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Abstract

Structural Design Of ' Ministries Complex in Palestine '

WORKING TEAM:
1.Ahmad Farajallah 2.AbdAlImahdi Smerat

3.Mohammad ALnatsha
Palestine Polytechnic University 2019 — 2018

Supervisor:
Dr. Bilal Almasri

Project abstract

The idea of this project is summarized in the structural design of the "A Hotel
Commercial complex in Kharas ". The project objective can be summed up in the design
work of all the structural elements that the project contains, such as bridges, columns,
foundations, walls and other structural elements.

The building is located in the city of Kharas. The project consists of seven floors,
including the ground floor, and two basement floors. The total area of the floors (16700
square meters) is based on the design of the project. Based on the multiplicity of
stereotypical blocks and distribute them in a consistent form of aesthetics and functional.
As for structural analysis and section design, the code used is (08_318_ACI). It should

be noted that some computer programs are used, such as:

Vi



Autocad (2014), Atir, Microsoft Office.

The project includes a detailed structural study that identifies and analyzes the various
structural elements and expected loads and then the color of the structures. The structural
design of the elements and the preparation of the plans according to the design of all the
structural elements of the building. With completion of the project, we can now provide

the structural design for all elements Construction
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Figure (4-1): one way ribbed slab.

Figure (4-2): rib geometry.

Figure (4-3): loading of rib R9.

Figure (4-4): moment envelop of rib R9.

Figure (4-5): shear envelop of rib R9.

Figure (4-6): beam geometry.

Figure (4-7): load of Beam (B.R-40).

Figure (4-8): moment envelop of beam (B.R-40)

Figure (4-9): shear envelop of beam (B.R-40)

Figure (4-10): Details of Stairs

Figure (4-11) Shear and Moment Diagrams of Shear wall
Figure (4-12):Section Of basement wall

Figure (4-13): Static System

Figure (4-14): Shear envelope diagram of basement wall.
Figure (4-15): Moment envelope diagram of basement wall
Figure (4-16)Basement details
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As =area of non-prestressed tension reinforcement.
e Ag = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

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

e b =width of compression face of member.

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

e C.=compression resultant of concrete section.

e C,=compression resultant of compression steel.

e DL =dead loads.

e d = distance from extreme compression fiber to centroid of tension reinforcement.
e Ec = modulus of elasticity of concrete.

e fc'= compression strength of concrete.
e fy =specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

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

e L=length of clear span in long direction of two- way construction, measured
center-to-center of supports in slabs without beams and center to center of beam
or other supports in other cases.

e LL =live loads.

e Lw = length of wall.

e M = bending moment.

e M, = factored moment at section.

e M, =nominal moment.

xii



Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

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

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

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

€ = strain of tension steel.
és = strain of compression steel.

p = ratio of steel area.

Xiii



Ladialle Jg¥) Juaail)

Aadiall VoY
£oiall il Yoy

£opball AlSia o)

Eopiall agaa €2
lalaadl 020
Eosball Jpuad o)

£ o pal) Cig) ) VA

L B ol Aajll Jgaad) 8-1




—rdadiad) (1-9)

@M\Qﬁkdﬁj\)}f&jcJ}.-.A:J\f&h}}&)ﬁi}cﬁgd\ﬁujh?ﬁiwow\}i;U—}MA&:\

) IS ¢ 5aliadl g0 s duiaall el el Caum eyl sl a8 Cilide b Aanadie e a5 ) daldl
Cyek G ey il Gdlaas el GallaeS ikl Alpall Gullaay elaill 535 aStadll (e sSall
A 5 Al Claciaall g ol ) ALYl 4 13 e sl Faal ) bl 5 Al g el 5 Clbiiinndll

u.u\_ﬂ\u\;hn\@lﬂ&\h\ﬁ\hs‘}aunmyu\SM\GcM\CuM\J\CAJASQ; sk om;{\)}x@}
%M\BJ}ﬂ\uSJ‘_guﬁM\da\wd)LJoJSﬂﬁgﬂ\wm@d\)}A@L’L\ch?@\.’.&\je@’m@m

it il pany (e 431D 58 5 Cania g (38 e Jisha ag a4y ) dile Ja ) 0¥ BBl (odh g aanay (e g (udigalld
ey 0 Oty e VT e ey (a5t Gutigall Jlmia) (S ¢ llia il JaT5 U s g it 3 a5 il

-2 £ o pdall ClI(Y-Y)
ALl Calaa ) ) Ulea g 38 oS5 o AlleS) amy Gl 13 e Jal

e callabidl e 4Ll o palic a)sis ddlida) g biall auliall JLasy) WUl JLsa) e L0 ()
(5 terall ilall e Jalial) sle )y

AR A5 pealinl) apacad e 50 (Y

Akl Ll 8 Ll 2 i Sl il glaal) Jay 5 ki (¥

(sl Jal) aa Lt i 5 SLESY) apanail el alasiad oA (£




- 83@\3\1&&4(\‘_\)

sdlaie) a3 (o) 5 lawll 45 Sl Aaliasy) pualinll ppand  ALEY) apeadll 5 Jilaill g g el 1n Al Jia
saac Yl 5 liac Y1 5 LB Jia 45LEY) jualial) (e peaie IS ilad abe Jlaal) 138 5 ¢ Canll 13gd Ulage )5S0
Jie Y G 33 a6 Lgd a3 sl apanaliy laabagl daad o5 (gas ¢ Adde dadl gl JlealV) aaaty & sl
O & siall 138 7 JAY ¢ Lpasaal i ) ALY jealiall anll clhbdall Jae st a8 (e ¢ Lasall glal) Jale
s © vBaia) s a5 oladl 3 Aigee 3Dl die 5 pdiall 13 8 i) s A JSLEQD e s, 28500 a1 SEY) s
Slandl 8l 5 2al 5 eladl 3 Lelae &5 43) Cam

-1 s dall agaa (£-Y)

Lul 5ol L) e S SV Galiadl) IS Jeal) aiss un dah A3LY1 Aalill e g g il 13g) deall yuaiy
S daadll Al g 5 e 5 J oY) Jaail) 8z A0 & g e dadie JOIA e YY1 A2Y VA

-: Glalewall (0-Y)
:(:3..3 k_.ij.u) ‘JA
. (ACI-318-08M) dabiaall ALy asebiaill & S 51 o &I alaie) ()

(Microsoft Word) «( Microsoft Office.) :Jis sl gl 2 (¥

_; g dall sl (1-1)

—igd s st Au e g g pdall I (g 5iny

Adlaal g Chal) A8 ¢ daladl deaiall Jadis © J Y1 Jusadll
£ s iall g lamall Caa gl Jady ¢ SEN Jucadll

oinall ALEY) pealiall G g Jady ¢ Gl Jadl)
ALy yealiall LY apanadl) 5 Jadaill 1 ol ) Jaadl

lea il 5 il ualall Juadl)




- EJM\ Q\f-\ﬁ‘ (V_\)

2ns ol L 2 g gl il JLaS) 5 clale a3 i lanall 5 Landll 281

JS lac Yy ) guall 5 30ae YIS jualinl) 038 a5 53 a1 A0 5 nall 45 o€l A3LsY) jualiall Al 25 (2
O dale 5 (galaB¥) Cuilall (Sing 5 & san sall (5 jlanal) ppanaill o prbaiay ¥

Tedle 8 Ji5all Qa5 A5LEY) sualiall a3 (3

bl il e oy A0LEY) jealial) apens (4

AL ppasl el 2 Gk i pranall (5

el il Sy g 5 sdhall Al Lpaanst 3 il AALEY) pealinll 0450 cillaboiall Slad) (6

Lanll Qi)




-1 g rall (a3l Jgaadl (8-1)

31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10

o ||~ ||| <o o] aulud) A Cildladl)

£ sl i)

é}&“ ;\M\J.\

£ sdall Jsa claghaall gan

Llena el Al o

Lailis) el Al

£ 9l datia las)

£ 35 udia 52 8

LI Jalal

g.atdu\]\ M\

£ 9l cillalada dlae

£ 9 all 4L

g ol o2 e




Chapter r

¢ Sarall Ciua gl

LS

adiali1-2

g9l (o daal 2-2
g 9 ual) ad g 3-2
(oall 4,88Y) Jalucal) Ciua g 4-2
algal sl diuay 5-2

il (B AS Al dia s 6-2

& gal) SR Gl 7-2
CL s puaddd) 48 o 8-2

(sl g gl 9-2




- dadia (1Y)

