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Abstract

The Structural Design for research center

Project Team
OsamaA. Ghraib Rami S. Ahmad

Rashad Malysheh
Palestine Polytechnic University

Supervisor
Dr. Maher Amro

The aim of this project is to perform the structural design for all structural
elements such as ribs, beams, columns, and foundations and all other
structural elements.

This project has been selected because of the requirements for such project
In Palestine Polytechnic University, it was designed with a capacity that
will cover the shortage in capacity for the research units.

This project consists of four floors with an approximate area for each floor
equals 850 m?, where each floor has many functions that differs from one
to another in its goal such as lecture halls, research laboratories, sitting
areas ....etc. , that are distributed in an appropriate architectural
distribution.

For structural design of this project, Jordanian Construction Code was used
for determining live loads, UBC-97 was used for seismic loads
determination, where ACI-05 code is to be used for structural analysis and
design for all structural elements, and some of computer software will be
used, such as Autocad2006, Staad-Pro, Atir, and Office2007....etc.
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Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

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

LL = live loads.

Ld = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

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

Vn = nominal shear stress.

XVi



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

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

Wu = factored load per unit area.

@ = strength reduction factor.

Xvii



T ENEN T




I Juail)




Ja¥) Juadll

dadiall

e i (- )

AaaalS] el s (pm 4o gl Legd | aaly | ssa | gl Cpplandlh LS Amaln it Lganseds e

el Ae g g o S ae sl sl ekl el Sl G50 gay s
peigid e ugala JE8 el Lgag A e g2 a1 Alapally Dualell il gty aday 5y okl
Aol clay 3 ) Gl gl 8y Jend) e B Rl Cinda i SN ame o agd geas ikl

el g Ll Gaaladl (g s a8 age e 4l Ll cadall Sl oy e Leldal g

Asanl Lis gl 82l iy Al Siad) dmalall gl 0 dny JaS1 o Ll ) Biin] g
sidg e pakiy Ca s Aaalal) oLl Al ALED oo il 8 s Sl Gy A
lag) g il g g s ol A0 Sam g oAl 5 ALl ABLL Saa s 8 laa
— U 118 ol G alell Zinilly gl e Lpaganal Smdlall el il
el Sl dae LAY D) dilal ¢ aledl CallBoles ) el a5 0 el A g
LN ) ghiay daalell 3eliSl) g5l Glanal G GuadS] D dila) ol Sadl e auay 53
el Sl 50 e s auall 530 ) gl dganly Amalall debilly Aaaladl B ekl 5 S 1 e



i Sl gl La oS0 g DL i g Sl i cailal il 8

Al Slaaaly ) zeali e gy Lilall il 5l el gl (3 / ale 4la

Akl gall S el M) ASUG 5 e (- S

raall ASda (- )
Jadyg ¢ Agudaill & gad) )S,_}ﬂ“gﬂ aliall 43lS 4 \.,;_'“a‘:“ pdauail] ‘Fi_f.uqi}“]_ml
Sl a3 SISy Akl ZALEY) peabinl i 2yantg 5aae ) Al g Al jo AN aracadl
;“L“Ei} i.-‘“a n:Jl..J'l?‘J labud L i,}iu_;j'l “}....:.'L_'u_ﬂ a3ls adaeal g sj.ll.b.Jd dg o4 T 1 .'1'.....4."'}“

. o g lade



1§ g pdall JLod) Gl (3-1)

A il 3341y 3 ) 334 e Y1 ppmnctly A 35 g s
. S Qg 5k e 5k g oA E e Sy O B

i wadall cilals Al Al Slasdl] 8 e Alay oS e ol gl Al dalal)
Gnalall el Sl g okl Gl Jaladll ae ok g dlall

£ 9kl 1 ja) G iagh (4-1)

o8 o s el JlS) LAY peeail Jae o gpial e cagdl a8

oSl all ALASH Ao SN clabdall saels Sl |

3 AanlSY1 ol gl e as dadh s e g by calall il paiadia ol Analad)
Al Silas gl Jaal 5 il daladdl 3 Sada sl 8 dealadl o) Sua Gy 5

[ g piall S ghad (5-1)

A0 2 phadl g g kel 3 Jaadl il

gl & lanall c0haatll 4818 ol jad aw sall 5 el 4y jlanall Cillaladiall A 0

e s sall il LS

A ihiall Ay jlanall jealin aa lgua el a2e as 5aast) ag il cand) AN Al 0

S Ll i

uaady Jleall paad SISy ¢ AALAN1 pesliall £ il g LGl A e

CAgade ed e leliy cand) S Al

 ealinl LI Qo) o



_@M'IJ:L -:!1;.%.::1.‘._" ‘_'F',.nd..di,&::l..-j J...al..'u_l‘ n:‘;e_ll‘_g.s‘_:.ﬂl‘gh MI .
ajfhﬂw Stlakbasadl dlas) |

CAlgd 5 peay dal A g p gl A

laill el Jgaall 8 a3 i pog pdiall Jal e De Ala e JS) A 316 il a3 5 il

(=) Audes



-)

g 5l i Slladll i 31 sl (




& g halls JuaeV1 psndlh g g piall Ll Jal e g JS2 L L

gasdall il Jal (=)



[ 9 kall Sl g (6-1)

sid e Ay gllaadl calaal) Gad sasaa il ghai ollia S5 g pta gl o Al o gl Sl ey
oo A gllaall Cilaal) 3an) A6 pay Ahaaie i ghad JS5 e £ g ukall 138 caf i 5 20 SIS Al
Lt g e et Ie g g pdall 5 giag Sun Al ol 03a ol ol
ol Jal jag g gyl e dule dadie 15T Jeaill
g sl Ay lanall aaalll Sililliis mliad s g el 5 fenall ctiagll 1 BN il
) Al g Jleal g A8LE) pealic 4 giag Le g g phall LGN Al ol 1B Jeadll
l—ac] y 3 aely Slaie (0 LAY uabial) JEE LA el g Jilaill cadl ) Jeadll |
st g e ) iy sl 4

Al Slsea gill g Ll Joagill 5 S 2850 J gl 1 el al il |



Y Juail

t_,_;.ﬁ...u 44;‘-!--1'! i




A Jaail

E gl (o larall cia gl

Aadidl (- )
gx;gm,@,,”.ﬂu}g}n@m;.;j% Slillie malill (5 lanall asacail
I‘i..il;.ﬁ.al‘ ‘_'F',.n: .]L-dlﬁl}._..ui.-n-_i]ij @L}EILHJI\FQL,JJM a\.lll M"'E.lln_h.n }mJLJEJu‘jl

Al ) ol Aol 8 U5 9 Uil 33 s (215 Mgy oy T ] By 20 oS

e ey 38 ad sl S,

3 o gl oy piall 2L i el dae) Bad Al Ay el p dsgall D ladd) Day
o—iall L ging A Adbidall Slladl aghy Lpme Jaladll Jgany Suay dantia Al 2 3 jlanddl Sillaladall
Gl = Ay flanad) s Wl ol et ada Aadiid g 38 el depdey o Loiw Adad N daials o il
it JSYL a5 Jullyg g g jdhall daaial ) 5 peall amd I dgaa] s 5 81 ey - i
5 el psacalll ae il Sums 5 AN AGLENT jualinll y s2ee Y1 8L
gl pd liie o el gy g gl gl 5 lenall gl ) Ui 5 LEY1 oy

Cpdh LS5 g Amakn i % anal



£ el plad isd (- )

1is Aabes Sy Jyals digie b G il Cylandi oSS gy dmaln (3llai e gl 138 2

il el 2gaa B g kel 13 daliis Al sy lid Ul s e lus o £ 3 mal

A gaal

Aol 0 LMD (S iy i 8 oY (0 — A g
ple g oy e i Als i ) baasy — S8 Sall

A o led A0S lasng — g 20 B
1At dmalall clalial Addiell Llaall J.é._}lﬂ_]‘:-;:ljhl_l'lk:lll .g..l.'ag_{-'..u.a]l asacalll oS

Aelae (g iall & flanall il i ladlag g Wi e Jaally L,

il b gl gl g aBpall upn 5 pem (a1 gala Amalall phga jeay (- )JSSD

o Yl



iy B i

b -
"

h
T
L B
g "ﬁ‘\ b
e s

A
P
5
s

fi—#

£,

Riidinzs

.- Ceitout Liness

- Roade

il

Andad gdye2( - )

K

GA) el

) A AT g gl L

Sl

-
J.-.nn

IV g Ll Sigasll S e g g

B 4e g e

el Akilas Elads

5

| Aaleaal

o il e anall Vgl

sl by el s ol jal dilal g s

| 2 gladll

ol e i le )y piliaddl g el goall e 2y pdall

£ 9 el Al

Ay

]
ETy

Auial 2

CVRURR O

haldl W8 5 cGdn N

daabiall aalill o

3-5_;.&._‘;1.5

4

iy PYA] c.p.! 5_jliaa

|

";.Lim.l

Ll o e oy il oda dmdlal) oy 35k e ik

",'.ull..uﬁdﬁ—t:t’ i 'I?Ja:l_;:m r—h_;qﬁﬂ M}E,Méﬁjawﬁm Ay



g bl g Amalal G o LS gy e paall S8 el pige (J Jpeagll D dailly L
A8 g g T Y S Analadl (Mg e pila J85 SOl gall 36T Cuss Jgals A B i )l
s A dadladl ey @8 e G Jaii

el (Mg e Jan D) gaall 2ga g Lgiallas 5 gl e Cpiiall ald BV AS a | pady Lad,
S b gm0 I8 Kol B S S AN g 5 1 Ly Al 3 g
o g aiall plall a8 gl maap (- ) JSAN G el gas sl S Agegulall

plall adgall 1( - )8l



Slo b e a8y Al & lenall g pdall 588 Gy a0 o 4e BE 5 s Juall 5 L
seluady gl e 3 lelis ) S e Sl Tag cus el el ) A e g gl
gaialy Jeb s Jsa) Gl G coodiall (38 3ga g lelind ) o 30 5 SE0 Biias e

G calie (8 Gl qay (- ) S8 (bR

oY) culia (B G ( - )



16 g pdhall &y janall sesliall (- )

sl (- -)

iy g lanall &Y D Y g gl LDy iy alic ade DIA e uall Jada 48 a5

Cung Al g el B elaiB) A1 AS el Alee il jaall a2 1l paally Ja Al

ot bl 13 0 el JAK Sl padll pudily R &y oy prasns S e 803 (80

Ly e Jand s 08 Clalis DA e A1 38 all 4y oy Cppeddisall g o sy S
g lanall il ol 5

Sm el (A ) Ragee Sy Gperilienadl JE eaie g V1 i gl Y]

