madl = Cadl * W * (La)?

Mbdl = Cbdl * w * (Lb)?2

From table (12-5)

Call =0.048

Cbll =0.02

Mall = Call * W * (La)?

Mbll = Cbll * w* (Lb)?2

Ma ( pos) ={ (0.039*12.6*(7.8)?) +(0.048*8* (7.8))} *0.55

Ma ( pos) =37 KN.m/rib

Mb ( pos) ={ (0.016*12.6*(10)?) +(0.02*8* (10) %)} *0.55

Mb ( pos) = 20 KN.m/ rib

d= h-Cover-stirrups-d/2 = 350-20-8-6 = 316 mm

Mn=0.85* fc* t; * b *(d-t/2)

Mn; = 0.85 (24) (0.08) (0.55)* (0.316-0.08/2)* 1000
=247.74kN.m

@My =0.9 *247.74=222.96 KN.m
@Mn =222.96 KN.m >Mu =38 kKN.m

Design as arectangular with b, = 55 cm

me__ 40 556
0.85fc  0.85(24)

Mn  37*(10)°

L _ = 0.75MPa
bd 2 (.9)(0.55)(0.316)

* *
r =i[1_ 1_2mRn] 1 [1_\/1_2 20 .6 o.75j=0_00182

m ~ 206 420

fy

As = 0.00182* (550)* (316) = 315 mm? >Asmin=126.4 mm?>
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Select As =315 mm?
Use 2® 16 mm , As =402 mm? in Both direction ( X & Y).

4-3-2-2 Designs of Negative moment :

From table (12-3)

Caneg =0.071

Cb neg = 0.029

Mnaneg = Caneg * qu* (La) ?*0.55
Mna neg = 0.071* 20.6* (7.8 ) *0.55
Mnaneg = 49 KN/rib

Mnbneg=Cbneg* qu* (Lb) ?*0.55
Mnb neg = 0.029% 20.6* (10 ) > 0.55
Mnb neg = 33 KN/rib

fy 420

m= - =206
0.85fc  0.85(24)

* -3
rn=Mn ___ A0 _34ypa
bd 2~ (.9)(0.15)(0.316)

. :il— 1_2mRn _ 1 1_\/1_2 20.6* 3.6 _ 0.0096
m fy 20 .6 420

A's = 0.0096* (150)* (316) = 455 mm? >Asmin=126.4 mm°’
Select A's =455 mm?
Use 2 18 mm , As =509 mm? in Both direction ( X & Y).
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4-4 Design of Two way solid slab:

4-4-1 Determination of Thickness:

Ly =5.5m
Lx=3.9m

LY 55 14000

Ly 3.9
- Two way

minimum thickness of the tow way solid slab is to be determined by the
following equation:

_ per
min 180
Not less than 5in

h= @ =0.105m
180

Sdlect h =15cm
15cm > 5in = 12.55cm.....ok

4-4-2 Dead L oad Calculation :-
dab =0.15%1*1*25=3.7 kN/ m2
DL = 3.7 KN/m2

SL=1KN/m2

qu=12D+ 1.6 L =6 KN/m2
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Figure (4-7) Location of Two way solid.

La/ Lb=3.9/55=0.7

From Table (12-6) :

Case (1)

Wa=0.81

Wb =0.19

dVe =Vu

Vu=Whb* total load * (0.55/L a)
Vu=(0.19)* 6*3.9*5.5*(1/3.9)
Vu=6.27 KN
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fVc = 0.75(,/ fc')(b)(d) / 6 = 0.75(~/24)(1)(0.116) * 1000/ 6 = 7IKN
No shear reinforcement is required

4-4-3 Designs of moment

4-4-3-1 Design of positive moment:

From table (12-4)

Cadl=0.068

Cbdl=0.016

Madl = Cadl * W * (La) 2

Mbdl = Cbdl * w * (Lb) 2

From table (12-5)

Call =0.068

Cbll = 0.016

Mall =Call * W* (La) 2

Mbll = Cbll * w* (Lb) 2

Ma ( pos) ={ (0.068*4.44*(3.9) 2) +(0.068* 1.6* (3.9) 2)}
Ma ( pos) = 6.3 KN.m/rib

Mb ( pos) ={ (0.016*4.44* (5.5) 2) +(0.016* 1.6* (5.5) 2)}
Mb ( pos) =3KN.m/rib

d= h-Cover-stirrups-d/2 = 150-20-8-6 = 116 mm

me_ Y __40 556
0.85fc  0.85(24)

o o M 6.3*(10)°7
bd 2 (.9)(1)(0.116 )2

* *
. _ 1 1 1_2mRn _ 1 1_\/1_2 20.6* 0.52 — 0.00125
m fy 20 .6 420

= 0.52 MPa
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AS = 0.00125*(1000)* (116) = 146 mm> < ASmin=270 mm"

A 'S min = 0.0018 * 1000* 150 = 270 mm-

Select AS =270 mm®
Use® 12@35cm , in Both direction ( X & Y).

4-4-3-2 Designs of Negative moment :

A 'S min = 0.0018 * 1000* 150 = 270 mm-

Select AS =270 mm’
Use ® 10@25 cm , in Both direction ( X & Y).
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4-5 Design of Beams - (B66):
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Figure (4-9) L ocation of Beam No. 66.

4-5-1 Design moment of beam (66):
Deter mination of beam Thickness:
Span (1):
hmin=_L/185 For exterior span
hmin=720/185=38.9cm
hmin=L/21 For interior span
hmin=720/21=34.3cm

Use an overall depth of 50cm

d = h -Cover - d-ds/2 = 500-40-10-10 = 440 mm.

Determine whether the Beam will act as rectangular :

MUmax =598 kKN.m . for all spans. ........... From Figure (4-10).

Mnreq =552.9/0.9 =614.33 KN.m
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r —04*0.85 ¢ |gx__ 690 —04*085( 24 j*0.85*$=0.0097
fy 600 + FY 420 600 + 420
fy 420

=20.59

T 085fc  0.85(24)
Rn =p*fy (1 - pm/2)
= 0.0097*420* (1-(0.0097*20.59/2) = 3.67 Mpa

Mn 614 .33* (10)°

_ Mn _ _ 3.67 Mpa
bd 2 (b)(0.44) P

B=0.86m

Select B =90 cm
4-5-2 Design of Positive Moment:-

N
A bw)(d) = == (bw)(d) ........... ACI-10.5.1
S min = 4(fy)( w)(d) = fy(W)() ( )
24 1.4
Asmin= 2420) (900)(440) > -~ (900)(440)

ASMin=11548mm° = 1320 mm"°
A S min = 1320 mm”*

Moments: zpanz 1B &

4673 4732 52T T A A97.7
-if22 a375 -a42 '."‘ 4138 .,-'r\

S \
“-:E 'IJ’ l""' |H.ﬁ
_-?j/-‘/ |. " Y65 | \'-————‘// | .E\"'-
\H_,ufﬂ_c‘ FEEELTAN / Lﬁ\h__/ .Y mﬁ;”

| 16,19 14, 256 | 36 |, 36 | 35 | 33

Figure. (4-10) The design moment for the beam (B 66)
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Span (1):
Mu=167.6 KN.m .................. From Figure (4-10).
me_ Y __40 555
0.85fc’  0.85(24)
Mn 167 .6* (10)°

RN = —= > =1.069 Mpa
bd (0.9)(900)(440 )

S O P AT 1_\/1_2 20.59 *1.069 | _ 1 o006
m fy 20 .59 420

A's = 0.0026* (900)* (440) = 1029.6 mm? <A 'S min =1320 mm?
As = 1320 mm?
Use 70 16 mm , A's = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=4a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k

Span (2):
Mu=336KkN.M .................. From Figure (4-10).

fy 420

0.85fc  0.85(24)
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_ Mn _ 33.6*(10)°
"~ bd 2 (0.9)(900 )(440 )2

* *
r =i{1_ a 2mRn] 1 (1_\/1_2 20 .59 * 0.214 J:o.ooos

Rn

= 0.214 Mpa

m fy ) 20.59 420

A's = 0.0005*(900)* (440) =198 mm?* <A s min =1320 mMm?

Select Asmin = 1320 mm”°
Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=4a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£'s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k
Span (3):
Mu=390.3kN.m .................. From Figure (4-10).
0.85fc’  0.85(24)
Mn 390 .3* (10)°

RN = 0 = _ = 2.49 Mpa
bd 2 (0.9)(900 )(440)

r:il— 1 2mRn ) 1 1—\/1—2 20 .59 * 2.49 _ 0.0063
m fy 20 .59 420

A's = 0.0063* (900)* (440) = 2494.8 mm? > A s min
Use 6 25mm , As = 2946 mm?
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Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(2946) x 420=0.85x 24 x 900 x a

>»a=67.4mm
C=a/0.85=67.4/.85=79.3
&s=(d-C) (0.003)/C

&£s = (440-79.3)*(0.003) /(79.3) = 0.014

=0.014>0.005 OK

Span 4:
Mu=183.7kKN.m .................. From Figure (4-10).
m= fy = 420 =20.59
0.85fc’  0.85(24)
Mn 183 .7 * (10)°

Rn = —— = —=1.17 Mpa
bd 2 (0.9)(900 )(440)

r :i(l— L 2mRnJ 1 (1—\/1—2 20 .59 1.17]:0.0029

m fy | 20.59 420

A's =0.0029*(900)* (440) = 1148.4 mm? <A 'S min =1320 mm?
Select A's min =1320 mm?

Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£s=(440- 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k
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Span 5:
Mu=5529KkN.m .................. From Figure (4-10).
me— Y __40 _ongg
0.85fc’  0.85(24)
Mn 552 .9* (10)°

Rn

= = _ = 3.53Mpa
bd 2 (0.9)(900 )(440)

. :il— 1 2mRn ) 1 1—\/1—2 20 .59 * 3.53 _ 0.0093
m fy 20 .59 420

A's = 0.0093* (900)* (440) = 36828 mm? >A s min
Use 8 25mm , As =3928 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(3928) x 420=0.85x 24 x 900 x a

>»a=89.9mm
C=a/0.85=289.9/.85=105.8
&s=(d-C) (0.003)/C
£s=(440-105.8)*(0.003) /(105.8) = 0.01

=0.01>0.005 OK

4-5-3 Negative moment reinfor cement

Support (2)
Mu=79kN.m ................... From Figure (4-10).
0.85fc  0.85(24)
Mn 79 * (10)°®

Rn = — = _ = 0.5Mpa
bd 2 (0.9)(900 )(440)
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* *
. _ 1 1 1_2mRn _ 1 1_\/1_2 20.59 * 0.5 _ 0.0012
fy 20 .59 420

A's =0.0012*(900)* (440) = 475.2mm? <A s min=1320 mm”~

A's min =1320 mm”

Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(1407) x 420 =0.85x 24 x 900 x a

»a=32.19 mm
C=a/0.85=32.19/.85=37.87

£s=(d-C) (0.003)/C

£s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k

Support (3)
Mu=3722KkN.m ................... From Figure (4-10).

fy 420

m= - =20.59
0.85fc  0.85(24)

* 6
oo M 22000) ) oy
bd 2 (0.9)(900)(440)

* *
r =i[1_ 1_2mRnJ 1 [1_\/1_2 20 .59 2.37]=0.006

m fy ) 20.59 420

A's = 0.006*(900)* (440) = 2376mm? >A S min
Use 80 20mm , A s = 2512 mm?
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Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(2512) x 420=0.85x 24 x 900 x a

»a=57.46mm
C=4a/0.85=57.46/.85=67.6
&s=(d-C) (0.003)/C

£s=(440- 67.6)*(0.003) /(67.6) = 0.017

=0.017 > 0.005
=0k
Support (4)
Mu=4139KkN.m ................... From Figure (4-10).
m= fy = 420 =20.59
0.85fc’  0.85(24)
Mn _ 413.9* (10)°

Rn = > = > = 2.64 Mpa
bd (0.9)(900 )(440)

r:il— 1_2mRn _ 1 1_\/1_2 20 .59 * 2.64 _ 0.0068
m fy 20 .59 420

A's = 0.0068* (900)* (440) = 2692.8 mm?2 >A 'S min
Use 60 25mm , AS = 2946 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(2946) x 420=0.85x 24 x 900 x a

»a=67.4mm
C=a/0.85=67.4/.85=79.3

&s=(d-C) (0.003)/C
£s=(440-79.3)*(0.003) /(79.3) = 0.014

=0.014 > 0.005
=0k
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Support (5)
Mu=527.7kN.m ................... From Figure (4-10).

oty 4
0.85fc  0.85(24)

=20.59

Mn

* 6
Ry M0 527.7* (10)
bd

~ (0.9)(900 )(440 )2

r = i(l— 1-

= 3.37 Mpa

F

A's = 0.009%(900)* (440) = 3564 mm? >A s min
Use 80 25mm , As = 3928 mm?

2*20.59 * 3.37
420

fy | 20.59

2mRn 1
m

J: 0.009

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb

(3928) x 420=0.85x 24 x 900 x a
»a=89.9mm

C=a/0.85=289.9/.85=105.8

&s=(d-C) (0.003)/C

&£s = (440 - 105.8)* (0.003) /(105.8) = 0.009
=0.009 > 0.005

=0k

4-5-4 Design of Shear Reinfor cement:

Shear

- - - - - -~
i

L

200.4 1765451

f R t
-~ -'

-
-2

145.3 =

450.3 4445

V, =489.4 KN

Figure. (4-11) The design Shear for the beam B (66)

As shown in Fig. (4.11)
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dxVc= 0.75x£\/?}bxd

fVe = 0.75(,/ fc')(b)(d) / 6 = 0.75(~/24)(900)(440) / 6 = 242.5KN .
®Vs min=0.75 (1/3)*b*d = 0.75* (1/3)* 900* 440* 10> =99 KN
PV, + ®VS i, = 2425+ 99 =341.5 KN
f Ve +fVsmin = 341.5KN <Vu = 489.4KN < 3f V¢ = 727.5KN
» Category (4) Satisfy
Reg®Vs=Vumax - dVc.
Reg®Vs=489.4 - 2425 =246.9 KN

But:
@xVs=0.75x @ xAvxd
dxFyxAvxd
>S =
S dVs

Select @10 with 4 legs, So:

2
sznxDTxNoof legs

2
AV = 3.14x % x4
>Av = 314 mm?

=S =(0.75*420* 314* 440) / (246.9* 103)
S=176.3mm=17.6 cm

S<di2=44/2=22cm

S <60cm

use the smallest value of the imitations
< Select S=15cm
=Use @10 @15 cm

4-6 Design of stair:
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Figure (4-12) stair
4-6-1 Deter mination of Slab thickness:

_§pan
min 20

h; 440—022m
20

Use h,,=25cm

4-6-2 Load calculation:
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Dead L oad:
Tiles - (0.17 + 0.35) x 0.03x 22 _115KN/m
0.3
Morter = (0.17+0.3) x 0.02x 22 _07KN/m
0.3
Stair - 0.5x0.3x0.17x 24 _204KN/m
0.3
Concret :M =7.2KN/m
cos 30

Plaster = 202222x1_ (59 kN /m

cos 30

Dead L oad for landing :
Concret =0.25x25=6.25KN/m

Plaster =0.02x22=044KN/m
Morter =0.02x22=0.44 KN/ m
Tiles =0.03x22=0.66 KN/ m

Total Load:

D.L,, =11.6KN/M
LL,, =5KN/M

D.L,,lan=7.8KN/M
LL,ylan=5KN/M

From ater pro.We get

116

110

N Y 5 5 L 5 . L ' e .
Al ]

Figure (4-13) dead load diagram
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Mu =50.9KN/M

Vu =37.6 KN/M
h =25 cm
Assuming @ 12 for main reinforcement-:

So, d =250-20-6 = 224 mm

Take d= 224 mm

4-6-3 Design of shear:

shear ang
.--""-f_'__
f’"’fﬂ# |
B ]
47.3
Figure (4-14) shear diagram
Vu =37.6 KN.
ff 'xb, xd
fve=—"°¢ W
6
_ 0.75x /24 x1x 0.224x10°

fVc =137.2KN

6
Vu =37.6 KN< @.Vc=137.2 KN.

No shear Reinforcement isrequired OK
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4-6-4 Design of Bending M oment

moment

Figure (4-15) bending moment
=  Mu =50.9KN.m.

Mn,, =4 _ 209 _ 565 KN.m
09 09

d=22.4cm.
_ Mn
" b-d?
56.5x1073
K,=——
1x 0.2242

m=—
0.85x fc'

- K

=1.13MPa .

r _ 1 1_\/1_M —0.0028
20.6 420

Asreq =0.0028x1000x224 =620
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AS i, 2 (b )(d)
. (fY)
> '—(bW)(d)
fy
Smin = 24 — (1000)(224)
4(420)
653.2<746.6
0 As . =746.6mm’
A'SMiN=746..6>AS req =620
ASMIN =7266mm” .......... Control .
#Of Bar LGG =4.84
154
Usef 4@ 20cm............... With As=1000/ 200x153 = 765mm?2,

4-6-5 Check for yielding:
= Tension =Compression

A * fy=0.85* fc' *b*a
765x 420 = 0.85* 24*1000* a
a=15.75mm
c= 2 15D 15 53mm
b, 0.85
 224-1853
* 1853

e, =.0332 > 0.005—— ok

*0.003

4-6-6 Development length of the bars:

L, = xa xbxgxd,

2fc

420
2x \/ﬂ

L, =60cm

L, = x1Ix1x1x1.2="52cm
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4-6-7 Secondary reinfor cement:

1 1

As=g>< AS,q, =5> 765=153mm’
ASgyinage = 0:0018x bx h=0.0018x 1000x 250 = 450mm?
Usef 100@15cm................. With As=(1000/ 150) * 78.5 = 524mm?.

-
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Figure (4-16) stair reinforcement

4-7 Design of grandstand:

4-7-1 Deter mination of Slab thickness:
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_ span
min 20

h,i :4'—6520.23m
20

min

Use h,,=25cm

4-7-2 Load calculation:

Dead L oad:

chair = 0.1 KN/m

=0.91KN/m

=0.6 KN/m

=3.6 KN/m

Tiles - (0.3+0.8) x 0.03x 22
0.8
Morter — (0.30+ 0.8) x 0.02x 22
Stair = 05x0.3x08x24
0.8
Concret = M =7.3KN/m
cos30
Plaster — 0.02x22x1
cos 30
Total Load:
DL,y =13KN/M
LL,, =5KN/M

Factored load

=0.51KN/m

g, =12D.L+16L.L=12x10.393+1.6x5=23.6KN/m

For one meter Strip, Qu=23.6 KN/m.

