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LIST OF ABBREVIATIONS WlylaisYl deild

e A. = Area of concrete section resisting shear transfer.

o A = Area of non-prestressed tension reinforcement.

e A, = Area of non-prestressed compression reinforcement.

e Ay = Gross area of section.

e A, = Area of shear reinforcement within a distance (S).

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

¢ a = The distance of the compression zone from the top of the section

e b = Width of compression face of member.

e by, = Web width, or diameter of circular section.

e ¢ = The distance of the neutral axis from the top of the section.

e C. = Compression resultant of concrete section.

e C; = Compression resultant of compression steel.

e D.L = Dead loads.

e d = Distance from extreme compression fiber to centroid of tension reinforcement.
e E. = Modulus of elasticity of concrete.

o f. = Compression strength of concrete .

o f, = Specified yield strength of non-prestressed reinforcement.

e h = Overall thickness of member.

¢ L, = 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.L = Live loads.

e L, = Length of wall.

¢ M = Bending moment.

e M, = Factored moment at section.



e M, = Nominal moment.
¢ P, = Nominal axial load.
¢ P, = Factored axial load

¢ R, = A strength coefficient of resistance.

e S = Spacing of shear or in direction parallel to longitudinal reinforcement.

¢ V. = Nominal shear strength provided by concrete.
¢ VV,, = Nominal shear stress.

¢ Vs = Nominal shear strength provided by shear reinforcement.
¢ V, = Factored shear force at section.

e W, = Weight of concrete. (Kg/md).

e W = Width of beam or rib.

e \W, = Factored load per unit area.

e X)) = the distance of region I1l.

e @ = Strength reduction factor.

eg. = Compression strain of concrete = 0.003mm/mm.
eg, = Strain of tension steel.

e £,= Strain of compression steel.

¢ p = Ratio of steel area.
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Structural Design Of " Ainnonkr's Hospital " In Dura City

Work Team
Yahya Said Ahmad Suhaib Mahmud Sarahnh

Palestine Polytechnic University- ¢shadd ¢hisid g5 daaly
Supervisor

Dr. Mohammad Taha Alsayyed Ahmad

Abstract

This research aims to make a complete structural design for all the element that is
located in Dura city on a region called Ainnonkr, this building represented by four floors with
an area of 7400 m2, and it follows an architectural style that depends on the distribution of space
blocks in a beauty and functional way. The design includes slabs, beams, columns, walls,

foundations and others.

The methodology of this research is represented in several stages, starting with checking
the architectural drawings and plans to ensure that there are no architectural errors, then the
columns were placed and corrected in a way that serves the construction goal, taking into
account that it does not affect the distribution of voids inside the building, and then Determining
the live and dead loads added to the slabs, which in turn led us to define the structural systems
based on those loads and other factors, and by counting these matters we have provided all the

building design requirements from the slabs to the foundations.

By following the structural design steps of the buildings, and by applying what we
learned during the university classes, a building will be obtained that is characterized by the
multiplicity of construction systems, and able to resist the loads affecting it supported by the

structural plans and drawings illustrating.
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C.= combined height, exposure and gust factor coefficient as given in Table 16-G.

C,= pressure coefficient for the structure or portion of structure under consideration as given in
Table 16-H.

q, = wind stagnation pressure at the standard height of 33 feet (10000 mm) as set forth in Table
16-F.

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

P = design wind pressure.
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(ASCE-7-10) px3iusall 358U e g )5 Ialaie) Gaill (5 585 J3Y 31 Jlaal apani oy Ltial)

(UBC 1997) (535> s bl Jlaa 5 583400 Jlaadl (1
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4,4La3Y) pualiad) (6-3)

el 3 g g Al et (Ao Jadlan STl ) Anliy) paliall (nde gaaa (ebile Sl aaes ) S5

: palinll 23 aal e s ¢s il pladiuD Aiadla

.(Foundations) <l (1

(Columns) s2e¥1 (2

.(Beams) L=l (3

.(Slabs) <l (4

.(Shear walls) u=dll o) 2 (5

(Stairs).z' ¥ (6

(Retaining Walls). i) ¢l ,aall (7

.(Bearing Walls) Ll o5l a1l (8

.(Expansion Joints) 22l Jual 8 (9

sl (883 s sall ApLAY) jualiall Gany (1 -3) JSAll sy

sall A 5Sall ALY yealiall £(1-3) JSal)
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(Slabs) <) gi cilséal) (1-6-3)

aliall ) Ledle 3 555l Jlaa¥) s da ) (558l J& e 5l 3Ly paliall (e 8 e Calakall
prebaatll o (525 calaiiuY) Aagdal aDle g Le Coen Cilaiad) e Rira g il La) 5 3 jlenal) clllaiall
o) 5V o2ed s b La 5 AR J pacadll 8 ALY
Ribbed Slabs ¢ jiall qughall aladiuly cilsiall 1
et (pand ) ansdy il (e g il 138
(One Way Ribbed Slabs)as! s slail & & jaall oshll Glsée g
0555 Lo ac Y1 e W) 8y Slilaiuse AKE 328l 3475 Ladic 223005 L bale 5 a3l 3 Lo sud SV & sill 13 any
eﬁ)d&ﬂ\@hﬁ%%ﬁ)@ﬂwﬁmh&;LAAMM\%Q}H\QA&JMQAO&}&SJMJM\
Lellad 5 L5 55 Al @lld g ¢e g piiall 138 (3 sk e 8 DL 038 aladiiud Q35 canl 5 oladl ludl) ) 5S35 ¢(2-3)

Cne vy rib slab - N Shenkage & Temperatuer Bar's —\

/
Hallow Block { 17em ) —

2l olal b g iall (glall Claial wlaie :(2-3) JS)

(Tow Way Ribbed Slabs) oaladl & & siall shll cilaie b

sl laluall Als 8 aadid

el clilee 58 Ladie dald L

Cua (e lgile ae LS Ay )i (Spans)

O Y (3-3) JRAN (B ke LS (Sl

W hac ae osS Jal¥) s

skl s (e 4alS KT Ll W) aalasy)
An gl alai¥) culd ¢ jadl)

ollow Block ( 17 em )

Steel Bar's

Oeaalil 3 ¢ Jiall (glall Claial ahaie :(3-3) JS)
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(Solid Slabs) diaaal) citisl) .2

O ¢l (One Way) g sladl 8 Claie ) Liay) andiy doadl Jlaa3U 1,58 308l S Jla 8 a2aius

‘J.\S\ 3l uadll olaiV¥l Cazia Joshall oyl U}S:‘u.éafﬁ“‘:‘} ¢ adll olad¥) sa g canl g oladl S Jlaal) @J}\

(spans) sl liliee o 6S8 Ladie dald Lt 3 Sl cilabie) Al 2 padind g (Tow Way) lad) b Cilase
Adaadl @il g il (4-3) JSA a5y Lgale D8l 1 Jlaal) e slie aal 1) olai¥) culd adaios ¥ 5 ¢y jlila

> @

Aaaall @lall (4-3) JSall

(Paneled Beam) a8 <Ml 3
(Deflection) (e Ji: s (Grid Action)desl ) swall (e 480l 45 S Lgdany pe dxbalilie ) o (40 3 ke
LS Aals saee) Ll 3kl 028 (5 53a3 Y Cus cagile (Bending Moment)sal) Jlaie Ji Jlls ) sl 5 5a6all
Ak JSE suall O (Fimay ¢(5-3) JSA ey
dS derys Hsuall (8 Jsanas dala aa o Y 43l 8
s AY) ) suall (Elastic Support) < s

a3l JS5 Lgin Lad ) guall adalds 2ie
sl (Hollow Block) Ll o585 38 (il )3 juaa
O Gl gl byid Y ¢(Solid Slab)
Alabuall Gl Glagall & gill 138 padti ) sl
<y da Ay ¢(150m2 — 80m2) sl
Lo iy g 438l saae ) Lals 2aly @l oo dalial)
Jiai 28 Waaie g (Paneled Frames) - o
500mM2 e Lo ) dabull

el AL (5-3) JSa
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o S5 Aalall (Stiffness) seluadl o) oo SE &5 (s AN s sual) e gl 055 Y ) s (S
3aiall ala) () 685 Ol Gany 5 LS ¢y suanll aaand Bas g Uil alagl g dandioall yuad) 3ale 585 b @lld g oy 5 4 ldia
LA e ualll Iy shall slad¥) A 2y 5 Y a4 )l

L ¢Sl (Continuous, Frame & Skew Paneled Beam) :dis 4 el clladlll (e Adlida &1 53 2a 53
.(Simple Paneled Beam) = Lo s asudai g atul )3 sia

(Pre-stress Slab) (gswal) 34l cllady 4
Lo AnLiY) JSLEal (e S da (8 2ol dus pladll Zolee A AgaV) Gae 2as SUSL 028 a2d003
Al AN Claial) alasind Jis & (Deflection) o sl dalia S dlaw ) zliag il 3 Sl cilibadl @3 ) sl
CJSLEAN (e Leerli Lo g Wy s Laduail o sllaall i gl ) ddlical o) gal) 408

e el (D gam Al Al e (Sl daria Jeal 3 gadiall daall ad o8 8 3da30l) o8 Jae 8 sa (050
el Fnasanadl) {530l (i Lag) (38 () Ganaal) 2l LDl piiy Lo 5550 513591 Al Lo ) el
Laa g 4@\&%).1:@@)4;\1\@

(Pre-Tensioned) 23l dalw <l g

Oy Al Al ade cual &5 (e g(Jack) Com Lo ddaud s allloalea Bl bl das g g8 5 Cus
L Y) aiiadll A Y) A0 Y e il e Gl JSAIL ol ey (6-3) JSE ey LS aaall () Alu Al lias
(sl
End
abutment Steel tendon