- A gens A lanall D2l ) gl geay e

il Jals g S jaall g Jalaall ey (- ) s (- ) b, JSEDy



-)

(

T

-)

(



sl Ja)s i) (- - )
Fomialll ol
) el g Gfialdl 2280 Sy g el B gl paen o plialdl OS54 A

 pii i s apeanadd 2233 A dudal) il il

e KT S Vet N |
ol Sl aaes Blel e 2 Susa g pdall 85 jaea A0S el Slaa gl g sl Jias
Sy Al Dipadl 8 el A O Dl sl B e pog el g giag Cuas c ple US4 alad
oo gy Sl sl e g g plall 5 sing g Adinall s Daalall ags oty agilblll puea 3 fiall) pas
o Ageliall Sl JSN e o calall Sl s Aol LSS del 5 i AN 4da)
Aelhtaay o laSll M palt saa s A8 3eliS Al j0 08 caliall ead 08 cdguedll ALl

Adlal s

ey 81 ataeaiy Ll Jsagll e Bpnpdall Al 30U ey a6 asde Jiiay 2y

tladdd] alis
&y@éﬁ@'ﬁ;ljﬁ.hﬁ_},‘llﬂw1 h:J1J‘9:.1|n:!1'_,‘_1§.ﬁ11 Galalibaty S e ealindl 238 3ga,
it g oedy gy gedall G lAa) i 25 IS Cpudall DS ey Allall y uils pall a3l il S gl

L oled sl



(g,
B Sy aalal) b A S slall S e o 5 le eb chaalall Dy adel) o

Al s A el L

é}ﬂ@hwmﬁajmﬁlj L:":"_.JE,-" . ﬁw&m|jjm1$c_ﬁu‘_q:

sl g oSl g aal el el ga e 23 g ae Aalldaall g el al e 4ddals D& B e

by sl

. T!.:'.}:_n j..‘a.l:u.lh.“ BpLJn?“l} E__-._,*.‘ﬁl TrLE.ll).n tﬁ ﬁLl-lﬂ,‘.-ﬂdll} :Il.c.j:;i ..."_ll..m..u = II-:'.H iﬁll)ﬂlj

sl EY) Saia dlla
ey e il el e el J30o Lt s (Sl LI aea Alleall 038 i
ﬁhﬂHJ}mﬁ]ﬂ,&uiﬁ-'flﬁji@J 7 ;.i-al'la.:‘l.ﬁ;..il.uuéjﬂ}i Lﬂﬁ.ﬁ’h:ﬂlﬂl‘t‘l:h'!‘!

alad N Ligaa ate dlel jay Jide e 8l Seas



gl (=)
sy Fad g A G0 5 Jalall dga g Sleal gl 5 lanal) apanatll TS e el
RS PRER, [RPRHCE WREGTI -~ RN FRPE [ WU SV QYRS Y

gl dgal gl -
Alaail Lo el S, ol JR3 As ol B8 aga (=) dgad gl i 6 Badly,

SRV IC - PR [ G FCH P R U PR PR .4

Ll i LI

i gl (- S



D ARl Agal gl -
Spaiall 5 lemall JSGN gl g amy 53 Ledalalp A lemall B8 Gy x dgal gl 0da 3 ek
(- ) B B e el B ek Al Ausls S S0 DS e plill S

D Angadl Agal ol -
umi;\«ﬂ]&.s}:\.g)w\Qﬂ\&ﬁ@a\;gﬁh&.@a\}\a&@*ﬂq
Llena | ol oellae | 5 oasl ) IS (iaall 2 535 ()55 sl (3 ¢ i )Y gt (G ol Ll el
(- ) JS LS Bhaa

EEEA e
BEED mER (e
mEea gogp BEE

mEen g R

2 EE @
2@ @
HEE B

ol gl (- )



D Adlladll dgal ¢ -
ot ol Aals 3 S ek SISy ¢ Dy jlenall JEI 3 & il Slal) dgal gl 3 ek

(=) JSEN S iy« Rgal gl el

ALl dal (- )



G Juadl

rall LGS s o)




SN Juad

el L) Ciia gl

Jaadiall (1-3)

Aaleall Al il ciliial) apacad 8 Adll) el e fogphe Y A Sall ASLEY) pealial) 3 pua

a1 Ll SN L) DU e Jgeandl jaaliell gl ddliaall g1 o1 A jlea oy

N L_JJJI.'E-’ ..__'.Il.ﬁl:.} PR 3-.'.‘.-:.1 J.nt_,_’u:ulll !Le_!}j:._}\-;ﬂ'l 3.._1':'L..’.15';|'|. )...nl_'hjl jL.u'IJ.l J.a.illl KT le...li.'."l:'lj

Adaal) a8l p pubeal Aladiils ol il e dadl o) sl SIS

iy asanadll iaa (2-3)
Al gl sl Jaad o plig e 5 ey JalShe S Gl laal e JLEY) mealll dles e il
D hhe e ol AGLEY! oaliall spiad oy iy ¢ Cpesiusall ity lidbiia Lia) b Cuss ¢ 4ule

e 50l A0 aliall alalis sl e 4idad 4 (factor of safety) olel Lile
gde Aol Sy Vg s il Jaas
Gah ey Asuliall el g Jlial 3 sk fe kit 21 (EcOnOmy) udleaiiy! 4alsl
CAdlsl | addia | Mo adada gLadl
(deflection) &l 1 basell cind Zus w (Serviceability) Judill el dafis sga
. Opeaiisall #le Y 5 el (Cracks) wlisdl g

i nd ppaaill e Jlial



) psana) Jal e (3 )

Dot s e Gl s A Linal gl LA sl
g adiall s andl ppacil) e Blisd) o U1 L) A FERDEGW R
i ghall 201 Sl Ul 130 Al ASEN) a3l Jee
Al Lgiy adsy Joaie JE2 Wial jualic (p gesie LAY agecalll 4 e Al als sl

i) ALY AL cllabadal bl L)

:Jlaall (4-3)

isjhﬁaﬁﬁlﬁjafjnﬁ1bu;.glﬂ%,am_)mﬁnﬂ'l.sj_;hﬁqﬂﬁjjﬂﬁ;;‘,mth

¢ IS Ll 2 oSl A pealiadl 6 e 5 el Juadll Ciieal (Sarg ¢ juaic 8



Al Jual! (1-4-3)

5 Yy gy kel Sn (e B8 5585 Ay A Y1 dalall 508 e Aadlll g Aadlall 560 s

8 s Lgdle 5 S0l pualiall (5 5 AGLANT pualiad 5y B Jleall ods Jisliy ¢ sl jee 4
iy e Ales 0 2 JS0 dl Beadla e 5l 0 ) ALY ¢ Ll gall 5 el IS et
nlin) i Al b Kasadd ) pall ey ZRCSH 5 ALEN) eslia) 038 Sad Hme A e Jaal]
LMy e gty o s lally o il saa g e Bl AT e el el el e g ¢ A0
o ALl ol calsl Liad vy ¢ x Al 5 el Gdaad 8 decdiadl 5 jlaadly ¢ Slulaill 3 ga

- alls daldll il gl g Alaall caiY)



o aiall g Aatiandd ol A ol IS iy (- ) o8 Jsiad s

SN 35S0 e Aaaianal 3l e i A0S 2( - )

Tile

Sand
Reinforced Concrete 25
Hollow Block 10
Plaster 22
Mortar 22
kalkal 0.1

Aall Lall (2-4-3)
¢ AR V) ity Sl g IS ity Aalaiall g o gall g el 3pals e i A Jlaadl A
b i g o Y Bagn e 005 O (Se eay AT e iy (e 2058 ) Jleal o) (S
CSapne W gty LA A gall y el 3 gty BYI y LalAlYT e JS Jlaall oke g gaty ¢ Ll
gl samall Jglaadl o Laiall Jf sall pasial Gagilay g g 2085 30y Jleal¥l 038 Jaie o Jpeaal
bl a8l e sl



A 38 ) g gl sassally g pdall B Aad Jleall G (- ) sl

AN 38 s il jealial Aadl Jlaall (- ) see

Lecture halls

Roof (including snow loads) 2
Cafeteria

Stairs 5

Corridors 4

Laboratories 3
Ateliers

Offices 2

Work Shops 5

Elevator 10

A LYl (3-4-3)



G olail g Jlakall 3 ciliad oy oA il Jleal g e 31 el Jlaaly 2l g 2 B0 Jlaal Jai

o LS Lgagain iy Bynll Jlaall o o S el 4 (5 AY ke

rlsd Juaal (1-3-4-3)

[mpmyd meal|

windward l.'.l:a_l A R

Wind pressure on building =

il e Ll Jleal (- ) Jd
2l de e e e (0 bl Jleal 3paa3 dlae g o uall e A 0 355 2 U0 Jlaal]
Ldiall agny ol Gaki e lias dilla) s (0 Axdgay i )¥) mhae o all gl ks iy 5 geadl
pi o Jpeanll 3 V1 280 slalel iy 5 5 AV il G ey eliie o) adl e pdge 4
: gl Al 3 el a2V 8
Q=0.613 (V,)*
V;=V.51.5,.53

S LT



(N/M?) sl g Aaindll g ) e gt e 20aa plE ) e 2Ll Sadindl Laaall 1 Q

diall gl el asanali Gy Al g dima gl o gl Ao s by 2l U dsapaal) de ) -V,
. (M/s) Lgiam 55 e slia

ct a8l e Jgte IS e daagy Y1 A e gk idaa 1 Sy

N S el daadl B L s ddaag e Y18 se g Jdea 1 S,

Cod Sl e ai el A as e i aagy Jlas) s 1S3

o PRSP PO [P R L QR E Y I [N PP Y
S1:1.0
S,:0.96
S3:1.0
V:35(m/s) ......... 4/5/3-b
= V, = 35*1.0*0.96* 1.0 =33.6 (m/s)
= Q= 0.613*(33.6)* =692.05 N/m? = 0.692 KN/m?



gl Leal (2-3-4-3)

(=) iy dpall sladilyy el whau e plis N 3 jee A Gz B Jlaal il oS4y
.L‘,,-'a-i_hr'l 580 G olidl i pall
(Y s adl e e YT s )l 1 - )




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

(71001) 3 sbss 53 5 ol mhans o el 160 3003 Sy Bl 7 g0 Jlanl i ) Vol
ey PR o DS B WO 1 T | P
SL = (h-400) / 400
SL = (1001 — 400) / 400 = 1.5 KN/m?
N Ll (3-3-4-3)
o lgie FE 4 Auall e i) ikl Al A8 el a1y A o gl e JY
—sall Aaglia Jlasal Al y specadll iz e Cpas Jlaa¥) o 28 o canyy Liidl e 55

s

Ay il e bl i e Spal palll e Gasle 0 g aoRall e b ke ia Ay

rdulaall i laay) (5- )