Ohas¥) Mad ) A o) b A ¢ eanl) 138 35 Cand o8 s Aanigll asladl 5l aal 5 jleall e
Aaali )| ) ga (e b ) gea Juadl ) CoseSU Bl (e ) sall 03y JEE (o skl s 5 4ual sl Gliall 3l (53
AN dakall s3] Jlan (e 0 4 5 Le Miiona

OS]y Jlaadl Caal sa (e (5 jlerall il 4 5 Las Lo sB g daias ¢ IS8 5 4 5o 5 5 3 jlenl) Canual 13¢5

628 1) 5 JLA) Cple zea LS g 2 ol an (B aadi ¥ 5 jleadl (i ladie (il 5 gan g ol g e f 08 JS

claliall (pe el W (285 38 gl 0t 5 gzl oamy Lid 5 A yuall g ddalia) dpaline Al () 5S35 08 dagiill
Alualdl xa Jeldsi § Ledans laxie

U (a8 Al (e a2 ) o ) o) i ¢ g olenall Jaall ddaby o Sl G el el )
el ¢ 5 AV A e IS e (35 adeay L A0a 0N sl 3al A g slexall Call s Jlaadl e oLl G
il JSy clgal 5 (8 (Aiall Jlaadl G 7 e Laie Lalai 4 jlazall Do s ) (33a 28 () 585 dlidpa g CilS Lage
JSil) o a5 jbenall psgdall (¥ ¢ T jlere a8 068 Ay Gl Glld Lo Al Ak
Ll dada gl iy L) ¢ Ganad) Gl LS an

e tedaill o3a p JLai¥ly ) sndll () 50 et aladsae ) SlSie 4S5 ez LAl e Uy Jisall sy 58

LIS Talatie ) dnigh 43S 55 (8 isall aing 35 ¢ ) gmin s e B0 e e jia g Aliatia jeY) i B gl

LS oA iy o A3 Blal clS ol s ¢ ) o) gal JS 85 St Ban S platie uia (K3 e
pBiiall JSAL Ledalsi jly oo 55 Y 4 pocy

s o Vsl T cany JaST e o lad) oy s dal e s e ot e ol Lite (6Y asaaill dulee )
il 5 il gl Bat e V) Gaer 335 Liiall JSE paad Als el 028 8 Al i (5 jlanall apanadl
Al 5 e ) il (Biad Congs 4Bl jal (ol )58 g m um o inall 138 oL s Ledal e 1 Adlid)
O W e s Jaull g A8 jall g 4 sl Al 5o Lyl doleall 028 8 a5 ¢ ) glaall 5 Baac Y a8 5o dpani 4y glladl)
Al gl i)

ALY aaail) dlee fag Ll L) ean el jal s g lanall araaill As jo e olgiY) 22y
e Ll Qi 5 Ll 38 )1 daliall Jlaa¥) e lalaie ) Lpailiad g 45Uy jualiall slal aaad ) Caags
A ) & s S ) ealial) o0




1§ 9sall (8 daal 2-2

ity 3 LS ¢ A 3N Al g (38 pall paany pialy ¢ B2 (5 jlad pans Ll 8 & 5 il B S8 jadls
Ay e JS ae 3131 sally 4ie B sa yall Adidagll ool e dadlag 45f adS @lly ) Caal ¢ o Jres (5 bene IS
3 Al o Al A dndany Sa (8 als Ll 55 ccliiall (pe LS 8 L ) Y A slenal) cibiaalll (4o
araaill Jae il Ay jlanall s Agiadl dunigh 303 (e g5 pdiall Ay lasall Gllabidl e Jsasl)
e Auiga) slae) (e g5 pdiall 5 el ApLEY) jualiall gpead Gl cilahddll dlac) 5 Sy
D Shac

laay) dalisdd) jlige dygut iy ¢ am)¥) Gilall @l 3 La ¢ ik dae e g s odall oS

18 9 all 28903 -2
iy g e Al QA Aae o Jlad i 3 g ol HA Aae e Jlad g g el 1 ge oy
pranaill b ell (8 aBilaas g oo el L) a5 4l La 5LEY) Haad | A ile dpally Jama s )8 Ladsy
b sy i) 4 55 3 LS ¢ Lyl Aleadl Jal gl S5 hnall el Al o)) Bin sle ] o o3 85 ¢ (5 jlenall

(O-Y)JSEN 8 Ll b a9 Y15 &y gl (yml e

A Adal Lpedilly Auidl) g jlasl) ganall gdiga (V-Y)JSS




-

5.2

-

j¢.2
D]

L -2
)9
o LS

8 ga

s

O
-

A g

e

Al i 1-0-2

-

Lol

Y €T e ddalina A
A 5a
=

L) cluw
B

-

-
-

(]

<t

el S e
saslas (e yia

J JaBlial)
Al) 4q

|

A,

o

!

sl

1 3aalls g 5 il o 5

-
-
I3

&

-

489

-

)

(\‘

r

<Al ¢

1€ 9
40

oe(-A)

L) Jsm sl Jgny

-

J.Lum

Lidia

TSN
SR
AR L
R
B2
ks
AN

T
PRy
vv’\o\tsp\a\o\d\o‘ﬂ
zfaoofffr

b s

NS

M

Rt)

N

4 PRSP
PMaay sai g )l 9l A (e U gy 43l] J 5
‘3o Adlalaas
e
o=

M

.dx

s
.
Cua ¢

Lhal (g

i

Gl
J

-

-

Uall 138 Cillled

Jse

4c

-

Sl

R TTI TN
G Nnns.ms\\\s!, 55

Y-Y

SO 4l il




Y.e.2

J

») da
8l<
9 LS

e

-

4

Aaaly
okl Jusd

T

-

b G
YAYA aialice &

SRRy

ey
PV |
i aagy v
A .?5.:;5:y L
N2 27 \\\\\\\\\\l\\\‘\. |\ —
‘.\.‘v«\\‘g‘v«s«g A
?:2.,?2::?22:?
S\:\\...\%&\\...\\\\\.:\%\k
R
ARSI v 1
e i PN I
: l.?,ﬁn»\.\.uﬂ«hﬁ\«u»_» <
o R e
iRt
R
-— 4 _— _:525553».5»7
SRR
Val P a { P =
. - et — k7
@y ) =T [ ] SR XX
aren 5\\\\\\\\\\\\\\\\. %N
&5 SRR
. L SRR
hge } S S i
Sy IS
. ) . R SR
R R
. ~ EEES
S BB
) > e
- : \ SR
. -y
— 3~ S=== fiw
N~ S=== S
. . SSE= e
==== LN

0000 0000

o=(-£.5)

siass

-y

fua oY) phas s

i

o

3

Uall 138 culiled

-

SRt

ic

Sals

4

JsY!

10



oY) ) 3202

(SUlS de ) ga (Gildall \ha@ﬁgi&:\;c@j\]\c&mgjlaaé}é(+o 0 ) smiag e o yia VAV T Alalie &l
ceaallabuge 4 i dae -

(O il -
.BJ\A;\ -
NP

(i-\')d&.ﬂ\ &@4}4}5 LS

a Y @ikl it 2

11



1Y) Gikall 4-0-2

SIS Ae s il 1a ldled o) G (i)Y mdans (5 slse (358 .0 Ay saia s canpe yie VAV T dlalisa il
prbe -

Jhil A -

Gl —

(O-V)JAl A miase s -

¥

N i

I Galall Lhaeo—Y

12



1005 AN gl 502

Gl 138 ildled ¢ 55 ¢ yY) s (5 st (358 (YYL 0 A+ - 0 o) dpuia s caape sia) 31T dialine 3l

s

i
(V-)JSEN b i ge sh LS

_imim

RECIERINERNOLER)

13



s Glgal gl g 1Y
138 Cilgal sl g lanal) apaaill JMA (e ek Cum ¢l e JsY1 gLl axd asenai sl oo Al gl 5l ¢
35Sl Al 51 S aladin 5 488Y) 5 A 1) JII 8 JAIS5 3 g JDA e Al Lia ol 63 5 Cpaal) 1kl aladiind ¢ 5 )
Ch‘)h‘g eMY\QAMJSAS\

aall Ga gl Y any s doalall e Al 5 ¢ daliad) Dlu AN 4 bl ddae b Lgaladin) o3 Gl A 1 ol gall G LS
el paic g A eall iy Hlall e glie Ja g il Lgiulic Aoy