(a) Applying tension to tendons

(b) Casting of concrete

Cutting of tendon

(c) Transferring of prestress
AN Aale AL dae Jal e :(6-3) JSal)
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(Post-Tensioned) &l 45y i3y b

e Sy 3L el ypall g g 2 3y o G oy B0l el & sl g el e o Cn

ey Al Al cualy 5 88l paall aa gy o3 ((DuCts)= llae ) 5S W 3ale 5 ((Anchors) ddau) ss 882l ) yha

ek LS A gally e ) jal) Ly adally Bl ol hal (e saldall apaall i) (Jack) alasciul oy i ccalali sl
(7-3) Jsa

PR i

CRO IR R DR

Casting bed Side view

8 &Y A3 due dal s (7-3) S

aaal) o bl dls (8 L 1)) e ddlide el e Ao adiad clladl sdd ilaiial 33 aagiy WS

& e 5 (Tendons) deadivall naall J Y 23 g o8 Ao g cdiln Al

(Beams) s« (2-6-3)

o) i g aas V) () el e Jan s lac V) g Colaiall (e Jlaal) Al dpalaf 40085 jalic a5
(Hidden Beams) & sawwall gl (1

Jea¥) Ja e aSland) bl Legd € S5 N puaall (e J8) () 50 3280 (Stiffness) sebua oY

(Dropped Beams) 4kélad) gl (2

b A uall ge 20 e 5all 5 Qs sakall gl e ST Leldil S A smal) dli e ke
<T or L- section _swall s3a ausi Cusy (Up stand Beam) ¢ si=) sl (Down Stand Beam) (Aiwd) Gaalasy)
s3ially (alall e ST ) (Stiffness) selua ¢ 5SH diaad) Ciliiall ga g sill 138 230 Cany g
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L) Caa gl

SN Jaadl)

Dot Lo le 5550 bl G5 s0ae Y5 Hsual) o &5 ey mhandl o b jisall (g8l a5l T ki

A gac ahia 1(9-3) JSall

Support (1)

sl JSAI 1(8-3) JS

(Columns) 3xY) (3-6-3)

il (e Jlaall J8 8 il eaiell 3aecY) el
Ji e 3,08 (8 sy Leasanal g M bl el
e sed 3aaeY) gl ) Al W odgale &adl N Jlaal) a5
eblds (Long) 4ishll 32ae¥1 5 (Short) bsall) 3aae¥) (e 5
Alia 5 aosall s aliadlly s yilally Jalaisal) Lgia spae JISET B2acY)
Ll Al Lid deodiead) sl dands Gua o saee AT Caias
o6t el 138 daaindl Baae V) ) Ll Wl g cdpasiall 5 dsaeall
oebns JSAN Allaiie b JSA s (e oJshall Cua (e Ay gluia
Jabaiall 3 ganl) g Uad JS5 (9-3) JSal)
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(Shear Wall) uadl) &) 2> (4-6-3)

Jlaal) L slia) bl (S a2aius 5 Lale 281 5l) 481 5 400 gandl (5 58l a5l Alals 4L pualic A
05 i ) e Giiaday s ) jaad) 238 5 «(Shear Walls) gadll o) jas (oansi's SOV 35 L) (5 58 Jie 48Y)
(10-3) JS8 (b ek LS A (5 ) e slie (e Lg3eliS (e

e e OS) pasm sdle) (B jus gy o Cus Al Al 015V dasd e ol ol s i
Qﬂoizb\f@www‘;u}ﬁgﬁjjlg\g\sﬁpd@hzﬁd\g}bjc#‘c\oﬂyg’aj@\
uSAﬁLAdﬂ@.\A“dﬂ\JSJAJD\A:\\&@uﬂ‘u\)hwﬂgﬂ\h}m‘ﬁfuyhm‘

By Al (g Al Ao slid) i) G)san e la Ty s el a5 Qi) 88 (585 G amg o paadl o2 o LS
Aadldl)l J padll A lgasanad (o Sl @lld g all JalS 8 (g e S e ) gy Sl (A (il ) jaa 2aad S
el clald O \.J.\'S ‘;ﬂ\ Lg_)a\}!\ Oloasdl g cacliaall o) jas g 6GJJJ‘ G Glass ool aadl sda Jiai

.o=8ll Jlaa 1(10-3) Jsadl
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(Foundations) <) (5-6-3)

WIS aranad (o el 2xy &y Lparanad G V) Ll ol vie Ladan, fag L Jf 0 Glulal1 of e a2 )l
el 8 ALY jualial)

GV skl e Al ) Jleal (V15 el 8 AGLEY) puabiall (s Jua sl dla L) e
el Lpall Jal Jasi e Jsgmse O S5 Ll (N & (g b () 1 pals saae Y1 () @ suenl
sl Jals adl Jlea¥1 Ll 5 O3 315 2 5Bl 5 2L e Al 4Saliall Jaay) L

a3y a8 gall Aagida g Lol Za8) gl Jlaa¥) e 2l el Gl Jleall a Jlaall sda 5S35
sle Axdl gl Jlaall s & i) Jan 5 g8l Lag lld g dilise o) il (e il aladiinn) 18 giall (e s daddivsall Gl ¢ 53

ol 8

OsS g5l 135 (Shallow Foundation) bl bl (cams s o ¥ mhans (e L8 5% 38 Gl
Jsall i LS (Isolated Footing) dluadic sacld (ulud i «(Strip Foundation) Gia i Lalul ()5S (S ) s 332y
.(Mat Foundation) s sas sf 43l cilulul 5l cdlatiall sl il molus s JS& eday (3 (11-3)

By il e Loy g 5) cs Y Aipand) il e ) el Jlaad il i ) JA0s Gsee ()5S, 38

Al e Janll jih Ladie Lol e salll 55 Cus (Deep Foundation) Gaesll ebadil & sill 138 w5 duny i

ciall mhudl e Jgeanll s S Gleel ) 4 @11 ) e salll o A G )Y mhans (e il Qandill dalla
.(Piles Foundation) su all sl Y1 Jie Guslill

column rebars

column stirrups

ViNAVLVAVA

column —\

spread footing's neck

NN AN [N
o

/— stirrups in the joint area

footing —

4
~§

-
-~ v
&

reinforcement bar grate

(32 5ie) Aliaiic 32cld ;(11-3) Sl
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LY Caa gl

SN Jaadl)

(STAIRS) z/u8 (6-6-3)

a2y Can inall & clidall () JEBY) e g asall LS 5 (5 lenall yuaiall ce b ezl Y
sl & e saie o jliiely Lildi) ¢l apenal wys 3aal sl Al plis ) Jia 5 jpea cilelii ) ) gilall plis )
& 38l sla sl e de g0 el 5 IS5 g 5 ) 13 8 Lgalaiad 25 ezl gl (12-3) JSED elay Gum 2l

S12700m

h=20cni 1

B!TIlSan—]

Span 3

a, B

B 1715 \ mjf‘m
R [ e T th
i *
AR 5 sy
———-"/
""::& Span 2 Span 3
v
Lo - >
1
S1211%m pa /
B127em Eiul |
Secondary Reinforcemeht
Span 2 ©@10/20cm
Secondar¥ Reinforcement A\
@10/20cm

@12/7cn

oM malid g JSEY e adala 1(12-3) JSA

daddiual) dgs gaalad) &=l (7-3)

AGLESY) jealiall Aiadall e gu )l Jaad b 5 :AutoCAD (1
LY aeaill :Atir (2
.Etabs (3

Safe (4
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AlEY! ppasailly Jadoeid! 14 Juadl)

Aediall 1.4

Factored load (axeaill Jasll 2 4

omalldSlew aa 3.4

Al Sl 4.4

Design of Topping saéall (e (g stall ¢ ol apaa’ 5.4
Design of Rib s8all cuac araai 6.4

Design of Beam sl aeat 7.4

Design of Paneled Beams Slab & Sl 4b34ll avesi 8.4
Design of Column 25ec aai 9.4

Design of Stairs z !, axeai 10.4

Design of Shear Wall u=dll Jla areai 11.4
Design of the Basement Wall sall Jlas axaa’i 12.4

Design Isolated Rectangular Footing 4laiic 3208 area’ 13.4
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dadia (1-4)

3 jnaall 52 5al) o2a cdialll AMal) 8 Jeall g I Josi o)) (S ) 52m l Apnsis) el 5ol oo Al ,A1)

e 7 e Agaball Al A a5 (S8 Y Llae L& A0l8aY el dleal daiDle HIEY) salall Al Al (g Jra
vie 30ally Aeede clill il s el 8 Al Al aasiud Ll (dall; aelll JS ) e "Portland Cement”
daluall Alu Al Caymy Lo A5 Se e A jaall (5 suaill 230 Calgal Sl Al cLEW) peaic daglie Casag

."Reinforced Concrete"

Lo Luadaiall A5 gall) 5 2500 3 58 Ao lia Lo o 48 50 32l (& "Reinforced Concrete" daluall adbu Al
Aol Hla 20 (S e A1 e el @llin g el Aisd ol 035 5 ey 3 353 2ol sk e Al AL
S W e g Y Apalia) ) aall s bl e

8§ il shall saie sa Jaadll 138 JDA ane Jalaill s e (€1 ltiall (e g1 530 B0 lin g 5 il 12a 8

"ATIR- gl » saclua "Finite Element Method" 44 b aladiuls leaaats Lellad abin Cua caaly olal

"Bending asls "Deflections” <\l a5 "Internal Forces" dlalall s @l s Jal (eSoftware”
Al Al paliall pand Gglhadll paall e ) diall (g 53 Gl 6] ) & &5 <cMoment”

«w"Design Strength” L araaill 3 08l A8 5 ALEY) paliall (e die areal Jiadll 14 IO s
Ll Jeadll 138 (ai delia o3 alall Caal) 341 oY Yiial s ACI-318 S Y] 2 Sl Gllhie g <l yliie) e
Al Jall (3 )k g ¥aladdl Zagdal | jlas 4y ulai¥) AL clbluall 255 o) e J sadl) (LS Ay =)
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LY asaadll s Jalal I Seadl

FACTORED LOAD (susaaill Jaadl (2-4)

Vsl e el Ui 5 piia jualind apaaill 5 Sl Jalail Lale aaiey 3 5 Ledalas &5 3l Jlaad) dpass oy
s aleall 038 (pe Aailill JlaadU (5 I Al 22l Cam ACT-318 S ¥ 58I (e 33 salal)

. u=1.4D.L
. (u=1.2D. L+16L.L

. u=1.2D. L+1.6L. L+0.5S. L By ACI 9.2.1
. Qu=1.2D. L+0.5L. L+1.6S. L

A W DN

38al) ASlaw 33323 (3-4)

s3gd Aldall saac V) G padY) Adlisall e g lee 58 e alaic) aal gl eladV) ol Cilaall ASLaw a0a3 o3
Sl b yidy WS L Jalsll "Deflections™ o sl da slial @llig o s Al adl (e dnde ol Ldlas) e g sasall
small s Claiall 038 8 4 = sasse dlaws J8) ACI- Code-318M-11 e 2 salall (1-4) Jsaall jekay Cu

_JJM;HJ JA‘} slaily Olaaall dla dﬁi :( 1-4) djj;

Simply One end Both end )
Member ) ) Cantilever
supported Continuous continuous

solid one way

slabs

Beams or
ribbed one way

slabs

%+ The minimum required thickness is:

The maximum span length for one end continuous (for ribs) is 4.7m.