Ae L 0 JleeY) asen Le ey adgall G ondl i 5ol ae ne Y 2SI A ol Gu

i i A By play il Lfian iy Do glaall adaS g Gad gl slaall y  giaall p Ay Al oy ad gall aLISSL



Bearing ) iyl Jasisgi o Jpanll o LY putigad 4 gy Lo 85 Lo olidl e 4y 0

el Sl el .3 (Capacity

| & gSal) AAy) ealiall (6-3)

ansdl Lguany ae adaliii g ddlis 4005 clae] Ao pana e Aaliall dile Al e 3G lall ) S5
G Ay At pane (o (oS0 Aaduall AN lall 8 by ¢ sl e de g gal) Juaall 4 gl

D A A el (S eluactl 38 g ALENY) oliact|

il dall (1-6-3)

Jio Aaladl ealiall Y (g3 ganll 5 ghunall o Jas¥) Jiiy o gy g2 LY eaiall G2 5 e say
Domtaiy ¢ dadcadl Al Al CULOLN e AlaalNT Al g Sape g Al 5190 20 gig ¢ Sy o jaad)
Al Sldadl g gl ot 2 Al A lenall lalliall Slel pey sell 3 AdBA Gllledll e 23l 3 g )
gl
.(One way ribbed slab) sl gll slafl i3 Caamndl Silsie |
.(Two way ribbed slab) aslsil ds craall Sisse
.(One way solid slab) aa! gl slafyl i3 SGeiaall Siodall |

.(Two way solid slab) uslady) i dGacaall skl



(One way ribbed slab) 1al gl sladil il wuanll Sidbe (1-1-6-3)

sl g L (e i (e (555 D o3 3 i) et Rasiid) 3500 el saa] 4

(=) S e a LS sl alaily el S5 el

{* e Wy Fity Slak

Shrinkage and Temperature Bars
Topping =,

.J&jjﬂln?-jln_h;-hﬂ-“t:ﬂ:ldﬂnﬁljl :( - ) M
(Two way ribbed slabs) cpalafl Sid cuanll e (2-1-6-3)
pea B deall s dy Gualail sl 568 Jus e il LSl Sl Sl Sus e AR A0

(=) Sl gy olat) b caan g gl ) S sy 340 g s s e ol y clalay]

RO D PRI [ e |



— Two Way Rib Slab

|

Fovidia = ’ Shrinkage and Temperature Bars

i Block

Comladly cacanll 2 s (- ) I

(One way solid slab) ! gl slad¥l <) Aiewaall Ciddall (3-1-6-3)

dale paaiudy Acaddiall ASLand] | ks dlldy Al HaaS )88 e Y Al Slldl i aadid

. h'l,ﬂql.p?fl 3 Aacal] ":".IME"'-“H( - )M,EEJJE' Caa Sl ke



//— One Way Soild Skab

Main Reinforcement Bars

ank gl slad 03 Faadl skl (- )

(Two way solid slab) ¢utladyl i Aaaal) ol sdall (4-1-6-3)

S S el Rl b oY Gl p sl Ga g gl 138 el ) o galll S ol ey Lgha i

o ooalady) S eiaall Sldhall sy (- ) JSA g comladl 0 i) NGl o w Cua



i Twn Way Soild Skeh

Main Reinforcement Bars T
Main Reinforcement Bars

sl NSk Aeaall sadl (- )

21,81 (2-6-3)

I;h}.n.-.nﬁ:..ﬁ.n.l;’ J..1._:a]|- )...‘:'.'a‘lﬂ“:"ﬂ }5 @.H.L)El ‘Jm‘hllj.jiﬂh_lh'l‘_'}.ﬁ:'_{j j._"ll_)!i.auli ﬁw'&‘.ﬁ
Sl e A dad Jlaal) IS, 2 oal Jlesl Jeadi] Haaall Cdiall asenad dlead dgiliie g Al



§

II"'— shear wall

L Temperature & Shrinkag= Bars

T

T —— Shear 'Wall

o -3) d
tssaadl (3-6-3)

Jp—sin g BV e aladiad & g2l Y Cleae] e Jleall) i pg AL palic
A glial ST s ) e gl o a) Anglial A1 apal) Slanialy el 85 g gkl 5 g
ol g s sl gl e fpm sl mm i (- ) IS 5 il 5 68



..

,
S Bzam Flang

\

t Etonge block —J
Beam Web

i
Support (2) —~

support (1) — -~ /

-~ Bib

oy Al Ju o (-3) 0




saac¥) (4-6-3)

o= gl WLl N iy gy ildBad) e Meal) 8 i ) eaiall Baael) e

a—iss Jen o 5 %0 Cung Lpaganal g Ik sal iy Jlaall Jil (g 55 i L] aic

S ) g aapall g adiaddl pg il y elioal) Leie e JISS saeet adiliad o lgsle dadl gl Jlasll

$oMad PR | =aay (

- ) Sy Ay Al saeeY) e e e g siag Byl

EIREWR Y

i Fae

P s -,

Gl

Aaaiieal s2ae) 14 (e 1(10-3)

dl



toalll J s (5-6-3)

Ao glial i S5 aadiudy Lgle Jadl gl 38Ny A pend) 5 gl 0 gl Alels ALY jealic
G Ciliakay =L ) jasll s3a g (shear wall) el ol joa cendiy J5Y 30y =l 5 68 e 48800 Jlaa)
St Ly el Aldall o jasdl et 2 oy AN (5 il dajlie e LeliS e 30 s sl

cpalll 5 g dagiall Jlaa maay (- ) Syl LS 8

Vs Reinforcment Sars

Ehear Wall ——_

Base of the Wall e

ol gl A il las o 1(11-3)



- k] (6-6-3)

prana (o plgii¥) Smy 2y Lgasanad o) V] Ll ol die el fay Lo Jgl oa Sl o o a2 L
iy Al ) ALdal o jaall g st e Jleal! 8 il gl Gus sl 6 AGLEY) pealial) dalS

Al gl Jaal g Lelanti 598y 4 il ¢ gl L 3 g Ailide ) gl (e il haaid &0 i gaey

el Gl may (- ) SN g ol

_a_;,i:u,;_,..L...]:( -



(Expansions Joints)aaill Jual g ( - - )
Dok S e 2nadll el b 5 geail il
. Aldinal alaliall ot | - sy
CBplalt alliall G A -k
ALy 20 G Jodge AL S el die Jlaed) 8 30 Ty clibeall o3a 0L 5 (S,
e ol il af i go1 5 il gl SN Aok il Jlae Al iy ¢ a0,

o Sl gl o3 8 sl (i paad llalial ] 281w o JB il

gl il Wl ._,l'.'l e Bl ol (7-3)

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

JAtir Software for Structural Calculations .

Proken software for Structural Calculations .
Mb software .
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Design and Structural Analysisfor Element

(4.1) Introduction:

In this project, al of design calculations for all structural members would be made upon the

structura system which was chosen in the previous chapter.

This chapter starts with the calculation of thickness for slabs from ACI code, and the value had
been checked. The calculation of dead load and selection of live load had been done, then the
elements had been analyzed. After that the design for each structural element in the system to
select the effective section for element and its reinforcement of the profile had been done.

After the design of sections were made, the drawings of the sections to show the reinforcement

of every element were designed.

The design and calculation of reinforced building was controlled by the ( building code
requirements for structural concrete) — (ACI 318-2005) of the American concrete ingtitute.

NOTE:
Fc = 30 MPafor circular section but for rectangular (Fc=0.80* 30=24 M Pa)
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(4.2) Slabsthickness calculation:

(4.2.1) Thickness of one-way dab:

Min hfor simply field = L/16

=575/16 = 35.8 cm

Min h for one-end continuous = L/18.5
=603/18.5=325cm

Min h for both-end continuous = L/21
=345/21 = 16.4 cm

We selected h = 35cm.

(4.2.2) thickness of two-way dlab:

In(0.8 + fyj
1500

36+5b(a, -0.2)
And h must not less than 12cm. (ACI- 9.5.3.3)

fy

fome 2
Min h = 1500/ oca
36+ 9b

And h must not less than 9cm. (ACI- 9.5.3.3)

Minh= ;0.2<a <2

Assume minimum thickness of two-way ribbed slab is 35cm.
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For Beam (6+7+8):
- Y AY
Y_

S
(0.3)(0.35)(0.175) + (0.3)(0.65)(0.325)
(0.3)(0.35) + (0.3)(0.65)

Y = 0.27m= 27cm
b
3
_(06)027)° (03(0.08  (0.3)(0.38)° Fig. (4-1): Beam

I b
3 3 3 64748
l,=9.5x10"°m*

Y=

e For Beam (9) :

DAY
DA
(2)(0.2)(0.35)(0.175) + (0.4)(0.65)(0.325) - —*‘ —

<
1

<
1

(2)(0.2)(0.35) + (0.4)(0.65)
Y =0.27m= 27cm
> bh®
P 3
- (0.8)(0.27)° \ (0.4)(0.38)° .\ (2)(0.2)(0.08)°
; 3 3 3
|, =0.013m*

e For Beam (5):

- DAY

By

(0.9)(0.35)(0.175)
(0.9)(0.35)

Y =0.175m=17.5cm

Fig. (4-2): Beam(9)

Y=

Fig. (4-3): Beam 5
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3
- > bh
3
3
_ (0.9)((;.175) 2

|, =0.003m*

Iy

e For the Slab:

— Y AY

Y- ZZA

_ (2)(0.2)(0.08)(0.04) + (0.12)(0.35)(0.175)
(2)(0.2)(0.08) + (0.12)(0.35)

Y=0.116m=11.6cm

- (0.52)(0.116)° (0.52—0.12)(0.036)° . (0.12)(0.234)°

° 3 3 3

| =7.8x10"“"m*

| _ 7.8x10™*

° 052

<

Fig. (4-4): RIB

x5.13=7.7x103m*

I
a=-2
IS

I 9.5%x10°°
a1:a2:a3 :l_b:W:1.2

a,=0o-_ 0003 ;a9
I, 7.7x10

a =|_b:ﬂ=1_6
° I, 7.7x10°

a,+a,+az+a,+a; 12+1.2+1.2+0.38+1.6
a, = =
" 5 5
a,<2=1116<2

=1.116

{ACI (9-13.....equ.)} Will be used:-



Chapter Four

Design and structural Analysis for Element

l,(0.8+ F, /1500)
™ 36+5b(a,, —0.2)

b=t 720 1
L6

S

_ 7.26(0.8+400/1500)
" 36+5*1.21(1.116 - 0.2)

h,=18.6cm

=0.186m

(4.2.3) thickness of kalkal slab:

{ACI (9-5(C).....table.)} Will be used:-

without drop panels, exterior panels, with edge beams;

fy is 420, long span/ short span < 2

14.0/10.1=14<2

WeuseL,/33

L/33=10.1/33=30.1cm

We selected the thickness of kalkal slab 35 cm ,with 20 cm Height of kalkal

And 50 cm width , Length 60 cm with density 0.1 KN/m® ,as shown in the fig.(4-7)

Use an overall depth of 35 cm (27 cm block).
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(4.3) Design of dlabs:

(4.3.1) Calculation of dead load and liveload for oneway rib dab:

T
irine

Hiawl

‘ : e B Tigene
(5 VI

- "
‘ f e

Fig. (4-5): Section in one-way ribbed dlab.