A 2l Alladd) dgal gl 1-9-2
Sesiall (il Jaaal e (55t S ¢ panall 4t ) dgal N (A

i Adladl Agal ) 7-2

14



A jalldga) gli2-n .Y

il sili lzili iz 515

i Al dgal sl 8-

—_——

Alladdl dgalgh 3-1-2

el Zgalsll O- ¥

15



14 54 dgal gl 4-1-2

38, dgal ) 10-2

ssiall B AS all Ciuag V-2

Clysiue e genall sk a8 Cum (el an A U gasall JAld (e ol s 322 YISE AS el 325

O Al ,eSl) aeliadls #1091 DA e Al 38 Al Laal s 10 daday ae A8 pall i Cua de )
Akl Gl ghall il giea

1Ty uadd) 48 4a 8-2

il el e Lagia IS 55 38 jaa Cand o nall Qa8 Aagal) il sall e Gundill 5 Lyl S ja Al 3 yiad
Agadall 5 )Y 5 4 5l dBlatiall apanalll Ja g ol Cumy ¢ ALl dga 85 i e ) 8 ) A

16



il (b gliall 9-2

I.. I. I. J

ARnnn

=
=]
=
(]

S
— —_—— ===
Ekﬂ_ﬁi] o H il el lglg] .
N Y 1 I 10
oo [t e b it wlElplelelEle!
el i i ‘ﬁ. Blg [E g [E e
L g bl 2 Al e el g e
i]: id y | ﬁ | »‘/-’ ‘y }xl/- P .f;t/ ey —======*
| i i==l==1 iﬂi%ﬂ‘ 4“‘_4-'-" ﬁﬁ'
T R | F wl
(\/‘é\\"/\:\/y\‘é\ﬁ’\;\\/ AL \Ea — = AT VAT ﬁ’é\ﬂ\/\ﬁﬁ\\\ﬁiﬁ\ \/\‘;’/\\\/\‘5—\\\5’2\\?:’\5’_

B D e e e N




£ 3 phiall LI Ciaa ) -CaMEY Juaail

A PRY-IN \_r

g.a;«iuw M\ o Y.y

Jand) ARy yha g Jalailf g Ay Jatl) bl jal) ¥o¥

Aol ael) LAY €Y
A aal) oy

ALY jaliad) oY

dasiiall 4y gulad) zal sl VoY

18



-2 dadia( V-7

¢ o 3ki) A yall g g pdiall Lalai danal 5 5y saall (5S5 in ) JalSiie Chua s @i ()5 o cama g 580 Y
& s gl 28 IR Hai S dad el sl e 2x8 Al e ) il Uy Joay G 5 J 581 Cpliadll (e el an

aliall ) ginl pe ¢ Lgd (5 somall dadill Uie a5 laa 58 ¢ Gl praal dlee (0 (a3l ()
33 e VI Y1 s age dale g ) ALYl ¢ BpalaB) Aalll e dadle ST alal e ALy
o3¢) Adliaall £l V) Ga il jlie Jasd @y o) jualiall Jlial Ja¥ g s il lede Jaidy Al Aalisy) JSbel)
bty 13a (8 Gl g e gam sall 4y jlenal) cillaladiall pa o slaill pae ) ddla) i) Cplelall (3ia3 Camy jealiall
Jal (e g il 138 350 8 laY Leasaais Lpne Jolaill i 3 & 5 piall 43 oK) A0LEY) jealiall Sl laa
- eSS maal ) )

& 3l 43 Sl ALy ualiall Caim g oy o s Jucadll 130 3

-1 (ALY asanall) L ( Y-Y)

ki) s digl a5l maea (e Gl e e Jsanll 8 g5 e 6 S meaill G olall Cargll ()
¢l g adde Aadl Gl dLAAY\ s Janthy LE\ Mﬂ\ .L}\A} ‘C}SS ‘Cl:‘J ‘JJYJ (e L&)\Aj‘ c_\\)ﬂj.ql\ @A&J ?JGA}‘
Al Akl sled ja & 4] Lﬁ)“l‘“ e\diﬁ.mY\ adla e Lliad) ¢ gl uss @} b bl ye }i PN Jlaay!

Gabty Alalall juabiall 20La3Y) adaliall apaai sp lic g e 3 4y ALl O A ALY apanadll (8 13g]
(U.B.C- plasiul siwd J3Y 31 Juaal aaail 5 « (American concrete institute) (ACI 318-08M) <s »eY) 2 5l
Asad) Jlaa¥) paasl Ja )Y o Sl aladiul ¢ 97)

e Gl gl 8 Jpemall 5l ey JalSie IS 5 pdall LY G saal) el il (e e pana plasiulys
& 5_phal ALalSia 2 cillaladia s 5 Ao bl gl (g gl CaliSAl o lia

19



Alasy) jealiall adalia HLidl e 488a3 5 :( Factor of Safety ) gle¥) dale ()
Leie 4l Clalea) 5 (s i) Jans e 5 ,0l8

Alal e ot 530 (o 2l S 5 2SI Liae alio s elil) o) sa sk oo Lgiiind % (Cost) 481 (¥

a3 5 (Deflection) 515 ks sl st Gua 0 (Serviceability) Jiiill il Aada 3a (7
st (5 beall Sl e Ul 355 ) (Cracks) «liass)

Lol A leall alsill 5 0l (¢

-2 Jaad) A8y yha g Judail) g 4 Jail) cilad jall( ¥-Y)

Sa LA el s caaenally Jlail) dlee WLy 40 WLl Cang agas oty s 3a Aokl Al ) e
o Al gl Jlaa¥l dmaat g da J5 ALEY) pealiall Al g N (Judaill Glilee (e 0 6So W Jiadl ) g sll

-2 dalaal) ) JLEAY) ((£-W)

Lebeni s 8 4 yad 4 yill il gad o)yl o8 (SLE) ¢ 5 e s pranaly all) U A 3301 Aaleall LAY 0l
oo Jany el iy ¢ ) i ol Anlial) Dl A8l Bac 5 48 sa) olaall Cogusia 38 jaa s ¢ Lgo 5i5 Lgiliaal 5 g
Lo M 45l Clasad Jand @8 sall Gl (e A il Cilipal) 3305 ¢ Ay jae Sleely dlacly 4 1) 8 Calasia

- Ol LAY 038 (e Legaliag ‘._;J\ C\_ﬁ:\ﬂ\ ?Ai 5%y

g Al Awlall Gl aadl e Sigall ‘;u\AJ\ Lzl Hlate s el (e Lede dad) gl Jdue™ il Jasi 38 lasa

20



- JLAA\J‘( °-¥)

Oe sl saad (e e sl () ¢ Leleaty) Lial aanal oy Wil e i ) 5 sl A sana o JlaaYl
Llay) yabiall LY araail) e Ll (et Jlea¥) il Llee 8 Uad o (Y Dlle 28 Lplun (ny JlaaY)
Ane Jalil) 4S5 Lasall e o5l cpil as e Jleal o3 (e des S () (5 ki Co g Juadll 13 i 5 ¢ Ailiadl)
-t Sl Liie o e 5 5l Jlaa¥) Casia ¢Sy
: lday « (Main Loads ) Azl Juaa¥)( 1-0-¥)
. (Dead Loads —DL )il Jleall-)
. (Live Load —LL yall Jea¥y)-¥

& siall CHEYT 5 Sl Ll 5 laall 3gd aladinl) dagids (e Aadlill Jleall La

Al JlaalI-Y

el il (1-7) &8 Jal

21



-: (Secondary Loads ) (3dkwll & ) 4353l Jlaal)( Y-0-Y)

gl Ll 5 a3l s glall Ll e gl sl 5 Al Al Giliall e gl GELSY) e Jaidig
LS 4 ) da gyl s Cumy i) Jals (g pad) aaaill Jeal b i 58 VA e JLiie Y1 G 34 5 285 L)
il 138 JOA EaY 3y

-1 Adal) Jaa¥i( ) -Y-0 Y

syl ) s Lol il Calise e o 553K ¢ (Ldladl (o) ALy jualiall ()55 oo Laila daslll Jlaal) o

oo Aadll) sl o gl ol ¢ el o aily il cld Jlaal¥l s it g ¢ Lgh g8 AN jualiall ol 3l ¢ Linall 41l