Lo47 - 25.4cm

Aimin = 185 185

The maximum span length for both end continuous (for ribs) is 6.4m.

Nmin :% = % =30.48 cm

So, select h=32cm (24cm block + 8cm topping).
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(Y ppenaill 5 Jolail &) Jeadl

Jlea¥) Gluwa (4-4)

35S0 el il e Talaie ) 5 4aladind ai clall 8 45k g s bl Ld Giaaty G JeaY) e g s SO
e f s US Gty e el U Al b LS 3aall g il Lai iy sl all Jeall Gad ki cJanianal
il ail e JlaaY)

(Live Loads L.L) 4 Juea¥) 1

cizall 88253 pall el e S Jlania) £ 55 e sl 50 ,¥1 0 5S JYA (e doall Jlaa¥) o 331 &)
a5 s Al il 8 Aaniiiaall el A G gl aad duall Jlaa¥) o e Dia (2-4) Jstall Gaw Cam

(2-5 KN/MP) O3t siaall e 8 55all Jlaal ) 58 ¢ 30531 250 dm iy L L il e (3ol

LY 2580 3 LS e il ) gl el dpall Jlea¥) o 1(2-4) Jsaa

FY St Joadl Jleaz Yl PR &
Jed) gyl
o ‘:".";_".Eﬂ JUoaxyl oo pl.s
syl o5 -
LI I - I~ Al aash (3l ield)
b bollese .l b 6 | el Ly Y 2 FIRCE
b by pe O, | leeliy) wp Y LS
1.4 20 a.!L - I../F: “l:..-..'l.!" ._..3'_;‘-: l‘:ll: _EJ_":;H Fip. I o=
JAlUsages) 205 | 5. 22 sae Wy
Ll sl S 3
B ala =42 __:'}’_1- o
S m gl o
ol wllell
45'_“ E-__’.:.II
1.8 20 pell 2 3k Y F L
- 20 wolaladl g3y L ~ L ,Q_J...-
il 2. ciles e plakll :,..Ig:l'l" oL dl
can bl | b s b s 2
27 20 ) ) N .
AL.ally da .| aasll
3 gl
4.5 3.0 w2y ety ool
e LIS :
P [ |
IV U Pr o GNP
3L e
45 3.0 il 35y pllal)
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GV aall (S i mhaadl Jie 25K 85 ) S e (SLaYT e al) Jeall dgia 8 dad e &4 LS

il mhs e an g S ALY Aadl Jlal) Gany 25 oS8 QKN/M? ltiey WA ol s Lpapeaill Lol

Aind Aipma ey Jleal Canmi il 5 cCaSll 5 4 sl ila Jlisa 5 olaall il 33 ol 5 5) (e Aadldl) AKS0all Jlaa¥IS

Apiama Jal s o Caad ) 1338 50 Jlaal el i lgaaia 5 A3y 5k e L Lgmaa s 0l el GSLYI e Lexy 555 8

Gn S il 13gd 48 Al Ay pial) dgad) e sl il 3R asas Jlie) i 2l Jalgall ol g dalise Jleal s
1l LS LBla (e i) Jasl A oy cpaiinnd) ) 301 (1-4) JS20

] A
A
slaal) AEEH () 5al) i ) = Aalise a5 JST aa gl ) 3301 e

gl o L.L per m*>=9.81 * 1.045
L.L per m? = 10.25 KN/m?

L .

b | »
A B C D

345 mm| 1095 mm 1045 mm 1456 mm

el (8 aadiaall G AN alad) 1 (1-4) Ja

(Snow Loads S.L) z.s&il Jwai .2

gas Callil) Juadll b lggde jigi ) colelaall s <l e V) aal s z Bl Jlea) Gilis 485 )l a6 o
SIS o Lgaly J sl ket

Sa = Mi* So 4.1)@
Mi =0.8.... 0<a®<30 (flat roof)
h=845(Site Level) ... 1500 > h > 500
S, = (h-400) / 320 = (845-400) / 320 = 1.39 KN /m?

S¢=0.8x139=1.11KN/m?

a5 S3,Y) 3580 (g (4.2) Waleall 321 (2
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(Y ppenaill 5 Jolail &) Jeadl

(Dead Loads D.L) 4iall Jua¥) .3

alias g A Jiadll & laling Gae Al BES (Materials) salell clow @y Al Jlaa) Gilus oy
(S il e leannd (Say g cAadiual) 328l g o3 XS g 30l g 53 e ol Jlaal) o

(Superimposed Dead Loads S.D.L) sl &l Jlal) g

el @ e cilay Lo a5 oAl 3l shal ot ) cilplalall JIA (e 328l (55 e Adlaal) Jleall @i o

Slo hd daay A Al ool Sigis LS dla ye 5 55kl W3y (JKN/M? Jldiey 335 35 (Partitions)

e Ja) e gy LS caale JSI (ol shall ol 5 iy ) e el Jaad) laia (3-4) Jsad) g sy s ¢ aal) bl
Ol Jlal (4-4)

2
(KN;mx)td*”‘ (cm) dacd)
il shal) dpda
0.66 3 (Tile) &>
0.44 2 (Mortar) 4ilend) 45 gal)
1.19 7 (Sand) a0
0.44 2 (Plaster) 5 _laill
1 (Partitions) gl s
3.73 £ saxal
) o
2.3 10 (Plain Concrete) ¢Skal) 324
0.44 2 (Plaster) 5_lail
2.74 £ saxall

ga)lad) i sall (e dphaal) Jleal 1 (4-4) Jsaa

LaJLA) Jaif gal)
12.9 15 (Plain Concrete) 4l dilu Al
3.93 374 7 (Hollow Block)g siall (ileuy) cighll
5.05 ' 5 (Stone) ol saad) sliyd) s
2.47 3 (Plaster) 8_lail
24.35 g saxadl
Gl gaaiill
2.76 08 15 (Plain Concrete) 4l &itu Al
1.08 ' 5 (Stone) ol saad) slid) s
3.84 & saxall
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(Y ppenaill 5 Jolail &) Jeadl

(Self-Weight Dead Loads S.W) 4iliy) yaliall S1A 5400 b

CASSER ) lia o) V) salall e 5al) AHESIL ASLendl (o puing 4 Lo LS oy 4313 ALESY) eaiall ()55 A
Gy AL Jaall ciny Y adle elisg ¢ pualic sie (e 48 jaall AL () oS5 e 44 il 5 Aacaall Calsiall o
AR 5 cland) 8 50l e i 4dle 5 o(RiD) 2a)5 came S s sk e JSE sl gl slady]

(Concentrated Load) S« des oS g8lll deall o W) Glaw sed Gpalad¥) Gld clladull 4pally Wl

Gladly Bas gl 228 Jahy juaiall Lelady Al dalisall iy w5 caanll (i oo Lgalia a8 A3 (e day je B2a ]

Juea¥) a5 Bl a8ly  uanll (aje o Bas gl 038 Jes g e andy sk jie JS8 das ) 4l a5 AUl
Aadde 4355 e Ledde Uloan e lebae Gl (aandio aa Lo slad) JS e cpalasV) <l saial) e dadl )l

(4.2) Aaladdly ary juadll olai¥) e Jaall o) Sua

a, =q (ﬁ}) (4.2)

{®) (4.3) Asbaddy ary Jshall slai¥) e Jaall

a, =a(55) (43)

Where:

a = The short way.

b = The long way.

q, = The linear load on the short way.

q,= The linear load on the long way.

52 cm el (e O Cua 320m e A3 ¢ jiall skl saic (8 ol gall dSlaws (2-4) JSA) jekay
gl skl Bxie 055 ¢ s yie JSIaal gl olas¥) ld & jdall okl Baie (5 (6-4) 5 (5-4) sl ek
A e palaily

Teaching two-way ribbed slab analysis and design using the MathCAD program. s 3353l (4.3) 5 (4.2) <Yaladl (3
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LY asaadll s Jalal I Sl

3cm-Tiles
2 cm- Mortar
: 7 cm - Sand
: Topping 8cm :
| |
| |
32 cm
| |
| |
= 2 cm - Plaster
I l
| | |
T 12em 40 cm T 12cm |

£ odall skl aladiuly saie JOIA plld 1(2-4) Sl

Jaal g oladly A3l ‘;ﬂ;ﬂ\ Jwall :(5-4) Jsaa

(KN/m) Jasdi txyxb Salal)
1.04 0.08*25*0.52 (Topping) s5a ¢ s sial) 5 5
0.72 0.24*25*0.12 (RC Rib) (il Al quanl)

1.2 0.24*12.5*0.4 (Hollow Block 24cm) § Jiall (iiewd) c ghll
2.96 £ sanal

omaladly A3l A Jead) 1(6-4) Jsoa

(KN) Jaall txyxu Balall
0.54 0.08*25*0.52 (Topping) 8a8ad) (e (g slad) £ 5l
0.662 0.24*25*0.12*(0.4+0.52) (RC Rib) (sl Al cuaal)
0.48 4*0.24*12.5%0.2° (Hollow Block 24cm) & il iiant) cghall
3.23 1.683/0.52 = (KN/m) g saaal)
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DESIGN OF TOPPING 338l (a s glall 5 jal) pgasai (5-4)

G cgle &l deall Cluad aaly jie (o e Ay ) 3355 (Topping) 338l (e (s skl ¢ jall aranal xie
Jslaall e sliy ial) e cuall Jeall (6 4ide 5 ((Fixed SUPPOTt) a el da sliel Uiie day yall oda ok el 2
: IS B 5 Al Jeall ) ALl (5-4) 5 (4-4)

T.D. L = O. Wropping + S.D.L
=1.04/0.52 + 2.3 = 4.3 KN/m.
T.L.L=2KN/m S.L=1.11 KN/m
(058 Jaadl) 138 (e AU andl) 8 S Al @Yaleddl s (Factored load) (eeadll deall oo 43le

W,=1.2D+1.6L+0.5S

2>W,=1.2x4.3+1.6%2+0.5x1.11=8.915 kKN/m. (Contraols).
W,=1.2D+0.5 L+1.6S

=2>W,=1.2x4.3+0.5%2+1.6x1.11=7.936 KN/m.