From ater pro.We get

Mu =44.5KN/M
Vu =52.5 KN/M

h =25 cm
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Assuming @ 12 for main reinforcement-:
So, d =250-20-6 = 224 mm

Take d= 224 mm

4-7-3 Design of shear -:

-65.2
E9E 3. A5
/L _42.1 _4I]'E i _34-3 _32 H
/ _29'3/ 7| P
/ / /L S
(I 'fj [ / Ll ..-"x Ll it Ll 4 Ll .-'.'JI
|{r.r ||f||f; Ilfllf ||f;||
/ / / & /f _;r'
|/ g 7 288 [7 o098 |/ 285
A . B 41.6 11.2
: ; 42.5 :
45-9 5'].3 51 .B
Figure (4-17) shear diagram
Vu =525 KN.
fVsz\/Txbde
6
3
Ve 0.75x@><2x 0.224x10° _ oo
Vu =525 KN< @.Vc=137.2KN.
No shear Reinforcement isrequired OK
4-7-4 Design of Bending Moment:
-48.3
-32.1 -31.9 -33.1
-25.9},’\ S b0 218 -26.3
fﬂ M\ * /A-15.3 -1 E.I,."a"n\' 11 5 —11.!]!.1"'-. -13.9
o ;. F A ? lﬂ%
L [’jd_! \_f/ ![_lﬂﬁ' b 1| H\\h'_ | B ql & [
I [N \Lf/|||1 /'||| LI S /|||\1\ |
) 77106 0. 0.7 0,45 0.61. "
N ;9/ q.30!76 %] 7. 081 062 fugt
6 / — 18.7 :
W @ 27 8
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Figure (4-18) moment diagram

=  Mu =44.5KN.m.

M, =4 _ 445 _ 49 4KN.m
09 09
d=22.4cm.
Lk M
b-d
-3
K =294x10°_ 4 ogvpa .
1x 0.2247
[ ] m = L
0.85x fc'
0.85x 24

; :1[1_ ’1— 2mKn]
m f,

o1 (1_\/1_2x20.6xo.98J:O_0024

" 206 420

Asreq=0.0024x1000x224 =534

4 fc'
As > bw)(d
A > g W)

> %(bw)(d)
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= REZS (1000)(224) < 14 (1000)(224)
4(420) 420
653.2< 746.6

0 As,;, = 746.6 mm’

A'SMIN=746..6>AS req =534
H 2
ASMIN =746.6mm" .......... Control.

#Of Bars= 7466 =484
154

Usef 14@20cm............... With As=1000/ 200x153 = 765mm?.
4-7-5 Check for yieding:

= Tension =Compression

A * fy=0.85* fc' *b*a
765x 420 = 0.85* 24* 1000 * a
a=15.75mm
c= 2 D153
b, 0.85
o _224-1853
s 18.53

e, =.0332 > 0.005—— ok

*0.003

4-7-6 Development length of the bars:

fy
Ly = —xa xbxgxd,
2y T

L, = 420 x1x1x1x1.2=52cm

d_ZXM

L, =60cm

4-7-7 Secondary reinfor cement:
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AS:%xAsreq :%x765:153mm2

ASSwinkage =0.0018x bx h = 0.0018x1000x 250 = 45Omm2
Usef 100@15cm................. With As=(1000/ 150) * 78.5 = 524mm?.
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}'5—’_. | = _‘:\c J it 1-4"“'!':!":
e S e 5]

- b e . -5(\_5?5'\'.'%
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Figure (4-19) grandstand details

4-8 Design of column

4-8-1 Design of long column
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Select column (C4) for design
4-8-2 Load Calculation:

Pu= KN
Pn =3850/ (0.65) = 5924 KN

4-8-3 Determination of Agreq

rg=2%

Pn =0.8Ag{0.85 ¢) *1-T g + (fy * ' g}

5.924 = 0.8 *Ag{(0.85*24)* (1-0.02) + (0.02 *4 }
Ag = 0.243 m2

Select 60*45 with Ag = 0.27m2

4-8-4 Check Slenderness Effect:

e |n 60cm-Dirction

Ku 34-12% ............... ACI —(10.12.2)

r

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

|
R: radius of gyration=0.3 h = \/;
Lu=4m
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.

Mu gy _qp ML ACl - (10.12.2)
r M 2

1*4
0.3*0.6

=22.3> 22

Long columnin 60 cm direction
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E.l
El =04—% . [ACI 318 - 2002 (Eq. 10-15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL  (2234)

b, =058
Pu 3850
* 3 * 3
| _Dh’ 045706 e s
12
* *
£l - 0.4* 23270.15 0'0081:47.7MN.m2
1+0.58
p *El
= ACI 318 — 2002(Eqg. 10 -13)
(KLu)
2 %
p 3Ty
(1.0* 4)
M1
Cm=0.6+ 0.4(Wj ............ ACI 318 — 2002 (Eq.10 —16)

Cm=1 ... According to ACI 318 — 2002 (10.10.6.4)
d_= cm >1.0
1-(Pu/0.75P,
3 1
™ 1-(3850/0.75* 29.5*10°)

€nn =15+ 0.03* h =15+ 0.03* 600 = 33mm = 0.033m
e=e,;, xd, =0.033*1.21=0.04
e_004 16
h 0.6

............... ACI 318 — 2002 (Eq. 10 — 12)

=121>1

From Interactio n Diagram
fP, 3850 y 145
A 0.6x0.45 1000

9
r, =0.025
A =T x A, =0.02x 700x 450 = 6300 mm?*

~.Use20f 20

2 ks
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4-8-5 Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S <48dt (tie bar diameter).
S < Least dimension.

spacing <16xd, =16x2 =32 cm
spacing < 48xd, =48x1.0 =48 cm
spacing < least.dim .= 600 mm
Use @10 @ 250 mm

e |n 45cm-Dirction

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

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

|
R: radius of gyration =0.3 h = \/;
Lu=4m
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.

KU gp_pp ML ACl —(10.12.2)
r M 2
*
1'% 9552
0.3* 0.45

~.long Coloumn in 45:dirction
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=
El =04—2 ... [ACI 318 — 2002 (Eq. 10—15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
12DL  (2234)

b, =0.58
Pu 3850
* h3 * 3
Iy = b* h = 0.6 0.45 =0.00455 m*
12
£l - 0.4* 23270.15* 0.00455 — 27MNT
1+0.58
p El
Py =5 s ACI 318 - 2002(Eq. 10-13)
(KLu)
2 %
P :3'14—227:16.5MN.
(2.0* 4)
M1
Cm=0.6+04 IVEY R ACI 318 — 2002 (Eq.10 —16)

Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
Cm

d. :—Puzl.O ............... ACI 318 — 2002 (Eq. 10 —12)
]__
0.75P,
d._ = 1 =1.45>1
ns 1 3859 -
0.75*16.5*10°
e, =15+ 0.03* h =15+ 0.03* 450 = 28.5mm = 0.0285 m
e=e, xd  =0.0285*1.45 = 0.0413
g: 0.0413 _ 0.09
h 0.45

From Interactio n Diagram

fP, 3850 145
A, 0.6x0.45 1000

g

r, = 0.025

=2k Ps

A, =t x A, =0.02x 700 x 450 = 6300 mm?"
. Use20f 20
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4-8-6 Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACI -7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.
gpacing <16x2=16x2 =32 cm
spacing < 48xd, = 48x1.0=48 cm
spacing < least .dim .= 450 mm
Usef 10@25cm
'_rl"‘"-..r'_
- [T LT
—— IE10RI100 mm
|
—— @10 0 e
400 Ha"_"m;'
[ IE10EI00 mem
< LT INIRIEN
degle 1:100
S — 40
A0 AT, N
(5t
% . o FE:
S0 '_J:;'

Figure (4-20) reinforcement of column
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4-9 Design of Basement wall:

5 Korv'mm

V% A

& m

RV o AN N U

i JI‘.-.

\ %ﬁ;?xfﬁ

\ 35 Ke/m

2.3Knfm

Figure (4-21) Basement wall- Diagram

4-9-1 Load Calculation :

g, =g xhxK,
Oy =18Kn/m®
q=30°

K=05

g, =18x3.88x0.5=35 Kn/m2

q, =PxK,
q, =5x0.5=25Kn/m?

Mu =60 kN.m

Mn =60/0.9 =67kN.m
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4-9-2 Wall Design :
Mu =60 kN.m

Mn =60/0.9 =67kN.m

d =300-30-12=258mm
Mnx 67 x10°

Kn: 5 = 2 =
b*d 1000 x 258
. =i(1— 1- 2mKn)
m fy
. 1 (1- 1_2><20.6><1
20.6 420

As,,, = 0.0024x1000x 258 = 630mm? /m

0.25/fc

As xbxd=

IMpa

) = 0.00244

0.25V24 x1000 x 258

min

But not less than

As

_14xbwxd®  1.4*1000* 258

min fy

As,;, =860mm*/m< As ., = 630mm*/m

860

#ofbar inonmeter =——=6

154
Select ®14@20cm c/c

AS nin = 0.0012xb xh

360 mm?% m

0.0012 x1000x 300

420

=860mm?/m

=752mm? / m
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4-9-3 Design of Secondary Reinforcement:

Select the greater of:

AS, ey = 0.002* 1000* 300 = 600mm? / m

#of bar in on meter =@:5.3
113

Select ®12@20cm c/c

4-9-4 Check for Shear :

f xVc>Vn
f xVC:%Q/ fc'xbxd :%@x1000x 258

f Vc=158>>Vu =56.3 kN
.. No Shear Reiforcement Required
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Basement Wall

+0.00 at R
Pl @\

0pe

.ll,..v'.'iv..\'v':'vl,.vv;'.
e o
b f."[] R
X [ Sk g

60 S

3.1 i
o @ =y
RO
e

Figure (4-22) Basement wall- Detail
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4-10 Design of I solated footing:
Once the ultimate column or load is determined, the proper footing can be

designed . The following subsections describe the analysis and design of

footing (F5t )

4-10-1 L oad Calculation:
From Column :

Factored load =3850 KN
Soil weight =18 KN/m3
Soil depth =1.0m

Column geometry 60*45 cm

Allowable soil pressure =500 KN/m2

Pu = 3850Kn
Cw = 25* 0.6* 0.45* 16 = 108Kn
Sw=18*3*1=54Kn

Pu, = Pu+1.2* Cw+1.2* Sw
Pu, = 3850+1.2*108+1.2* 54 = 4444.5Kn

Total serviceload =2871 +108 +54 =3033 KN
Where :

Cw :Column weight

Sw :Soil weight

Pu :Factored load from the column

PuT :Tota load on foundation
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4-10-2 Design of Footing Area:

To determine the required footing area, the total service load will be used
Allowable soil pressure =500 KN/n?

Area)A = (Total serviceload / Soil Pressure

3033 KN /500 KN/nv?

6.1m2

Try 2.6m *2.6m Area=6.76m2 > Required Area =6.1 m2

For the design of the renforce concrete member, factored load must be
used :

Pu =1360 KN

Pu 44444

S jou = - = 657KN /m? <1.4* 500 = 700KN / m’......OK
Aﬁovided 676

4-10-3 Deter mine the depth of footing based on shear strength:
Assumeh=hmin=75cm ... .. d =75-7-1 =67 cm

Check for one way shear strength
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Critical Section at %+d

2, 4=97 067-1.045m
2 2

L oundation a
Vu=s *[ £ 2dt - (E"' d)j* BFoundation
2.6
VU = 657" (= ~1.045)* 2.6 = 436KN

f Vo =f .(%*\/f_c'*bw*d)

f Vc=0.75* %* 24* 2600* 670 =1066Kn

f Vc =1066KN >Vu = 436KN
. Safe

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

fV_f—( jrbd
PRETERIA
fV_f—rbd

Where:

Column Length (a
b = u gth (a) _ 60 _133
Column Width (b) 45

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

b, =4d +2a+2b=4*0.67+2* 0.45+2* 0.6 =4.78m

s =40 for interior column
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f Ve =f %(u bEJ\/T byd = 0'g5* (1+ 1?3}* J24* 4780* 670 = 4911Kn

fv, =f .%[ba;d + 2}/? bd = %* (7.41)* \/24* 4580* 620 = 7271Kn

f\, =f %\/T b,d =O'—;5* 24* 4780* 670 = 3922Kn

f V. =3922Kn ..... Control
VU, =[2.6* 2.6—{(0.45+ 0.67) * (0.6 + 0.67)}]* 657 = 3507KN
f Vc=3922Kn >Vu, =3507Kn........ satisfied

4-10-4 Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)
f .Pn=0.65*[0.85* 24* (600* 450)]/1000 = 3580Kn
But Pu=3850>f.Pn=23580

. Dowels are required for load transfer.
In column

——Pn
f

Fy

3850 5508
65

AS — .
420
As = 989mm?

As =

But use the minimum reinforcement of dowels:

As_. = 0.005* Ag = 0.005* 600* 450 = 1350mm?
Sect 20010

AS, . iqes =1560mm? > As. = 989mm’

Req.
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In footing

f.Pn=f .(0.85fc'A1\/E)
Al
(A2 [26"26
AL 0.6*045
A2 _,
AL
f .Pn=0.65*[0.85* 24* 0.6* 0.45* 2* 1000 = 7160Kn
But Pu=3850<f .Pn=7160

4-10-5 Design for Bending Moment: B

At section A-A

N
|
el

S R L 1 [TLFT 4

Section A—A
Figure (4-23) isolated footing section A-A

Mu = 486* (1* 2.6)* 0.5= 631.8Knm

Using Reinforced Concrete.

anﬁz 702KN.m

0.9
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Mn = 702x10° 0.6Mpa
Rn =bd® 2600x670*>
fy 420 _ 206

m= - = =
0.85* fc  0.85* 24

, :1 1- 1_2><m><Rn
m fy

P 1 1_\/1_2><20.6><0.6 — 0.00145
20.6 420

ASge, = *b*d =0.00145* 2600* 670 = 2526 mm?
Check As;,

ASgyiniage = 0-0018* b* h = 0.0018* 2600* 750 = 3510m?
- As = 3510mm?
Select 23 14....AS,, 40 = 3542mMmM* > 3510mm?-.....ok

At section B-B

Mu = 486* (1.075* 2.6)* 0.54 = 733.5Knm i

e e et o
Mn= @ =815KN.m
0.9 ~
Mn  815x10° 486K o
== - =0.7Mpa
bd? ~ 2600x 670 | 054
2 1.075 & 1,525
fy 420 20.6

m= - = =
0.85* fc _ 0.85* 24 ;
¢ Section p-B

o1 Ll_ | 2xmx RnJ Figure (4-24) isolated footing section B-B
== = .
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206 420
ASpe, =T *b*d =0.0017* 2600* 670 = 2955mm’
Check As,,
ASgrimage = 0.0018% b* h = 0.0018* 2600* 750 = 3510mn7?
. As = 3510mm?
Select 23 14....AS,, iue = 3542mn° > 3510mn.....0k

o1 [1_\/1_ 2><20.6><0.7J:o_0017

4-10-6 Check for Strain :
Tension =Compression

As* fy = 0.85* fc*b* a
3510* 420 = 0.85* 24* 2600* a
a=27.8mm
x=2_28_o7
bl 0.85
o — 670-32.7
: 32.7

e,=0058>0.005 ... OK

*0.003
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1.075

Z3

0,45
=)

Z3P1d L

2.5

1075

—

% 021
1 0.e0 i

2

& 2.5 s

2Emld | =29

Bottom reinforcment

/l/
sngld 20810 2aats

N L/,

blinding conerete

==}

B 075

SECTION a-a

Figure (4-25) reinforcement of isolated footing
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4-11 Design of combined footing

Footing for the column C10 & C10

C10:50%30 ......D.L =1480KN, L.L =503 KN
Pu=1.2*1480+1.6*503 = 2580.8 KN

C10:50*30 ...... D.L =1480KN, L.L =503 KN
Pu=1.2*1480+1.6*503 = 2580.8 KN

4-11-1 Determination of the footing diminutions
Allowable soil pressure =500 KN/m?
Pu = 2580.8+ 2580.8 =5161.6KN
Cw=25*12* (0.5* 0.3+ 0.5* 0.3) = 90KN
Sv=18*3*1=54KN
Pu, = Pu+1.2* Cw+1.2* Sv
Pu; =5161.6+1.2* 90+1.2* 54 = 5334.4KN
Total service load =1480+503+1480+503 +90+54 =4110 KN
Where:
Cw :Column weight
Sw :Soil weight
Pu :Factored load from the column
Pur :Total load on foundation
Distance between the two columnsis 1.05 m center to center
FR = 2580.8+ 2580.8 = 5161.6KN
FR Position
5161.6* X = 2580.8*1.05
= X =0.52m from C10 center
Force 4110
A = s 500
try...3.6* 2.4 =8.64 > 8.22m’
< 5161.6

=8.22m?

=597.4KN/m? <1.4* 500 = 700KN / m?....OK

4.11.2 Deter mination of the foundation depth
Assumeh=60cm ... ..d =60-7-1 =52 cm
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e Check for oneway shear strength

Critical Section at g+d

2,d-9% 052-082m
2 2

Foundation

Vu=s * I-Foundation _ (E+ d) * B
2 2

Vu =597.4* (1.8—-0.82) * 2.4 = 1405.5KN

f Ve=f .(%*,/fc'*bw* d)

f Vc = 0.75* %* 24 * 2400* 520 = 7642.42Kn

f Vc =7642.2KN >Vu =1121KN .. OK

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

v =f 2142 |{t'b.d

6 b,

1( a '
fV, =f.=| 25 12|t bd
; 12(b0/d+j ¢ o
fV, =f %\/ f.'b,d

Where:

B Column Length (a) 50 _167
€ ColumnWidth (o) 30

b0 = Perimeter of critical section taken at (d/2) from the loaded area

b, = (0.5+0.52)* 2+ 2* (0.52+0.3) = 3.68m
b, = (0.5* 0.525+0.52/ 2)* 2+1* (0.52+ 0.3) = 3.39m
~.b, =3.39m

a,=40 ...... forinterior column

6

c

fv, =f %(ubi}/ f.'b.d :%*(u %) J24* 3.68* 520 = 2372.3KN
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fV, =f. (b i }/ bd—075 [403;'352+2j*@*3.68*520:4391.2KN

fV, =f .?1%\/ f.b.d= %* 24* 3.68* 520 = 2150KN
f V. =2159KN ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, = 2580.8—[613.7* (1.285* 0.82) | =1934.1KN

f Vc=2159KN >Vu. =1934.1KN........ satisfied

4-11-3 Design for Bending Moment:

e Bottom reinforcement

e At section A-A

S |I0Cal)
kMrmdm

=483

B [ OO COE O C .