(8 Aaaiivuall o) gall CHEES 5 alad DA (e Jlaa¥1 228 8 jra g ¢ Sl AgaliiaY) Gl paall 4y i) ada 3 8 Apa HlA (5 8
Alay) yaliall

5 ¢ A Al Gl bl doa s derdiall Dl ,allS Landl 8030 515531 Cay el 138 e Janys
Al ,eSl Slaaall 5 5l oz el e el ddaad A deaiiual 3 laadl g0 ol o) sese Y1 Jlac
Jleal¥) 0 e Laddiusal) ol all JS) A il CBESH mia gy (V =Y ) @b Jsandls | Al el 25 Y1 5 dpanall

LS sl

4e o) LS, Weight (KN/m®) salli(Material) | il a3,
24 L3I(Tile) 1

22 dgianY) 45 sall(Mortar) 2

17 JeJll(Sand) 3

1 ¢ i) iend) < shli(Hollow Block) 4

25 daluall &5l Al Reinforced Concrete) 5

22 5 Ladll ( Plaster) 6

20 ( m<kall) 4 _5Y(Backfill ) 7

ALY ealiall 8 Featiueall o) pall e il AUS o () -T) o

22



s ad) Jaalli( ¥ -¥-0 1Y)

Ald L ¢ lgie e a ol Vlaind Sl ¢ daliaall LW lertnl aSany lelisy) 5 A0 Ll (i ) Jlal) o
LA el Jlaal g ¢ 538 5all 5 e ) sall Jlaal!

-1 AU Lediat (Say g

il e i )i Leie Lasy 08 jea¥) Jie : ASaaliall Jlaal (0

Al 5eSU1 5 gl e adal sl 5 ¢ gl GBS ¢ AT N g e LSl s oSy 1 0 ASL Jlealy) (X
AA) ol gl 5 ¢ dndiall e ALY YY)

Sie ¢ Baga sy Alla & Saelinall Jalall HLie Y1 Gas 355 el aladind CaDEAL Calias s coaladyl Jlal (Y
Aalal) el s aVlall s cae Sl

clad) N5 dpuial) clasl) Jie Laiall 385 Als ya 833 53 50 0585 Al Jlaa¥) 8 sl Jleal (%

S sl s a2 € e Talaie) isall b jeaie JS e dad) gl 2ad) Jlaal) 0 (Y-¥)Jsaal) Cas

- il (s pealll al) Jlaa) Jsan (Y-F) Jsaa

S Jeall aladiY) Aanla e
(KN/m?) Ayl
5.0 laadl) g ilSa g o LAl \

3.0 G\‘)JY\ c_\lk.uu} G\‘)A‘Y\ Y

23



s i) Jaall) (Y -¥-e )

Jleat¥) o8 5¢ 4yl Jlaal 5 daa V1 & 3ed) Jlaals 7 bl Jleal Jadii g0 Al Jal sal) (e Aadlill JleaV) a5

) Aabiall 53 g e aaiady ¢ olad¥) 85 yie 0S5 ZLl Jleals | adsall 5 laiall 4ali (e 5 ysiie Yiaal il
o2 aand b lgle dainy Al jualiall 5 (5 sealll FLl de e maay dysall a1 Jilsn o sl Cuny ¢ Legal s
Al dalse ) ALYl el 138 dueal e 4 Aninad) 40U Al andgas ¢ el g5 Y1 5 ¢ Ao pud) oo Jlaa)

. ¢ s sally AB3le L]

e Jea S ol b Lass
= s dlal (0
Cun ) (V2T o Jsaall aladiuly 5 sl mhan e LY A8 jae IR (e sl Jleal s (K
= (S sl s Jall S
C o) e e LY G B Jleal dad Cp (Y1) dsas
ail) o (KN /m?)(Snow Loads) zs&ll Jleal (M) Ak (h) s gl e Lidal) gl )
1 0 250>h
2 (h-250) /1000 500 > h > 250
3 (h-400) / 400 1500 > h > 500
4 (h— 812.5)/ 250 2500 > h > 1500

sl el (Y

i G (5 gl 2l ) Ao e dlaie W1 a5 Ll Jlead sasily (el e 4l 8 55 2Ll el
Uaddia sl adi ye a8 ga o 4di Laiall S g ol dadi ja Sl dtbala) Cus (e dadga s ) mdas (e Ll gl sy
Al s3a 385 el s (U.B.C-97) alasiasl aly (g Jaa ¥l o3 apaaily | 5 AY) il yriall (e a2l

24




P= Ce*Cqg*qgs*lw

Ce: combined height.

Cq: pressure coefficient of structure.
Iw: importance factor.

P: design wind pressure.
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 factored load.

4-3 Slabs thickness calculation
4-4 load calculations.

4-5 Design of Topping.

4-6 Design of rib (R9).

4-7 Design of beam (B40).

38




(4 .1) Introduction:-

Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material because it can
be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary strength.
Steel is embedded in the concrete in the form of a mesh, or roughened or twisted bars. A bond
forms between the steel and the concrete, and stresses can be transferred between both
components.

In this project, all of design calculation for all structural members would be made upon
the structural system which was chosen in the previous chapter.

So, in this project, there are three types of slabs: One way solid slab, one way ribbed
slab, and 2 way ribbed slab. They would be analyzed and designed by using finite element
method of design, with aid of a computer program called "ATIR- Software " to find the internal
forces, deflections and moments for ribbed slabs and by using the previous program and Etabs,
Safe, And programs to find the internal forces, deflections and moments for One way solid slab,
and then handle calculation would be made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its
cross — sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength
calculated in accordance with the requirements and assumptions of ACI-318-08 code.

NOTE:

Use concrete B300
fc' =24 Mpa.
fy =420 Mpa.
f_yt =420 Mpa, will be used at design and calculations
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(4 .2) Factored loads:

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:
qu=12D.L+1.6L.L.

(4.3) Slabs thickness calculation:

Determination of Thickness for One Way Ribbed Slab:

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

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5
=630 /18.5 = 33.0cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
=530/21 = 25.0cm
Select Slab thickness h= 32cm with block 24 cm & Topping 8cm

(4. 4) Load Calculations:

(4.4.1) One way ribbed slab:

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

calculated as follows:
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One way rib slab —
N

d
Hollow Block (28cm ) —

Shrinkage & Temperatuer Bar's —
N

Fig. (4-1) One way rib slab

Calculation of the total dead load for one way rib slab is shown in the following table:

Table (4 — 1) Calculation of the total dead load for one way rib slab.

No. Parts of Rib Calculation

1 Rib 0.12*0.27*25=0.81 KN/m

2 Top Slab 0.08*0.52*25 = 1.04 KN/m.

3 Plaster 0.02*0.52*22 = 0.23 KN/m.

4 Block 0.4*0.27*10 = 1.08 KN/m

5 Sand Fill 0.07*0.52*17=0.61 KN/m

6 Tile 0.03*0.52*24=0.37 KN/m

7 Mortar 0.02*0.52*22 = 0.23 KN/m.

8 partition 1.5*%0.52 =0.78 KN/m

SIS KN/m

Nominal Total Dead load = 5.15 KN/m of rib
Nominal Total live load =5*0.52=2.6 KN/m of rib

(4.5) Design of Topping
Calculation of the total dead load for one way rib slab is shown in the following table:
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Table (4 — 2) Calculation of the total dead load for two way rib slab

Dead load:

.No Parts of Rib Calculation
1 Tiles 0.03*24*1=0.72 KN/m
2 Mortar 0.02*22*1=0.44 KN/m
3 Coarse Sand 17*0.07*1=1.19 KN/m
4 Topping 25*0.08*1=2 KN/m
5 Partitions 1.5*%1=1.5 KN/m

5.85KN/m

Dead Load = 5.85 KN/m
Live Load = 5*1=5 KN/m
W,=12DL+16LL
=1.2*585+1.6*5=15.02 KN/m. (Total Factored Load)

Wysl® _ 15.02% 047

M, = -2 = == =0.162 KN.m
12 12
Mi‘! = fi:‘ #5
= 042 [fl 2= 04224+ 227« 10° = 2.194 KN.m

@M, = 055=#2194=1.207 KN.m

$M, =1232KN.m > M, = 0.1704 KN.m

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

For the shrinkage and temperature reinforcement:-

p =0.0018

A, = p*b*h=0.0018 * 1000 * 80 = 144 mm*.