So, Wu=8.915 kN/m.

wul® o R T
1uz Jliey Gl phY) die ol dad ST S 13 s

(4.4) Dabaal) A (4o D e 58 25 Cua (Nominal Strength = @ Mn) g asll daenl) da gliall e dagll
.(Bending Moment Diagram) » =l Ll cuad saiall ol sl (3-4) JSall el

aM%ﬂYu\éﬁf&\Jﬂ\mL)@u&;‘

M, = Wu 1> _ 8915 x 0.4°
u 12 12

= 0.119 KN.m/m of strip width.

L LT

04m . TVu

/N 7N\
kT, 2

(TOPPING) 838al) (sa (s slal) ¢ 3ol (e p5all s 2(3-4) Jsal
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@ M= My, where @=0.55 (for plain concrete)
Mn=0.424,/Fc’ Sm (4.4)*
Where Sy, for rectangular section of the slab:

_bh% _ 1000x80%

- 3
e - —1066666.6/mm

Sm

My = 0.42 1/fc' Sm=0.42 x 1 x V24 x 1066666.67 x 10° = 2.19 kKN.m
@ My = 0.55 x 2.19 = 1.207 KN.m >> M= 0.119 kN.m

sl (e ol ang Baiall sl sy ACT 10.5.4 2 L OS] el s 6l pladl) 138 callay ¥ 13 e ol

A ,all d3a s ) pall il 5 Galiill da liad (Ag min)
0S5 4dde 5¢0.0018 sbi ACIH 7.12.2.1 s (p ) okl Ao glial Ly & sane el A 81 0

:As min (’J.M\ RTRENEEN WY

shrinkage

As = pbh =0.0018 X 1000 x 80 = 144 mm? for 1m strip

Try bars @8 with A, = 50.27mm?

Bar numbers n:(AS;S): (%):2.87.

Take 3@8/m with As = 150.8mm?/m strip or @8@ 300mm in both directions.

Choosing (S) is the smallest of:

1. 3h=3x 80 =240 mm By ACI 10.5.4

2. 450mm.

3. $=380(") - 2.5C = 380 <%) —2.5.20 = 330mm By ACI 10.6.4
s 3

4. S <300 (Zf") = 300 mm

So, Take @ 8 @ 200 mm in both direction, S = 200 mm <Sjax =240 mm ... OK

ACI- Code-318M-11 J 2~ (4
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DESIGN OF RIB 3382l quas agasal (6-4)

DS ey LS ) g 83305 (g 5l iy 55l 82k 3 (RiD 2) (S ol e sl 138 JDIS i
&5 (Shear Forces) uaill i 8 ad e J sanll Atir g o camsll © Jlaal  slay) JA0) s as (4-4)
<ACI- Code-318M-11 &¥alaa e sliy (g5l dall 3o g mlodll s alay) 5 (Bending Moments) a0l
Al ) gall e ol aranatll S g
Concrete B300 f,’=24N/mm?.

Reinforcement Steel f,=420 N/mm?.
Reinforcement Steel of shear f,;=240 N/mm?,

c1

ng B1 h=50cm c3
B10
{ UL b L
c11 [Rib 1) ) =32 cm ,
—f NN B2
PRI ] B3 h=50cm E
C4
" T
: ; |
¢ B4
? (Rib 2
g g
g POV TOTATATNTATNTOTTTTTel .
 S— =
2 3
'NSd A/ | 1 Hi[Fe— II
§ h = 32 ¢m s
070 %00 %0 %0 T %0 %0 T %0 e T R T T T e T Yo e %o Yo % h =30 cin B5 @CS E
8 e 3) h=32cm
' Bo——
c1 H B7 K c7
c9 C8

(sl dBe b aadiual) JSLASY) LUl 1(4-4) JS&lI

i) Jagasil o s 4dlebaa e gealiall o) sinl adal ol Jeall B Joa Zilia) iy i gus Atir geeli g o) Jea Jia) xie (5
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(Determination of geometry) gUadl alasl maa3 (1

Ul a ACI- 318-11 25801 e olis (T-SecC. gy yua) §iall cshall s3ie apecad &y sllal) slayl
A puanall 3Lan¥1 (5-4) S e g5 (LS R pall e W) s e Slaie ] ASLaudl

b, =10 cm....select b, =12 cm ACI (8.13.2)

h <3.5b, =3.5%x 12 =42cm..select h =32 cm ACI (8.13.2)

t; = 2 > 50 mm ....select t; = 8cm ACI (8.13.6.1)
The effective flange width(b) is the smallest of: ACI (8.12.2)

1)be§£=m=925mm
4 4

2) be < by +16hf=120+16*80 = 1400mm

3) be < center to center spacing between adjacent beam = ‘lzﬂ + ‘lzﬂ + 120 = 520mm

So, Take be=520 mm

Unit width = 520 mm

32CM o A3 JI4 gli (5-4) JSal

Cmall At el ) Jlea¥! Jial galainss duadll 138 (g gl Sl auill & Jlea¥) o Jglas DA (e
Blel e gas o(7-4) ISl 3 et LS Lpapanaill Jad¥) 3505 e J seanll (6-4) IS 8 LS alayl ediss Sl AU
S Sl s Bl Jaad all Jaall J gas
T.D.L=0.W +S.D.L *0.52
=2.96 +2.74* 0.52 = 4.385 KN/m.
T.LL=(LL+S.L)*0.52

= (2+1.11) * 0.52 =1.62 KN/m.
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Geometry

Units:meter,cim

1 2 3
A A A
05 355 08 5.62 075 4.07 05
b 42 ' ' 6.4 ' ' 47 ol
f a2 f } {
32
12.
Ah

LS raall aae V) o @liliadl 5 2lag¥) (6-4) JSa)

Moment/Shear

Envelope (Factored) |

TTnits: kM meter

Moments: spans1to 3
245 -26.4
161 4.0 7.2 -17.9
| 1.991.3 | 11.B6 |
I 1 1
[ _,/ } I | \\ -ff/’ 1.;‘9: | } |
N\_—/ 1.04]1.04 l1.07
2.9 — 1.09 -3
98
12.0
17.8
| 168 2.52 | 3.2 . | 2.82 . 188 |
I 1 1 T T 1
Shear
224 209 -20.
-17. -14.3
—t | 1 1 | |
8.3
12.4
20.2 19.
255 241
Heactions
Factored
—1 i | | i [ ]
I 1 LI LI
DeadR  7.34 31.5 33.2 8.74
LiveR. 5.00 16.38 16.95 554
MaxR. 12.43 47.87 50.15 14.28
MinR. h.85 3ir12 40.02 T.h
Service
DealR.  6.12 26.25 27.67 7.29
LiveR. 318 10.24 10.59 J.46
Max=R. 9.3 36.48 38.26 10.75
MinR 519 29.76 31.93 6.51

caanaill 8 dadiivall Jad¥l 350 1(7-4) JSal)
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(Design of Rib for Flexure) stisi¥) s slaal cuasll saa’t (2

Crmall) uall Sl Joalall - (7-4) S (e 3530 - o 5ad) e gliad e 33U apanll e dalise il o3y
Main ) i)l mladll das Flul phad pal 8 Sy o SV A GVl s (Al sa
(sl 2 5all) (5 slall aaadl 5 ¢(an sall 2 3all) i) aasdl (0 IS P12 - (Reinforcement

Design of Rib for Positive Moments (ewll maall) cas sall o jall ddhial saall avanas

oles G L 13 G@aatlly o(Mu ) = +17.8 KN.m) s (Spans) Lssd) ges o (e inse pie ool
palls 43 Jlia g (4.5) Aalaall IS (e o jal) Glusd hf 2l (udiy g 4ad (a3 o5 (R-Sec. or T-Sec.) swall akaia

(R 4l 5 g ladll e il

d =h- cover - dyimps— 2 = 320 — 20 — 8 — = = 286 mm

Mn¢ =0.85. .. be. hy. (d — g) (4.5)

> M= 0.85 x 24 X 520 x 80 X (286 — 82—") x 1076 = 208.765 KN.m

S M,y = 208.765 KN.m > %

=178 _ 198 KN.m.

0.9

Then a < hy (the section will be designed as rectangular section with be =520 mm.)

_ My _ 17.8x10°
T @bd2 ~ 0.9x520x2862

Rn

= 0.465 MPa

206 420

> p= L<1 _\/1 _ 2X20.6X0.465

420
m= 2 = =206
0.85f,  0.85x24

(4.6)©®

> = 0.00112.

> A reg = p.b.d =0.00112x520%286 = 166.6mm>.

ACI-318M-11 S 258 (e Ak Lgilalaa s (4.6) 5 (4.5) <i¥aladll ( 6
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> CheCk fOI‘ IA\SY min.