»=370

Figure (4-26) Moment Diagram for footing

Mu = 370Kn..m
d =600-80=520 mm
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Mn

m= - = =
0.85* fc  0.85* 24

r

r

As

= 310 =411.1KN.m
0.9

G Mn_ 4111x10°
bd®  1000x (520)°

fy 420

=1.5Mpa

20.5

:1[1_ 1- 2x mx Kn]
m ‘\/ fy

~ 205

Req.

As =1924mm>........ control

Select f 18@12.5cm........o0k

Tension =Compression
As* fy = 0.85* fc*b* a
2034.4* 420 = 0.85* 24* 1000* a

a

c

eS
49.3

e

=41.9mm

:£'9= 49.3

0.85

5202493, 5,003-0.028

.=0.028>0005 ... OK

1 1_\/1_ 2x205x15 ) _ o 1oas
420

=r *b*d = 0.0037*1000* 520 = 1924mm’
As_ =0.0018* b* h = 0.0018* 1000* 600 = 1080mm°
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At section B-B

kY [local]
kMrmdm
(=422

VOE
959
127
156
184
22
241
269
297
326
354
383
411
439
465
»= 496

I B [ [ O & O

Figure (4-27 )moment diagram for footing

Mu = 496Kn..m
d =600-80=520 mm

Mn = 49 =551.11KN.m
0.9

kn— Mn _ 51511x10°
bd®  1000x (520)°

oy a0
0.85* fc  0.85* 24

, =l 1- 1_2xm><Kn
m fy

=19Mpa

205
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L1 1_\/1_ 2x205x1.9 ) _ 1 1047
205 420

ASReq_ =r *b*d = 0.0047* 1000* 520 = 2444mm>
As_.. =0.0018* b* h = 0.0018*1000* 600 = 1080mm?
. As = 2444mm?...... control

Select f 18@10cm....Asprovided = 2444mm? > 2543mm? ....ok

Tension =Compression
As* fy = 0.85* fc*b* a
2543* 420 = 0.85* 24*1000* a

a=52.3mm
Cc= % =615
0.85
e, = M* 0.003=0.02
61.5
e, =0.02>0005 ... OK

e Toping reinforcement
As_. =0.0018* b* h = 0.0018* 1000* 600 = 1080mm?

Selectf 18@20cm....

4-11-4 Check transfer of load at base of column:

f.Pn=f.(0.85fc’Ag)
f.Pn=0.65*[0.85* 24* (500* 300)] /1000 = 1989KN
But Pu=2580.8>f .Pn=1989

.. Dowels arerequired for load transfer.

In column

——Pn
f

Fy

As =




CHAPTER FOUR

Structural Analysis & Design

25808 0
65

420
As = 882mm?

But use the minimum reinforcement of dowels:

As . =0.005* Ag = 0.005* 500* 300 = 750mm*
Select 10010

AS,, g = 1560mMm?* > As..,

In footing

f.Pn=f .(0.85fc’Al‘/E)
Al
/E _ /3.6 2.4 _ 7559
Al 05*0.3
A2 _,
Al

AS:

f.Pn=0.65*[0.85* 24* 0.5* 0.3* 2* 1000 = 3978KN

But Pu=2580.8<f.Pn=23978

.+ Use As = 0.005*500* 300 = 750 mm?
Ld =600-75-2*18-14 =475
Ld = fy x db
4./ fc'
420

424

Ld = x18

Ld > 0.4 fyx db
Ld > 0.4x 420x18 = 302mm
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111

2,4

[ I S

oBEEM L3

21B@125%m L=gan

QL 1,09 0.5.,055,0.5 1,05 0.1

3.6

om

I \ N e 26 2o am e
R A

018@125%m L=3an
oBEIEM LB

Y Y Y Y Y Y h S - T T Y Y T
3g189100m L3
16
- I N Y 333333593 133333333

4,0

Figure (4-28) combined footing detail
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4.12 Design of wall footing for stair:
4-12-1 L oad Calculation:

Weight of wall (D.L) = heightxThickness x Im wide x Y
= 3.7 x.25x24*5=111 KN/m
From one way rib =18*5= 90KN/m
L =9.6 *5=48KN/m
From stairs =25*5= 125K N/m
L =11 *5=55KN/m
D.L tota = 111+90+125= 326 KN/m
L.L tota = 48+55=103KN/m
Total W =326+103 =429 KN/m
4-12-2 Determinethe Footing Width :

Allowable soil pressure =500 KN/m?

B Force(service)

Qi net

O e =500-1*18-0.3* 24
O, e = 474.8Kn/ m?

B= 429 _ 0.92m
475

UseB =100cm
Assumed h= 30cm

——>d=h-cover —db
——>d =300-75-20= 205mm
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4-12-3 Check shear action :

_12D.L+16LL
R T

_ 1.2(326) +1.6(103)
%= Imx1 B
q, = 556KN /m?

B-0.3

Vi =0,(

u

—d)xL
1-0.25

V, = 556( ~0.205)x1

V, =94.5KN
(I)Vc:O.T?Sw/fc' xLxd

OV, :O'TB@xlx205

@V, =1255KN
VARV OK

4-12-4 Design of Bending :

B=100cm & h=30m

X\2
MU - qu (2)
0.375
2
Mu =19.6KN.m

Mu 0.0196
Mn=—=
09 0.9

Mn 0.0218
Kn= =
bd? 1x(0.205)2

oty 40 _
0.85* fc  0.85* 24

Mu = 556 (—22)2

=0.0218

= 0.52Mpa

20.6
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, :i 1- 1_2xm><Kn
m fy

1 \/ 2x20.6x0.52
r=——|1- [1-2222—727v2
20.6[ 420

r =0.00125

A =r xLxd

A, =0.00125x1000x 205

A, = 257.13mm’

A, =0.0018x L xh

A, =0.0018x1000x 300
A, =540mm’........... (control)
Use®12@20cmc/c

4-12-5 Design of DowelsBars:

As min,, =0.0012* 1000 * 300 = 360mm?/m

Use f 10@20 cm

Ld = fy x db
4./ fc'

420
424

Ld =257mm

Ld > 0.4fyxdb

Ld > 0.4x420x12 = 201mm

Ld, e = 300—75-3x12 =189mm.....notO.K

Ld = x12




CHAPTER FOUR Structural Analysis & Design

[ (B | T
i 5 @

- Lo o [ T
s e
! s
/ )

f—— |
|

00 Th

P
¥

A
-In 912 _=1.15m
w ABLEELS Dom o
130 | i b e
140 e ] T T . | 1&02@00cmet:
L
15

Section (A-A)

Figure (4-29) Wall footing detall
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4-13 Design M at footing under Elevator

=
B
= D
i [ e
I3
/ / \ f. o ". - Y " * -
e iy e e,
L o L e K
T TR TR e
/.-' . - . L ., - . ., - . ;. .
T 3
e A
G Sh ol
ra S . -
T Ty o
ra e ™ -
e §

. 4 -
‘.\A'z __;-cv /. \A."/ 3
.-/ .."- "_/ H-\. .-'."
- s = s
ShZ , ShzZ)
[ *
., 3
s 7 A
e e
_z/ 2 \'\._\._ -
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s .-"/ # \\._
N e
Sh3
A !
5 . P
prd o e 7 2 e =
s . 2 i i £ X
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Figure (4-30) Top view of Mat Foundation(Under Elevator)

4-13-1 Load calculations:
Shil

Dya=0.25*25*20*1.0 = 125 KN/m

Dead load from ribbed slab =70 KN/m
Liveload from ribbed slab =40 KN/m
gu from solid slab =26 KN/m

qu =1.2*(125+70) + (1.6 *40)+26 =324 KN/m
Pu =324 *1.4 =454 KN
Sh2

1,3
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Dywa=0.25*25*20*1.0 = 125 KN/m

gu from solid slab =26 KN/m
qu =1.2*(125) + 26 =176 KN/m
Pu =176 *1.9 =335*2=670 KN
Sh3

Dya=0.25*25*20*1.0 = 125 KN/m

gu fromsolid dab =26 KN/m

qu =1.2*(125)+=26 176 KN/m

Pu =176 *1.4 =246 KN

Total Pu =454 +670 +246= 1370 KN

Determination of the area of footing :

A= Pu/ 1.4* dall = 1370/ 1.4*500 = 2 n’.
Select A poviged = 2.242.2= 4.84 m° > 217,

4-13-2 Design of shear
d=40-75-1-1=230.5cm

f Vc :O.75*%* fc'* bw* d

fVc=075* %* /24 * 2200 * 305 = 411 KN

VU, =25KN /m
f Ve = 411KN >Vu = 25KN .......... OK

4-13-3 Design of bending moment

... Seefigure (4-27)

By using the StaadPro.2007 software to analyze the foundation, the moment result is

asin the following chart:
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Figure(4-31) Moment in X -direction
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Figure(4-32) Moment in Y -direction
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4-13-4 Design In X-directions:
h =40 cm

d=40-75-1 -1 =30.5cm.

Fy =420 Mpa

Fc’ =24 Mpa

Design of positive moment

+ve Mu, =35.1KN.m

Mn =M _ 35159k m
f 09
* 6
Rn= M0 _ 39710 _ 4 sompa
b.d? 1000 * 305
fy =20.6
" 085
* *
Fo1y 2mRn 1 1_\/1_2 20.6%0.42 | _ ) 000
m T 206 420

e =1 *b*d=0.001*1000 * 305 = 305 mm ?

Svrinkage & temperatur e =0.0018 * b* h = 0.0018 * 1000 * 400 = 720 mm?

As =720mm?=......... Control

* 2
Select f 14 @ 20cm = As = 220 « (&

=770mm? > As ., = 720mm?
20 4

Design of negative moment

-ve Mu, =-23.8KN.m

Svrinkage & temperatur e =0.0018 * b* h =0.0018 * 1000 * 400 = 720 mm?
As =720mm?>......... Control

* 2
Select f 14 @ 20cm = As:&*(p 1.4

=770mm? > As,, = 720mm?
20 4 “

4-13-5 Design In Y -directions:
Design of positive moment
+ve Mu =27.6KN.m

Strinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm *

As=720mm?2...... Control

* 2
Sdlect f 14 @ 20cm = As = 220 (p 14

=770mm? > As, =720 mm?
20 4 =
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Design of negative moment

—ve Mu =-21.2KN.m

Shrinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm ?

.......... Control

" 2
Sect f 14 @ 20cm = As:%*(p - J=770mm2>As,eq ~ 720’

14

wr T A T »
Zhl
A =
BEZ ShZ
£h3
o _-!T‘_E_ ; fﬂ;-%;-"_::n [=- 141+
T |
-l ..
1 T I =
F T | I ,/E&-
£ [ T I I | i UL
= i
| e I R - PRETERTRA |

Figure (4-33) mat foundation detail
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4-14 Design of thewell:
Select the thickness of the wall =25cm

4-14-1 Design of the shear:
Vu = 80KN

DVC = 0.75%1/ o, d

DVC = 0.75x %Jﬁ «1x 0.220 x 1000 = 135kn

®dVe >Vu——> Ok
4-14-2 Design of the bending moment:

M [local]
kM

=326
6.0E
8.87
11.7
14.5
7.3
201
223
287
205
3.3
A1
36.3
397
425
45.3
=481

[ pupminymieieimymyo) § § § ofuj |
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kY [lozal]
kMmdm
<= -0.506

-0.408
-0.310
0.212
0114
0.01E
n.03z2
0.1a0
0278
0.376
0.474
0572
0.E7
0.768
0.866
0:964
»=1.06

I [ [ [ 7 [ [ [ 7 o N

Figure (4-34) moment diagram for well

Mu = 48.1kn.m

Xmax
i

Mnx = ——= =53.4kn.m
0.9

me_ Y ___40 o6
0.85fc  0.85x 24
-3
Rno Mn _534x10°

 bd?  1x0.2202
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r _ 1 1_\/1_&&(1'l - 0.0027
20.6 420

ASge, = xbx d = 0.0027 x 1000 x 220 = 595mm>

As_. (ver) =0.0012 x b x h=0.0012 x 1000 x 250 = 300mm?
- Use®12/20cm

As.i, < As,

As,, — Control

S Use®12/20cm

Muy max =1.06 Kn.m

As,;, (hor) =0.002 x b x h=0.002 x 1000 x 250 = 500mm?

S Use®12/25cm

i | ilurs N Sciars, Tl |

i

I ; Il A bl A s A 5| e ookt I
% | o A — :? &
IF PERF- o it
1 E
|- (X
& 2 8| é
£ A riwie |
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e i
: i
E 3
= HEADID i
I El .,
1
1 1
L £
Il 1765m i
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&
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k4 |

- 4

- 4

o

£ by

I £l
% E i]
' E #
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i
t

FI2M
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Figure (4-35) well details
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4-15 Design of Shear wall:

Figure (4-36) shear wall diagram
4-15-1 Load Calculation :

WTotal =W Basement +W
W, =83700KN

+ W +W

Ground First Second + WThird

4-15-2 Calculation of shear force on "shear walls” :

Thetotal design base shear in a given (UBC)From Uniform Building Code 1997

direction shall be determined from the following formula:

V=—oW...... (Eq.30-4)
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Thetotal design base shear need not exceed the following :

Wi (Eq.30-5)

:The total design base shear shall not be less than the following

V =0.11Cal.W.............. (Eq.30-5)

H Building =19.6m
Z=30

R=55

1=1.0

Ca=0.24

Ct =0.0488
Cv=024

‘Where

Z = seismic zone factor as givenin Table 16- .

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set forth in Table 16-N or
16-p.

| = importance factor givenin Table 16-K.

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

Ct = numerical coefficient given in Section 1630.2.2.

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

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

3

T=C(h)* (UBS)
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T =0.0488* (19.6)”* =0.454

v, = (CVX | )xw _ (M}ss?ooz 8044.8kN

RxT 5.5x0.454
Not Exceed

v, = (@j W = (%‘524“] « 83700 = 9130.9kN

And Not Less than
V, =0.11x Cax | xW = 0.11x 0.24x1x 83700 = 2209.68kN

V =8044.8 kN ----Control

Ft=0.07x T xV =0.07 x 0.454 x 8044.8 = 255.7 kN

FXi :( V—Ft jXW Xhi :(MJXW Xh =0.0091><V\/i ><hi

WxH),, 852120
w v H Ft (W.H) Fxi FX
floor (Kn) (Kn) | (Kn) | (Kn)

3th 10800 8044.8 19.6 255.7 211680 1926.3 2182

2th 10800 8044.8 15.6 255.7 168480 1533.2 3715.2

1th 20700 8044.8 11.6 255.7 240120 2185.1 5900.3
ground 20700 8044.8 7.6 255.7 157320 1431.6 7331.9
basment 20700 8044.8 3.6 255.7 74520 678.12 8044.8

> 83700 852120

Table (4.1) Calculation of the total Fx

For shear wall in theater

Wall take percentage force from total horizontal = 26%
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26

for third floor F, =-—x2182 =567.32 Kn
100

26

for second floor F, =-—*3715.2=965.9 Kn
100

26

for first floor F, =-—x5900.3=1534.1Kn
100

26

for ground floor F, = ﬁx 7331 .9 = 1906 .3Kn

26

for basement floor F, = M* 8044 .8 = 2091 .6 Kn

ol el

GEZF

20916 5

15222

a8

I0ET 32

975

PSS

==
™,

.,
.
\-\.

31400 8

IFig. (4-37) Shear & Moment Diagram for Shear Wall|

4-15-3 Shear Wall Design Parameters:

fc' =24 Mpa

fy = 420 Mpa

h = 25cm shear wall thickness
Iw=32m shear wall width

hw =19.6m building height
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4-15-4 Design of Horizontal Reinfor cement:

Critical Section
Iﬂ=§=16m
2 2

h_W = @ =9.8m......control
2 2

d =0.8xhw=0.8x9.8=7.8m
V, =3067.32 KN
M, =20057.9 KN.m

fc'
V01: 5 xbxd
V, = \/2_4 x0.25x7.8=1592.2KN ... control
chzwlfc'xbxd N N, xd
4 4xL,,
Assume N, =0.0
V., = \/ﬂx 0.25x 7.8+ N, xd _ 23882 KN
4 4xL,,
2x N
I.| + fc"+ d
4 fc' W( wahj hxd
Ve = + X
2 M, |, 10
vV, 2

.V =Will not —apply
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An_ Vs
S, F, x d
V, = \f/— -V, = 3067.32 —-1592.2=1815.8 Kn
3
A _18158x10° _ 0.55mm
S, 420x7800
A = 0.0025x b = 0.0025x 250 = 0.625 mm
S
S S&:@:B%Omm
5 5

S, <3xh=3x250= 7500 mm

-6
g - ZXA. _2x790°

0.000625  0.000625
~Usef 10@25cm c/c  For thereinforcement in two layers(horezental )

4-15-5 Design of Vertical reinforcement:

_ _ﬂ i_ x S x
pw{o.oozmo.s(z.s | ][ Sxh 0.0025ﬂ Sxh

w

A, = 00025+08 25- 28| 27 50055 |5 xh
A 32 )\ 25x 250
A, =0.0025x S xh
-6
Q:M:O.ZSSm:ZSmm ... control
0.0025x 0.25
h 19.6

S <—=——=6533mm
3 3
S, £3xh=3x250=750 mm

- Usef 10@25cm c/c  For thereinforcement in two layers (Vertical )
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4-15-6 Shear Wall Detail:

shear Wall

o
=]
3
-
B
S10@2s [
\.,_' tyy
ongzs |
ki

o
]

360 —tmzq -3.60
‘%‘\ [T . & .A‘z_{
|,/,x"'}§/f//f AR

S12@25

IFig. (4-38) Shear Wall Detail
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CHAPTER
I "DESIGN OF STRUCTURAL MEMBERS'

4-1 INTRODUCTION.

4-2 DESIGN OF ONE WAY RIBBED SLAB RIB (NO. 31).

4-3 DESIGN OF TWO WAY RIBBED SLAB

4-4 DESIGN OF TWO WAY SOLID SLAB
4-5 DESIGN OF BEAM (NO. 66).