#0of o8 =22 =2 288 Spacing(S)

Apgr 50

280 280

— <380 () -25*Cc <380 (%)

=380*(3ﬂ)72.5*20§380*(%)
B =¥

g ¥
280

e % o 280
o) " 25720380 (z50)

=380 * (
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=330 mm. <380mm.

— <3*h=3*80=240mm........... controlled.
— <450 mm.
Use @8 @ 20 Cm C/C in both directions...
(4.6)Design of Rib (R9):-
Material :-
concrete  B300 Fc' =24 N/mm2
Reinforcement Steel fy = 420 N/mm?
Section :-
b =12 cm bf=52 cm
h =35 cm Tf=8 cm
Geometry Units:meter,cm
1 2 3 4
Al . Al . Al . Al s
AJ 1L AJ 1L AJ 1L AJ 1
0.4 4.15 038 3.89 038 5.84 08 3.94 038
‘ | ‘ 4.75 [ | ‘ 4.69 [ | ‘ 6.64 [ 4.74 [ |
52 I I I 1
a5, T
12.
A-A

Figure (4-2): Geometry of Rib (R9)

43




Loading

load group no. 1

Dead load - Service Units:kN,meter
5.15 5.15 5.15 5.15
4.75 4.69 6.64 4.74

Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.60
4.75 4.69 6.64 4.74

Figure (4-3): Loading of Rib (R9)

Moments: spans 1to 4

-37.8
_24.N.6
| SRR
15|82 1 T |
1 06 T
17.5
27.
1 214 | 261 l 235 | 234 l 3.32 } 3.32 l 284 19 A
Figure (4-4): Moment Envelop of rib (R9)
Shear
-36.1
-29.6 -28.2 -28.7
22.2 -20.7 -19.
-11.6
L ! ! ! ! ! ! !
I I I I I I I I
15.7 17.9
21.1 o5 3 972 25,
34.7 325

Figure (4-5): Shear Envelop of rib (R9)
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4.6.1 Design of flexure:-
(4.6.1.1) Design of Negative moment of rib (R9):
Maximum negative moment Mu® =37.8 KN.m.

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

12

=350-20-10—-—=314 mm.

My _ 37.8x10° =3.55Mpa

RV=obd2  0.9%x120x3142

420

= —f-‘—, = =20.59m
0.85 f, 0.B5s«24

:i(l— ||1_2$an-m )
m

. | " "
— 1 (1 _ ||1 _ 2+3.55+20.59 ): 00093

N 420

—As=p *b*d=0.0093* 120 *314 = 302.4 mm 2.

J—

| =
c

............ (ACI-105.1)4s,,. = L — b +d = 2sb _=d
4'-...!‘1,':' Iy
=2 1204314 = 22+120+314
44420 420
=109.88 mm?< 1256 mm*............. Larger value is control.
—>Asmin = 125.6 mM? < Asreq = 302.4 mm2.
As = 302.4mm’...

2014 =307.9 mm2 > Asreq = 302.4 mm2. OK
. Use2 P14

120220} —(2+10)—(2+12)
1

S =36 mm = 25mm > d, = 10 mmOK

— Check for strain:- (£, = 0.005)
Tension = Compression
As*fy =085*f' *b*a
307.9 * 420 = 0.85 * 24 *120* a

a=52.8 mm.
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_ 52,

= _E =62.15 mm. * Note: f! = 24 MPa< 28 MPa— 3, = 0.85¢ = .Ei

0.8

d—c

*0.003e, =5

_ 314-62.14
52.14

*0.003=0.012 > 0.005 -~ ¢=090K

(4.6.1.2) Design of Positive moment of rib (R9)

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

12

=350-20-10—-—=314 mm.
— My max = 27 KN.m
be < Distance center to center between ribs =520 mm............ Controlled.

< Span/4 = 6640/4 =1660 mm.

< (16* t) + by =(16* 80) +120 =1400 mm.
—bg =520 mm.
— M, = 085 f, + by «t, + (d — Z)

=0.85+24%0.52 +0.08 = (0314 — %) « 10° = 232.53 KN.m

¢OMps = 0.9 * 232.53 = 209.277 KN.m

Design as rectangular section..-

Maximum positive moment Mu® =27 KN.m

, 420
m=—2r_ = = 20.59
0.85 f,  0.85:24
My, 27x%10°

= = 0.59Mpa

" pbd®  0.9x520x3142

=£ _|q _ IxEpsm
—(1 *Hll — )
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220

4 | - -
— 1 (1 _ w||1 _ 2+0.59+20.59 ): 0.00142

—As=p *b*d=0.00142 * 520 *314 = 231.8 mm>.

J—

\Jf':': . . 14 .
............ (ACI-105.1)4s,,, = ——+b +d = —=b, +*d
4'-...!‘1,':' Iy
=2 120314 = 21204314
25420 220
=109.88 mm?< 125.6 mm*............. Larger value is control.
As = 231.8 mm?...
2 ®14 = 307.9 mm? > Asgeq = 253.1 mm?. OK.
Use 2 ®14 -

S = 12[’_4[’_'::115}_'::*1:} = 36 mm > 25mm > d, = 10 mmOK

— Check for strain:- (s, = 0.005)

Tension = Compression
As*fy =085* f/*b*a
307..9%420=0.85*24 *520 * a

a=12.19mm.
=——2=1434 mm. * Note: f; = 24 MPa< 28 MPa— 8, = 0.85¢ = -

d—c

*0.003s, ==

_ 314-14.34
1434

*0.003=0.063> 0.005 - ¢ =0.90K

(4.6.2)Design of shear of rib (R9):-

Vu =36.1 KN.
I
b Vo= **—*by*d
=0.75 % 22 % 0.12 % 0.314 *10° = 23.074 KN.

&
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1.1* $ V. =1.1*23.074 = 25.38 KN.

—Check for items:-

1- Item1: V, < &%

36.1 < 2% ....Not satisfy

2-tem2: & < v, < Ve

12.69 < 36.1< 2538 ... .... Not satisfy

3-ltem 3: CI)VC <V, < ¢Vc+¢VSmin

O Vsmin > = JFI *by*d =" 24*0.12*0.314 * 10° = 8.65 KN.
> $xp,*d=2E%012*%0314%10° = 9.42KN......... Control.

= OVS min =9.42 KN.

dVe < Vy < Vet dVSmin
25.3< 36.1 < 25.38+9.42
25.3< 36.1< 34.8 satisfy

Avy _ Vs
( 5 ) (fwpedd)

Vs = ( lE-Vc)

36,1 23.076

=(=—/-30.76) =17.4 KN. *Note: Vc =

075

Try ®10 (2 Legs) =2 * 79 =158 mm? .

=30.76 KN.

= A0 1 32m=1320 mm........ L

(420 +0.314 ) 5

2322 -157 mm.

s <

<600 mm.

Use 10 @ 15 Cm. -
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(4.7) Design of Beam (B40):-
Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-

B =80 cm

h =55 cm

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

slabs unless deflections are computed as follow:
hmin for one-end continuous = L/18.5
=540/18.5 = 29.19 cm.
hmin for both-end continuous = 550/21
=515/21=26.2cm
—Select Total depth of beam h= 55cm.

Geometry Units:meter,cm

Al . Al . Al —
08 2.94 08 2.9 08 6.17 0.8
‘ ‘ 3.74 [ ‘ 3.7 [ ‘ 6.97

55.

Figure (4-6): Beam Geometry.
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Loading

load group no. 1
Dead load - Service

Units:kN,meter

19.2 19.2 19.2
528 528 528
3.74 3.7 6.97
Live load - Service Load factors: 1.20,1.20/1.60,0.00
10.9 10.9 10.9
3.74 3.7 6.97

Figure (4-7): Load of Beam (B.R-40)

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3

-211.8

241

193.3
4.18

2.79

Figure (4-8): Moment Envelop for Beam (B.R-40)
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear
-140.6 -134.8
-100.3 -99.7 -93.9
f f f f f f
42.5 628 22.
83.4 '
153.1
194.

Figure (4-9) : Shear Envelop for Beam (B.R-40)

4.7.1 Design of flexure:-

4.7.1.1 Design of Positive and negative moment:-
—Mupax = 211.8 KN.m .

bw=40Cm. , h=55Cm.

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

20

=550 — 40 — 10 — 2 = 490 mm.

cmax=§*d= * 490 = 210 mm.