As min 1S the maximum of:

L Asmin=0.25b,.d ACI (10.5.1)
y

D A min =0.25 X 122 x 120 x 286 = 100.1 mm?

2. AS, min — %bw- d
y

> Aq min= 7 X 120 X 286 = 114.4 mm? (Controls)

9 AS, req = 1666mm2 >_AS, min = 1144 mmz

USE 2 le With AS, provided = 2262 mm2 > AS, required = 1666mm2 — Ok

» Check for strain:

Asy 226.2x420
a= Y = = 8.95 mm
085bf, 0.85x520x24

Note: f.’ =24MPa <28 MPa, then B; = 0.85.

c=i—g=10.5mm

B, 085

d— 286 — 10.5
g5 = 0.003 (TC> =0.003 (T) =0.079 > 0.005 * ¢ =0.9 (0k)

ool sy 5l J8 G se ae Y bl 13 aadienn GlA 20312 (e B milas aladin) oSy Y sale
sadl gaea I (Mu ) = 417.8) oY)

Design of Rib for Negative Moments (s siall maall) Glludl o jall ddkiad aall arenas

p3 ) e 8 el el ¢(SUPPOIES) 530 W) e JalSie JSs daasall sl 0l ACI 8.9.2 i

sie il o aall s (R-SEC.) 0582 48 shoe (18 llas gdaall e i3l o 3all o Layy e ganll g die & guunal
‘g adle 5 (Mu @ = -17.9 KN.m) s (Supports) sec Y

d=h — cover — dimps — 2 = 320 — 20 — 8 — = = 286 mm.

M 17.9x10° 1 420
Ry=—2= = = 2.03 Mpa. m=—2- = = 20.6
@®bd?  0.9xX120%2862 0.85f,  0.85x24
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As, req = p.b.d = 0.0051x120%286 = 175.1mm?

» Check for Ag min.
AS, min = 1144 mmz

> Aq req= 175.1mm*” A min = 114.4mm?
Use 2 @12 with A provided = 226.2 MM > A required = 175.1mm?. — Ok
» Check for strain:

_ Asry 2262x420

T 08sbs.  085x120x24 388mm  Note: f;’ =24MPa <28 MPa, then B; = 0.85.

38.8
c=— ==456mm
B, 085

d— 286 — 45.6
£ = 0.003< - C) =0.003 <W) =0.016 > 0.005 =~ ¢ = 0.9 (0k)

S st o) 8l s ) e Al o 5V bl 138 padiis SN 2512 (e S8 il pladid (Say Y Bale
sl aea BNA (MU O = -17.9 KN.m) (oY) o 2l

(Design of Rib for Shear) =il 5 8 dalial Cuanll maai (3
(VU=20.9KN) & 25eall 45 0a d 22 e Dpasanai (a8 S
¥ V.= @ x 1L.1xc/fcbwd @.7?
=2 d*V.,=d x1.1X% %X V24 x 120 x 286 x 1073 = 23.12 KN.

Vu=20.9 KN < ® V.= 23.12 kN.
No shear reinforcement is required.

So, Select @8/50cm for montage.

(D =0.75) ) Cus ACI (11.2.1) Soa¥) 2811 e 33 sale dabaa (7
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DESIGN OF BEAM _wal) agawai (7-4)

o) JAY s Cum o(4od) S b e sl Cig sl 33ie b (B7) ouend) e anil) 138 & s
Bending ) ~o=)) s (Shear Forces) w=ill s ad e Jsasll Atir mebin e caasdl @ Jlaals
el aranaill s g <ACI- Code-318M-11 <¥alee e el (g gl Jall ddaud g0 ol aas alsg) 5 (Moments
EREINRIRN
Concrete B300 f’=24N/mm”.

Reinforcement Steel f,=420 N/mm?.
Reinforcement Steel of shear f,;=240 N/mm®,

(Section) eall ki (1

o sl Aa glial olaiy) dalal culaially Aodlal) ) puiall 44 - sansa Glew J8) (8 ACI-Code-318-11 - s
83e Y (g ddlua ST ) Cung (BOCM JMia sual) G je iy (1-4) Jsaall JMA (e sy (Deflections)
land) Sy adde 55,2 m & (One End Continuous Beam) sas) s dga (1o saiva el

1 _ 520 _
185 185 28.1cm

Nimin =

So, Select total depth of beam h=40cm.

Load Calculations for (B7) 4 Jwa¥) cillua (2

S ol N Adlayl auix) i (Rib 2 &Rib 3) clacll ye dliall Jleadd juall 138 (i
e mal) e 5 isall liac) Juaal) e Jgeand) &5 o(Allad) oda 3 A5 seaill) 485 Gl o (e aleay Loy juall
Jaa¥lodd (9-4) 5 (8-4) Sl e IS (pa dus (Al el A

Reactions
Factored B7

H t—— t—— t
DeadR 7.34 .5 33.2 8.74
LiveR 5.09 16.38 16.95 5.54
MaxR 12.43 47.87 50.15 14.28
MinR 585 37z 40.02 7.5
Service
DeadR 6.12 26.25 2767 7.29
LiveR 3.18 10.24 10.59 3.46
MaxR 9.3 36.48 38.26 10.75
MinR 5.19 29.76 31.93 6.51

ATIR zelisg d3A e Hseall e (RIB 2) W cuaall ga Jad¥) 250 :(8-4) JSad)

bl Jigusi] Lgia s 4lalne e zealisal) o gind aaad all Jeall Bl Jos dla) 2% i s At gelin o)) JleaY) Jlaa) ie (8
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Reactions
Factored B7

I I I I
DeadR 10.43 1043
LiveR 5.12 5.12
MaxR. 15.55 1555
MinR 10.43 10.43
Service
DeadR 8.569 8.69
LiveR 3.2 3.2
MaxR 11.89 11.89
MIinR 8.69 8.69

ATIR b Ja Ge suall (e (RIB 3) U cuanll (e V1 2505 :(9-4) JSal)

il 3 2 gl il (3 55 Lo ALaY) Jlan¥) SIS 5 A 4335 ) (B7) el (ole 5555l Jan ¥l
Aliia) Jaa¥) ALYl ¢(7-4) Jsoadl DM (e el (g0 2l 5 e ial il e A puanall s cduadll 138 (30 pul
mall e e e s <(9-4) 5 (8-4) JISEY! e (Service) daiall dusdY1 2525 41 25 Cam elime Y1 B

(8-4) sl Gan LS

4338 Loy puall (e a3l Jeall 1(7-4) Jsoa

Service Load) (A8l J .
( (KN/?n‘;m - rainl
0.4x25x1 =10 (RC Beam) sl
2.3 (Plain Concrete) ¢Suall 524
0.44 (Plaster) 5 _l<il
3.84 4y el
16.58 £ saxal

(52CM) ase (o degmia cume S o BT suall Sl 555500 Jlea¥) 1(8-4) Js2a
Factored ) ¢rasasaill Jasd)

(Service Load) A8l Jasl) (Load
(KN/m) (KN/m)
Dead .
From Rib From Beam 1.2 Dead 16=Live
Rib 2 11.77 16.58 6.11 34.02 9.78 43.8
Rib 3 16.71 6.15 39.95 9.84 49.79

Jad¥) 3505 e Jgmnll Atir A galise ) adde 5i5al Jlaa¥l Gy juall Lparigh sla¥) Jaa) 2
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Geometry

Units:meter,cm

1 2 3
" A - A
L A 4t
0.2a5 4.95 0.25 5.496 0.2a 3.04 0.25
H 5.2 H 5.8 H 3.29 H
I I f !
40,
a0.
A-A
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
20.0 2.p
L Lol ] ] ] 1.
ERill] ERill] ERill)
15.3 13,3 15.3
5.2 q.Zﬁ 5.58 3.29
| T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
NV Y ™ " Y " | lagnl |
5.2 023 5,58 3.29
| T
Asle 3 isall Jleal¥l B7 Jweall asigl) aUasll 5 alag¥) :(10-4) JS&))
Momenis: spans_1to0 J
-198.9
A739 176.7
1258
-A06.7 _-109.9
| 1.381.74 | | (1. |
I I | 1 I 1.']3' 1 I
' 1.0'3424 i 'g w
k\_/|—.—| T ws
943
138.4
| 2.08 | 3.12 | 3.2 ) 2.61 2.14 , 115
I T T T T T 1
Shear
-203.9
-174.2 1566
-130.4
414 676
[ 1y (1 Il
T 1T TTT LI}
103.2 104.9
132.8 153.3 131.2
181.2

(uas”} ‘a)zj‘) B7 J.u;l\ ‘:Tj.A.AAj Lf deddiuall Jlaay! 293 (11-4) Jsal
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(Design of B7 for Flexure) stisi¥) daslaal juall syaat (3

Loglial o0 pasdl jlaie 3aa3 A el adaie sla s - (11-4) JSAN e 3saldl aall laie sy

- (Main Reinforcement) (s ) zolull sl b (il 3w s ¢ S e 3 5SI SV alae Gas olinsY)

A% (Stirrups) U paad Al Ll (bl o 32ll) (g glall sl g o(a sall 2 3all) il paall e IS @25
D10 ks Flaw

Design of B7 for Positive Moments (Aiwd) 2aall) G gall o ol ddhiad sl arecas

A.sJ‘ CU&)@\&E&AQ\SL@\J\ csaanll s(Span));.\dSU.sd).\ﬁ\ e)ﬂ\%&ﬁéﬁ cum.\;‘\ﬁ@eﬁgu
e ol Clual Led A8as dad HSh g daif a8 s (Single or Doubly Reinforced) saba) ) (Al gl
(b ade 5 cplladll o fiseade Shati iy (4.5) Ualaall JSA (o el g sl alesiy

b =50cm h =40cm @st = 10mm.
FY =400—40—10—22—5= 337.5 mm

Maximum nominal moment strength from strain condition e, = 0.004

c =§d = % X 337.5 = 144.64mm = a=Bl.c=0.85x144.64 =122.95mm

Mn,max = 0.85fcab (d- 5 )= 0.85x24x122.95x500x (337.5-122.95/2) x10°® = 346.16 KN.m

¢ =0.82 > ® My, max = 0.82x 346.16 = 283.85 KN.m
My =138.4 KN.m < @Mj max = 283.85 KN.