4-6  DESIGN OF STAIR

4-7 DESIGN OF COLUMN (COL 11)

4-8 DESIGN OF BASEMENT WALL

4-9 DESIGN OF ISOLATED FOOTING

4-10 DESIGN OF COMBINED FOOTING

4-11 DESIGN OF WALL FOOTING FOR STAIR

4-12 DESIGN OF MAT FOUNDATION UNDER ELEVATOR

4-13 DESIGN OF SHEAR WALL



CHAPTER FOUR Structural Analysis & Design

CHAPTER FOUR

Structural Analysis and Design

4-1 Introduction

The strength of a structure depends on the strength of the materials from
which it is made. For this purpose, design material strengths are specified in

standardized ways.

Actual material strengths can’t be known precisely. Structural strength
depends, on the care with which a structure is built, which in turn reflects the quality
of supervision and inspection. Members sizes may differ from specified dimensions,
reinforcement may be out of position, poorly placed concrete may show voids, etc,

and this can reduce the strength of the structure.

The design strength provided by a member, its connections to other members,
and its cross-sections in terms of flexure, and load, shear, and torsion is taken asthe
nominal strength calculated in accordance with the requirements and assumptions of
ACI-code-318-02.

So in this chapter we will explain the design of the structural element for this
project, the dead load is calculated based on type of used materias, but theliveload is
chosen based on the values that are used in chapter three tables (2-3).
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4-2 Determination of thickness

4-2-1 Determination of thicknessfor one- way ribbed slab

The main loads acting on the floor structure are dead and live loads.
Dead Load is calculated based on the density for each materia used in the slab.

The overall depth of slab must satisfy the limitation of deflection required in
ACI Table (9.5.9).

Minh=L/21 for interior span
Minh=640/21 =30.4cm

Minh=L/185 for exterior span
Minh=633/185 =34.2cm

Minh=L/16 for simply support
Minh=525/16 =32.8cm

4.2.2 Determination of thickness for two- way ribbed slab

SZcm

11 6cm

i
3 6cm

= 1Z2om _

Y=FAY/JA

Y rib = (2*0.2¥0.08*0.04)+(0.12*0.35*0.175) / (2*0.2¥0.08) +(0.12*0.35)

=0.116m =11.6 cm

lib = (0.52) (0.116)% (3) — (0.52-0.12) (0.036)% (3) + (0.12) (0.234)*/ (3)
=7.77*10* m*b

lgap1= (7.77¥10%) (7.8)/ 0.52 = 116.55* 10™

7 am .--._- = LT
; == 1tm
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lgap2= (7.77¥10%) (10)/ 0.52 = 149.4*10™*

b = (1/12)bh3= (1/12) (0.8) (0.35)3=2.86*10-3

o1= Iyl o= 28.6*10-4/149.4* 10" = 0.191

0= ly/ | ga= 28.6* 10%/116.55* 10-4 = 0.245

Om=0a1+az/ 2= (.191+0.245)/ 2= 0.218

0.2<0 1 < 2

hm = L (0.8+ F/1400)/ ((36+5B(0 m-02) ).....€.... ACI-318-02
B=LdLp=10/7.8=128

hm = 10 (0.8+ 420/1400)/ (36+5* 1.28(0.218-.2)) = 0.304 m = 30.45cm

We select from one & two way rib slab , The Thickness Rib Slab = 35cm
Use an overal depth of 35cm  (27cm block) , and deflection must be

considered .

4 -2-3 Effective Flange width (b ) according to ACI code 8.10.2:
b for T- section is the smallest of the following:

bE

L/4 =480/4=120cm
b =b, +16t =12 +16(8) =140 cm

b =C/IC =52cm.....c.cevviinnnnn, Control

4-2-4 Dead load Calculation : -

Tifes 3 am

MNearderr 2 o

Cercrrwes Sanedd i T oomn

I concrete Fopping S om
Cloarrorete ook

I enrtericerfes il

Plervresr 2 o

Figure (4-1) section in one way ribbed dab
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Tiles
Mortar
Sand
Topping
Block
Rib
Plaster
partition

0.03*0.52* 1* 22 = 0.3432 kKN/m of rib
0.02+0.52* 1*22 = 0.2288 KN/m of rib
0.07*0.52* 1* 16 = 0.5824 kN/m of rib
0.080.52* 1*25 = 1.04 kN/m of rib
0.4*0.27%1*10 = 1.08 kN/m.
0.27%0.12* 1*25 = 0.81 KN/m of rib
0.02*0.52* 1* 22 = 0.2288 KN/m of rib
(1.25) (0.52) = 0.65 KN/m of rib

Nominal Total Dead Load = 4.9632 KN/m of rib
Factored Total Dead Load = 1.2¥4.9632=5.956 KN/m.

Liveload =5 KN/m? .
Factored liveload =5*1.6*0.52= 4.16 kN/m

4-2-5 Design of topping:-

Live load = 5 kN/m?

Dead load:-

Tile=0.03*22=0.66 KN/ m?.

Motar =0.02*22 = 0.44 KN/ m?.
Sand =0.07*16=1.12 KN/ m?.
Topping = 0.08*25=2 KN/ m?.
Partition =1.25 KN/ m? .

. Total Dead load = 5.47 KN/ m?.

Wu =1.2 (DL) + 1.6 (LL)
= 1.2(5.47) + 1.6 (5)

= 14.564 kN/m?.
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2
MU — Wu x L
12
2
Mu = | 14964207} _ 5104 KN.m.
12
2 2
_ bg _1x008" _ 4 yo107m?

F, =042,07 = 04224 =203

Mrn =17, )s)
Mn = (2.05)(0.00107) = 2.2 KN.m
®dxMn=0.55xMn (® =0.55 for plain concrete)
®Mn =0.55*2.2 = 1.21 KN.m > Mu = 0.194 KN.m

w= No structural reinforcement isrequired.
Minimum reinforced of slab is required according to ACI — COD:
For Shrinkage and Temperature:
As,, =0.0018 xbxd
=0.0018 x 100 x 8 = 1.44 cm?.
» Use ® 8 @ 20cm on center both ways

4-2-6 Rib Design (R31):

The length of spans are shown in figure (4-2) below .And the locations of
Ribl are shown in figure (4-3).

Spanl Span 2 Span 3

4.8m T 8m 4.7m

Figure (4-2) spanslength
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Figure (4-3) spanslocation

e Using ACI coefficient we get the following moment values for positive
moment .
Wu=DL +LL =5.956 +4.16 =10.12 KN /m

4-2-7 Design for Positive M oment:

Moments: spans 110 3

Figure. (4-4) The design moment for the Rib (R 31)
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Design of Span 1:
Mumax =28.8kN.m .......... From Figure (4-4)
Check if a<t:

Assumea=t=38cm
d= h-Cover-stirrups-d/2 = 350-20-8-6 = 316 mm

M = 0.85* fc* t; * b, * (d-ti/2)= 0.85 (24) (0.08) (0.52)(0.316-0.08/2)* 1000
=234.2 kN.m

@My =0.9 *234.2 =210.8 KN.m

@Mn =210.8kN.m >Mu =28.8kN.m

Design as arectangular with b, =52 cm

» Design of rectangular section with bg =52 cm.
fy 420

M= = =
0.85fc  0.85(24)

my_Mn _ 28.8*(10)°
"~ bd 2 (.9)(0.520)(0.316 )2

:i(l— a 2mRn] L(l_\/l_z 20 .6 * 0.615 J:o.00148

= 0.615 MPa

fy | 20.6 420
AS . =p x b x d.

AS o, = 0.00148 x 520x 316 = 243.2 mnv’.
Check for minimum reinfor cement:

.4/ fc 14 )
A'smin= AT (bw)(d) > W(bw)(ol) ........... (ACI-10.5.1)
. 30 14
A'smin= 220, (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2
> Asmin. =1.264 cm®.

o As= 243.2 mn?.

> Select 2¢ 14 With As = 306 mn.
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Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
306x 420 =0.85 x 24 x 520 x a

» a=12mm

B =0.85

C=4a/0.85=12/0.85=14.1

& =(d-C) (0.003)/C

& = (316-14.1)*(0.003) /(14.1) = 0.06

=0.06 > 0.005
=0k
Design of Span
.4/ fc 14 )
Asmin= ) (bw)(d) > W(bw)(ol) ........... (ACI-10.5.1)
430 1.4
Asmin= 2420) (120)(316) > 220 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

»Asmin. =1.264 cm?.
> Select 2d 10 With As= 157 mm?>.

Check of Strain:

Tension = Compression

= Asx Fy=0.85x fc' xax b
157x 420 =0.85 x 24 x 520 x a

» a=6.2mm
B =0.85
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C=a/0.85 = 6.2/0.85=7.29
£.=(d- C) (0.003)/C
£, = (316-7.29)* (0.003) /(7.29) = 0.12

=0.12 > 0.005
=0k
Design of span (3):
Mu=28kN.m.......... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn 28 * (10)°°

Rn = — = _=0.6MPa
bd 2 (0.9)(0.52)(0.316)

: :il— 1 2mRn | 1 1_\/1_2 20.6* 0.6 _ 0.00148
m fy 20 .6 420

AS . =p x b xd.
AS o, = 0.00148 x 520x 316 = 243 mm?’,

Check for minimum reinfor cement:

i 1.4 ]
Asmin= AW (bw)(d) > F(bw)(cl) ........... (ACI-105.1)

V30
4(420)

AsSmin=

1.4
(120)(316) > - (120)(316) .......... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

> Asmin. =1.264 cm?.
o As= 243 mm>.

> Select 20 14 With As = 306 mm?>.

Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
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306x 420 =0.85 x 24 x 520 x a

> a=12 mm

B =0.85

C=a/0.85=12/0.85=14.1

& =(d-C) (0.003)/C

& = (316-14.1)*(0.003) /(14.1) = 0.06

=0.06 > 0.005
=0k

4-2-8 Design for Negative M oment:

Support (2)
Mu=198kN.m ................... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn  19.8*(10)°

RN = —-= > =1.83Mpa
bd (0.9)(0.12)(0.316)

c_Af(; jj_2mRn | _ 1 1—\/—2 20.6*1.83 | _ 4 qous
m fy 20 .6 420

AS . =p x b xd.
AS 1o, = 0.0046 x 120x 316 = 174.4 mm?".

Check for minimum reinforcement:

.4 fc 14 )
Asmin= 2(y) (bw)(d) > F(bw)(d) ........... (ACI-10.5.1)
. 430 1.4
A'smin= 220, (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

»Asmin. =1.264 cm?.
- As=174.4 mm>.

> Select 20 12 With As = 226 mm?>.
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Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
226x 420=0.85x 24 x 120 x a

» a=38.8mm

B =0.85

C=a/0.85= 38.8/0.85=45.6

& =(d-C) (0.003)/C

& = (316-45.6)*0.003) /(45.6) = 0.018

=0.018 > 0.005
=0k
Support (3)
Mu=189kN.m ..................... From Figure (4-4)
m= fy = 420 =20.6
0.85fc’  0.85(24)
Mn 18.9* (10)’3

Rn

- — = _=1.75Mpa
bd 2 (0.9)(0.12)(0.316)

* *
. _ 1 1 ho 2mRn 1 1_\/1_2 20.6*1.75 _ 0.0043
m 420

AS . =p x b xd.
AS 1, = 0.0043 x 120x 316 = 163 mn’.

Check for minimum reinfor cement:
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.4 fc 14 )
Asmin= 2(y) (bw)(d) > F(bw)(d) ........... (ACI-10.5.1)
. 4/30 14
Asmin= 2a20) (120)(316) > 0 (120)(316) ........... (ACI-10.5.1)

Asmin=123.6 mm2 = 126.4 mm2

> Asmin. =1.264 cm?.
o As= 163mm>.

> Select 2d 12 With As = 226 mm?>.

Check of Strain:

Tension = Compression
= Asx Fy=0.85x fc' xax b
226x 420=0.85x 24 x 120 x a

» a=38.8 mm

B =0.85

C=a/0.85= 38.8/0.85=45.6

& =(d-C) (0.003)/C

& = (316-45.6)*0.003) /(45.6) = 0.018

=0.018 > 0.005
=0k
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4-2-9 Design of shear reinforcement:

-33.4
_ 1
25 i -23.51
- 4] g W
,-'"'ff .-"'/-f_ ”__/’
| — - | . — =
b e I
_,?-:I? 2 T 14.9 f__.-"f
24.2 €13 - 25.8
32.8
Figure. (4-5) Thedesign Shear for the Rib (R 31)
Vumax =26kN ............ From Figure (4-5).

f Ve = 0.75(~/24)(b)(d) / 6 = 0.75(~/24)(0.120)(0.316) * 1000/ 6 = 23.6KN

1.1dVc =1.1* 23.6 KN=Vu max = 25.8 KN

No shear reinforcement is required. According to category 2 for joist
construction

Use @8 @ 20 cm.
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4-3 Design of Two way Ribbed slab:

4-3-1 Dead Load Calculation :-

Tiles 0.03*0.55* 0.55* 22 = 0.19965 kN/0.55* 0.550f rib
Mortar 0.02*0.55+0.55* 22 = 0.1331 kN/0.55* 0.550f rib
Sand 0.07*0.55%0.55* 16 = 0.3388 kN/0.55* 0.550f rib
Topping 0.08*0.55* 0.55* 25 = 0.605 kN/0.55* 0.550f rib
Block 0.4*0.27*0.4* 10 = 0.432 kN/0.55* 0.550f rib

Rib 0.27*0.15* (0.55+0.4)* 25 = 0.962 kN/0.55* 0.550f rib
Plaster 0.02*0.55* 0.55* 22 = 0.1331 kN/0.55* 0.550f rib
partition (1.25) (0.55) *0.55 = 0.378 kN/0.55*0.550f rib

Dead Load =3.18 kN/0.55* 0.550f rib

Dead Load per unit area= 3.18/ 0.55*0.55= 10.5 KN/m?
Live Load = 5 KN/ m?

0u=1.2D + 1.6 L = 20.6 KN/m?
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Figure (4-6) Location of Two way Rib.

La/ Lb=7.8/10=0.8

From Table (12-6) :

Case (4)

Wa=0.71

Wb =0.29

®Vc =Vu

Vu=Whb* total load *(0.55/La)

Vu= (0.29/2)*20.6* 7.8* 10* (0.55/7.8)
Vu =16.42 KN

fVe = 0.75(/ fc')(b)(d) / 6 = 0.75(~/24)(0.15)(0.316) * 1000/ 6 = 29KN

No shear reinforcement is required
Use ®8 @ 20 cm.

4-3-2 Designs of moment

4-3-2-1 Design of positive moment:
From table (12-4)

Cadl=0.039

Cbdl=0.016

Ta@ilL

)esign
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Madl = Cadl * W * (La)?

Mbdl = Cbdl * w * (Lb)?2

From table (12-5)

Call =0.048

Cbll =0.02

Mall = Call * W * (La)?

Mbll = Cbll * w* (Lb)?2

Ma ( pos) ={ (0.039*12.6*(7.8)?) +(0.048*8* (7.8))} *0.55

Ma ( pos) =37 KN.m/rib

Mb ( pos) ={ (0.016*12.6*(10)?) +(0.02*8* (10) %)} *0.55

Mb ( pos) = 20 KN.m/ rib

d= h-Cover-stirrups-d/2 = 350-20-8-6 = 316 mm

Mn=0.85* fc* t; * b *(d-t/2)

Mn; = 0.85 (24) (0.08) (0.55)* (0.316-0.08/2)* 1000
=247.74kN.m

@My =0.9 *247.74=222.96 KN.m
@Mn =222.96 KN.m >Mu =38 kKN.m

Design as arectangular with b, = 55 cm

me__ 40 556
0.85fc  0.85(24)

Mn  37*(10)°

L _ = 0.75MPa
bd 2 (.9)(0.55)(0.316)

* *
r =i[1_ 1_2mRn] 1 [1_\/1_2 20 .6 o.75j=0_00182

m ~ 206 420

fy

As = 0.00182* (550)* (316) = 315 mm? >Asmin=126.4 mm?>
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Select As =315 mm?
Use 2® 16 mm , As =402 mm? in Both direction ( X & Y).

4-3-2-2 Designs of Negative moment :

From table (12-3)

Caneg =0.071

Cb neg = 0.029

Mnaneg = Caneg * qu* (La) ?*0.55
Mna neg = 0.071* 20.6* (7.8 ) *0.55
Mnaneg = 49 KN/rib

Mnbneg=Cbneg* qu* (Lb) ?*0.55
Mnb neg = 0.029% 20.6* (10 ) > 0.55
Mnb neg = 33 KN/rib

fy 420

m= - =206
0.85fc  0.85(24)

* -3
rn=Mn ___ A0 _34ypa
bd 2~ (.9)(0.15)(0.316)

. :il— 1_2mRn _ 1 1_\/1_2 20.6* 3.6 _ 0.0096
m fy 20 .6 420

A's = 0.0096* (150)* (316) = 455 mm? >Asmin=126.4 mm°’
Select A's =455 mm?
Use 2 18 mm , As =509 mm? in Both direction ( X & Y).
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4-4 Design of Two way solid slab:

4-4-1 Determination of Thickness:

Ly =5.5m
Lx=3.9m

LY 55 14000

Ly 3.9
- Two way

minimum thickness of the tow way solid slab is to be determined by the
following equation:

_ per
min 180
Not less than 5in

h= 189 = 0.105m
180

Sdect h =15cm
15cm > 5in =12.55cm....ok

4-4-2 Dead L oad Calculation :-
dab =0.15%1*1*25=3.7 kN/ m2
DL = 3.7 KN/m2

SL =1 KN/ m2

qu=12D+ 1.6 L =6 KN/m2
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Figure (4-7) Location of Two way solid.

La/ Lb=3.9/55=0.7

From Table (12-6) :

Case (1)

Wa=0.81

Wb =0.19

dVe =Vu

Vu= Wb* total load *(0.55/La)
Vu=(0.19)* 6*3.9*5.5*(1/3.9)
Vu=6.27 KN
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fVc = 0.75(,/ fc')(b)(d) / 6 = 0.75(~/24)(1)(0.116) * 1000/ 6 = 7IKN
No shear reinforcement is required

4-4-3 Designs of moment

4-4-3-1 Design of positive moment:

From table (12-4)

Cadl=0.068

Cbdl=0.016

Madl = Cadl * W * (La) 2

Mbdl = Cbdl * w * (Lb) 2

From table (12-5)

Call =0.068

Cbll = 0.016

Mall =Call * W* (La) 2

Mbll = Cbll * w* (Lb) 2

Ma ( pos) ={ (0.068*4.44*(3.9) 2) +(0.068* 1.6* (3.9) 2)}
Ma ( pos) = 6.3 KN.m/rib

Mb ( pos) ={ (0.016*4.44* (5.5) 2) +(0.016* 1.6* (5.5) 2)}
Mb ( pos) =3KN.m/rib

d= h-Cover-stirrups-d/2 = 150-20-8-6 = 116 mm

me_ Y __40 556
0.85fc  0.85(24)

o o M 6.3*(10)°7
bd 2 (.9)(1)(0.116 )2

* *
. _ 1 1 1_2mRn _ 1 1_\/1_2 20.6* 0.52 — 0.00125
m fy 20 .6 420

= 0.52 MPa
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AS = 0.00125*(1000)* (116) = 146 mm> < ASmin=270 mm"

A 'S min = 0.0018 * 1000* 150 = 270 mm-

Select AS =270 mm®
Use® 12@35cm , in Both direction ( X & Y).