Tiles  =(0.03) (23) (0.52) = 0.359 kN/unit
Mortar = (0.05) (22) (0.52) = 0.572 kN/unit
Sand  =(0.1) (17) (0.52) = 0.884 kN/unit

Topping = (0.08) (25) (0.052) = 1.04 kN/unit
Block  =(0.4) (0.27) (10) = 1.08 kN/unit
Rib = (0.12) (0.27) (25) =0.81 kN/unit
Plaster = (0.03) (22) (0.52) = 0.344 kN/unit

N o o b~ w D PRE

Total dead load for one way rib = 5.09 kN/unit.

Total liveload for oneway rib =5* 0.52 = 2.6 kN/unit.
Total dead load for oneway rib =5.09 / 0.52=9.78 kN/mz.
Total liveload for one way rib =5 kN/mz2.

Factor load From ACI code the equation tell that:
D, =1.2 (5.09) = 6.108 KN/unit

L. = 1.6 (2.6) = 4.16 KN/ unit
Qu=12D_+16L.=6.108 + 4.16 =10.27 KN/ m
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qu=12D, +16L,..
Qu=1.2(9.78) + 1.6 (5) = 19.74 KN/m2.

(4.3.2) Calculation of dead load and liveload for two way rib slab:

Fig. (4-6): Section in two-way ribbed slab.

Tiles =(0.03) (23) (0.52) (0.52) = 0.186 kN/unit
Mortar = (0.05) (22) (0.52) (0.52) = 0.29 kN/unit

Sand =(0.1) (17) (0.52) (0.52) = 0.459 kN/unit
Topping = (0.08) (25) (0.52) (0.52) = 0.54 kN/unit
Block  =(0.4) (0.4) (0.27) (10) = 0.432 kN/unit

Rib =(0.12)(0.52+0.52) (0.27) (25) = 0.842 KN/unit
Plaster =(0.03) (22) (0.52) (0.52) = 0.17 kN/unit

N o a ~ w DN PRE

Total dead load for two way rib = 2.9 KN/unit.

Total liveload for two way rib =5* 0.52*0.52 = 1.352 KN/unit
Total dead load for two way rib = 10.72 KN/m2,

Total liveload for two way rib = 5 KN/m?2.

Factor load From ACI code the equation tell that:
DL =1.2 (2.9) = 3.48 kN/unit
LL = 1.6 (1.352) = 2.16 kN/unit
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From ACI code

qu=12DL +16LL.

gu = 3.48 + 2.16= 5.64 KN/m.

qu=1.2(10.72) + 1.6 (5) = 20.8 KN/ mz,

(4.3.3) Calculation of dead load and liveload for kalkal slab :

Fig. (4-7): Section in kalkal slab

Tiles =(0.03) (23) (0.62) =0.427 kN/unit
Mortar = (0.05) (22) (0.62) = 0.682 kN/unit
Sand =(0.1) (17) (0.62) = 1.054 kN/unit
Topping = (0.08) (25) (0.62) = 1.24 kN/unit
kalkal =(0.5) (0.0.2) (0.1) = 0.01 kN/unit

Rib =(0.12)(0.2) (25) = 0.6 KN/unit

Plaster =(0.03) (22) (0.62) = 0.4 kN/unit

Bottom reinforcement= (0.07) (0.25) (0.62)= 1.085

O N o g b~ w DN

Total dead load for kalkal slab = 5.5 KN/unit.
Total live load for kalkal slab = 3.1 KN/unit
Total dead |load for kalkal slab = 8.87 KN/m?2.
Total liveload for kalkal slab =5 KN/m2.
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Factor load From ACI code the equation tell that:
DL =1.2 (5.5) = 6.6 kN/unit

LL = 1.6 (3.1) = 4.96 kN/unit

From ACI code

qu=12DL +1.6LL.

gu = 6.6 +4.96 = 11.56 KN/m.

qu=1.2(8.87) + 1.6 (5) = 18.6 KN/ m2.

(4.3.4) Design of topping for one way ribbed dlabs:

Dead load of rib=b* h* D

=0.12*0.27* 25

=0.81 KN/m

DL = (Tota dead load of rib) — (dead load of onerib)

=29 08, _ g oz knime

0.52 0.52
LL =5KkN/m?
q, =12(DL) + 1.6 (LL)
=12(8.23) +1.6 (5
= 17.8 KN/m
=>» For aone meter strip g, = 17.8 KN/ m

(4.3.5) Calculate of ultimate moment (one-way):

Assume slab fixed at supported points (ribs):
q,*1?  17.8%(0.4)°

M, = =0.23KN.m
12 12
From the ACI code:
— *
Mn=f_*s
* 2 * 2
S= b* = 100 (8) =1066.67cm®

6
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f,=042,/f
f, = 0.42+/24 = 2.06MPa
Mn=055xF, xS

Mn = 0.55x 2.06x1066.67x10° = 1.2KN.m> 0.23

So the topping is plain concrete.
shrinkage and temperature reinforcement is required according to ACI(318)-05 code:

According to AClI-code........ (7.12.2.2):
Whenfy <420 =» r =0.0018

As,, =0.0018xbxh
As_. =0.0018 x100x 8 = 1.44cm>

Select 1 ®10/25 cm (4 ®10/1m) in both direction ...
As =3.16cm?/m>1.44cm?* /m

provided
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(4.4) Design of Rib (#4) at Ground Floor:

i ]II'
———a : |1”'
o = L | |

Fig. (4-8): Ribs and beams distribution.

F EA— A G0 7 ~kE9— e _.-{I’
p ViED i i -

Fig. (4-9): Spans of Rib.
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-48.1
A NS
1.282.41 ..
L _.i.. ____#.l
o -
iy . 1.17/1.6] | R ——
1.7 : | 0.5 3.3
o £
12
2.54 . 3.81 | 2.76 . 1.18
Fig. (4-10): Moment Diagram of Rib.
-41.2
422
1 —11._5“":;i
s . =l
= 293 =110
32.42 16.0

Fig. (4-11): Shear Diagram of Rib.

(4.4.1) Design of positive moment for the selected ribs at the ground floor:

In thisrib the max. Clear Space of span = 5.7m
be - 0.52m

Use Mu ma. Positive for all spans=42 KN.m
Mp=42/0.9=46.6 KN.m

Determine whether the rib will act as rectangular or T-section:
Assumea=t=8cm

C=0.85f, xaxh
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C=0.85(24) (8) (52) = 848.6 KN
d=h-cover—-®/2=35-2-2/2=32cm

Mn =T or C (d - t/2) = 848.6*10° (320 — 80/2) = 237.6 KN.m
MnN available =237.6KN.M > MN required =46.6KN.mM

Then design as arectangular with by =52cm

fy 400

= = =19.6
0.85* fc  0.85*24

6
R - an _ 46.6x10 _087Mpa
b*d®  520*(320)

- _(1_ 1- 2m_)
fy
1 \/ 2(19. 6)(0 87)) 0.0022
19 6
As=r xbxd
As=0.002x52x32=3.328
ps. =225 fe (bw(d) 14bw(d) (ACI ~10.5.1)
fy fy
As_ = 0.2524(12)(32) , 1412)32) (ACI —10.5.1)
400 400
As ., =117<134............thelarger control
As . =1.34cm’
AS> ASyin...nennnnn ok
So select 2016 -
AS oiged = 4.02C2.,

Fig. (4-12): Cross
Section for Rib where
positive moment is

applied
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ACI check for reinforcement:
T=C
Asxfy=0.85x f,xbxa

402* 100* 400 = 0.85* 24* 520* a
a=15.15mm
x=2 55 178m
b, 0.85
e, 0003
320-17.8 17.8
= e, =0.05>0.005

And not less than 0.004
Ok .... Singly reinforcement is required.

(4.4.2) Design of negative moment for the selected ribs at the ground floor:

Maximum negative moment is Mu =34.5kN.m

Mn=34.5/0.9=38.3 KN.m
d=h-c-®/2
=35-2-22
=32cm
be - bw=12cm

fy 400

m= = =19.6
0.85* fc  0.85*24

* 6
_ Mn _ 38390° o0
b*d? 120" (320)

Rn

2mRn
fy
r= ﬁ(l— \/1— —2(19';2 83.11) ) =0.0084
As=0.008 (12) (32) =3.22cm
According to ACI-code (10.5.1):

r :1(1— 1- )
m
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_ 0.25/24(12)(32) | 1.4(12)(32)

As = A s A e (ACI —10.5.1)
400 400
As . =134cnt <3.22cn?............thelarger controls
AS> ASmin...vooen.... 0K
Select 2P 16
AS providaj = 4.02 sz.
ACI check for reinforcement: N
T=C - _ —
Asxfy=0.85 f'cxbxa
402*100* 400 = 0.85* 24* 520* a
a=15.15mm Fig. (4-13): Cross
a 1515 Section for Rib where
=5 E =17.8mm negative moment is
1 ' applied.

e,  0.003
320-17.8 17.8
= e, =0.05>0.005

And not less than 0.004
Ok .... Singly reinforcement is required.

(4.4.3) Design of shear for the selected Rib at ground floor:
V, =318

0.50Vc =0.5x% O.75><% fc xbwxd

= o.5xo.75x%@ x120% 320 =11.77KN

0.50Vc=11.7KN <Vu=31.8KN...... No shear reinforcement isrequired....Use1®8/15cm
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(4.5)Design of two way rib:

Fig. (4-14): The Selected rib
We design it astwo way solid slab for 1 m strip.
Lx=6.64m
Ly=80m
L, 80 _

L. 664

X

h=35cm> h,,, =12.5cm
qu = 20.8KN /m?