So, Design the section as singly reinforcement concrete section.

1) Positive Moment of First Span Mu = + 138.4 KN.m

_ My _ _ 1384x10° — 2.7 Mpa fy 420 — 206
@bd2  0.9x500x337.52 ) ' )

= 0.85f,  0.85x24
p=1<1_ 1_%> =;<1_ /1_M> - 0006922
m 420 20.6 420

D A req = p.b.d = 0.006922 x 500 x 337.5 = 1168.1 mm®.

n

50



(Y ppenaill 5 Jolail &) Jeadl

> CheCk fOf AS, min-

As min IS the maximum of:
- Asmin=0.25p,.d ACI (10.5.1)
y

D A min =0.25 X 12 x 500 x 337.5 = 492.1 mm?

. AS, min == %bW' d
y
> Aq min = % X 500 X 337.5 = 562.5 mm? (Control)

» Check spacing:

S = 500—40><2—;0><2—(20><4) =107 mm > 25mm. - OK

» Check for strain:

Asf 1257%420 7
a= 2= = 51.7mm c=—==—=609mm
0.85b f/  0.85X500x24 B, 0.85

d—c 337.5-60.9
& =0.003(——) =0.003{ ——==——) =0.0136 =2 0.005 —» 0k
c 60.9

2) Positive moment of Second span Mu = + 94.3 KN.m

_ My _ 94.3x10° — 1.84 Mpa m= fy _ 420
@bd2  0.9x500x337.52 | ' 0.85f, 0.85x24

Rn = 20.6

o= i(l _ 1 _M> - L<1 _\/1 _w> = 0.004598.
m 420 20.6 420

D> A req = p.b.d =0.004598x500%337.5 = 775.9 mm?.
» Check for As min = 562.5 mm?
D Aq req = 775.9 mm? > Aq in = 562.5 mm?

Use 4@ 16 Bottom with A provided = 804mMm? > A required = 775.9 mm?% — Ok
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» Check spacing:

S = 500‘40“‘20“‘(16*4) = 112 mm > 25mm. - OK

» Check for strain:

As, '
fy _ _804x420 _ g5 c=2 =331 _ 3895mm

a= =
B, 0.85

T 0.85bf,  0.85Xx500x24

~0.003 (2= = 0,003 (3372 = 3895 _ 102350005 - 0k
&= U c )T 38.95 - ohes =

3) Positive moment of Third span Mu = + 40.5 KN.m

_ My _ _ 40.5x10° — 0.8 Mpa m= fy 420 — 206
@bd?  0.9X500x337.52 ' ' '

R = ;=
n 0.85f,  0.85x24

420 | 206 420

p:l 1— 1_2.m.Rn _L 1— 1_2X20.6><0.8 = 0.00194.
m

D> A req = p.b.d =0.00194 x 500 x 337.5 = 328 mm?.
» Check for Ag min = 562.5 mm?
D> Aq reg = 328 mm? < A min = 562.5 mm?, then A;= 562.5 mm?.
Use 4@ 14 Bottom with Aq provided = 616mMm?> A required = 562. 5 mm?. — Ok

» Check spacing:

S 500—40><2—;0><2—(14><4) = 115mm > 25mm. - OK

> Check for strain;

Asg, .
a=—Jy - 010420 _ 55 36mm c=2 =23°_2984mm
0.85b f/ _ 0.85x500x24 B, 085
~0.003(4=6) = 0.003 (3372 =298%) _ (031 50,005 > ok
Bs =0 c )T 29.84 - o=
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Design of B7 for Negative Moments (s sta!) aall) bl o all dahidd saall avecas

J L) o el da ST ) Lags «(SUPPOIt) 2sae IS 4n s die aall dad el o ol aaal) avanaid 2l
.(Single Reinforced) csalal & sSms sl o & Uadll Lelaaty ) Wailis 4 sunall (5 sacadll 2l (1

My =176. 7KN.m < @M;, max = 283.85 KN.

Design the section as singly reinforcement concrete section.

1) Negative moment at support (2): Mu = —176.7 KN.m

My _ 1767x10% _fy 420
T 0bd? ~ 0.9x500x337.52 3.45 Mpa. m = 20.6

T 0.85f,  0.85x24
p=1<1 _ 11 _m> =L<1 _\/1 _M> = 0.009052.
m 420 20.6 420

> A reg = p.b.d =0.00905 x 500 x 337.5 = 1528 mmZ,

Rn

» Check for Ag min = 562.5 mm?
As’ req = 1528 mm2 > AS, min = 5625 mm2

» Check spacing:

_ 500-40x2-10x2—(20xX5)
- 4

S =75mm > 25mm.—» OK

> Check for strain;

Asf 1571%x420 a 64.7
= Y= = 64.7mm c=—=—=76.1mm
0.85b f  0.85X500x24 B, 085

d—c 337.5—-76.1
&, =0.003 =0.003(———]=0.0103=0.005 » 0k
c 76.1
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2) Negative moment at support (3): Mu = —109.9 KN.m
My 1099x10% _fy 420
Rn = @bd2 ~ 0.9x500Xx337.52 2.144 Mpo. m= 0.85f,  0.85x24 20.6

p=1<1 _ 11 _%> =L<1 _\/1 _w> = 0.005406.
m 420 20.6 420

2> A req = p.b.d = 0.005406x500%337.5 = 912.2 mm?.
» Check for Ag min = 562.5 mm?
9 AS, req = 9122 mm2 > AS, min = 5625 mm2

» Check spacing:

S = 500‘4"“‘;"*2‘(18*4) = 109 mm > 25mm. » OK

» Check for strain:

Asf 1018x420 9
= Y = = 41.9mm c=—=——=493mm
085bf,  0.85x500x24 B, 085

d—c 337.5—-49.3
& =0.003 )= 0.003 — 93 )" 0.0175 = 0.005 - 0Ok
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© (Design of B7 for Shear) o=l s 8 4slial juall aracai (4

O L LUl = ol 55 Cus (Stirrup) 4SS e Lo (8 mludl) ) 53500 aa ALy (il (5 58 o 5l
i Al gl (6 @ Hlaia e el Leanlid A cuald Sua dddaneal) Jlaa) @ld clidadl A 12mm- ) 6mm
JS U Eus ((Regions) Ghalie pued e e ) aaad Lgild Gl e (A sl (S5 pa¥) 2 oS s 5 cadadall Ll
G5 o ann i amy (12-4) JSE eday s clgiaslia aubvindt il (il (558 o 20a Al dalad) LgiYalas dibii
A M) lil) 3halie o) 555 dsapanaill (il

By el Aadl) e (11-4) JSa 3 53 sm sl gl o 5 fisal) (55l 5l s adaial) slasl (pe 3iaT
aall 13 ge @y o) 4agle 5 dagll o3 (e adatall e 3 sl 3580 3 55 Y L ik Cus (Region V) desalall dikiall
LG Al WS adadall alagl Bl ) anid

Vugmag < @ Ve+ @2 /fch, d Case (V)
®Ve=® =\ /fchwd = 0.75 X =X V24 x 500 X 337.5 X 1073 = 103.3 KN
2 7 2 _
CDE\/fC b, d =0.75 X 3 X V24 x 500 x 337.5 x 1073 =413.4 kN.

® Vet ®=\/fc'b, d =103.3 +413.4=516.6 kN.

Vymax)=174.2 KN < 516.6 KN. Therefore, the section is large enough.
> Region (I11) for shear design.
® Ve <Vu <@ (Ve + Vs min) Case (I11)

Vs min 1S the maximum of:

1. Vgmin = ;bd = 3 500 x 337.5 x 10~° = 56.25 KN (Controls)

2. Vgmin = —Vicby, d = —x V24 x 500 X 337.5 X 10° = 51.7KN

> (V. + Vgmin) =0.75(137.8 + 56.25) = 145.5 KN < Vs = 174.2 KN

X = —Q(Vcwsrmi“)
u

W, =Wip L +WrL L = (20+46+153) + 9.85 =49.75 KN/m.

O(Ve+ Vsmin) _ 145.5

Xin=
m Wu 49.75

=2.9m.

(P =0.75) & <us (ACI- Code-318M-11) oS! 2580 (ha 83 sala andll 138 3 ¥ alaall gan (9
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Use (2 legs stirrups) @10 with Av = 2 x 78.5 = 157mm?

Apfye g= 157 x 240 x 337.5

S = = =226
Vmin 56.25 x 10° mm
Minimum reinforcement is required:
S < g or S<600mm. ... (Smaller value is Controls).
< g = 332—75 =167 mm (Controls)

Take U-shape (2 legs stirrups) @10 @ 150 mm < Spax =167 mm
» Region (IV) for shear design.

O(Ve+ Vomin) <Vu < O(V.+ V) Case (1V)

> 1455kN <V, < 0.75(137.8+ sVZ& X 500 X 337.5 X 107%)
1455 KN <V, < 310KN

Vu 174.2

Vi=——=V.=———137.8 =945 KN
? 0.75
Use stirrups U-shape (2 legs stirrups) @10 with Av = 2 x 78.5 = 157mm?
§ =yt g 1572403375 _ 434 1mm (Controls)
Vs 94.5x10"3

Minimum reinforcement is required:

S< %: 332—75 = 167 mm (Smaller value is Controls).

Take (2 legs stirrups) @10 @ 100 mm < S =134 mm

k 2,9 } @10/100mm
174.2
@10/150mm 1304
v 414
11 11| ﬂ
’ N 4,
1l 11 I
v
153.3
2,9

k ¥
1 1

A bl 3halia gy sis dnasanaill (alll 5 58 add: (12-4) JSAlI
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(1ODESIGN OF PANELED BEAMS SLAB 43481l 43} agasal (8-4)

O e D) i alaall 5 il piall Gl a3 (e s cananail) dlee JOA AN Ciliia) sally Slall alasiul Kl
TG ety LS Sl 5 Jles)

Concrete B300 f’=24N/mm®.
Reinforcement Steel ,=420 N/mm?.
Reinforcement Steel of shear f,;=240 N/mm?.