4-4-3-2 Designs of Negative moment :

A 'S min = 0.0018 * 1000* 150 = 270 mm-

Select AS =270 mm’
Use ® 10@25 cm , in Both direction ( X & Y).
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Figure (4-8) two way solid slab
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4-5 Design of Beams - (B66):
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Figure (4-9) L ocation of Beam No. 66.

4-5-1 Design moment of beam (66):
Deter mination of beam Thickness:
Span (1):
hmin=_L/185 For exterior span
hmin=720/185=38.9cm
hmin=L/21 For interior span
hmin=720/21=34.3cm

Use an overall depth of 50cm

d = h -Cover - d-ds/2 = 500-40-10-10 = 440 mm.

Determine whether the Beam will act as rectangular :

MUmax =598 kKN.m . for all spans. ........... From Figure (4-10).

Mnreq =552.9/0.9 =614.33 KN.m
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=0.4*0.85 24 . 0.85* __60 = 0.0097
420

r —04*0.85 ¢ |gx__ 690
600 + 420

fy 600 + FY
fy 420

0.85fc  0.85(24)

Rn =p*fy (1 - pm/2)
= 0.0097*420* (1-(0.0097*20.59/2) = 3.67 Mpa

_ Mn _ 614.33* (10)°
bd 2 (b)(0.44)?

= 3.67 Mpa

B=0.86m
Select B =90 cm
4-5-2 Design of Positive Moment:-
fc’
4(fy)
V24

4(420)

A'smin= (ow)(d) > %(bw)(d) ........... (ACI-10.5.1)

AsSmin=

14
(900)(440) > - (900)(440)

ASMin=11548mm° = 1320 mm"°

A S min = 1320 mm”*

Moments: spans 1to 5

-598.
-467.3 -478.2 -527.7 -497.7

70,

167.6 ' 183.7

16 195 |144 216 | 36 36 | 36 3.6 432 2.88
[ [ [ [ [ [ [ [ |

Figure. (4-10) The design moment for the beam (B 66)
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Span (1):
Mu=167.6 KN.m .................. From Figure (4-10).
me_ Y __40 555
0.85fc’  0.85(24)
Mn 167 .6* (10)°

RN = —= > =1.069 Mpa
bd (0.9)(900)(440 )

S O P AT 1_\/1_2 20.59 *1.069 | _ 1 o006
m fy 20 .59 420

A's = 0.0026* (900)* (440) = 1029.6 mm? <A 'S min =1320 mm?
As = 1320 mm?
Use 70 16 mm , A's = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=4a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k

Span (2):
Mu=336KkN.M .................. From Figure (4-10).

fy 420

0.85fc  0.85(24)
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_ Mn _ 33.6*(10)°
"~ bd 2 (0.9)(900 )(440 )2

* *
r =i{1_ a 2mRn] 1 (1_\/1_2 20 .59 * 0.214 J:o.ooos

Rn

= 0.214 Mpa

m fy ) 20.59 420

A's = 0.0005*(900)* (440) =198 mm?* <A s min =1320 mMm?

Select Asmin = 1320 mm”°
Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=4a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£'s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k
Span (3):
Mu=390.3kN.m .................. From Figure (4-10).
0.85fc’  0.85(24)
Mn 390 .3* (10)°

RN = 0 = _ = 2.49 Mpa
bd 2 (0.9)(900 )(440)

r:il— 1 2mRn ) 1 1—\/1—2 20 .59 * 2.49 _ 0.0063
m fy 20 .59 420

A's = 0.0063* (900)* (440) = 2494.8 mm? > A s min
Use 6 25mm , As = 2946 mm?
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Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(2946) x 420=0.85x 24 x 900 x a

>»a=67.4mm
C=a/0.85=67.4/.85=79.3
&s=(d-C) (0.003)/C

&£s = (440-79.3)*(0.003) /(79.3) = 0.014

=0.014>0.005 OK

Span 4:
Mu=183.7kKN.m .................. From Figure (4-10).
m= fy = 420 =20.59
0.85fc’  0.85(24)
Mn 183 .7 * (10)°

Rn = —— = —=1.17 Mpa
bd 2 (0.9)(900 )(440)

r :i(l— L 2mRnJ 1 (1—\/1—2 20 .59 1.17]:0.0029

m fy | 20.59 420

A's =0.0029*(900)* (440) = 1148.4 mm? <A 'S min =1320 mm?
Select A's min =1320 mm?

Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(1407) x 420=0.85x 24 x 900 x a

»a=32.19 mm

C=a/0.85=32.19/.85 = 37.87

&s=(d-C) (0.003)/C

£s=(440- 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k
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Span 5:
Mu=5529KkN.m .................. From Figure (4-10).
me— Y __40 _ongg
0.85fc’  0.85(24)
Mn 552 .9* (10)°

Rn

= = _ = 3.53Mpa
bd 2 (0.9)(900 )(440)

. :il— 1 2mRn ) 1 1—\/1—2 20 .59 * 3.53 _ 0.0093
m fy 20 .59 420

A's = 0.0093* (900)* (440) = 36828 mm? >A s min
Use 8 25mm , As =3928 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(3928) x 420=0.85x 24 x 900 x a

>»a=89.9mm
C=a/0.85=289.9/.85=105.8
&s=(d-C) (0.003)/C
£s=(440-105.8)*(0.003) /(105.8) = 0.01

=0.01>0.005 OK

4-5-3 Negative moment reinfor cement

Support (2)
Mu=79kN.m ................... From Figure (4-10).
0.85fc  0.85(24)
Mn 79 * (10)°®

Rn = — = _ = 0.5Mpa
bd 2 (0.9)(900 )(440)
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* *
. _ 1 1 1_2mRn _ 1 1_\/1_2 20.59 * 0.5 _ 0.0012
fy 20 .59 420

A's =0.0012*(900)* (440) = 475.2mm? <A s min=1320 mm”~

A's min =1320 mm”

Use 70 16 mm , As = 1407 mm?

Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(1407) x 420 =0.85x 24 x 900 x a

»a=32.19 mm
C=a/0.85=32.19/.85=37.87

£s=(d-C) (0.003)/C

£s= (440 - 37.87)*(0.003) /(37.87) = 0.032

=0.032 > 0.005
=0k

Support (3)
Mu=3722KkN.m ................... From Figure (4-10).

fy 420

m= - =20.59
0.85fc  0.85(24)

* 6
oo M 22000) ) oy
bd 2 (0.9)(900)(440)

* *
r =i[1_ 1_2mRnJ 1 [1_\/1_2 20 .59 2.37]=0.006

m fy ) 20.59 420

A's = 0.006*(900)* (440) = 2376mm? >A S min
Use 80 20mm , A s = 2512 mm?
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Check for strain:

T=C

= Asx Fy=0.85x fc'xaxb
(2512) x 420=0.85x 24 x 900 x a

»a=57.46mm
C=4a/0.85=57.46/.85=67.6
&s=(d-C) (0.003)/C

£s=(440- 67.6)*(0.003) /(67.6) = 0.017

=0.017 > 0.005
=0k
Support (4)
Mu=4139KkN.m ................... From Figure (4-10).
m= fy = 420 =20.59
0.85fc’  0.85(24)
Mn _ 413.9* (10)°

Rn = > = > = 2.64 Mpa
bd (0.9)(900 )(440)

r:il— 1_2mRn _ 1 1_\/1_2 20 .59 * 2.64 _ 0.0068
m fy 20 .59 420

A's = 0.0068* (900)* (440) = 2692.8 mm?2 >A 'S min
Use 60 25mm , AS = 2946 mm?

Check for strain:

T=C

= Asx Fy=0.85xfc'xaxb
(2946) x 420=0.85x 24 x 900 x a

»a=67.4mm
C=a/0.85=67.4/.85=79.3

&s=(d-C) (0.003)/C
£s=(440-79.3)*(0.003) /(79.3) = 0.014

=0.014 > 0.005
=0k
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Su

Mu =527.7 kN.m

M= =
0.85fc'

RN = -
bd 2

r

pport (5)

fy

420

Mn

0.85(24)

=20.59

527 .7 * (10)°

m

_ i(l— | _ 2mRn

(0.9)(900 )(440)°

1

From Figure (4-10).

= 3.37 Mpa

fy

Check for strain:
T=C
= Asx Fy=0.85xfc'xaxb

(3928) x 420 = 0.85 X 24 X 900 x a

>a

= 89.9mm

J: 20 .59

C=a/0.85=89.9/.85 = 105.8
&s=(d-C) (0.003)/C
&= (440 — 105.8)*(0.003) /(105.8) = 0.009

=0.009 > 0.005

=0k

4-5-4 Design of Shear Reinfor cement:

Shear

F

A's = 0.009%(900)* (440) = 3564 mm? >A s min
Use 80 25mm , As = 3928 mm?

2*20.59 * 3.37

= 0.009
420

-212.3

248299.1

-334.9

-419.1

-443.

342.2 -360. -340.27364.1

200.4

176.5181.2

145.3

450.3

414.5

330.5

312.8

513.3 489.4

Figure. (4-11) The design Shear for the beam B (66)
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V, =489 4 KN..........c.oiei. As shown in Fig. (4.11)

dxVc= 0.75x£\/?}bxd

fVe = 0.75(,/ fc')(b)(d) / 6 = 0.75(~/24)(900)(440) / 6 = 242.5KN .
®Vs min=0.75 (1/3)*b*d = 0.75* (1/3)* 900* 440* 10> =99 KN
PV, + ®VS i, =242.5+ 99 =341.5KN
f Ve +fVsmin = 341.5KN <Vu = 489.4KN < 3f V¢ = 727.5KN
» Category (4) Satisfy
Reg®Vs=Vumax - dVc.
Req®Vs=489.4 - 2425 =246.9 KN

But:
@xVs=0.75x @ xAvxd
dxFyxAvxd
>S =
S dVs

Select @10 with 4 legs, So:

2
sznxDTxNoof legs

2
AV = 3.14x % x4
>Av = 314 mm?

=S =(0.75*420* 314* 440) / (246.9* 103)
S=176.3mm=17.6 cm

S<di2=44/2=22cm

S <60cm

use the smallest value of the imitations
< Select S=15cm
=Use @10 @15 cm
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4-6 Design of stair:
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Figure (4-12) stair
4-6-1 Deter mination of Slab thickness:

_§pan
min 20

h,; :4'—40:0.22m
20

min

Use h,,=25cm

:-'H.

D

P #

.,
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4-6-2 Load calculation:

Dead L oad:
Tiles - (0.17 + 0.35) x 0.03x 22 _115KN/m
0.3
Morter = (0.17+0.3) x 0.02x 22 _07KN/m
0.3
Stair - 0.5x0.3x0.17x 24 _204KN/m
0.3
Concret =M =7.2KN/m
cos30

Plaster = 202222x1_ (59 N /m

cos 30

Dead L oad for landing :
Concret =0.25x25=6.25KN/m

Plaster =0.02x22=0.44KN/m
Morter =0.02x22=0.44KN/m
Tiles =0.03x22=0.66 KN /m

Total Load:

D.L,, =11.6KN/M
LL,, =5KN/M

D.L,,lan=7.8KN/M
LL,ylan=5KN/M

From ater pro.We get

116

110

. | b . . s .
Al ]

Figure (4-13) dead load diagram
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Mu =50.9KN/M

Vu =37.6 KN/M

h =25 cm

Assuming @ 12 for main reinforcement-:
So, d =250-20-6 = 224 mm

Take d= 224 mm

4-6-3 Design of shear:

shear agg oA
.--"'_Ff_'__
fﬂ'"’fﬁ# |
CalE
47.3
Figure (4-14) shear diagram
Vu =37.6 KN.
ff 'xb, xd
fye= Ve XBw X8
6
 0.75x /24 x1x 0.224x10°

fVc =137.2KN

6
Vu =37.6 KN< @.Vc=137.2 KN.

No shear Reinforcement isrequired OK
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4-6-4 Design of Bending M oment

moment

Figure (4-15) bending moment
= Mu =50.9KN.m.

Mn,, = Mu = 0.9 =56.5KN..m
09 09

d=22.4cm.
_ Mn
" p.d?
56.5x 107
K,=—
1x 0.2242

__ by
0.85x fc'

=1.13MPa .

I
3|k
7\
i
%‘

N
—-| 3
< |
Ne—

r _ 1 1_\/1_M —0.0028
20.6 420
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Asreq =0.0028x1000x224 =620
AS‘min = fC
. 4(fy)
14
> = (bwj)(d)
fy

(bw)(d)

V24 1.4
= 20420) (1000)(224) < 0 (1000)(224)

653.2<746.6
0 As,;, = 746.6 mm’

A'SMiN=746..6>AS req =620

: 2
AS MIN =746.6mm

.......... Control.
#Of Bars= @ =4.84
54
Usef14@20cm............... With As=1000/ 200x153 = 765mmZ.

4-6-5 Check for yidding:

Tension =Compression

A * fy=0.85* fc'*b*a
765x 420=0.85* 24*1000* a
a=15.75mm
c= a_ —15'75 =18.53mm
b, 0.85
e, = 224 -18.53 0.003
18.53

e, =.0332 > 0.005—— ok
4-6-6 Development length of the bars:

fy
Ly = xa xbxgxd,

2./t
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L, =22 1x1x1x1.2=52m
2x+24
L, =60cm

4-6-7 Secondary reinforcement:

As:%xAsreq :%x765:153mm2

ASSwinkage =0.0018x bx h = 0.0018x1000x 250 = 45Omm2

Usef 100@15cm................. With As=(1000/ 150) * 78.5 = 524mm?.

,

~2

L

PSR
ey

v X

Fatles
>

.)\.

=3 HMARR e L BN

147 Mem T, 3{10¢)
T E14F20anD. 70

- KL
- n
- g o s
-llt‘:"‘. \i;‘-f-"'“'

I:-..'l.!G E' - '___Ln__'«_.'p_ .
Bl4E 0= T >

G143 e B.BUT,

Figure (4-16) stair reinfor cement
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4-7 Design of column

4-7-1 Design of long column

Select column (C11) for design
4-7-2 Load Calculation:

Pu= KN
Pn =3850/ (0.65) = 5924 KN
4-7-3 Determination of Agreq

rg=2%

Pn =0.8Ag{0.85 ¢) *1-T g + (fy * ' g}
5.924 = 0.8 *Ag{(0.85%24)* (1-0.02) + (0.02 *4 }
Ag = 0.243 m2

Select 60*45 with Ag = 0.27m2

4-7-4 Check Slenderness Effect:

e |n 60cm-Dirction

Ku 34-12% ............... ACI —(10.12.2)

r

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

|
R: radius of gyration=0.3 h = \/;
Lu=4m
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.

I"—“<34—12% ............... ACl - (10.12.2)

1*4
0.3*0.6

=22.3> 22

Long columnin 60 cm direction
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E.l
El =04—% . [ACI 318 - 2002 (Eq. 10-15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL  (2234)

b, =058
Pu 3850
* 3 * 3
| _Dh’ 045706 e s
12
* *
£l - 0.4* 23270.15 0'0081:47.7MN.m2
1+0.58
p *El
= ACI 318 — 2002(Eqg. 10 -13)
(KLu)
2 %
p 3Ty
(1.0* 4)
M1
Cm=0.6+ 0.4(Wj ............ ACI 318 — 2002 (Eq.10 —16)

Cm=1 ... According to ACI 318 — 2002 (10.10.6.4)
d_= cm >1.0
1-(Pu/0.75P,

d - 1
™ 1-(3850/0.75* 29.5*10°)

............... ACI 318 — 2002 (Eq. 10 — 12)

=121>1

e =15+0.03* h =15+ 0.03* 600 = 33mm = 0.033m
e=e, xd_=0.033*1.21=0.04

e_004 _ 56

h 0.6

From Interactio n Diagram
fP, 3850 8 145
A 0.6x0.45 1000

g
r, =0.025
A =T x A =0.02x 700x 450 = 6300 mm?"

~.Use20f 20

2 ks
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4-7-5 Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S <48dt (tie bar diameter).
S < Least dimension.

spacing <16xd, =16x2 =32 cm
spacing < 48xd, =48x1.0 =48 cm
spacing < least.dim .= 600 mm
Use @10 @ 250 mm

e |n 45cm-Dirction

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

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

|
R: radius of gyration =0.3 h = \/;
Lu=4m
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.

KU gp_pp ML ACl —(10.12.2)
r M 2
*
1'% 9552
0.3* 0.45

~.long Coloumn in 45:dirction
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=
El =04—2 ... [ACI 318 — 2002 (Eq. 10—15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
12DL  (2234)

b, =0.58
Pu 3850
* h3 * 3
Iy = b* h = 0.6 0.45 =0.00455 m*
12
£l - 0.4* 23270.15* 0.00455 — 27MNT
1+0.58
p El
Py =5 s ACI 318 - 2002(Eq. 10-13)
(KLu)
2 %
P :3'14—227:16.5MN.
(2.0* 4)
M1
Cm=0.6+04 IVEY R ACI 318 — 2002 (Eq.10 —16)

Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
Cm

d. :—Puzl.O ............... ACI 318 — 2002 (Eq. 10 —12)
]__
0.75P,
d._ = 1 =1.45>1
ns 1 3859 -
0.75*16.5*10°
e, =15+ 0.03* h =15+ 0.03* 450 = 28.5mm = 0.0285 m
e=e, xd  =0.0285*1.45 = 0.0413
g: 0.0413 _ 0.09
h 0.45

From Interactio n Diagram

fP, 3850 145
A, 0.6x0.45 1000

g

r, = 0.025

=2k Ps

A, =t x A, =0.02x 700 x 450 = 6300 mm?"
. Use20f 20
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4-7-6 Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACI -7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.
gpacing <16x2=16x2 =32 cm
spacing < 48xd, = 48x1.0=48 cm
spacing < least .dim .= 450 mm
Usef 10@25cm
'_rl"‘"-..r'_
- [T LT
—— IE10RI100 mm
|
—— @10 0 e
400 Ha"_"m;'
[ IE10EI00 mem
< LT INIRIEN
degle 1:100
S — 40
A0 AT, N
(5t
% . o FE:
S0 '_J:;'

Figure (4-17) reinforcement of column
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4-8 Design of Basement wall:

5 Korv'mm

V% A

& m

RV o AN N U

i JI‘.-.