1.2<2

For Imstripin X & Y directions from tables of solid slabs:
Kfx=30.0
Kfy=44.0
KAx=1.75
kAy=1.87
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g, xIx®  20.8x6.64°

M, = =30.5KN.m/m
K, 30.0
2 2
M, = g, xIx” _20.8x6.64" _ 20.8KN.m/m
Ky
Axe xIx _20.8x6.64 _ 28.9KN/m
KAX 1.75
Ay = g, xIx _20.8x6.64 _ 73.8KN/m
kAy 1.87

For two way rib we take Mu/2 in both directions
Muyx = 30.5/2=15.25 KN.m/m
My = 20.8/2=10.4 KN.m/m
(4.5.1) In X-direction:
Mn =15.25/0.9 = 16.9 KN.m

d=h-c-®/2
=35-2-2/2
=32cm
i~ fy 400
0.85* fc  0.85* 24
Mn 16.9*10°
= = =1.37Mpa
R, b*d? 120*(320)* P
, =i 1- |- 2mRn)
m fy
rota- Jl_w) — 0.0035
19.6 400

As=0.0035 (12) (32) =1.334cm’

_ 0.25124(12)(32) | 1.4(12)(32)

ASmi n
400 400

As . =1.34cn? <1.344cnt ............thelarger controls
As=1.344cm* .......... ok

.................... (ACI -10.5.1)
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So select 210 for rib in x direction
As =1.58cmz.

provided

(4.5.2)Design of shear for the selected Rib in X-direction at ground floor:
V, =78.9KN

0.50Vc=0.5x% 0.75><% fc xbwxd

= o.5><0.75x%@x120x320:11.75KN

0.50Vc =11.75KN <Vu=78.9KN...... No shear reinforcement isrequired....Use1d8/20cm
(4.5.3)In Y-direction:

Mn =10.4/0.9=11.55KN.m

d=h-c-®/2
=32cm
m= fy - = 400 =19.6
0.85* fc 0.85* 24
Mn  11.55*10°
= = =0.93Mpa
R b*d? 120*(320)° P
. i (1 - 2mRn)
m fy
r= i(l— \/1——2(19'6)(0'93) ) = 0.0023
19.6 400

As = 0.0023 (12) (32) =0.88¢M”
_ 0.2524(12)(32) _ 1.4(12)(32)

A, =—NETEROE)  ZHCERIE) e (ACI -10.5.1)
400 400

As_. =1.34cn? >0.88cnt ...........thelarger controls

AS<ASmin.......... ok

As=1.34Cm’

So select 2910 for ribiny direction
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As =1.58cmz.

provided
(4.5.4)Design of shear for the selected Rib in Y-direction at ground floor:
V, =73.8KN

0.50Vc=0.5x% 0.75><% fc xbwxd

= o.5><0.75x%@x120x320:11.75KN

0.50Vc =11.75KN <Vu=73.8KN...... No shear reinforcement isrequired....Use1d8/20cm
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(4.6) Design of Rib (#11) at Ground Floor:

=

\

Fig. (4-15): Ribs and beams distribution.

9.6

W
N £x)

10,2

Fig. (4-16): Spans of Rib.
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Fig. (4-17): Shear Diagram of Rib.

5l 4L5 S
|

£l

Fig. (4-18): Moment Diagram of Rib.
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(4.6.1) Design of positive moment for the selected rib at the ground floor:
In thisrib the max. Clear Space of span = 9.6m
be - 0.62m
Use MU yax. Positive = 144.5 KN.m
M, = 144.5/0.9 = 160.55 KN.m =
Determine whether the rib will act as rectangular Al |
or T-section: 1 {
Assumea=t=_8cm ' I.
C=0.85f xaxh, P A
C=0.85(24) (8) (62) =1011.84 KN = R

d=h-cover—-®/2=35-2-2/2=32cm , ,
Fig. (4-19): Cross section
for rib where positive
moment is applied

Mn =T or C (d - t/2) = 1011.84* 10° (320 — 80/2) = 283.3 KN.m
MnN aaitanie =283.3KN.m > Mn required =144 5KN.m

Then design as arectangular with by =62cm

fy 400

- = -19.6
0.85* fc  0.85* 24
6
R - |v|n2 _ 144.5x10 _ 2.276Mpa
b*d®  620*(320)
N LA
m fy
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o1 0 \/1_ 2(19.6)(2.276))=0'006
19.6 400

As=r xbxd
As=0.006x 62x 32=11.9cm2
Ageq= 11.9/ 0.62 = 18.7cm?/ m

e 0.25,/ fc~ (bw)(d) _ L4(bw)(d)

g S > TL (ACI -10.5.1)
fy fy
As .. = 0.25724(12)(32) > 14l2)s) (ACI -10.5.1)
400 400
As. =117<1.34...........thelarger control
As,.. =1.34cm?
AS>AShin.......... ok

So select 6020 in main direction
AS oviged =18.84CP.

ACI check for reinforcement:
T=C
Asxfy=0.85x f,xbxa

402*100* 400 = 0.85* 24* 620* a
a=12.71mm
a_ &71 =15mm
b, 0.85
e, 0003
320-15 15
= e, = 0.061> 0.005

And not less than 0.004

Ok .... Singly reinforcement is required.

For Asin the secondary direction

A for shrinkage and temperature or 1/5 Agin main direction
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Asfor shrinkage and temp. = 0.0018 * b* d
=0.0018* 100 * 8
= 1.44 cm?

1/5*Asin main direction = 1/5* 12.56
= 2512 cm?

Asin the secondary direction = 2.512 cm?

For Asin the top layer:
A for shrinkage and temperature
Asfor shrinkage and temp. =0.0018* b* d

=0.0018* 100* 8
= 1.44 cm?®

(4.6.2) Design of shear for the selected Rib at ground floor:
V, =52KN

0.50Vc=0.5%x0.75x %w/ fc xbwxd

=0.5x0.75x %Jﬂ x120x 320=11.77KN
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(4.7): Design of beam (B8) at third floor:

Fig. (4-20): The Selected Beam.

(4-21) spans of the beam
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-hilid 4

555.2  -ndv.?

; ”L‘.Uft.l A1

-435.5

-326.3 _-375.6

b i

449 =

3675

|
I
'IIHJI

L2g

3.4

Fig. (4-22): Moment Diagram for the Selected Beam

oo 45!!].2
|
308470-2
sk 4 BB

-dif.

LO2.%

Fig. (4-23): Shear Diagram for the Selected Beam.

(4.7.1) Design of positive moment for (span #1):

d= 65—4—1—2: 59cm

Mu =387.5KN.m

Mn =m =% =430.5KN.m
()] 0.9
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Assumethat T, =a=35cm
Mn, =0.85* f_*b, *h,(d-f,/2)
Mn;, =(0.85* 24* 800* 350(590-17.5)*10°)

M n Ca|cu|ated= 3270.12 KN.m > M nprovidm =430.5

Then Section behaves as arectangular.

Rn:ﬂ

bxd?
6
n :M =1.55Mpa.

800x (590)

m = fy - = 400 =19.6
0.85x fc  0.85x 24

S I A
m fy

Lo 1 - \/1_ 2(19'6)(1'55)):0.00 4
19.6 400

ASeq =p* b*d=0.004* 80 * 59 = 18.88 cm?

Use 3® 32
A, provided =19.63cm’

ACI check for reinforcement: ot

T=C
Asxfy=0.85*f_*b*a
18.88* 100* 400 = 0.85* 24* 800* a

a=46.3mm

X=3_%3_ e

b, 085
e, 0003

590-545 545
= e, =0.029>0.005

Fig. (4-24): cross
section for positive
moment at span #1.




Chapter Four

Design and structural Analysis for Element

And not less than 0.004

Ok .... Singly reinforcement is required.

As - 0.251/24(400)(590) . 1.4(400)(590)
min 400 B 400

As . =8.26cm” <18.88cm’.......the larger controls

.................... (ACI —10.5.1)

As =19.63cnv’

provided

(4.7.2) Design of negative moment between span (#1) & (#2):

d= 65—4—1—% =59cm

Mu =555.2KN.m

Mn = Mu _5552_ 616.9KN.m
) 0.9

Rn=£ | ies = o o
b* d2 125 e
* 6
n= 616.9*10 __44Mpa
400* (590)
fy 400 Fig. (4-25): cross
m= 0.85x fc N 0.85x 24 =196 section for negative
moment between span
(#1) & (#2).
. 1(1_ 1- 2mRn)
m fy
r= L \/1_ 2096)(44)) _ 5 0195
19.6 400
Areq.=p*b* d=0.0125* 40 * 59 = 29.5 cn?
Use5® 28

A, provided = 30.79cm?

ACI check for reinforcement:
T=C
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A* fy=0.85* fc' *b* a
29.5%100* 400 = 0.85* 24* 400* a
a=144.6mm
X =2 1446100 1mm
b, 5
~ 590-170.1

e
s 1701
— e, =0.0074 > 0.005

And not least than 0.004 .......... ok, singly reinforcement is required.

*0.003

(4.7.3) Design of positive moment for (span #2):

d= 65—4—1—% = 59cm

Mu =389.3KN.m

Mu
Mn——= % =432.6KN.m

Assumethat T, =a=35cm
I\/Inf =0.85* fc*bf * hf (d— fh /2)
Mn, = (0.85* 24* 800* 350 (590-17.5)*10°)

MnN cacuiaed= 3270.12 KN.m > Mn provided =432.6KN.m
Then Section behaves as arectangular.

Rn :m
bx d?
6
n= m =16 Mpa_
800x (590)
M= fy B 400 _
0.85x fc  0.85x24
; :1(1— 1- 2mRn)
m fy
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ro—t - \/1——2(19'6)(1'6) ) = 0.0042
19.6 400

AS e =p *b*d=0.0042* 80* 59 = 19.7 cn? i~ Y R
Use3d 32 - L ' 1

. 2 e k
A provided = 24.12cm gl | v

ACI check for reinforcement: T R oE
T=C

Asxfy=0.85*f_*b*a

19.7*100* 400 = 0.85* 24* 800* & Fig. (4-26): cross
_ 483 section for positive

a=40.omm moment at span #2

a._ 483 =56.8mm

b, 0.85

e, ~0.003

590-56.8 56.8

— e, =0.028>0.005

And not less than 0.004

Ok .... Singly reinforcement is required.