3

7
Amax = 1 Cmax = 0.85 * 210= 178.5mm. *Note: f. =24 MPa < 28 MPa—f; = 0.85
MnmaX=085* f:*b*a*(d'g)

0.1785

=0.85*24*0.4*0.1785 * (0.490 - —— ) * 10°

=583.7 KN.m .
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—OMnpa = 0.82 * 583.7 = 478.6 KN.m . * Note: 5= 0.004 — ¢ =0.82
—PMnpax = 478.6 KN.m > Mu =211.8 KN.m .

Singly reinforced concrete section...

1) Maximum positive moment span(A-B) Mu® =193.3 KN.m .

dMnyax = 478.6 KN.m > Mu =193.3 KN.m — Singly reinforced concrete section
Mu = 193.3 KN.m.

. 420
=L - = 20.59m
0.85 fc' 0.85+24

M 193.3%10°%
Ri=—-= = 2.23Mpa
Obd?  0.9x400x4902
N N P
- (1 J 1 )
h I En Cn s En
= (1 - 1R )20.0056.
20.59 Y 420

—As = p * by, *d = 0.0056 * 400 *490 = 1097.6 mm?>.

| ¥
c

............ (ACI-105.1)A4s,,,, = #b,*d = Zxb, +d

TRET 4| «.f‘!. :I f‘!.‘

= # 400 =490 }—~4l]l]=-'49l]
T 4s420 420

=571.5mm?<653.8mm*............. Larger value is control.
—>ASmin = 653.8 MM’ < Asyeq = 1097.6 mm®,
As = 1097.3 mm?...

Aspeg _ 10973
Apgr 2545

# 0f ©18= =4.3— # of bars =5 bars.

Use 5018 — As =5 *254.5=1272.5 mm? > ASreq = 1097.6 mm?. -

Check spacing :-

400 —20+2—2+10—(5+18)
4

S = =525mm =d, = 18 = 250K

— Check for strain:- (¢, = 0.005)
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Tension = Compression
As*fy =085*f/ *b*a
1272.5* 420 = 0.85* 24* 400 * a

a =655 mm.
C====77mm. * Note: f;' = 24 MPa< 28 MPa— B, = 0.85c = -
*0.003g, ==

=277 %0.003 = 0.0161 > 0.005 - ¢ =0.9 OK.
Use 5018

2) Maximum negative moment at support (B) Mu© =211.8 KN.m.

GMnpax = 478.6 KN.m > Mu = 211.8 KN.m — Singly reinforced concrete section
Mu =211.8 KN.m.

. 420
= I - = 20.59m
0.85 f, 0.85:24

My _ 211.8x10° =2.45Mpa

" pbd®  0.9%400%4902

n

1
= — |4 _zZ=ETm
P m(j- -.qll f}‘

420

1 [ - el
=— (1 - J1- S ): 0.0062.

—As = p * by, *d = 0.0062 *400 *490 = 1215.2 mm>.

J—

JFe 14
............ (ACI-1051)A4s,,,,, = ——#b,*d = —=b, +=d
40y fy
=% 5 400490 = —= = 400 = 490
4+420 420
=571.5mm?*<653.4 mm®............. Larger value is control.

—>Asmin = 653.4mm?* < Aseq = 1215.2 mm®,
As = 1215.2 mm?...

#0f 18 = Zrea = 12152 _ 4 77 4 of bars = 5 bars.

Apgr 2545

Use 5®18 — As=>5* 254.5 = 1272.5 mm’ > Asyeq = 1215.2 mm®, =
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Check spacing :-

§ =222 (88 — 525 mim > d,, = 18 > 250K

— Check for strain:- (s, = 0.005)
Tension = Compression
As*fy =085* f/*b*a
1272.5* 420 =0.85 * 24* 400 * a
a=65.5 mm.

C =52 - 77mm. * Note: f =24 MPa< 28 MPa— £, = 0.85¢ = Ei

0.85 .

e.=%"%% 003
c

L

=077 % 0,003 = 0.0161 > 0.005 - ¢ =0.9 OK.

77

Use 5®18.-

3) Maximum positive moment span (C-D) Mu™ =73.8 KN.m .

OMnpax =478.6 KN.m >Mu = 73.8 KN.m — Singly reinforced concrete section
Mu= 73.8 KN.m.

_ _fy _ a0
0.85 f,  0.85:24

My _ 73.8x10° =D.85Mpa

T pbd®  0.9%400x490%2

=20.59m

n

2#Rp+m
fy )

m A

} I = =
=— (1 - 1= )= 0.0021.

20,59 N 420

—As = p * by, *d = 0.0021 * 400 *490 = 411.6 mm?.
S

fe :
L . Ls .
40 " Ty W

............ (ACI-10.5.1)4s,,;,, =
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vas 400+ 490 = ﬁ#dl-l]l]*-’-l-gﬂ

T as420 2

=571.5mm*<653.8mm?.............
— ASmin = 653.8 MM’ > As;eq = 411.6 mm?,

Larger value is control.

As = 653.8 mm?...

#0f d18=ree = 5528 5 57 4 of bars =3 bars.

par 2545

Use 3018 — As =3 *254.5 = 763.5 mm® > Asyeq = 653.8 mm?. -

Check spacing :-

g = 200720:272107(18) _ 123 mm > d, = 18 > 250K

— Check for strain:- (s, = 0.005)
Tension = Compression
As*fy =085*f/ *b*a
763.5* 420 =0.85*24* 400 * a

a=39.3 mm.
C= E = 46.2mm. * Note: f! =24 MPa< 28 MPa— 3, = 0.85¢ = Ei

d—c

*0.003z, =
=2307%82 % 0.003 = 0.028 > 0.005 - ¢ =0.9 OK.

46.2

Use 3®18.-

4) Maximum negative moment support(C) Mu® =47.3 KN.m.

OMnmax = 478.6 KN.m > Mu = 47.3 KN.m — Singly reinforced concrete section

Mu =47.3 KN.m.

. 420
=_Ir - = 20.59m
0.85 f, 0.85:24

My  47.3x10° ='D.55Mpa

Rn=
Bbd* 0.9x400x490%
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=
2xRp+rm )

p = = j_ —_ |1 —
m ( ‘\II f},
__1 1— lll _ 240.55:20.59 | _ 0.0013
20,59 "~.|| 220 ’ )
—As=p * b, *d =0.0013 *400 *490 = 254.8 mm?.
ul'f_-; L4
............ (ACI-10.5.1)4s,, = *—=sb, +d = —=b, *d
4'-...!‘1,':' Iy

=22 400490 = — * 400 * 490
44470 2L

=571.5mm?< 653.4 mm? ............
— ASmin = 653.4mm? > Asyeq = 254.8 mm?,

Larger value is control.

As = 653.4 mm?.-.
#0f D18 =252 = =22 = 9 56 # of bars = 3 bars.

bar

Use 3®18 — As =3* 254.5 = 763.5 mm® > Asq = 653.4 mm?, -

Check spacing :-

123 mm > d, =18 = 250K

S = 400-40+2—2+10—(3+18)

"

— Check for strain:- (s, = 0.005)
Tension = Compression
As*fy =085* f/ *b*a
763.5* 420 =0.85 * 24* 400 * a

a=39.3 mm.
C =222 = 46.2mm. * Note: ;= 24 MPa< 28 MPa— B, = 0.85¢c = -
e, =5+.003
= 28292 % 0,003 = 0.028 > 0.005 - ¢ =0.9 OK.
Use 3@18..
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6) Maximum positive moment span (B-C)

Use minimum reinforcement

—ASmin = 653.4mm?
Use 3®@18 — As = 3* 254.5 = 763.5 mm?>.

Check spacing :-

_ 400-40+2-2+10—(3+18) _

-

S

123 mm = d, = 18 = 250K

— Check for strain:- (s, = 0.005)
Tension = Compression
As*fy =085* f/*b*a
763.5*420=0.85*24* 400 * a

a=39.3mm.
C= E = 46.2mm. * Note: f! =24 MPa< 28 MPa— §3, = 0.85¢ = Ei
e, = <+.003

= 207252 % 0,003 = 0.028 > 0.005 - ¢ =0.9 OK.