\ %ﬁ;?xfﬁ

\ 35 Ke/m

2.3Knfm

Figure (4-18) Basement wall- Diagram

4-8-1 Load Calculation :

g, =g xhxK,
Oy =18Kn/m®
q=30°

K=05

g, =18x3.88x0.5=35 Kn/m2

q, =PxK,
q, =5x0.5=25Kn/m?

Mu =60 kN.m

Mn =60/0.9 =67kN.m
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4-8-2 Wall Design :
Mu =60 kN.m

Mn =60/0.9 =67kN.m

d =300-30-12=258mm
Mnx 67 x10°

Kn: 5 = 2 =
b*d 1000 x 258
. =i(1— 1- 2mKn)
m fy
. 1 (1- 1_2><20.6><1
20.6 420

As,, =0.0024 x1000x 258 = 630mm? /m

0.25/fc

As xbxd=

IMpa

) = 0.00244

0.25V24 x1000 x 258

min

But not less than

As

_14xbwxd®  1.4*1000* 258

min fy

As,;, =860mm*/m< As ., = 630mm*/m

860

#ofbar inonmeter =——=6

154
Select ®14@20cm c/c

AS nin = 0.0012xb xh

360 mm?% m

0.0012 x1000x 300

420

=860mm?/m

=752mm? / m
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4-8-3 Design of Secondary Reinforcement:

Select the greater of:

AS, ey = 0.002* 1000* 300 = 600mm? / m

#of bar in on meter =@:5.3
113

Select ®12@20cm c/c

4-8-4 Check for Shear :

f xVc>Vn
f xVC:%Q/ fc'xbxd :%@x1000x 258

f Vc=158>>Vu =56.3 kN
.. No Shear Reiforcement Required



CHAPTER FOUR Structural Analysis& Design

Basement Wall

+0.00 at R
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Figure (4-19) Basement wall- Detail
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4-9 Design of Isolated footing:
Once the ultimate column or load is determined, the proper footing can be

designed . The following subsections describe the analysis and design of

footing (F1)

4-9-1 L oad Calculation:
From Column :
Factored load =3850 KN
Soil weight =18 KN/m3
Soil depth =1.0m

Column geometry 60*45 cm

Allowable soil pressure =500 KN/m2

Pu = 3850Kn

Cw=25*0.6* 0.45* 16 =108Kn
Sw=18*3*1=54Kn

Pu, = Pu+1.2* Cw+1.2* Sw
Pu, =3850+1.2*108+1.2* 54 = 4444.5Kn

Total serviceload =2871 +108 +54 =3033 KN
Where :

Cw :Column weight

Sw :Soil weight

Pu :Factored load from the column

PuT :Tota load on foundation
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4-9-2 Design of Footing Area:

To determine the required footing area, the total service load will be used
Allowable soil pressure =500 KN/n?

Area)A = (Total serviceload / Soil Pressure

3033 KN /500 KN/nv?

6.1m2

Try 2.6m *2.6m Area=6.76m2 > Required Area =6.1 m2

For the design of the renforce concrete member, factored load must be
used :

Pu =1360 KN

s __Pu_ 4444
et Aﬁ ovided 6 76

= 657KN/m? <1.4* 500 = 700KN /m?......OK

4-9-3 Deter mine the depth of footing based on shear strength:
Assumeh=hmin=75cm ... .. d =75-7-1 =67 cm

Check for one way shear strength
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Critical Section at %+d

2, 4=97 067-1.045m
2 2

L oundation a
Vu=s *[ £ 2dt - (E"' d)j* BFoundation
2.6
VU = 657" (= ~1.045)* 2.6 = 436KN

f Vo =f .(%*\/f_c'*bw*d)

f Vc=0.75* %* 24* 2600* 670 =1066Kn

f Vc =1066KN >Vu = 436KN
. Safe

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

fV_f—( jrbd
PRETERIA
fV_f—rbd

Where:

Column Length (a
b = u gth (a) _ 60 _133
Column Width (b) 45

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

b, =4d +2a+2b=4*0.67+2* 0.45+2* 0.6 =4.78m

s =40 for interior column
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f Ve =f %(u bEJ\/T byd = 0'g5* (1+ 1?)’3}* J24* 4780* 670 = 4911Kn

fv, =f .%[ba;d + 2}/? bd = %* (7.41)* \/24* 4580* 620 = 7271Kn

f\, =f %\/T b,d =O'—;5* 24* 4780* 670 = 3922Kn

f V. =3922Kn ..... Control
VU, =[2.6* 2.6—{(0.45+ 0.67) * (0.6 + 0.67)}]* 657 = 3507KN
f Vc=3922Kn >Vu, =3507Kn........ satisfied

4-9-4 Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)
f .Pn=0.65*[0.85* 24* (600* 450)]/1000 = 3580Kn
But Pu=3850>f.Pn=23580

. Dowels are required for load transfer.
In column

——Pn
f

Fy

3850 5508
65

AS — .
420
As = 989mm?

As =

But use the minimum reinforcement of dowels:

As_. =0.005* Ag = 0.005* 600* 450 = 1350mm’
Sdect 20010

AS, g =1560mMm° > ASeeq,
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In footing

f.Pn=f .(0.85fc'A1\/E)
Al
(A2 [26"26
AL 0.6*045
A2 _,
AL
f .Pn=0.65*[0.85* 24* 0.6* 0.45* 2* 1000 = 7160Kn
But Pu=3850<f .Pn=7160

4-9-5 Design for Bending M oment: B

At section A-A

N
|
el

S R L 1 [TLFT 4

Section A—A
Figure (4-20) isolated footing section A-A

Mu = 486* (1* 2.6)* 0.5= 631.8Knm

Using Reinforced Concrete.

anﬁz 702KN.m

0.9
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Mn = 702x10° 0.6Mpa
Rn =bd® 2600x670*>
fy 420 _ 206

m= - = =
0.85* fc  0.85* 24

, :1 1- 1_2><m><Rn
m fy

o1 1_\/1_ 2x206x0.6 | _ 0 00145
20.6 420

ASyq = *b* d = 0.00145* 2600* 670 = 2526 mn’
Check As_,

ASgrivage = 0-0018* b* h = 0.0018* 2600* 750 = 3510n7
- As = 3510mm’

Select 23 14....AS,, 4 = 3542mMM° > 3510mm?°.....o0K

At section B-B

Mu = 486* (1.075* 2.6)* 0.54 = 733.5Knm S A

L5 s ol
Mn= @ =815KN.m
0.9 .
Mn  815x10° L
~Mn_ _-0.7Mpa
bd? _ 2600x 670 e
L vl 1520
fy 420 _o06

m= - = =
0.85* fc _ 0.85* 24 ;
¢ Section p-B

o1 Ll_ | 2xmx RnJ Figure (4-21) isolated footing section B-B
== = .
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206 420
ASpe, =T *b*d =0.0017* 2600* 670 = 2955mm’
Check As,,
ASgrimage = 0.0018% b* h = 0.0018* 2600* 750 = 3510mn7?
. As = 3510mm?
Select 23 14....AS,, iue = 3542mn° > 3510mn.....0k

o1 [1_\/1_ 2><20.6><0.7J:o_0017

4-9-6 Check for Strain:
Tension =Compression

As* fy = 0.85* fc*b* a
3510* 420 = 0.85* 24* 2600* a
a=27.8mm
x=2_28_o7
bl 0.85
o — 670-32.7
: 32.7

e,=0058>0.005 ... OK

*0.003
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1.075

Z3

0,45
=)

Z3P1d L

2.5

1075

—

% 021
1 0.e0 i

2

& 2.5 s

2Emld | =29

Bottom reinforcment

/l/
sngld 20810 2aats

N L/,

blinding conerete

==}

B 075

SECTION a-a

Figure (4-22) reinforcement of isolated footing
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4-10 Design of combined footing

Footing for the column C10 & C10

C10:50%30 ......D.L =1480KN, L.L =503 KN
Pu=1.2*1480+1.6*503 = 2580.8 KN

C10:50*30 ...... D.L =1480KN, L.L =503 KN
Pu=1.2*1480+1.6*503 = 2580.8 KN

4-10-1 Determination of the footing diminutions
Allowable soil pressure =500 KN/m?
Pu = 2580.8+ 2580.8 =5161.6KN
Cw=25*12* (0.5* 0.3+ 0.5* 0.3) = 90KN
Sv=18*3*1=54KN
Pu, = Pu+1.2* Cw+1.2* Sv
Pu; =5161.6+1.2* 90+1.2* 54 = 5334.4KN
Total service load =1480+503+1480+503 +90+54 =4110 KN
Where:
Cw :Column weight
Sw :Soil weight
Pu :Factored load from the column
Pur :Total load on foundation
Distance between the two columnsis 1.05 m center to center
FR = 2580.8+ 2580.8 = 5161.6KN
FR Position
5161.6* X = 2580.8*1.05
= X =0.52m from C10 center
Force 4110
A = s 500
try...3.6* 2.4 =8.64 > 8.22m’
< 5161.6

=8.22m?

=597.4KN/m? <1.4* 500 = 700KN / m?....OK

4.10.2 Deter mination of the foundation depth
Assumeh=60cm ... ..d =60-7-1 =52 cm

e Check for oneway shear strength
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Critical Section at %+d

2,4-9%, 052-082m
2 2

L oundation a
Vu=s * (% - (E + d)j* BFoundaIion
Vu =597.4* (1.8-0.82) * 2.4 =1405.5KN
f Vc=f .(%* Jfc*b, *d)

f Vc=0.75* %* 24 * 2400* 520 = 7642.42Kn

f Vc =7642.2KN >Vu =1121KN ... OK

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

v =f 2142 |{t'b.d
6 b,
1( a '
fV, =f.=| 25 12|t bd
; 12(b0/d+j ¢ o
fV, =f %\/ f.'b,d

Where:

B Column Length (a) 50 _167
€ ColumnWidth (o) 30

b0 = Perimeter of critical section taken at (d/2) from the loaded area

b, = (0.5+0.52)* 2+ 2* (0.52+0.3) = 3.68m
b, = (0.5% 0.525+0.52/ 2)* 2+1* (0.52+0.3) = 3.39m
~.b, =3.39m

a,=40 ...... forinterior column

fV, =f %(ubi}/ f.'bd =O'T75*(1+ %) J24+3.68* 520 = 2372.3KN

c
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fV, =f. (b i }/ bd—075 [403;'352+2j*@*3.68*520:4391.2KN

fV, =f .?1%\/ f.b.d= %* 24* 3.68* 520 = 2150KN
f V. =2159KN ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, = 2580.8—[613.7* (1.285* 0.82) | =1934.1KN

f Vc=2159KN >Vu. =1934.1KN........ satisfied

4-10-3 Design for Bending Moment:

e Bottom reinforcement

e At section A-A

S |I0Cal)
kMrmdm

=483

B [ OO COE O C .

»=370

Figure (4-23) Moment Diagram for footing

Mu = 370Kn..m
d =600-80=520 mm
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370

Mn=——=411.1KN.m
0.9

m= - = =
0.85* fc  0.85* 24

r

r

As

G Mn_ 4111x10°
bd®  1000x (520)°

fy 420

=1.5Mpa

20.5

:1[1_ 1- 2x mx Kn]
m ‘\/ fy

~ 205

Req.

As =1924mm>........ control

Sdect f 18@12.5cm........ok

Tension =Compression

As* fy =0.85* fc*b* a

2034.4* 420 = 0.85* 24*1000* a
a=41.9mm

c

eS
49.3

:£'9= 49.3

0.85

5202493, 5,003-0.028

e, =0.028>0.005  ...... OK

1 1_\/1_ 2x205x15 ) _ o 1oas
420

=r *b*d = 0.0037*1000* 520 = 1924mm’
As_ =0.0018* b* h = 0.0018* 1000* 600 = 1080mm°
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At section B-B

kY [local]
kMrmdm
(=422

VOE
959
127
156
184
22
241
269
297
326
354
383
411
439
465
»= 496

I B [ [ O & O

Figure (4-24) moment diagram for footing

Mu = 496Kn..m
d =600-80=520 mm

Mn = 49 =551.11KN.m
0.9

kn— Mn _ 51511x10°
bd®  1000x (520)°

oy a0
0.85* fc  0.85* 24

, =l 1- 1_2xm><Kn
m fy

=19Mpa

205
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L1 1_\/1_ 2x205x1.9 ) _ 1 1047
205 420

ASReq_ =r *b*d = 0.0047* 1000* 520 = 2444mm>
As_.. =0.0018* b* h = 0.0018*1000* 600 = 1080mm?
. As = 2444mm?...... control

Select f 18@10cm....Asprovided = 2444mm? > 2543mm? ....ok

Tension =Compression
As* fy = 0.85* fc*b* a
2543* 420 = 0.85* 24*1000* a

a=52.3mm
Cc= % =615
0.85
e, = M* 0.003=0.02
61.5
e, =0.02>0005 ... OK

e Toping reinforcement
As_. =0.0018* b* h = 0.0018* 1000* 600 = 1080mm?

Sdlectf 18@20cm....

4-10-4 Check transfer of load at base of column:

f.Pn=f.(0.85fc’Ag)
f.Pn=0.65*[0.85* 24* (500* 300)] /1000 = 1989KN
But Pu=2580.8>f .Pn=1989

.. Dowels arerequired for load transfer.

In column

——Pn
f

Fy

As =
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25808 0
65

420
As = 882mm?

But use the minimum reinforcement of dowels:

As . =0.005* Ag = 0.005* 500* 300 = 750mm*
Select 10010

AS,, g = 1560mMm?* > As..,

In footing

f.Pn=f .(0.85fc’Al‘/E)
Al
/E _ /3.6 2.4 _ 7559
Al 05*0.3
A2 _,
Al

AS:

f.Pn=0.65*[0.85* 24* 0.5* 0.3* 2* 1000 = 3978KN

But Pu=2580.8<f.Pn=23978

.+ Use As = 0.005*500* 300 = 750 mm?
Ld =600-75-2*18-14 =475
Ld = fy x db
4./ fc'
420

424

Ld = x18

Ld > 0.4 fyx db
Ld > 0.4x 420x18 = 302mm
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Figure (4-25) combined footing detail
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4.11 Design of wall footing for stair:
4-11-1 Load Calculation:

Weight of wall (D.L) = heightxThickness x Im wide x Y
= 3.7 x.25x24*5=111 KN/m
From one way rib =18*5= 90KN/m
L =9.6 *5=48KN/m
From stairs =25*5= 125K N/m
L =11 *5=55KN/m
D.L tota = 111+90+125= 326 KN/m
L.L tota = 48+55=103KN/m
Total W =326+103 =429 KN/m
4-11-2 Determinethe Footing Width :

Allowable soil pressure =500 KN/m?

B Force(service)

Qi net

O e =500-1*18-0.3* 24
O, e = 474.8Kn/ m?

B= 429 _ 0.92m
475

UseB =100cm
Assumed h= 30cm

——>d=h-cover —db
——>d =300-75-20= 205mm
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4-11-3 Check shear action :

_12D.L+16LL
R T

_ 1.2(326) +1.6(103)
%= Imx1 B
q, = 556KN /m?

B-0.3

Vi =0,(

u

—d)xL
1-0.25

V, = 556( ~0.205)x1

V, =94.5KN
(I)Vc:O.T?Sw/fc' xLxd

OV, :O'TB@xlx205

@V, =1255KN
VARV OK

4-11-4 Design of Bending :

B=100cm & h=30m

X\2
MU - qu (2)
0.375
2
Mu =19.6KN.m

Mu 0.0196
Mn=—=
09 0.9

Mn 0.0218
Kn= =
bd? 1x(0.205)2

oty 40 _
0.85* fc  0.85* 24

Mu = 556 (—22)2

=0.0218

= 0.52Mpa

20.6
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, :i 1- 1_2xm><Kn
m fy

1 \/ 2x20.6x0.52
r=——|1- [1-2222—727v2
20.6[ 420

r =0.00125

A =r xLxd

A, =0.00125x1000x 205

A, = 257.13mm’

A, =0.0018x L xh

A, =0.0018x1000x 300
A, =540mm’........... (control)
Use®12@20cmc/c

4-11-5 Design of DowelsBars:

As min,, =0.0012* 1000 * 300 = 360mm?/m

Use f 10@20 cm

Ld = fy x db
4./ fc'

420
424

Ld =257mm

Ld > 0.4fyxdb

Ld > 0.4x420x12 = 201mm

Ld, e = 300—75-3x12 =189mm.....notO.K

Ld = x12
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Figure (4-26) Wall footing detall
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4-12 Design Mat footing under Elevator
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/ / \ f. o ". - Y " * -
e iy e e,
L o L e K
T TR TR e
/.-' . - . L ., - . ., - . ;. .
T 3
e A
G Sh ol
ra S . -
T Ty o
ra e ™ -
e §

. 4 -
‘.\A'z __;-cv /. \A."/ 3
.-/ .."- "_/ H-\. .-'."
- s = s
ShZ , ShzZ)
[ *
., 3
s 7 A
e e
_z/ 2 \'\._\._ -
0 o
s .-"/ # \\._
N e
Sh3
A !
5 . P
prd o e 7 2 e =
s . 2 i i £ X
T \\H ,.-'/ Nl SO e I T e
- e A o e e 2 A,
S HE o [ R e e L

Figure (4-27) Top view of Mat Foundation(Under Elevator)

4-12-1 Load calculations:
Shil

Dya=0.25*25*20*1.0 = 125 KN/m

Dead load from ribbed slab =70 KN/m
Liveload from ribbed slab =40 KN/m
gu from solid slab =26 KN/m

qu =1.2*(125+70) + (1.6 *40)+26 =324 KN/m
Pu =324 *1.4 =454 KN
Sh2

1,3
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Dywa=0.25*25*20*1.0 = 125 KN/m

gu from solid slab =26 KN/m
qu =1.2*(125) + 26 =176 KN/m
Pu =176 *1.9 =335*2=670 KN
Sh3

Dya=0.25*25*20*1.0 = 125 KN/m

gu fromsolid dab =26 KN/m

qu =1.2*(125)+=26 176 KN/m

Pu =176 *1.4 =246 KN

Total Pu =454 +670 +246= 1370 KN

Determination of the area of footing :

A= Pu/ 1.4* dall = 1370/ 1.4*500 = 2 n’.
Select A poviged = 2.242.2= 4.84 m° > 217,

4-12-2 Design of shear
d=40-75-1-1=230.5cm

f Vc :O.75*%* fc'* bw* d

fVc=075* %* /24 * 2200 * 305 = 411 KN

VU, =25KN /m
f Ve = 411KN >Vu = 25KN .......... OK

4-12-3 Design of bending moment

... Seefigure (4-27)

By using the StaadPro.2007 software to analyze the foundation, the moment result is

asin the following chart:
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Figure(4-28) Moment in X -direction
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Figure(4-29) Moment in Y -direction
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4-12-4 Design In X-directions:
h =40 cm

d=40-75-1 -1 =30.5cm.