(Design the Slab as Solid Slab) Aieas A8 a3 aseai (1

pians agle 5 cJuadll 138 4y 8 (1-4) Jsaall 35S0l clValaall o el o 25 lany A3 (i yidin
rol WS Jlaa¥) g 55 claladia ) aliind Galas¥) US 8 Lgle 3 535l Jleall il
» Thickness of the slab (ts) = 25cm.
» Get the loads on the slab (Ws).

W= 1.2(0.W.L +S.D.L)+1.6 L.L
W,=1.2(0.25%25+ 3.73)+1.6 x3 = 16.8 kN/m?
» Load Factors (o & B).

IS e LA (e ot Al Aalaall a5 (Egyptian, code of practice) sl (s paall 2SI ks
3 KN/m? ddagiusal) dakiall (558 Jaall jlaie of Cum 5 Liiad) e 3 ji5all dall Jladl e (00 & ) D lnal) (ga
Vsl Sl (4.9) 5 (4.8) Astadll JNA (30 ain Lagia US a8 <5 KN/MZ (e B
a =0.5r - 0.15 (4.8)

_ 035

p=2 (4.9)

r2

(9-4) Js3a) Lelaln 3858 1 2 Al (pn a3 (1) i O o

_ mXL _ mXa

m'XLs m'xXb

M & m e JS A (9-4) Jsaa

Oneend Two end Simple support

0.87 0.76 4.0

Ay Loy ansill 138 8 apeail) Ll DA 4 3udai) ARD Jlasind e 385 S (10
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Cun Ban b e aldde] (13-4)JSE) mua g WS 3 jpa 4L IS (00 & B) 00 IS a (10-4) Jsaa)
sl sl gl Y1 S 3 (B) Lol Wil 3 (o 5l (s il ola¥) e 5 555l Jand) s JicS () ea
Al oia i @Y

14.3

T

[ f

ismss|
g :

AL AN Al 3 puaall ALY Jlea¥) ay ) 585 aauds (13-4) JSL&)

B shaa 434 JS) (0 & B) 0= JS a2 1(10-4) Jsaa
1 p) 3 4 5 6 7 8 9

m 0.87 0.76 0.87 087 | 0.76 | 0.87 0.87 0.76 0.87

m' 0.87 0.87 0.87 0.76 | 0.76 | 0.76 0.76 0.76 0.76

r 1.02 0.89 1.02 1.19 1.04 1.19 1.19 1.04 1.19

o 0.36 0.3 0.36 045 | 037 | 045 0.45 0.37 0.45

0.34 0.44 0.34 025 | 033 | 0.25 0.25 0.33 0.25
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» Take astrip in the slab.
s e ol Lparaat 20l Lellaa) ay 355 8 ddliaall (Strips) gl pal) waad 13 ghadll 038 DA aans

(15-4)JSEY) (pe S i LS cleibisbas @l shon iy iyl 30 Ul G AR il g 55 (14-4) 0S80 oaia s
il e 4535251 @il asie s dudl asn) e et e 5 Jaa) dad (18-4)5(17-4)5 (16-4) 5

5.1 5.1 8.1

= )
o |f
?/ an 3
L=
-

Z ;|
= T
) © @ E

[ A

Jlea dalise il il g5 1(14-4) JSl)
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Geometry Lnitsmeter.cm

1 2 3
T T
E 25 25 2% ::l
J_1_,_L J_.-P_L
0.3 47 0.5 4.6 05 47 0.3
H 5.1 t— 5.1 t— 5.1 t
f f i |
Loading
Dead/Live load - Service
4.41.3
3.41.0 3.4M.0
i
541 51 541
Moment/Shear Enwvelope (Factored) Lnits: ki meter
. Moments: spans
7T AT
-13.3 -13. -13. -13.3

| 204 3.06 255 2.55 | 3.06 2.04 |

-18. -ToS
15.4 -16.1
l?_/;.';//

11.8

19.5 18.

L-‘_J}i}“ :i;g‘).ﬁd\ 451; EJJ}A” ?})"M} JLAAY\ (15-4) dS.JJ\
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Geometry Units meter cm
1 2 3
T T T
25 25 25
14O p
0.3 47 0.5 4.6 0.5 47 0.3
= 5.1 — 5.4 — 5.1 H
; f f |
Loading
Toad group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/.60,0.00
3.31.0
2.50.8 2.50.8
5.1 5.1 5.1
Moment/iShear Enwvelope (Factored) nits kM meter
Moments: spans _1to 3
137 -T3.Z
A0 . 9 96 . -10.
/4&\ . . /\
/ ! : el
0. s'u 7 ' 'l] ]
L T
6.9
| 2.04 . 3.06 | 2.55 . 2.55 | 3.06 . 2.04 |
Shear
13.3
_?_1 -8.6

Al day 8l e s jisall agsally Jlea¥) 1(16-4) JSal)
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Geometry I nits: meter cm
1 2 3 4
T+ T T 1
J:: 25 25 25 25
14-C 14T T
05 3.6 05 4.4 05 4.65 . 475 0.3
I T a1 T 1 4.9 T T 4.9 T 4.9 1
I ] ] ] ]
Loading
Toad group no. T
Deadlive load - Service Load factors: 1.20,1.20/1.60,0.00
10}0:3.0
H.5M1.5 1.51.0 l l l’-'i“-h l
4.1 4.9 4.9 4.9
MomentiShear Enwvelope (Factored) Units kY meter

Moments: spans._ 1to 4

=250
0.4

15.2 -2 A4 -18.1
101 9.8
0,652.43 N U s

. 7 | et~ i .
' 641,35 ' p.‘sﬁ\_)_/ 0.98
.75 086 1.7
3 7.2
10. 1.7
| 164 26 246 | 2.69 ooz | 22 2.7 | 2.94 196 |
I T T T T T T T 1
Shear
a3 I 203
/ﬁ 439 173 AsF g7 M9

29.

t t t T IFI'____«—"'_;f L_)_'_)_.{_'_(_.———'__ |
% L"';s’;f/r 15. 17.3
. 21.9 v 18.5 18.6 .

AN Ayl e 3 3sal) o sl s Jlea¥l (17-4) JSl)
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Geometry Units meter cm
1 2 3 4
T T L
E: 25 25 25 25
14T 14T T
05 3.6 05 4.4 05 4,65 . .75 0.3
L 44 N 4.9 L 4.9 : 4.9 A
Loading
Toad group no. T
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
10(0/3.0
Lodogong L oL Ll bmg | [T T bawh |
4.4 4.9 4.9 4.9
MomentiShear Envelope (Factored) Lnits: kM meter
Moments: spans.. 1to 4
244
-19.9
- 5.2
14.8 .
o,f9 A8 s . :
[ T 143'
i L6201)51 — P 3‘\\_\__#_/ 'n 99 w
53 0.72
[
| 164 355 246 | 2.94 . 1| 2.2 . 27 | 2.94 . 196 |
Shear
g28 3
/ﬂ s T 1ss 1 5 -39
. —— ] Il
|74 13 16 15, 122 15a 144

)l A8l e 5 isall agalls Jlea¥) 1(18-4) S
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> Check of Shear Force.

- Maximum Vu from Shear envelope diagram = 33 kN.
2> d=250-20-12 =218 mm
® Vo= Vi bwd = 0.75 X <X V24 X 1000 X 218 X 1073 = 133.5 KN > Vu = 33 kN.

So, No shear reinforcement is required.

» Design of The Short Direction Strips for Flexure.

Design of Positive Moments.

U apenl alis e 5 (+12.1 KN.M) 4ty (V) dn pill 8 i) oladBU o gall o jall dad el )
P RRY (;% eaall yilud dall s3] @Lu“

2d=250-20-12 =218 mm

_ My _ 12.1x10° ~ 0.3 Mpa m = fy _ 420
@bd?  0.9x1000x2182 ) ) 0.85f, 0.85x24

Rn = 20.6

420 | 206 420

p= l 1— [1— 2mRn | _ L 1- [1— 2X20.6x0.3 = 0.00072.
m

> A g = p.b.d = 0.00072 x 1000 x 218 = 157 mm>,

= Check for A min.
As (min) for solid slab = 0.0018 xb xh
=0.0018x1000 x250 = 450 mm?
D> Aq req = 157 mm? < Ag min = 450 mm?

Use @ 12/20 cm Bottom with A provided = 565mMm? > A required = 450 mm?. — Ok

= Check spacing.
Minimum spacing (s) = 2.5cm + @ or 2 @ =2.5+1.2=3.7cm.

Maximum spacing (s) = 3h or 45cm =3 x 25=75 cm.
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= Check for strain.

Asf 565%X420 a 7.76
= Y = = 11.6mm c=—=—=13.7mm
0.85b f,  0.85X1000x24 #, 085

d— 218 —13.7
£ = 0.003( c C) = 0.003 (T) = 0.045 = 0.005 - 0Ok

Design of Negative Moments.
U aread s gle 5 (-13.3 KN.M) Ay (Jo¥) dng il oo ol olaiD Qllid) o 52l 4ad el o)
SV 138 sad) il Al odg] il

_ M, __ 13.3x10% fy _ 420
T gbd2 ~ 0.9x1000x218%2 0.31 Mpa. 20.6

= 0.85f,  0.85x24
p=1<1 _ /1 _m> =L<1 _\/1 _M) = 0.00075.
m 420 20.6 420

> A reg = p.b.d =0.00075x 1000 x 218 = 163 mm?,

n

u CheCk fOf As’ min-
A (min) for solid slab = 0.0018 xb xh

=0.0018x1000 %250 =450 mm*
> As req = 163 mm? < As min =450 mm?

Use @ 12/25cm Top with Aq provided = 452mm?*> Aq required = 450 mm?. — Ok

= Check spacing.
Minimum spacing (S) = 2.5cm + @ or 2 @ =2.5+1.2=3.7cm
Maximum spacing (s) = 3h or 45cm =3 x 25=75 cm

= Check for strain.