As,,, = 22V2AA00%0) , 1AE00E0) (ACI ~10.5.1)
400 400

As . =8.26cm” <19.7cm’.......the larger controls

As = 24.12cny?

provided
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(4.7.4) Design of negative moment between span (#2) & (#3):

Wewill design it asL- section
2
d= 65—4—1—5: 59cm

Mu=375.6 KN.m

Mu
Mn=——= @ =417.33KN.m
) 0.9

Rn :I\/I_ﬂ2
b*d
* 6
n :M: 24Mpa
500* (590)
m=_ ¥ _ 40 .96
0.85x fc  0.85x 24
; =l(1— 1- 2mRn)
m fy
rot - \/LM)ZO_OOM
19.6 400
Areq=p*b*d=0.0063* 50 * 59 = 18.88 cm?
Use4 & 28
A provided = 24.63cm’ T e

ACI check for reinforcement:

T=C LA _ha

Fig. (4-27): cross
section for negative
moment between span
(#2) & (#3).



Chapter Four

Design and structural Analysis for Element

A* fy=0.85* fc' *b* a
18.88* 100* 400 = 0.85* 24* 500* a
a="74mm
X=2_" _g71mm

b, 085
o _590-87.1

ST 871

— e, =0.0173> 0.005

*0.003

And not least than 0.004 .......... ok, singly reinforcement is required.

(4.7.5) Design of shear for the selected beam:

ACI - 318 — Categories for shear design:
VU gitical = 525.9 KN

Use ®10 with two legs

Av = 2*3.14*12/4 =1.57 cm2

1. Vu< %CDVC

1(I)VC:EXCI)—“]CCX b, xd
2 2 6

x 400x 590

1 1 V24
6

=—0®Vc=—x0.75x
2 2

=72.26 KN
Length of the region:

Lov

x1=2 -2 5o
qu 331.52
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1
Vu> ECD Vc............not control

No shear reinforcement is required

Use 198/20cm......... the minimum shear reinforcement

2. %@Vc <Vu < dVc

%(DVC:ExCD “;C xb, xd

dVe=72.26x2 =144 52KN
Vu>d Vec............not control
Length of the region:

oV, X1 144.52
qu 331.52

X2= -0.21=0.23m

Minimum shear reinforcement is required
Use 148/20cm
3. ®Vc <Vu < dVe+DdVs

®Vs ;. =0.75 (%) x bw xd

®Vs,, =0.75 (% )x 0.4x 0.59 = 59KN

OVC+ Vs, =59 +144.52 = 203.52KN

Vu>®dVc+ dVs,, ............not control

Length of the region:

x3= DVCE VS, 5y %q-20352_ 451 023-0.17m
qu 331.52

Minimum shear reinforcement is required

®Vs ;. =0.75 (%) x bw xd
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®Vs,,, =0.75 (%) x 0.4% 0.59x 10 = 59KN

OVs,, =DVs,;, =59KN

_®* Av* fy*d _ 0.75*1.57%100* 400* 590

S DVs,, 59* 10° = 47.dem
Se < % = 5—29 = 29.5cm
Then Select S= 20cm <g ............... ok
4. OVc+dVs,, <Vu<odVe+d \/? xbwxd
dVs=0 \/;_C xbwxd
OVs = 0.75x \/2_4 x 400 x 590 = 529.91KN > Vu......... controls.

Length of the region:
X4=6.12-0.98-0.98-0.8=2.16m

®Vs,, + PVc=Vu
= OVS§,, =Vu - OVc=434.8-144.52 = 290.28KN

_O* Av* fy*d  0.75*1.57*100* 400* 590

Sieq - =9.57cm
' DVs,, 290.28* 10
S< % = %9 =14.75cm.............. controls.

Select 1 ® 10/ 10cm
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(4.8): Design of Column (C8) at ground floor:

Design of column without moment:
From ACI-318....Ch.10.3.6.2 equation 2 for tied column:

p, =4222.2KN

Cp, 42222
I:)n mx) ~ A ~E
0.65 0.65

P, mag = 0.8*Ag{0.85 fc'+r (f, —0.85f, )}

= 6495.6kN.

Assumer g = 0.015
6495.6x10° = O.8Ag,eq{ 0.85% 24+ 0.015(400- 0.85% 24)}

Ag,, = 3111.6cm’

When we select square column:

a* b=3111.6cm?

a=b=+/3111.6 =55.7cm

select (60* 60 cm column) with Ag = 3600cm?

To check is the column short or long:

kL _ k.L _ D(E.66)
r  0.3(h) (0.3)(0.6)

6495.6x10° = 0.8* 360000{ 0.85* 24+ r | (400—0.85* 24)}

r, =0.0056<0.0L......... ok
selectr , =0.01

A_0.01x 60x 60 = 3600cm’
select12f 20

withA, = 37.7cm?

=20.3<22..........itisshort column.

Fig. (4-28) Column
section
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e Design theties of the column:

0 (48) tie— bar diameter =48 (1.0) =48 cm..

0 (16) longitudinal — bar diameter = 16 (1.2) =

0 least columndimension=25cm.

soselect 1910 @ 18cm.

19.2 cm.

Fig. (4-29)Column
ties
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(4.9) Design of Circular Column (C43) at first Floor:

Design of column without moment:
From ACI-318....Ch.10.3.6.3 equation for spiral column:

p, = 3740KN
To check is the column short or long:
M334—12ﬂg40 ............... ACI —(10.12.2)
r M2

r=0.25xD......... for circular columns
X386

0.25x 0.60

.. ShortColoumn

p =P _370_ 00 gekN.

"m0 077 07

Assumer g = 0.02

P

n (max)

= 0.85xAg{0.85 fc'+r ,(f,—0.85f,)}
5342.86x10° = 0.85Ag,,{0.85x 24+ 0.02(400 — 0.85x 24)}

Ag,o, = 2245.54cm?

When we select square column:

/4>< A /
D= greq _ 4x 224554 —53cm
P p

=>» Sdlect D =60 cm

2 2
With Ag,,, = X4D =P Xfo = 2827.43a7

5342.86x10° = 0.85x 2827.43(0.85x 24+ I (400 0.85x 24)}
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0.00113>r , =0.018>0.001............. ok

A, = 0.0113x 2827.43 = 32cm’
uselOf 20

As =32.2cm?

provided

e Design the Spiralsof the column:

. ———
rs:O.45x[i—l}<f—C ¢ &
A fy !
; 5 s
2 10¢20 !
A, =—xD,
& @
D, =h-2xC S
D, =60-2x4=52cm
P . ”
A _ZX 52° =2123.7cm
Fig. (4.30) Circular
2827.43 24
re=0 45{ 1237 —1}% =0.009 Column (C6) section
s - 4xa,x(D,.-d,)
e rex DC2
. 4><0.785><(522—1) _ 61om
0.009x 54

Select S, =5cm
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(4.10): Design of Isolated footing (F7):

(4.10.1) Determination of Loads & Area of footing:

Total factored load for column (C8)= 6238.5 KN
Allowable soil pressure = 500 KN/m?2
Determination of required area of footing:

_ total load

= 14s

_ 62385
1.4x500

a=b=+8.91=3m
select3.1x3.1=9.61m* > A,

=8.91m*

Fig.(4.31)
Isolated footing



Chapter Four

Design and structural Analysis for Element

(4.10.2) depth Deter mination by check of punching:

Pumax = 6238.5KN

Selecth =100cm

d=90-5-1-1=83cm

b, = Perimeter of critical section taken at sessessy
(d/2) from the loaded area 60

310

b, =572cm

Bc = proportion of column dimensions
60

=—=1

60 Fig.(4.32)
a = 40........interior column Shear critical section

310

Bc

The punching shear strength is the smallest of:

DV, =0.75x 1 f, x b;d = 0.75x+/24 X&;&% = 5814.6KN.....controls

®V, =0.75x (1+ bi}l f x

C

b°6d — 0.75x (1%}@ x w _ 8722KN

b,d
12

DV, =0.75x| 251 2|{f,
b, /d

(o]

— 0.75x ( + 2}@ « % —11344.6KN

40
5720/830

Where:
oV >V

Vuc,iticaj =Vu -S allow.A:ritical
V, = 6238.5-500x (1.18x1.18) = 5542.3KN

@V =5814.6KN >V, = 5542.3KN . the selected depth is OK
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(4.10.3)Deter mination of bearing pressure :

Resultant moment around X - axis: -

Mg =0
Mg, =0
s =u_ 62385 _ g0 kN R EREEER
A 31x31
S e = 649.2KN/m? <1.3x1.4xs
a SRS dlow 649.2 KN/m?
S ma =910KN /m? . theassumption is correct Fig.(4.33)

Applied Bearing pressure
(4.10.4)Design of Bending:

e design in plain concrete:

125

> Mg =649.2x1.25x == x3.1=1572.3KN.m
| 2

St <S¢
s, = 0.42x,[fc' = 0.42x~/24 = 2.06Mpa

3
f an:O.55xsTx% 310

3 L v
— 055x 2.06x S1¥ 990" 109 _ 426.8KN.m
f X Mn = 4268 < MU = 15723KNm 310

Fig.(4.34)
Moment design section

=>» not satisfied ............. Design in reinforced concrete
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e Designin reinforced Concrete

Mu=1572.3kN.n

Mu _Mu_ %}’:1747|<N.m
f 0.9

fy 400

m= - = =19.6
0.85x fc  0.85x 24
6
R - an _ 1747 %10 _—0.696MPa
bxd® 3100x (900)
; :1(1— 1- 2mRn)
m fy
r = i(1— \/1— —2(19'6)(0'696) ) =0.00177
19.6 400

As = (0.00177) (310) (83) =45.56 cm?
According to ACI-code (10.5.1):

As . = O.ZSE(3100)(83O) > £(31oo)(83o)
(400) 400

As . = 78.78cm* < 90cm®

1.3x As,,, =1.3x 4556 = 69.23c’............ controls

As . =69.23cm’
As, < As,, = As,, = As,;, =69.23cm’

Select 1 & 20/15cm in both directions.
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(4.10.5) Design of Dowels:

f xP, =f x(0.85x fc'xAg) > pu
= 0.65x 0.85x 24 x 500% = 3315 < Pu = 6238.5KN
—f xP, =f x(0.85x fcxAg + Asx fy)

- 2
L Ase 6238.5x10° — 0.65x 0.85x 24 x 500 —11.24cm?

0.65x 400

— Select 6 ® 16

(4.11) : Design of strip footing :

Weight of wall = height x thickness of wall x Im wide x g qee
=20x0.30x1x 24
D.L =144kN/m | ‘
L.L =5kN/m

-
= &

(4.11.1)Deter mination of footing depth: | ey

Assume the footing depth  d=40cm.

Allowablenet soil pressure=q,,,, - 9d
=500-(18x 0.4). :
= 490 KN/m2 o e H

Footing width = 144 _ 0.3m
490

So select 0.7 m width strip footing.