Fy =420 Mpa

Fc’ =24 Mpa

Design of positive moment

+ve Mu, =35.1KN.m

Mn =M _ 35159k m
f 09
* 6
Rn= M0 _ 39710 _ 4 sompa
b.d? 1000 * 305
fy =20.6
" 085
* *
Fo1y 2mRn 1 1_\/1_2 20.6%0.42 | _ ) 000
m T 206 420

e =1 *b*d=0.001*1000 * 305 = 305 mm ?

Svrinkage & temperatur e =0.0018 * b* h = 0.0018 * 1000 * 400 = 720 mm?

As =720mm?=......... Control

* 2
Select f 14 @ 20cm = As = 220 « (&

=770mm? > As ., = 720mm?
20 4

Design of negative moment

-ve Mu, =-23.8KN.m

Svrinkage & temperatur e =0.0018 * b* h =0.0018 * 1000 * 400 = 720 mm?
As =720mm?>......... Control

* 2
Select f 14 @ 20cm = As:&*(p 1.4

=770mm? > As,, = 720mm?
20 4 “

4-12-5 Design In Y -directions:
Design of positive moment
+ve Mu =27.6KN.m

Strinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm *

As=720mm?2...... Control

* 2
Sdlect f 14 @ 20cm = As = 220 (p 14

=770mm? > As, =720 mm?
20 4 =
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Design of negative moment

—ve Mu =-21.2KN.m

Shrinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm ?

.......... Control

" 2
Sect f 14 @ 20cm = As:%*(p - J=770mm2>As,eq ~ 720’

14

wr T A T »
Zhl
A =
BEZ ShZ
£h3
o _-!T‘_E_ ; fﬂ;-%;-"_::n [=- 141+
T |
-l ..
1 T I =
F T | I ,/E&-
£ [ T I I | i UL
= i
| e I R - PRETERTRA |

Figure (4-30) mat foundation detail
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4-13 Design of Shear wall:

Figure (4-31) shear wall diagram
4-13-1 Load Calculation :

WTotal =W Basement +W
W, =83700KN

+ W +W

Ground First Second + WThird

4-13-2 Calculation of shear force on "shear walls” :

Thetotal design base shear in a given (UBC)From Uniform Building Code 1997

direction shall be determined from the following formula

V=—oW...... (Eq.30-4)
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Thetotal design base shear need not exceed the following :

Wi (Eq.30-5)

:The total design base shear shall not be less than the following

V =0.11Cal.W.............. (Eq.30-5)

H Building =19.6m
Z=30

R=55

1=1.0

Ca=0.24

Ct =0.0488
Cv=024

‘Where

Z = seismic zone factor as givenin Table 16- .

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set forth in Table 16-N or
16-p.

| = importance factor given in Table 16-K.

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

Ct = numerical coefficient given in Section 1630.2.2.

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

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

3

T=C(h)* (UBS)



CHAPTER FOUR Structural Analysis & Design

T =0.0488* (19.6)”* =0.454

v, = (CVX | )xw _ (M}ss?ooz 8044.8kN

RxT 5.5x0.454
Not Exceed

v, = (@j W = (%‘524“] « 83700 = 9130.9kN

And Not Less than
V, =0.11x Cax | xW = 0.11x 0.24x1x 83700 = 2209.68kN

V =8044.8 kN ----Control

Ft=0.07x T xV =0.07 x 0.454 x 8044.8 = 255.7 kN

FXi :( V—Ft jXW Xhi :(MJXW Xh =0.0091><V\/i ><hi

WxH), ) 852120
w v H Ft (W.H) Fxi FX
floor (Kn) (Kn) | (Kn) | (Kn)

3th 10800 8044.8 19.6 255.7 211680 1926.3 2182

2th 10800 8044.8 15.6 255.7 168480 1533.2 3715.2

1th 20700 8044.8 11.6 255.7 240120 2185.1 5900.3
ground 20700 8044.8 7.6 255.7 157320 1431.6 7331.9
basment 20700 8044.8 3.6 255.7 74520 678.12 8044.8

> 83700 852120

Table (4.1) Calculation of the total Fx

For shear wall in theater

Wall take percentage force from total horizontal = 26%
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26

for third floor F, =-—x2182 =567.32 Kn
100

26

for second floor F, =-—*3715.2=965.9 Kn
100

26

for first floor F, =-—x5900.3=1534.1Kn
100

26

for ground floor F, = ﬁx 7331 .9 = 1906 .3Kn

26

for basement floor F, = M* 8044 .8 = 2091 .6 Kn

ol el

GEZF

20916 5

15222

a8

I0ET 32

975

PSS

==
™,

.,
.
\-\.

31400 8

IFig. (4-32) Shear & Moment Diagram for Shear Wall|

4-13-3 Shear Wall Design Parameters:

fc' =24 Mpa

fy = 420 Mpa

h = 25cm shear wall thickness
Iw=32m shear wall width

hw =19.6m building height
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4-13-4 Design of Horizontal Reinfor cement:

Critical Section
Iﬂ=§=16m
2 2

h_W = @ =9.8m......control
2 2

d =0.8xhw=0.8x9.8=7.8m
V, =3067.32 KN
M, =20057.9 KN.m

fc'
V01: 5 xbxd
V, = \/2_4 x0.25x7.8=1592.2KN ... control
chzwlfc'xbxd N N, xd
4 4xL,,
Assume N, =0.0
V., = \/ﬂx 0.25x 7.8+ N, xd _ 23882 KN
4 4xL,,
2x N
I.| + fc"+ d
4 fc' W( wahj hxd
Ve = + X
2 M, |, 10
vV, 2

.V =Will not —apply
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An_ Vs
S, F, x d
V, = \f/— -V, = 3067.32 —-1592.2=1815.8 Kn
3
A _18158x10° _ 0.55mm
S, 420x7800
A = 0.0025x b = 0.0025x 250 = 0.625 mm
S
S S&:@:B%Omm
5 5

S, <3xh=3x250= 7500 mm

-6
g - ZXA. _2x790°

0.000625  0.000625
~.Usef 10@25cm  c/c  For thereinforcement in two layers(horezental )

4-13-5 Design of Vertical reinforcement:

_ _ﬂ i_ x S x
pw{o.oozmo.s(z.s | ][ Sxh 0.0025ﬂ Sxh

w

A, = 00025+08 25- 28| 27 50055 |5 xh
A 32 )\ 25x 250
A, =0.0025x S xh
-6
Q:M:O.ZSSm:ZSmm ... control
0.0025x 0.25
h 19.6

S <—=——=6533mm
3 3
S, £3xh=3x250=750 mm

- Usef 10@25cm c/c  For thereinforcement in two layers (Vertical)
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4-13-6 Shear Wall Detail:

shear Wall

o
=]
3
-
B
S10@2s [
\.,_' tyy
ongzs |
ki

o
]

360 —tmzq -3.60
‘%‘\ [T . & .A‘z_{
|,/,x"'}§/f//f AR

S12@25

Fig. (4-33) Shear Wall Detail




Design of the well:

Sdlect the thicknees of the wall =25¢cm

Design of the shear:
Vu = 80KN

DVC = 0.75%1/ o, d

DVC = 0.75x %Jﬂ «1x 0.220 x 1000 = 135kn

oVe >Vu—— 0Ok

Design of the bending moment:

P |lozal )
kMmsm

4= 3.26
E.0E
g.8v7
11.7
145
7.3
201
229
2B7
205
3.3
344
363
9.7
425
45.3
»=A81

I [ [ ] O = O o




Mu,,, = 48.1kn.m

Mn = ﬂgl =53.4kn.m
m= fy = 420 =20.6
0.85fc 0.85x24
-3
Rn_Mn_53.4><10 _1.1Mpa

~ bd?  1x0.2202

, :1[1_ 1_2><m>< an

r _ 1 1_\/1_M — 0.0027
20.6 420

ASge, =T xbxd =0.0027 x 1000 x 220 = 595mm?

As,. (Veirtical ) = 0.0012 x b x h = 0.0012 x 1000 x 250 = 300mm?
As i, < As,

As,, — Control

~.Use®12/20cm

As_. (Horizantal ) = 0.002 x b x h=0.002 x 1000 x 250 = 500mm?

s Use®12/20cm

Design of the secondry reinforcemnt:



4-9 Design Mat footing under Elevator :
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Figure (4-18) Top view of Mat Foundation(Under Elevator)

4-9-1 Load calculations :

Shl

Dya=0.25*25*20*1.0 = 125 KN/m
Dead load from ribbed slab =70 KN/m
Liveload from ribbed slab =40 KN/m
Dead load from solid slab =16 KN/m

Liveload from solid dab =4.5 KN/m




qu =1.2%(125+70+16) + (1.6 *40+4.5) =324 KN/m

Pu =324 *1.4 =454 KN

Sh2

D2 =0.25*25%20%1.0 = 125 KN/m

Dead load from solid slab =16 KN/m

Live load from solid slab =4.5 KN/m

qu =1.2%(125+16) + (1.6 *4.5) =176 KN/m
Pu =176 *1.9 =335*2=670 KN

Sh3

Dya=0.25*25*20*1.0 = 125 KN/m

Dead load from solid slab =16 KN/m
Liveload from solid dab =4.5 KN/m

gu =1.2*(125+16) + (1.6 *4.5) =176 KN/m
Pu =176 *1.4 =246 KN

Total Pu =454 +670 +246= 1370 KN

Determination of the area of footing :

Areg= Pu/ 1.4* dall = 1370/ 1.4*500 = 2 m?.

Select A provided = 2.2%2.2= 484 m° > 2mP°......

Seefigure (4-18)



4.16.4 Design of shear

d=40-75-1-1=30.5cm
f Vc :0.75*%* fc'*bw* d

fVc=075* %* V24 * 2200 * 305 = 411 KN

Vu,, =303KN /m
f Ve = 411KN >Vu = 303KN ... OK

4.16.5 Design of bending moment

By using the StaadPro.2007 software to analyze the foundation, the moment result is as in the

following chart:
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Fig).4.17 (Moment in X-direction
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4.16.5.1 Design In X-directions:

h =40 cm

d=40-7.5-1 -1 =30.5cm.

Fy =420 Mpa.

fc' =24 Mpa

Fig).4.18 (Moment in Y-direction



Design of positive moment

+ve Mu, =25.1KN.m
Mn = Mu _25.1
f 09
* 6
RN = an __28*10 _~0.3Mpa
b.d 1000 * 305
fy

085
* *
Fo1(y n 1 1_\/ 2720603 _ 5097
m T 206 420

=r *b*d=0.00072 * 1000 * 305 = 220 mm?

=28KN.m

Svrinkage & temperatur e =0.0018 * b* h = 0.0018 * 1000 * 400 = 720 mm?
As = 720mm? Control

* 2
Select f 14 @ 20cm = As = 1;8 (%} — 770mm”? > As,, = 720mm’>

Design of negative moment

Svrinkage & temperatur e =0.0018 * b* h = 0.0018 * 1000 * 400 = 720 mm?
As =720mm?.......... Control

* 2
Select f 14 @ 20cm = As_lsg (%}:770mm2>Asreq=720mm2

4.16.5.2 Design In Y-directions:
Design of positive moment

+ve Mu =24.1KN.m

Strinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm ?

.......... Control

% 2
Select f 14 @ 20cm = As—lzog [#Jz??Omm2>Asreq =720 mm”?



Design of negative moment

—ve Mu =-6.29KN.m
Strinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm *
As=720mm?2....... Control

* 2
Selectf14@20cm:>As:%*(%Jﬂmmm%Asm:720mm2
. =4 -
. 2.2 -
. 1.9 .
Shl
1 =t
e Al
Sho Sh2 — adnd
Sh3
B et
] + CEE Eleminon

b




4-3 Design of Tow way solid slab:

4.8.1 Determination of Thickness:

Ly =5.5m

Lx =3.9m

ﬂ = E =14<20
Ly 3.9

. Tow way

minimum thickness of the tow way solid slab is to be determined by the following

equation:
_ per
180

Not less than 5in

h= 189 _ 0.105m
180

Select h =15cm
15cm > 5in =12.55cm....ok

4-3-1 Dead Load Calculation :-

dab =0.151*1*25 = 3.7 kN/ n?
DL = 3.7 KN/m?

SL =1 KN/ n?

0u=1.2D + 1.6 L = 6 KN/m’
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Figure (4-7) Location of Tow way solid.
La/ Lb=3.9/55=0.7
From Table (12-6) :
Case (1)
Wa=0.81
Wb =0.19
®dVc =Vu
Vu= Wb* total load *(0.55/La)
Vu= (0.19)* 6*3.9¥5.5%(1/3.9)

Vu=6.27 KN



fVe = 0.75(/ fc')(b)(d) / 6 = 0.75(~/24)(1)(0.116) * 1000/ 6 = 7IKN
No shear reinforcement is required

4-3-2 Designs of moment

4-3-2-1 Design of positive moment:

From table (12-4)

Cadl=0.068

Cbdl=0.016

Madl = Cadl * W * (La)*?

Mbdl = Cbdl * w * (Lb)?

From table (12-5)

Call =0.068

Chll = 0.016

Mall = Call * W * (La)°

Mbll = Cbll * w * (Lb)?

Ma ( pos) ={ (0.068*4.44*(3.9) ) +(0.068*1.6* (3.9) )}
Ma ( pos) = 6.3 KN.m/rib

Mb ( pos) ={ (0.016*4.44*(5.5) %) +(0.016* 1.6* (5.5) %)}
Mb ( pos) =3KN.m/rib

d= h-Cover-stirrups-d/2 = 150-20-8-6 = 116 mm



me_ Y __40 556
0.85fc  0.85(24)

Ry - Mn _ 6.3* (10)®
bd? (.9)(1)(0.116)?

* *
. _ 1 1 ho 2mRn ) 1 1_\/1_ 2*20.6* 0.52 _ 0.00125
m fy 20 .6 420

= 0.52 MPa

A's = 0.00125* (1000)* (116) = 146 mm? < Asmin=270 mm°
A's min = 0.0018 *1000* 150 = 270 mm®

Select As =270 mm?

Use® 12@35cm , in Both direction ( X & Y).

4-3-2-3 Designs of Negative moment :

A s min = 0.0018 *1000* 150 = 270 mm?
Sdect As =270 mm?

Use® 12@35cm , in Both direction ( X & Y).



(4.10) Design of Basement wall:

5 Ko

LLLL]]

E

Y
I8 m

\w.i' 33 Kru’m

g A T R Pl PR L

Fig. (4.21) Basement wall - Diagram

(4.10.1) Load Calculation :
=g xhxK,

Oy =18Kn/m?

g =30°

K=05

g, =18x3.88x0.5=35 Kn/m2
g, =PxK,

g, =5x05=25 Kn/m?




Mu =60 kN.m
Mn =60/0.9 =67kN.m
(4.10.3) Wall Design :
Mu =60 kN.m

Mn =60/0.9 =67kN.m
d =300-30-12=258mm

6
Kn— Mnx2 _ 67x10 _—1Mpa
b*d® 1000x 258

, :1(1— 1_ 2mKn)
m \ fy

ro o 222065y b oo
20.6 420

As,, =0.0024 x1000x 258 = 630mm? /m

0.25, fc' 0.25v24 x 1000 x 258
= —X b X d =

min = 752mm2 /m
fy 420

But not less than

_1l4xbwxd?® 1.4*1000* 258

- =860mm? /m
fy 420

As

As,;, =860mm* /m< As,, = 630mm?*/m

#of bar inonmeter:@—6

154
Select 14@20cm c/c
AS in = 0.0012xb xh
= 0.0012 x1000x 300
= 360 mm*/ m

As__ > As

req min *rrereeeee



(4.10.4) Design of Secondary Reinforcement:
Select the greater of:

AS. ..., =0.002*1000* 300=600mm? /m

#of bar in on meter :@=5.
113

Select ®12@20cm c/c

(4.10.5) Check for Shear :

f xVc>Vn
foC=% fc'xbxdz%@x1000x258

f Vc=158>>Vu=56.3kN
.. No Shear Reiforcement Required

Basement Wall

+0.00 A x{ —‘ﬁ




ig. (4.22) Basement wall - Detail







(4.8) Design of amphitheater:

(4.8.1) Determination of Slab thickness:

_ span

min 20

h,i :4'—6520.23m
20

min

Use h,,=25cm

(4.8.2) Load calculation:

Dead L oad:
chair = 0.1 KN/m
Tiles - (0.3+0.8) x 0.03x 22 _0.91KN /m
0.8
Morter = (0.30+ 0.8) x 0.02x 22 _06KN/m
0.8
Stair = 05x0.3x08x24 _36KN/m
0.8

Concret = M =7.3KN/m

cos 30
Plager = 202x22x1_ 01 iN/m

cos 30



Total Load:

D.L, =13KN/M

LL,y =5KN/M

Factored load

g, =12D.L+16L.L=12x10.393+1.6x5=23.6KN/m

For one meter Strip, qu =23.6 KN/m.

From ater pro.We get

Mu =44.5KN/M

Vu =52.5 KN/M

h =25cm

Assuming @ 12 for main reinforcement-:
So, d =250-20-6 = 224 mm
Take d= 224 mm

(4.8.3) Design of shear -

-52.5 3 ; 455
//L 42.1 -4I]'2 i _34-3 _32 H
8 A 4

-29.3 P
,/ /L 2 -22.1/L 7 _”.44
all
|
/

Ly s | R ) /..f..f..

1 2 1 ! 7 ! ! .'__.-' ] ! _.-"( I 1 .,r'"' I ]

{ / y i
2 | o ,/ 7/23.9 /29.3 7 285

41.6 42.5 41.2




Vu =52.5 KN.

f.f'xb xd
vaz—VCZWX

0.75x /24 x1x 0.224x 103
6

Vu =525 KN< @.Vc=137.2 KN.