46.2

Use 3d18.-

(4-8) Design of column (C10)

fc'=24 Mpa
PD =2080 KN
PL=1770KN

Pu=1.2PD + 1.6PL=1.2 X 2080+ 1.6 X 1770 = 5328 KN
Pn =pu/¢ =5328/0.65 =8197 KN ...use ¢ = 0.65 — for tied column

Assume rectangular section with:

57




Usep=15%

Pn =0.85(0.85* fc' (Ag — AST) + AST [fy])

AST =0.015 * Ag

Use 0.85 for tied column

8197 * 10° = 0.85 x (0.85 x 24 * (Ag — 0.015Ag) + 0.0154g * 420])
Ag = 365368.2 mm?2

Use 0.75 x 0.6 m2 with Ag = 450000 mm2 > Ag. required = 365368.2 mm2

e Check for Slenderness :
(K*lu)/r < 34-12(M1/M2) <40
MI/M2 =1 ......... for braced frame with Mmin.
lu: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section =0.3 h
lu=4m

K=10...... for columns in nonsway frame.

a) In75cm _ Dirction:

(K*lu)/r < 34-12 = 22< 40
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(K*Iu)/ 7 = (1*4)/ (0.3*0.75) = 17.77 < 22

=~ short Column for bending about X — axis.
a) In60 cm _ Dirction:

(K*lu)/r < 34-12 = 22< 40
(K*lu)/ ry = (1*4)/ (0.3*%0.6) = 22.22 > 22
=~ long Column for bending about Y — axis.

- long Column in one direction

e C(Calculate the minimum eccentricity emin and the minimum moment Mmin:
About Y- axis
emin =15+ 0.03 x h =15+ 0.03 x 600 = 33 mm
Pu=5328 KN

Mmin = Pu x emin =5328 * .033=175.8 KN.m

e (ompute EI:
EI =0.4(EC*Ig)! (1 + Bdns)
Ec=4750 x \fc' = 4750 x \24 = 23270.15 MPa
Bdns = (1.2 * DL)/ Pu = (1.2*2080)/5328 = 0.47

Ig = (b * h3)/12 = (750*(600) ~3)/12 = 13.5 *10"9 mm4
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EI = 0.4*(23270.15%13.5)/(1+0.47) = 85482.2 KN. m2

e Determine the Euler buckling load, Pc :
Pc=(m2* EI (K * lu) "2) = (m2*85482.2)/((1*4)"2) = 52730 KN
e C(Calculate the moment magnifier factor éns :

Cm=0.6+0.4*(M1/M2) = 0.6 +0.4x 1 =1.0

Sns = Cm [ (1-( Pu/ (0.75 * Pc)) = 1/ (1-(5328/ (0.75*52730)) = 1.15>1, 1.15<1.4 ...

— The magnifid eccentricity and moment:
ex=emin X dns =33 x 1.15 =38 mm

Mc=6déns x M2=1.15%x175.8=202.2 KN. m

— where M2 = Mmin = Pu * emin = 5328 * .033 =175.8 KN. m
The magnifid moment are less than (1.4 x 175.8 = 246.1), are required
by — ACI — Code Section 10.10.2.1.

e Select the column reinforcement from Interaction Diagram :

About y — axis
a) Compute the ratio e/h:

ex/h = 38/600 = 0.063
b) Compute the ratio y:

Assume @20 for bars:y =(d —d")/h= (600 — 2 x 40 — 2 x 10— 20)/600 = 0.8
c) Use interaction diagram A —9a and A —9b

selected dimention: h = 750 mm, b = 600 mm.
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assum p = 0.015

aty=0.75............... @PnlAg = 2.18 Ksi
aty=09 ............... @PnlAg = 2.26 Ksi
by interpolationy =08 ............... @Pnl/Ag =2.185 Ksi

@ * Pnx = 2.185 * 0.145 * 600 » 750 = 14.26 MN

@ * Pn = 14260KN > Pu = 5328 KN — Safe

e Select the reinforcement:

Ast =pg X Ag=0.015 X 600 X 750 = 6750 mm2 ... ... Use 20 @ 20

e Design of the Tie Reinforcement :
S <16 db (longitudonal bar diameter) — 16 x 20 =320 mm
S <48 dt (tie bar diameter) — 48 x 10 =480 mm
S < Least dimension. — Least dim. = 500 mm

Use @10 @ 20 cm.
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(4-9) Design of Stairs: -
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Figure (4-10): Details of Stairs

4-9-1 Determination of Slab thickness:

L=5.88
h= (5.88/20) *0.85=25 cm

Use h= 25 cm and limitation of deflection will considered.
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4-9-2 Load calculation:

Dead load (Total for flight) =10.7 KN/m2

Dead load (Total for landing 1) =8.29 KN/m2

Dead load (Total for landing 2) =10.79 KN/m2

Live load for stairs =5 KN/ m2

Total factored Load: Wu =1.2*DL + 1.6*LL

for flight W=1.2*10.78 + 1.6*5 =20.93 KN/m2
W=1.4*20.93=29.3 KN/m

for landing 1 W=1.2*8.29+1.6*5=17.95 KN/m2
W=17.95*%1.5=26.92 KN/m

For landing 2 W=1.2*10.79+1.6*5=20.95 KN/m2
W=20.95%1.5=31.4 KN/m

4-9-3 Design
4-9-3-1 of Bending:

Mu = 108 KN. m (from Atir)
Mnreq=Mu/09=108/0.9 =120 KN.m/m

Assume @ 14 for main Reinforcement: -
d=250-20-14/2=223 mm

Rn = Mn /(b*d"2)
Rn = (120*10%6) / (1000*223"2) = 2.4 Mpa

m = fy / (0.85* f¢") = 420/(0.85*24) = 20.59

r I > e ]
— 1 (1_ ||1__s[!l.855_l}.5'} )200061

N 220
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= 0.0061*1000*223 = 1360 mm2
As min = 0.0018*1000*250 = 450 mm?2
As=1360 mm2 > As, min =450 mm?2
Use ® 14 @ 15 cm. ....... with As Provided = 13.77 cm?
As (For Shrinkage & Temperature Reinforcement) =0.0018*1000*250=450 mm2
take 3 ®14/m with As=461.7 mm2/m strip
4-9-3-2 Design of shear:
Vu=35 KN
dVe = (@*Vfc'*b*d) /6 =136.6KN

Vu < ®Vc No shear Reinforcement is required. So the depth of the stair is...... OK

(4-10) Design of a shear wall (SW1):

To design shear walls, we use (CSI ETABS) Software, and this is a manual example of
shear wall design:
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T 70 KN

90 KN

170 KN

233 KN

345 KN

463 KN

630 KN

Mu = 5200 KN.m

663 KN

670 KN

BENDING MOMENT SHEAR FORCE

Fig. (4-11) Shear and Moment Diagrams of Shear wall

Fc = 24Mpa

Fy =420 Mpa

t=25cm shear wall thickness
Lw=3m shear wall width

Hw for first & second wall = 4.5 m story height
Hw for the rest = 3m story height
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4-10-1 Design of shear (Horizontal and Vertical Reinforcement):

2 Fx=Vu=704+90+170+2334+345+463+630+663+670 = 3334 KN

The critical Section is the smaller of:
lw/2=3/2=15m control
Hw/2 =27/2=13.5m
Story height =3 m
d= 0.8*lw = 0.8*3000 = 2400 mm
@Vnmax = @ (5/6) Vfc'hd
= 0.75 * 0.83 * V24 * 250 * 2400 * 10~-3 = 1829.7KN
Ve=(1/6) Vfc'hd = (1/6) * V24 *250 * 2400 * 10-3 = 489.9 KN control
Ve=0.27Vfc'hd + (Nu*d) / 4lw = 0.27V24 + 250 * 2400 + 0 = 793.6 KN
Mu = 5200KN.m

(Mu/Vu) - (Iw/2) = (5200/670) - (3/2) = 6.3 >0 (+ve value)

3(0.1v24 + 0)
6.3

_ lo.osx/ﬁ + 250 * 2400 = 286.9KN Control
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For last 2 stories, Vu = 90 KN <@Vc = 215.2 KN

Horizontal: -
P=0.002forp < 16
P=(As)/s.h, S=31.4cm

Use 14 10 @ 15 cm in each side

Vertical: -

P=10.0012 for@ < 16

P=(As)/s.h, S=52.3cm

Use 1@ 12 @ 15 cm in each side

For the first 3 stories, @Vc¢ = 215.2KN >Vu =170 KN >@V¢/2 = 107.6 KN
Horizontal: -

P=10.0025for@ < 16

P=(As)/s.h, S=252cm

Use 14 10 @ 15 cm in each side

Vertical: -

P =0.0025+0.25(2.5-(hw/Ilw)) (Ph-0.0025)
Pv =10.0025

P=(As)/s.h, S=25.2cm

Use 10 16 @ 15 cm in each side
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4-10-2 Design for flexure:

Ast =(3000/200) *2*78.5 = 2355 mm2

A 2355 420
e () o) 2 o

L, h) £~ \3000 * 250
P,
a= =0
Lyhf'
C w+a 0.055+0

L~ Zw+0855 2+0055+085+085 066

U Cc
oM, =0 O'SASth/lw(l +m)(1 L

= 0.9[0.5 * 4945.5 % 420 * 6300(1 + 0) (1 — 0.066)] = 5499.96KN.m > Mu

— use $p12@15 cm for vertical reinforcement

(4-11) Design of Basement wall:

¢ |oad calculation:

fc =27 MPa, fy=400Mpa, Y's=20KN/m?>, qall=250KN/m’, ¢=30, surcharge =5KN/m?