Total load factored (q,) = 1.2D +1.6L =180.8 kN/m.  Fig.(4.35)
Strip footing section
qu 180.8

= = 258.28 KN/m?.
area 0.7x1

net

DV, = cp%w/ t'b,d= o.75x%@ « (700) x (d) = 428.7d

TEETION 1IN STRIE POOTING
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Vu= @) (M

0.7-0.3

= 258.28 x =51.65kN.

DV, =V,

428.7 d=51.65
d=120cm ....Then h=(120+5+ 0.6 +1.2) =18.8cm soselecth=30cm.

d=23cm
(4.11.2) Determination of reinforcement for moment strength :

w—bw,, w—bw

Mu = (Pnet
(Pnet) ( 5 ) 2 )
07-03. 0.7-03
= 258.28
O 0HOT 03
Mu=52KN.m
Mn= Ml _ 52 _ g oanm
® 09
0.85x fc _ 0.85x 24
anﬂ
bxd?
6
=Llozzo.l%l\/lpa
700 (230)
T LA L
m fy

= i(1— Jl—w) =0.0004<r ;, =0.0018....controls.
19.6 400

Areq=r ., x bxd=0.0018x 70x 23=2.9cnv?

#0OFf bar =22 —37.....sdlect (50 10).
0.79
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(4.11.3) design of longitudinal bars :

Areq=r ., x bxd=0.0018x70x23=2.9cm? 4 (5010).

(4.11.4) Design of Dowels

f xP, =f x(0.85x fc'xAg) > pu
=0.65x0.85x 24 (300x1000) = 3978KN > Pu = 221.41KN.....satisfied

= minimum reinforcement is required
= Asmin = 0.0018 Ag = 0.0018 x 30x100 = 5.4cm”
= Sdlect 5 12/1m...... for the two faces

(4.12) Design of mat foundation:

(4.12.1) Determination of Loads & Area of foundation:

J\ J\ ",
b} L] b
\

LEVEL
E - ! -'-|.I|-"
a R R R Sholeomhino oo | b
i ¥ | | z i s vy s 1| J—ﬁr
iisnmem | | 187 0B I ras o | | ?lfﬂ;’.‘i\ﬂm
: | BAMPRLOEIAS | | |
| | | l
[ I
3 | | Y 181E/T06m
I &S BT
N T T T s 2 T W e 8 1 ¥
E 1 [t R R A R A A e e e e L R Ty P il 8 4]
it il pcrd B a4 o. e oS aos aAxT @R
- + i

Details of (M)

Fig.(4.36)
Mat foundation section
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Dwai=0.3%20%25=150 KN/m.

Tota dead load Dy;=150+2.5= 152.5 KN/m.

Tota liveload Li=10/(1.7%2 + 2.4%2)=1. KN/m

QU for devator =1.2D+1.6L.=185.1 KN/m

QU wai =1.4D=210KN/m

PU wall devator =185.1%(1.7%2 + 2.4%2)= 1517.82 KN

PU wai = 210%(1.3%2 + 3.91x2) = 2188 KN

PU columns =600+600+1000=2200 KN

Allowable soil pressure = 500 KN/m?

Total load Pr,=1517.82+2188+2200=5905.82 KN
_ total load

o 14s

_5905.82
1.4x 500

select 3.6x4.5=162m" > A,

8.5m?

(4.12.2) Depth Deter mination by check of punching:

Pu=1181.2KN....foronewall
Selecth = 50cm

d =50-5-1=44cm

The punching shear strength:

DV, = 0.75><%1/ f xbxd= 0.75x%@x 4510 440 = 1215KN

Where:

®V, =1215KN >Vu=1181.2 ........ no shear reinforcement is required
.. selected depth is OK
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(4.12.3)Deter mination of bearing pressure:

P, 5905.82

A 36x45

= 363.75KN / m?

s <1.3x14xs,,, --theassumption iscorrect

£

PRI 11

|

i s R T

Fig.(4.37)
Bearing pressure diagram

(4.12.4) Moment calculation at the required sectionstor design:

Moment around X-axis at Section(1-1):

My, =363.75x 0.3 % x 3.6 =58.9KN.m

at Section(2-2):

M, 5 = 363.75x 0.3x % x 4.5=73.82KN.m

ar

ATl

To find the value of the moment which affect the top reinforcement we have to

determine the zero shear point:
1181.2=363.75xdx4.5
=d=0.72m
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0.72?

M 5 5 =—1181.2x(0.72~0.45) + 363.75x 4.5

=106.32KN.m
= .. no top reinforcement isrequired

(4.12.5) Design of reinforcement :
Design of reinforcement For M(1-1)& M(2-2):

£

) |

R

e

| - X - 3 A
B

2

=

Fig.(4.38)
Required sections for design
Mu =58.9KN.m
Mn = Mu_289 _ 65.5KN.m
® 09
fy 400

m= - = 219.6
0.85x fc  0.85x24

Mn 65.5x10°

Rn = 5= > =0.338 N/ mm?2
bxd® 1000x (440)
m fy
1 \/1_ 2196)(0338), _ 5085
19.6 400
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A =T x bxd=0.00085x100x 44 = 3.74cm?

As, = O.ZSE(bW)(d )> %(bw)(d) .................... (ACI —10.5.1)

(fy)
i

As . = o.25ﬁ(1000)(440) =13.47cm? > £(1000)(440) =15.4cm?
(400) 400

Asmin shrinkagetemp = 0.0018* 100* 50= 9cm/m?
As control =9cm/ m?

= select5 P16/IMyyith Ag= 10.05 cm?

Mu =73.82KN.m
_Mu_ 7382

Mn 1292 _ g2 IKN:m
® 09
me_ ¥ _ 40 1496
0.85x fc  0.85x 24
6
Rn=_Mn_ 82LA0" 6 o s Ny mme
bxd® 1000x (440)
r =L o 2mRy
m fy
L Jl_w)zomm
196 400

A =T x bxd=0.00107x100x 44 = 4.7 cm?

As, = O.ZSE(bW)(d )> %(bw)(d) .................... (ACI —10.5.1)

(fy)
i

As. =025-2% (1000)(440) = 13.47cm? > 4 (1000)(440) = 15.40m?
(400) 400

1.3* Asreg = 1.3*4.7= 6.11cm’/m
Asmin shrinkagetemp = 0.0018* 100* 50= 9cm/m?
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— 2
A S control —gcm/ m

= select5 P16/IMyyith Ag= 10.05 cm?

(4.13) Design of stairs:

[ LTI

L3+L, ol staars

- C.4m Sl J1.9m

Fig.(4-39) loads of stairs

(4.13.1) loads of landing :

H- plate = (0.04) (22) (23/30 = 0.675 kN/m?

V- plate = (0.03) (22) (17.5/30) = 0.385 kN/m?
Concreteplat = (0.15) (25) / cos(30.3) = 4.34 kN/m?
Steps = (0.175/2) (25) = 2.188 kN/m?

H- mortar = (0.03) (25) = 0.75 kN/m?

V-mortar = (0.03) (25)(17.5/30) = 0.44 KN/m?
Plaster = (0.03) (22) /cos(30.3) = 0.764 kN/m?

N o a b~ w D PE

D= 9.54 KN/nm?

L =5KN/m?
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Factored |oad:
qu=12DL +16LL.
qu=1.2(9.54) + 1.6 (5) = 19.5 KN/ m.

Ou = 19.5KN/m
for 1m strip:

Ou = 19.5KN/m

gxL
2

A=B=

 195x3

A=B = 29.25KN

MU ma= 29.25(0.4+1.5)-19.5* 1.5% (1.5/2)
MU max = 33.64 KN.m
d= 15-2-1=12 cm
(4.13.2) Design of shear :
0.Vc>Vu
0.Vc =0.75* (1/6)* Vfc*b*d
= 0.75* (1/6)* V24* 1000* 120
=73.5KN
¢.Vc>Vu
73.5> 25.25

No shear reinforcement is required.

(4.13.3) Design Moment :
Mu= 33.64KN.m
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Mn= 33.64/0.9=37.38KN.m

m= fy -= 400 =19.6
0.85* fc  0.85* 24

6
_ an _ 37.38x10 __26Mpa
b*d®  1000* (120)

Rn

m

fy
ot \/1_ 20196)26), _ (007
19.6 400
As=r xbxd
As=0.007x100x12=8.4cm2/m
as 025 fe (bw)(d) | 1.4(bw)(d)
min fy = fy

rs - 0.251/24(1000)(120)  14(1000)(120)
min 400 N 400

.................... (ACI -10.5.1)

.................... (ACI -10.5.1)

As., =3.67<4.2.........thelarger control
As .= =4.2cm’

So select ©12/15 cm
As =9.04cmz.

provided

(4.13.4) Design of secondary reinforcement :

Asrequired for shrinkage and temperature:
As = 0.0018* 100* 15= 2.7 cm?m

Check for As= (1/5)*8.4=1.68 cm?/m

As required=2.7 cm?/m
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So select #8/15 cm

(4.13.5) Design of Landing :

e Loading:

DL slab=25*0.15=3.75 KN/m®
DL tiles=0.04*22=0.88K N/m?
DL plaster = 0.03*22 =0.66 KN/m?
DL= 5.3KN/m?
For 1m strip DL = 5.3 KN/m+9.54KN/m
DL =14.84KN/m
LL =5KN/m
qu=12DL +16LL.
qu = 1.2 (14.84) + 1.6 (5) = 30.8 KN/ m.

Ou = 30.8 KN/m

e Design of shear :
0.Vc>Vu
¢.Vc =0.75* (1/6)*Vfc™*b*d
= 0.75*(1/6)* v24*1000* 120
=73.5KN
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¢.Vc>Vu
73.5KN>61.6 KN

No shear reinforcement is required.

e Design Moment :

_quxL?
8

~30.8x 42

Mu

Mu =61.6KN.m

Mn=MU_6L6 _ o aknm

09 009

fy 400

0.85* fc  0.85* 24

6
R - an _ 68.44x10 __ 475Mpa
b*d? 1000* (120)

lg 2
m fy

r- - \/1_ 2196)(479)y _ 5 514
19.6 400

As=r xbxd
As=0.014x100x12=16.8cm2/m

as = 025/ fc (bw)(d) | 1.4(bw)(d)

I e A (ACI —10.5.2)
fy fy

As. . = 0.25/24(1000)(120) , 14(1000)120) (ACl —10.5.1)
400 400

As.. =3.67<42.........thelarger control

As ., =4.2cm®

AS> ASyin...nennnnn ok

So select ©16/15 cm
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As =17cm2.

provided

e Design of secondary reinforcement:

Asrequired for shrinkage and temperature:
As = 0.0018* 100* 15= 2.7 cm?m
Check for As= (1/5)* 16.8=3.36 cm*/m
As required=3.36 cm?m
So select ©8/15 cm

Additional 4 ® 16 must be added at the edge of landing.