No shear Reinforcement isrequired OK

fVc= =137.2KN

(4.8.4) Design of Bending Moment:
-48.3
321 -31. -33.1
-26.9 ’\, .3 26.3
f A -18.7 g fi20. 21.8
rﬂ , EI,H.I—15.3 16. /% 1. 4 _11913.5-139
: / o) g ]
/ \-_«f” olgl olgal *.
N —HH .\LH.:I: ,:, 2 i :"\ :,{
\ 0.771.0 |u.Fs<1 0,45 / 15
/ q.70'76 d
6 : - _,f 1237
S 18.7
L 27.8
44.5
| 186~ 279 | 1.98 162|213 213 [1.61 192 1.8 1.6 [1.591.06

= Mu =44.5KN.m.
_Mu_ 445

Mn,, = ——=49.4KN..m
09 0.9
d =22.4cm.
. __Mn
" b-d?
-3
K, =M=O.98MPa .
1x 0.224
R

0.85x fc'




420
m =————=
0.85x 24

. r:l 1- 1_2mKn
m f,

L1 1_\/1_2><20.6><O.98 — 0.0024
20.6 420

20.6

Asreq =0.0024x1000x224 =534

L T (bw)(d)

Asmin =
] a(ty)
> %(bw)(d)

A

™" 4(420)
653.2<746.6

0 As.. =746.6mm’

1.4
(1000)(224) < -~ (1000)(224)

Asmin=746..6>Asreq =534

ASMin =746.6mm° .......... Control.
#Of Bars= 7466 =484
154

Usef 14@20cm............... With As=1000/ 200x 153 = 765mm?.



(4.8.5) Check for yielding:
= Tension =Compression
A * fy=0.85* fc' *b* a
765x 420 =0.85* 24*1000* a
a=15.75mm
c:izﬁzl&SBmm
b, 085
e, = 224 -18.53 0.
18.53
e, =.0332 > 0.005—— ok

003

(4.8.6) Development length of the bars:

f
L, =——=—=xa xbxgxd,
2y f¢
420
ZXM
L, =60cm

J x1x1x1x1.2=52cm

(4.8.7) Secondary reinfor cement:

As:éxAsreq :%x765:153mm2

As = 0.0018x bx h = 0.0018x 1000x 250 = 450mm’

Shrinkage

Usef 100@15cm................. With As=(1000/ 150) * 78.5 = 524mm?.
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Design of Shear wall:

L oad Calculation :

WTotal =W +W

Basement Ground

W, =83700KN

+ WFirst +WSecond +WThird

Calculation of shear forceon "shear walls” :
, the total design base shear in a given (UBC)From Uniform Building Code 1997

direction shall be determined from the following formula:

Cv.l
V=—-W........ Eq.30-4
R.T (Eq )

Thetotal design base shear need not exceed the following :



W (Eq.30-5)

:The total design base shear shall not be less than the following

V =0.11CalW............... (Eq.30-5)

H Building =19.6m
Z=30

R=55

1=1.0

Ca=0.24

Ct =0.0488
Cv=0.24

‘Where

Z = seismic zone factor as givenin Table 16-1 .

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set forth in Table 16-N or
16-p.

| = importance factor givenin Table 16-K.

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

Ct = numerical coefficient given in Section 1630.2.2.

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

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

3

T=C,(h)* (UBS)
T = 0.0488* (19.6)"* =0.454

v, =[S o o[ 9:28x10 ), a700 - 8044.8kN
RxT 5.5x0.454

Not Exceed
v, = (@j KW = [%‘524“] % 83700 = 9130.9kN

And Not Less than
V, =0.11x Cax | xW = 0.11x 0.24x1x 83700 = 2209.68kN




V =8044.8 kN ----Control

Ft =0.07x T xV =0.07 x 0.454 x 8044.8 = 255.7 kN

FXi :( V—Ft jxw Xhi :(MJXW Xh =0.0091><V\/i ><hi

WxH), ) 852120
= W Y, H Ft (W.H) Fxi FX
(Kn) | (Kn) | (Kn) | (Kn)
3th 10800 | 8044.8 | 19.6 | 2557 | 211680 | 19263 | 2182
2th 10800 | 8044.8 | 156 | 2557 | 168480 | 15332 | 37152
1th 20700 | 8044.8 | 11.6 | 2557 | 240120 | 21851 | 5900.3

ground 20700 | 80448 | 7.6 255.7 157320 1431.6 | 7331.9
basment 20700 | 80448 | 3.6 255.7 74520 678.12 8044.8
> 83700 852120

Table (4.1) Calculation of the total FX

For shear wall in theater
Wall take percentage force from total horizontal = 26%
. 26
for third floor F, =-—x2182 =567.32 Kn
100

for second floor F, = %* 3715 .2 = 965.9 Kn

for first floor F, = %x 5900 .3 = 1534 .1 Kn

for ground floor F, = %x 7331 .9 = 1906 .3Kn

for basement floor F, = %* 8044 .8 = 2091 .6 Kn
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Fig. (4-31) Shear & Moment Diagram for Shear Wall

(4.12.3) Shear Wall Design Parameters:

fc' =24 Mpa

fy = 420 Mpa

h = 25cm shear wall thickness
Iw = 32m shear wall width
hw=19.6m building height

(4.12.4) Design of Horizontal Reinfor cement:

Critical Section



ekl =9.8m......control
2 2

d =0.8xhw=0.8x9.8=7.8m
V, =3067.32 KN
M, =20057.9 KN.m

fc'
Vo= 5 xbxd
V, = \/2_4 x0.25x7.8=1592.2KN ... control
v, = 4 fc’ ><b><d N, xd
4 4>< L,
Assume N, =0.0
V., = V24 x0.25x 7.8+ N, xd _ 23882 KN

4 4x L

W

2x N
| fc' +
V—\/W (\/_ Xj hxd

1T

.V =Will not —apply




An_ Vs

S, F, x d
V, = \f/— -V, = 3067.32 —-1592.2=1815.8 Kn
3
A _18158x10° _ 0.55mm
S, 420x7800
A = 0.0025x b = 0.0025x 250 = 0.625 mm
S
S s&:@:3380mm
5 5

S, <3xh=3x250= 7500 mm

-6
g - ZXAn _2x790°

0.000625  0.000625
~.Usef 10@25cm  c/c  For thereinforcement in two layers(horezental )

(4.12.5) Design of Vertical reinfor cement:

_ _ﬁ _A’h — x S x
A/n—{0.0025+0.5(2.5 | j[sth 0.0025]} S xh

w

A, = 00025408 25- 281 270 _400p5) |5 xh
: 32 )\ 25x250
A, =0.0025x S xh
-6
S = 2x79x10 ° _ 0.253m=25mm ... control
0.0025x 0.25
S SD:%:%BBmm
3 3

S, <3xh=3x250 =750 mm

- Usef 10@25cm c/c  For thereinforcement in two layers (Vertical)



Chapter Four Structural Analysis and Design

(4.12.6) Shear Wall Detail:



shear Wall

!

o
-
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Fig. (4-32) Shear Wall Detall
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Building Code Requirements for Structural Concrete (ACI 318M-
) AND Commentary Code (ACI 318M-99).
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13 Design of Isolated footing:

Once the ultimate column or load is determined, the proper footing can be designed .The following

subsections describe the analysis and design of footing )F 1: (

4.13.1 Load Calculation:

From Column :

Factored load =3850 KN

Soil weight =18 KN/m?®

Soil depth =1.0 m

Column geometry 60*45 cm
Allowable soil pressure =500 KN/m?
Pu =3850Kn
Cw=25*0.6*%0.45*16 =108Kn
Sv=18*3*1=54Kn

Pu, =Pu+1.2*Cw+1.2*Swn
Pu, =3850+1.2*108 +1.2*54 = 4444.5Kn

Total service load =2871 +108 +54 =3033 KN

Where:
Cw :Column weight
Sw :Soil weight
Pu :Factored load from the column

Pur :Total load on foundation

4.13.2 Design of Footing Area:

To determinetherequired footing area, the total service load will be used
Allowable soil pressure =500 KN/m?

Area )A = (Total service load / Soil Pressure

3033 KN /500 KN/m?2

= 6.1m’

Try 2.6m *2.6m Area = 6.76m> > Required Area =6.1 m?

For the design of the renforce concrete member, factored load must be used :
Pu =1360 KN

s ~ Pu 44444
et AFr ovided 6 ' 76

4.13.3 Deter mine the depth of footing based on shear strength:
Assume h=hpi,=75¢cm ... .. d =75-7-1 =67 cm

=657KN/m* <1.4*500 = 700KN /n?.....OK




e Check for oneway shear strength

Critical Section at %+d

3+d=0—275+067 1.045m

2
Vu=s * M_(Eer) *B :
2 2 Foundation

Vu = 657*(2—;5—1.045)*2.6 _ 436KN
f.Vc=f.(%*4/fc’*bw*d)

fVc= 0.75*%*@*2600*670 —1066Kn

f Vc=1066KN >Vu = 436KN
. Safe

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

FV, =f %[Hb%]\/f?bod
ot
fv, =t —\/7bd

Where:

_ Column Length (a) 60 133
~ ColumnWidth (b) 45

b0 = Perimeter of critical section taken at (d/2)from the loaded area

b, =4d +2a+2b=4*0.67+2*0.45+2*0.6 =4.78m

a =40 for interior column
fV, =f %L:Hbi}, fclbod = 0.675 *(1+ 1 :233)* 24*4780*670 = 4911Kn

fV, =f E[ba;d + 2}/? b,d = %*(7.41)*@ *4580*620 = 7271Kn



fV,=f .%\/ftrbod :%* 24*4780*670=3922Kn

f V. =3922Kn ..... Control
VU, =[2.6*2.6 —{(0.45+0.67) * (0.6 + 0.67)}]* 657 = 3507KN
f Vc=3922Kn >Vu, =3507Kn........ satisfied

4.13.4 Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)
f.Pn=0.65*[0.85*24* (600 * 450)]/1000 = 3580Kn
But Pu=3850>f.Pn=3580

.. Dowels are required for load transfer.

In column

——Pn
f

Fy
380 _ 5508
As— 65
420

As = 989mnY’

But use the minimum reinforcement of dowels:
As_ ., =0.005* Ag =0.005*600*450 = 1350mm?
Sdect 20010

ASProvided 21560mm2 > ASReq.

In footing

f.Pn=f.(0.85 fc’AL\/E)
Al
A2 _ |26%26 .,
Al 0.6*0.45
122 _,
Al
f.Pn=0.65*[0.85*24*0.6*0.45*2*1000 = 7160Kn
But Pu=3850<f.Pn=7160

As =




4.13.5 Design for Bending M oment:

At section A-A -
______ =]
I
M I
O D J =
L i A (X o
1 t [NET]
486 Kn,/m?2 A
0.5
= 1 y 1.6
Section A—A + -

Mu = 486* (1*2.6) *0.5 = 631.8Knm
Using Reinforced Concrete .

6318

Mn=——""=702KN.m
0.9
6
. Mrzl _ 702x10 _~0.6Mpa
bd 2600x 670
fy 420 20.6

m= - = =
0.85* fc 0.85*24

m fy

- (1—\/1——2 x 20606 j = 0.00145

T 206 420
AS,,, =T *b*d =0.00145*2600*670 = 2526 mn"’
Check As_,
ASqyipege = 0-0018*b*h = 0.0018* 2600 * 750 = 3510n7

- As=3510mm’
Select 23f 14....AS,, iqg = 3542mMM° > 3510mm7’.....o0K




At section B-B

Mu =486*(1.075*2.6) *0.54 = 733.5Knm

Mn:@:815KN.m
0.9
6
_ Mrzl _815x10 _~0.7Mpa
bd® 2600x670
fy 420 20.6

m= T = =
0.85* fc 0.85*24

P oLl j_2xmxRn
m fy

r=t 1—\/1——2X20'6x0'7 =0.0017
20.6 420

ASy., = *b*d =0.0017*2600*670 = 2955mn’
Check As,;,

Asgqrmkage =0.0018*b*h = 0.0018*2600* 750 = 3510mm?
. As =3510mn7

Select 23f 14....AS,, g = 3542mm°’ > 3510mn7’.....ok

4.13.6 Check for Strain:
Tension =Compression
As* fy =0.85* fc*b*a
3510*420 =0.85*24*2600*a
a=27.8mm

_2_218 59

bl 0.85
_ 670-32.7
S 327

e, =0.058>0.005 ... OK

*0.003

)
T s AR T
/.-"
486 Kn/m*
054 e
1.075 " 1.525

Sectlon B-B
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4-9 Design Mat footing under Elevator :
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Figure (4-18) Top view of Mat Foundation(Under Elevator)

4-9-1 Load calculations :

Shl

Dya=0.25*25*20*1.0 = 125 KN/m
Dead load from ribbed dab =70 KN/m
Liveload from ribbed dlab =40 KN/m

gu fromsolid dab =26 KN/m




qu =1.2*(125+70) + (1.6 *40)+26 =324 KN/m

Pu =324 *1.4 =454 KN

Sh2

D2 =0.25*25%20%1.0 = 125 KN/m
qu from solid slab =26 KN/m

qu =1.2*(125) + 26 =176 KN/m
Pu =176 *1.9 =335*2=670 KN
Sh3

D2 =0.25*25%20%1.0 = 125 KN/m
qu fromsolid slab =26 KN/m

qu =1.2*(125)+=26 176 KN/m

Pu =176 *1.4 =246 KN

Total Pu =454 +670 +246= 1370 KN

Determination of the area of footing :

A= Pu/ 1.4* dall = 1370/ 1.4*500 = 2 m”.

Select A provided = 2.2%2.2= 484 m° > 2mP°......

See figure (4-18)



4.16.4 Design of shear

d=40-75-1-1=30.5cm
f Vc :0.75*%* fc'*bw* d

fVc=075* %* V24 * 2200 * 305 = 411 KN

VU x = 25KN /m
f Vc = 411KN >Vu = 25KN .......... .OK

4.16.5 Design of bending moment

By using the StaadPro.2007 software to analyze the foundation, the moment result is as in the

following chart:

W ozl
«Mmin
+=-2385
211
-13.0
-12.0
904
G441
2173
1.3
L
931

—L
[=S]

1h. ¢
2.4
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Y
n
(¥}
(51
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Fig).4.17 (Moment in X-direction
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4.16.5.1 Design In X-directions:

h =40 cm

d=40-7.5-1 -1 =30.5cm.

Fy =420 Mpa.

fc' =24 Mpa

Fig).4.18 (Moment in Y-direction



Design of positive moment

+ve Mu, =35.1KN.m

Mn = MU _ 351 _ 591N m
f 09
* 6
rn= M _ 39710° 4 ompa
b.d? 1000 * 305
fy
085
* *
Fo1(y n 1 1_\/ 27206042 _, 00
m T 206 420

e =T *b*d=0.001*1000 * 305 = 305 mm ?

Svrinkage & temperatur e =0.0018 * b* h = 0.0018 * 1000 * 400 = 720 mm?
As = 720mm? Control

* 2
Select f 14 @ 20cm = As = 1;8 (%} — 770mm”? > As,, = 720mm’>

Design of negative moment

-ve Mu, =-23.8KN.m

Svrinkage & temperatur e =0.0018 * b* h =0.0018 * 1000 * 400 = 720 mm?
As = 720mm? Control

* 2
Select f 14 @ 20cm = As:%*(%}:??Ommz > As,,, = 720mm?

4.16.5.2 Design In Y-directions:
Design of positive moment

+ve Mu = 27.6KN.m

Strinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm ?

.......... Control

% 2
Select f 14 @ 20cm = As—lzog [#Jz??Omm2>Asreq =720 mm”?



Design of negative moment

-ve Mu =-21.2KN.m

Strinkage & temperatur e =0.0018 * b* h=0.0018 * 1000 * 400 = 720 mm *

* 2
Select f 14 @ 20cm = As:@*(&

=770mm? > As =720 mm*
20 4 =

14
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Appendix (B)
Structural Drawings

This appendix is an attachment with this project



Appendix (A)

Architectural Drawings

This appendix is an attachment with this project



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

Minimum thickness, b

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £120 £/124 £/28 £M0

Beams or

ribbed one-
way slabs £/16 t18.5 £/21 L8

MNotas:

Values given shall be usgcl directly for membaers with normalweight concrete
{densrrg: w, = 2320 kg/m”) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural Iﬂtwaighi concrete having unit density, w,, in the range
14401920 ka/m3, the values shall be multiplied by (1.65 - 0.603w,) but not

55 than 1.08.

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

Table(4-1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR ONE-
WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED

TABLE 9.5{b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Typa al member Dleflaction o be considered Deflaciion limkalmn

Flat raotd nol supporting or ailached o noo. v ciste dellecton due i e ond L 7
airuciurl lements Buely 1o b damaged by [l 1]
larpe deflections
Flears nol supporting or atiached o nonsine- | iImmedats deflsction dus i v load L
tural elemanis likaly to b domaged by largs 60
deflections SUNE——
Roal ar fleor conslruction supparting or That part of e total dediection coousring afier
sftached o nonstructural alements kel 10 e | afochmsan of nonabruchasl elements (sum of [ AR0°
damaged by lange dellectons Ee;ﬁmmcﬁﬁm de-ﬂ:-.;gnn dmﬂ:ﬂ;&‘! :mal’.ad il

N |l and the immodiale defiection dus 16 any
Aol ar Near conslriction supporling o {m ol T
eflached b nonsiruchiral elsmeants nat lkaly 1 | 200Honal v )y t-2400
b darnaged by larps defisctions

* Lamii not injonded {0 satepuand nganms ponding. Tondeg shoukl pe ek E,T.nﬁ&l;u_"_ alorn of defecion, nciudng aidad deflacains due bo porded

waler, ond coneadenng kagerm atiacts of all austarsd Date. chenbss. conttruchion keamncss, and miabiity of provaing o drarage

! Long-term dafiscion shad be gelanmimad in accodancs with 5.5.2.8 o 0.5.0.9, bet vy be reduced by sroan of delection cabulated b sczur bafors atiach-
mant of rosatruciunl semsats. This amount sl be dalmmined o0 Basis ol sccepled sr@nesnng dabi relaling i me-deledion chareclemibo of rembars dm-
it i Hhduiss Bssinng oo Gidred

|- Linil ey b fad i1 ackesginle e laken to prevent damage o suppored or afached o emeniz

¥ it ahall mt h&lﬂm B el et v bor nonstnuciual sismants. Lint may be eecseded i comibar is provided so that total dallecion minus camber

tesrw el xtond im

Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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