27Mpa | 400 Mpa | 18 KN/m? 400 KN/m? 30 | 5KN/m’
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SKN/m2

415
375

Figure (4-12):Section Of basement wall
Ca =1-sin@=1-sin30 = 0.5( Static Earth Pressure)

Pa=Ca*h* y =0.5*3.90*18 = 35.1 KN/m2

Ws
hs= —= 2 20278 m
W 18

Ps=Ca*hs* y =0.5*0.278 * 18=2.5 KN/m2

0.5 35.1 KN/m2 0.278 m 2.5 KN/m?
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Figure (4-13): Static System

From Atir we have moment and shear envelop

Shear

-78.2
-64.

s08 471

Figure (4-14): Shear envelope diagram of basement wall.
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Moments: spans 1to 1

2.14

- 1.76

Figure (4-15): Moment envelope diagram of basement wall.

Design of Bending Moment
Mu = +63.5 KN.m/m

d=300-75-20/2=215mm

R, = Mn
b-d?

_ 635*10°
0.9*1000* 2157

n

m ="
0.85x fc'

400
m =
0.85x 27

=17.43

=1.5264MPa .

_ 2*17.43*1.5264
400

J =0.003952




As, req = 0.003952*1000*215= 849.706 mm?*/m...........
Use ® 16@ 20 cm,
With As,provided = 1005.31 mm2/m > As,req = 849.706 mm2/m
- As.min for vertical bars:

- 0.0015*b*h = 0.0015 *1000*300 = 450 mm?/m

=7 %1000*250= 812 mm%m.

Wi
200

- 12 %1000 *250 = 875 mm?/m. . ... ... CONTROL

- 025

Use ® 16@ 20 cm, with As, provided = 1005.31 mm2/m > As, req = 875 mm2/m

- For horizontal bars :
0.002*b*h =0.002*300*1000= 600 mm?/m.

Use ® 14@25cm, with As, provided = 616 mm2/m > As,req = 600 mm2/m

- Check for shear

d =300-75-10=215cm
¢.Vc:0.75*%* fc' *bw*d

A 0.75*%* 27 *1000*215=139.65.1KN

Vu= 64 KN < ¢Vc= 139.65........ OK

The thickness is enough
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Figure (4-16)Basement details.
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(4-12) Design of Footing

The footing type is Mat Foundation all under the building , so we cant design it manually,
but we design it by SAFE 2016 program .

[solated Footing (F41)
PD = 1600N
PL =590KN
Pu = 2864KN
Column Dimensions = a * b = (65 * 50) cm
Allowble bearing capacity = qall = 350 KN /m?*
4-7-1-1 Area of Footing:
Soil Density =17 KN/m?
Assume h = 80 cm
qall-net =350 — 0.8 x 17 — 0.8 * 25 = 316.4KN /m?
Area = (PD + PL)/ qall-net = 2190/ 316.4 = 6.9 m?
Assume rectangular footing a = 2.2
Selecta=2.2m
b=32m

¢ Depth of footing:
Assume h =80 cm
4-12-1 Check one-way shear:
qult = Pu / Area = 2864 / 7.04 = 406.8 KN /m?
d=800—-75—10=715mm
Vu=qult b= ((a/2)*(b/2)-d) =1267.3 KN
dVe = 0.75* (Vfc' /6) bwd = 1401 KN

Vu=12673<< ¢ *Vc=1401-0K
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4-12-2 Check two-way shear:
d/2=715/2=357.5mm
Vu=qux*(A—-(0.6+d)=*(0.4+4d))
= 406.8 % (2.2 3.2 — (0.6 + 0.715) * (0.4 + 0.715)) = 2267.4 KN
ocs= 40 for interior column
pc=(0.65/0.5)=1.3
bo = (2*1.115) + (2 *x 0.915) = 4.06

According to ACI, V¢ shall be the smallest of:

6 1.3

1 2 ' 0.75 2
Q. Ve = (p.g(l + ,3_) fe bod = ——* (1 + —) *V24*4.06*715 = 4512.5 KN
Cc

_ 1 (a ' _ 075 4 (40*715 * * * _
0.V =955 (o + Z)thbod = 22x (522 + 2) *VZ4*4.06*715 = 6263KN

1. 0.75
0.Ve = 9.3 |febod = T*Jﬁ*4.06*715 = 3555KN

Vu=22674KN < ¢ *Vc=3555KN

h=80cmis OK.

4-12-3 Design of Bending moment: Y direction

FRu=qult b x ((a/2)- (b/2)) =406.8*3.2*((3.2/2)-(0.4/2)) = 650.8 KN
Mu=650.8 % (0.9/2) =2929 KN.m

p=0.0015

As,req = pbd = 0.0015 * 2200 * 715 = 2359.5 mm2
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Check for As,min

As,min = 0.0018 * 2400 * 515 = 2224.8 mm

As,req = 1892.7 mm2 < As;min = 2224.8 mm?2 ... . OK

~ As,min = 2224.8 mm?2

Select 31010 with As,pro = 2434.7 mm2 > As,req = 2224.8 mm2 ... . OK

4-12-4 Design of Bending moment: X direction

FRu = qult * b x ((a/2)- (b/2)) =406.8*3.2*((2.2/2)-(0.6/2)) = 1041.4 KN
Mu=1041.4 % (0.9/2) =468.6 KN.m

Mn=Mu /b =468.6/09=520.7KN.m

p=0.0015

As,req = pbd = 0.0015 * 3200 * 715 = 3432 mm?2

Check for As,min

As,min = 0.0018 * 2200 * 515 = 2039.4 mm

As,req = 1699.5 mm2 < As,min =2039.4 mm?2 ... . OK

~ As,min = 2039.4 mm?2

Select 28010 with As,pro = 2199.1 mm2 > As,req = 2039.4 mm?2 ... . OK
Spacing =2200 — 75 * 2 — 28 x 10/ 27 = 65.6mm

The smallest S:

1-3h =3 %800 = 2400 mm

2-450 mm - Control

S=7.5cmis OK
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4-7-1-5 Development length of flexural reinforcement

Ldt for 914

Ly oq =%r%rfri‘§$fdb > 300mm
L T

Ldy,., = 246.9> 300 mm

available Ldt = 825 mm
available Ldt = 825 mm > req Ldt = 300 mm - OK
4-12-5 Load transfer at the column-foundation interface (Dowels design ):

In Footing

. A,
$Pnb =P(0.85 L4, = |—)
4

A1=0.6*0.4=0.24 m?

A2 =24 %22 =528m?

@Pnb = 6364.8 KN > Pu = 2864 KN - OK

The Dowels are not needed for the footing

In Column

@Pnb =@ = (0.85 % fc’ * A1) *1000

A1 =0.6 x0.4 =0.24 m?

@Pnb = 0.65 * (0.85 * 24 * 0.24) * 1000 = 3182.4 KN > Pu = 2864 KN - OK
The Dowels are not needed for the column

A min=0.005x*Ag = 0.005 * 65 * 40 = 130 mm?2
Lap splice of column:

Ls =0.071* fy +db=0.071 x 420 * 20 = 596.4 mm — use Is = 600 mm
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Development length of column reinforcement:
req Ldc =411.5mm
> min Ldc = 0.043 = fy x db = 0.043 * 420 *20 = 361.2 mm

available embedment = 700 — 75 — 2 * 10 = 605 mm > req Ldc = 361.2 mm - OK
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