(4.14) Design of solid slap of stairs:

Check if one way solid slab or two way solid slab:
Lx=4m

Ly=6.3m

Lx/Ly=4/6.3= 0.635>.0.5

( Two way solid slab)

Min thickness of two way solid slab (h) = Ln/33 (ACI 318-2005-9.5.3.2)(Table 9.5.c)
h=Ln/33=6/33=18.5 cm

we select h=20 cm

Dead load for two way solid slab:

Reinforced concrete=25*0.2 = 5 KN/m?

Plaster = 0.03*22 = 0.66 KN/m*

D= 5.66 KN/m?

For 1m strip:

DL=5.66KN/m

LL=3 KN/m
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qu=1.2DL + 16LL.
qu = 1.2 (5.66) + 1.6 (3) = 30.8 KN/ m.

Ou=11.6 KN/m

(4.14.1) Design of bending moment:
By increasing the field moment method:
For Im strip in X&Y direction:

L
—V=E=l.575<2
L 4

X

Kfx=26.75
Kfy=77.8
Ksx=12.35
Ksy=17.5
KAX=1.94
Kay=2.19
2 2
v o GxbE 1L6xa
k, 2675
2 2
M, = IO peNm/m
Ky, 778
o QXX _116x4
kKAx 194
py= QX _116x4 o) oN/m
kAy 9

Design the bending moment by using the parameters : ( dx & 0y):
ox =1.05
dy=1.045

Design in X-direction:
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Mux= 7KN.m
Mux =7*1.05=7.35 KN.m

Mn=7.35/.9 = 8.2 KN.m

m= fy -= 400 =19.6
0.85* fc  0.85* 24

Mn 8.2x10°

= = =0.32Mpa
R b*d? 1000* (160)2 P
m fy

= - \/1— 2190)032)) _ 4 007
19.6 400

As=r xbxd
As=0.0007x100x16=1.23cm2jmy

as - 025y fe” (bw)(d) | 1.4(bw)(d)

in y oo

As = 0.25+/24(1000)(160) .. 1.4(1000)(160)
e 400 ~ 400

As., =49<56............thelarger control

Check for shrinkage and temperature:
As min = 0.0018* 100* 20= 3.6 cm*m

As_ . =5.6cm?
So select ©12/20 cm

Design in Y-direction:
Muy= 2.4KN.m
Muy = 2.4*1.045 =2.508 KN.m

(ACI —

10.5.1)

(ACI —105.1)
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Mn=2.508/.9 =2.79 KN.m

fy 400

m= = =19.6
0.85* fc  0.85* 24

6
R - an _ 2.79x10 _~0.1Mpa
b*d® 1000* (160)

m fy

: =i(1—\/1—w)=0.00025
196 400

As=r xbxd

As=0.00025x100x16=0.4cm2%/m

ps,,, = 222V fe (w(d)  1abwd) (ACI —10.5.1)
fy fy

As,,, = 22V24U000)160) , L4AOOJAS0) (ACI -10.5.1)
400 400

As., =052<56............thelarger control

Check for shrinkage and temperature:
As min = 0.0018* 100* 20= 3.6 cm*m
As, =5.6cm?

So select ©12/20 cm

Top reinfor cement:
In both directions As min for shrinkage & temperature:

Asmin = 0.0018*100* 20
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Asmin = 3.6 cm?m

(4.14.2) Design of shear:
¢.Vc>Vu
73.5KN> 46.4 KN

(No shear reinforcement is required)
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(4.15) Shear wall Design:

(4.15.1) General definitionsfor seismic load calculations:

The horizontal force on shear wall is given by:

Cl < 25C,]
RT R

xW

0.11C,I xW <V =

Where:
0 V =Thedesign baseshear.

0 W=Tota seismic dead weight of the building, including the weight of all permanent
structural and nonstructural components ,such as walls, floors, roofs, and fixed service
equipment. In storage, a minimum of 25% of the floor live load must be included.

0 R=Numerical coefficient depends on the structural system and equal to 5.5 for for
concrete structures .

o |=Importance coefficient depends upon occupancy category and equal to 1 in colleges and
universities.

o C,&C,=Coefficients depends on Soil profile type coefficient (S), seismic zone factor (Z) .

o T =dastic fundamenta period of vibration, in seconds, of the structure in the direction

under consideration and it is calculated according to the following formula:

T=C.(hS"

Where:
o] h, - Height of the structure above the base level.

o] Ci- Coefficient equal to 0.02 for all reinforced concrete buildings.
The total design base shear V is distributed over the height of the structure according to
equation:
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Where:
0o F,=Theconcentrated force applied at the top of the structure and shall be calculated from
the following formula:
F, =0.07xT xV <0.25V .

The remaining portion of the base shear is distributed over the height of the structure including

the top level n, according to the expression:

(V B Ft)Wx hx
>wh,

FX:

Where
o W, &W, =Portion of Weight for (x)&(i) level.

0 h,,h =Height to (x)&(i) level measured from the base level.

For calculating the design value of shear at any level, the following formula shall be used:

Vx = Ft+ F X
Where;
Vx = The design shear at any story

(4.15.2) seismic load calculations:
calculation for weight of the structure (W):
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=

L resinitar floor 15 ong 3y =843% 9.78+ 50x10.72+ 157 x 8.87 =8217.13kn
[ et o =50x10.72+550x9.78 =5915kn

s for it floor 1 ong 3, =D6% 0.16x 25x 3.65 =817.6kn

[ vummeinio oo =46%0.16x 25x 3.65 = 671.6kn

W, .. =185x0.3x 25x3.65=506.5kn

W, =8217.13x 3+ 5915+ 817.6x 3+ 671.6+506.5 = 34197.3kn
W =W, =1.4*34197.3=47876.3KN

ult.

= ==

From the chapter three of the earthquake load is as the following formula:

vo 00 o 0134w.......... (UBC-30—4)
5.5x0.61
V = 0.134w=0.134x 47876.3 = 6398.5kn
V_
FX:( 'n:t)thx ............ (UBC —30-15)
2..Wh
F, =0.07xTxV............ (UBC -30-14)

F. =0.07x 0.61x 6398.5 = 273.2kn

> W h =9035x3.65+9035x 7.3+ 9035x 10.95+ 6586.6x 14.6 = 2940309 Kn

e Sheer at first floor :

(6398.5— 273.2)9035x 3.65

= =686.9kn
Fa 294030.9
e Sheer at second floor :
£ - (6398.5—273.2)9035x 7.3 _ 13739k
x2 294030.9
e Sheer at third floor :
F.- (6398.5—273.2)9035x10.95 _ 2060.9KN

294030.9
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e Sheer at last floor :

(6398.5-273.2)9035x 14.6
294030.9

=2003.31kn

Frus

From the calculation of M b softwar e wefind that the per centage of load on the sheer to the

buildingis14% so
F, = 0.14x sheer forceof floor

(4.15.3) load calculation of wall (SW10) :
Part of load for wall (SW10):

F, =686.9x0.14=100.2kn...at1* floor

F., =1373.9x0.14=200.5 kn...at 2" floor

F . = 2060.9x0.14=300.9 kn...at 3" floor
F,, =2003.31x0.14=292.5 kn...atlast floor

2923

1067.5

+—3009

14— 2005

T

Moment diagram (KNm=) Ehear dlogram (KNI

Fig.(4-40) moment and shear
diagrams for shear wall

i

aw
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Fig.(4-41)Shear wall numbers

(4.15.4) Design of reinforcement (SW10):

e Internal forces

Max Mu=9394.7 kn.m
Max vu =894.1 kn.m
pu = weight of sheer wall = 0.3 % 5.99 x 15 % 25 x 1.2 = 808.65 kn

e Designinplain concrete:

qDVCzéq)\/%xbxh

Where b=Iw .....is the length of sheer wall in the direction of action

0.55 x %x V24 x (5990 ) x (300 ) = 537 .98 KN <Vu =894 .1kn
We must use areinforcement concrete .

e Design of sheer:
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Vu=894.1 kn
d =0.8%1,,=0.8*599= 479.2 cm =4792mm

dDVc:%CD fc'xbxd = 0.75x%x\/ﬂ x (300) x (4792) = 880KN < Vu

1 1
@ US,in =3 % 0.75 % bxd =3 % 0.75 % 300 % 4792 = 359.4 kn

@ VS,py = Vu — Brec = 894.1 — 880 = 14.1 kn
Assume & 10 for sheer reinforcement .

BxAvx f,xd 0.75x 2 x 78.5 X 400 x 4792
OxX Ve 14.1 x 103

So select S=30cm
So, use @10 @30 cm

Sreq = =35cm

599

S:J.l;f-.'t! = t?w -+ 30 ? =119.8 cm

Spceq <3xh=30<3%x30=90cm
Susea = 50cm — 30 < 50cm

2% 0.785
—0
So we will try to use @12 @30 cm

3.14 x 122
Av =2 x —, = 226.08 mm*

= 0.0025 x 30 = 0.052 < 0.075 = not okey

2% 11304

30 = 0.0025 % 30 =+ 0.07536 > 0.075 = okey

So we will use in horizontal reinforcement @12 @30 cm

e Design of vertical reinforcement :

Min. vertical reinforcement

nin = 00025 +05 25— j  (h—0.0025)
w

0y, = horzintal reinforcement ratio
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100
 2x%1.1304 x 100 5

= -2 5 2
Ph 100 x 30 £oSais 10

Pmin = 00025 +05 25-146 _ . 2512% 107 ~00025 =25x10"?

As,,, =25x% 1077 x 100 x 30 = 7.5 cm*(for both sides)

So we will select @12 @25 cm in both sides

e Design of moment

Design as heavy |oaded sheer wall.

So ,the vertical reinforcement of @12 @25 cm will be considered.

Asyy =2 % 11304 x 999, =54.16 cm? = 5416 mm”
Z 1

l, 085x fix fc/ %1, xh
T 2% EH{? 7
4= : =0.061
1, 2+[0.85>':'o.85>':'24><'5990>':’300* '
5416 x 400

z
M1=0x05xAS,,xf, (I,%x 1—+

L

M1 =0.9 % 0.5 x 5416 % 400 {5990 x 1 —0.061

Mu 93947
Mr: = a =

09 09 =104385kn.m

M2 = M, — M1 = 104385 —5483.3 = 4955.2 kn.m

; B M2
Shr:l'l:!:'ld'l"}' - Jt‘.r ¥ I:IH’ = Cw:l

Let ¢, =10 cm

=5483.3 kn.m



Chapter Four
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4955.2 x 10"

= = 2
ASpoundry = 750% (8990 —100) ~ 2+ "

Thisreinforcement isfor M5 .
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