Asf 452420 a 9.3
Y = =93mm c=—=—=10.95mm
B, 085

T 0.85bf,  0.85x1000%24

d—c 218 —10.95
& = 0.003 )= 0.003( ————=—]=0.057 =2 0.005 - 0Ok

10.95
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» Design of The Long Direction Strips for Flexure.

Design of Positive Moments.

U apend phas e 5 (+11.7 KN.m) Aey AN Any 53l oo Jyghall oladDU s sl o 3all A el ()
Camall W gmy a1 (355 aal gl alad¥) <3 A3l all o)) G g colad¥) 138 3y sand) il Aadl) o3 milual)
ke I Lpapanal iy
2d=250-20-12 =218 mm

_ My _ 11.7x10° = 0.27 Mpa m = fy 420 — 206
@bd? 0.9X1000x2182 ! : .

T 0.85f,  0.85x24
p:1<1 _ 1 _M> :L<1 _\/1 _M> = 0.00066.
m 420 20.6 420

> A req = p.b.d = 0.00066 x 1000 x 218 = 143 mm>,

Rn

= Check for A min.
A (min) for solid slab = 0.0018 xb xh
=0.0018x1000 x250 =450 mm?
D> A reqg = 143 mm? < Ag min = 450 mm?

Use @ 12/20cm Bottom with A provided = 565mMm? > Ag required = 450 mm% — Ok
= Check spacing.
Minimum spacing (S) = 2.5cm + @ or 2 @ =2.5+1.2=3.7cm.

Maximum spacing (s) = 3h or 45cm =3 x 25=75 cm.

= Check for strain.

As f 565x420 a 7.76
= Y — = 11.6mm c=—=—=13.7mm
0.85b f,  0.85X1000x24 %, 0.85

d—c 218 —13.7
& =0.003 )= 0.003 —137 )= 0.045>0.005 - 0k
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Design of Negative Moments.

U aend s adde 5 (-18.1 KN.m) Ay 23N day pill o Jyshall ol il o el 4ad e ()
Leasaad plnd Y1 (3568 aal sl ela¥) i A el ) Cm s clad¥) 138 3y sadl Lol el odg] et
,J}AMSS..L.

_ My _ 18.1x10° = 0.42 Mpa m = fy 420 — 206
@bd? 0.9X1000x2182 ! : .

" 0.85f,  0.85x24
p:i<1 _ 1 _M> :;<1 _\/1 _M> = 0.00102.
m 420 20.6 420

D Aq req = p.b.d =0.00102 x 1000 x 218 = 222 mm®.

Rn

u CheCk fOf As’ min-
A (min) for solid slab = 0.0018 xb xh

=0.0018x1000 %250 =450 mm?
9 AS, req = 222 mm2 < AS, min = 450 mm2

Use @ 12/25cm Top With Ag provided = 452 MM? > A required = 450mm% — Ok

= Check spacing.
Minimum spacing (s) = 2.5cm + @ or 2 @ =2.5+1.2=3.7cm.

Maximum spacing (s) = 3h or 45cm =3 x 25=75 cm.

= Check for strain.

Asg, .
= Dy 220 _g3.m c=2 =22 _10.95mm
0.85b fc 0.85X1000X24 B 0.85
= 0.003 (426 = 0.003 (228 =199 _ (05750005 - ok
& =1 c |77 1095 )~ R =0
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» Design of One-Way Solid Slab

Design of Positive Moments

- The Maximum Positive Moment is +25.3 for strip (4)

2d=250-20-12 =218 mm

M, __ 253x10° fy

Rn

20 _ 206

= ObdZ  09x1000x218% 0.59 Mpa.

p:i<1 _ 1 _m> :;<1 _\/1 _M> = 0.00143.
m 420 20.6 420

D A req = p.b.d =0.00143 x 1000 x 218= 312 mm®,

u CheCk fOf As’ min-
A (min) for solid slab = 0.0018 xb xh

=0.0018x1000 %250 =450 mm?

D> Aq reg = 312 mm? > Ag min = 450 mm?

m= ;=
0.85f,  0.85x24

Use @ 10/15cm Bottom with A provided = 527mMm? > Ag required = 450 mm% — Ok

= Check spacing.
Minimum spacing (s) = 2.5cm + @ or 2 @ =2.5+1.2=3.7cm.

Maximum spacing (s) = 3h or 45cm =3 X 25=75cm.

= Check for strain.

As f 527x420 a 10.85
a= Y = = 10.85mm C=—=——
0.85b f,  0.85X1000x24 By 0.85

12.76

= 12.76mm

d—c 218 —12.76
& = 0.003 — )= 0.003(——==—]=10.048 > 0.005 - 0k
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Design of Negative Moments

- The Maximum Positive Moment is -20.8 for strip (3)

My 208x10% _fy 420
~ @bd? ~ 0.9x1000x2182 0.49 Mpa. m = 20.6

Rn = ; =
0.85f,  0.85x24

p=1<1_ 1_%> =L<1_\/1_w> = 0.00117.
m 420 20.6 420

> A g = p-b.d = 0.00117x 1000 x 218 = 256 mm>,

u CheCk fOf As’ min-
A (min) for solid slab = 0.0018 xb xh

=0.0018x 1000 X 250 = 450 mm?
> As req = 256 mm? > As min =450 mm?

Use @ 12/20cm Top with As provided = 565 MM?> Aq required = 450mm?. — Ok

= Check spacing.
Minimum spacing (s) = 2.5cm + @ or 2 @ =2.5+1.2=3.7cm.

Maximum spacing (s) = 3h or 45cm =3 x 25=75 cm.

= Check for strain.

As f 565x420 a 7.76
= Y — = 11.6mm c=—=—=13.7mm
0.85b f,  0.85X1000x24 %, 0.85

d—c 218 — 13.7
&, =0.003 =0.003(——=———)=0.045>0.005 - 0k
c 13.7
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(Design of Paneled Beam)iabliall ) guall ssaai (2
prasaill Gl jlive (30 L 3 5 a el iy Zaaladl 4l A1) sl (BLS ) suadl o g 5ill 138 aranal oy
i 4805 45 S ramyy Ludany )y suaadl adald 530 Ao (81 Ay (0 5S5 ) a3l () W) AL ALEY) & ye LS
Sisall Jaall (19-4) JSE) muia 535 ¢(4.10) Aalaalls st daiy (Angle of Deflection) s il 4y 5 Jul&s e
ALl 393 53 daranal 3 yall el dle

> Get the dimension.

Take b =300mm th =L %8 _925m.

16 16

So, Select beams with (30x100) cm.

> The load at the slab (Wayg).

Wavg =W, +(b(t—ts)><(lonLgt:L(;f beams) ch) % 1.2
Wavg — 168 +(0.3(1—0.25)><1(z.;<2)l<4;:.;2 X15.3) ><25) x 12
Wayg = 18.6 kN/m?.
» Calculate (p & a) by using Grashoff.
r=2= 22321 034,
L 14.8
S L S S S
O T “1r103a2 OO0 p= 1+r%  1+1.034%
» Design of B1 (in a direction).
W =Wy Xaxa Where: a=width of strip.
W = 18.6 x0.533%x5.1=50.6 kKN/m.
_a (1
0=17; x90 (4.10)

Where: 6 = Reduction angle of Deflection.

2_}.:1...»);1\ HLHJ\MLS‘)AAA&‘ A}S&‘waéﬁuuﬂaﬂn( 11
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50.6 kN/m

Ay=374.4kN By=374.4kN

14.8m

(B1) swall e yisall deall 1(19-4) JSal)

05, = —=— x90 = 60,

T 14.8/2
Mu =22 =208 148 - 1385 4 kN.m
Mu =1385.3 x 22% = 1200 kN.m
sin 90
Design as T-section.
The effective flange width(b) is the smallest of: ACI (8.12.2)

1)b,<7="2=370cm

2) be <bw +16hf=30+16%*25 =430 cm

3) be < center to center spacing between adjacent beam = 510 + 30 = 540cm

So, Take be=370 cm.

2d=1000—-40—-10 —12.5=937.5mm
dp 12
d :h' cover - dstirrup3_7 =320—20—-8— 7 = 286 mm

Mus =0.85. f. be. hy. (d —2)

250
2

3 M, = 0.85 x 24 X 3700 X 250 X (937.5 — ) x 10~¢ = 15332 KN.m

S M, = 15332 KN.m > % — 1299 _ 13333 KN.m.

0.9

Then a < & (the section will be designed as rectangular section with be =3700mm.)
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M 1200x10° f; 420
R,=—% = = 0.41 MPa m=—2- = = 20.6
@bd?  0.9x3700x937.52 0.85f,  0.85x24

20.6 420

> = i(1 - \/1 ~ —2X2°'6X°"“> = 0.00099.

> A, req = p-b.d = 0.00099x3700%937.5 = 3421 mm?>.

= Check for Ag, min.
As, min IS the maximum of:
L AS, min=0.25" b,,.d ACI (10.5.1)
y
> Aq min =0.25 X 22 x 300 x 937.5 = 820.1 mm?
2. AS,min= 1 by.d
y

> A; min= 15¢ X 300 X 937.5 = 937.5 mm? (Controls)
9 AS, req = 3421mm2 >_A5’ min = 9375 mmz
Use 7 @25 with A provided = 3437 mm?® > A required = 3421 mm?. — Ok

= Check for strain.

_ Asfy  3437x420
& = 98sb fi " 0.85x3700x24 19.1mm
Note: f.” =24MPa < 28 MPa, then %, = 0.85.
a 191
c= EI-— 085 22.5mm

d— 937.5 - 22.5
£ = 0.003< - C) = 0.003 (T) =0.122 > 0.005 = ¢ = 0.9 (0k)

. . b-75 300-75
Side Cover = 4cm so, the allowable No. of bars in each row (n) = = ——— =4 Dars,
0+25 25+25

Select 2 Rows with 4 and 3 bars /row.

Stirrup hangers (0.1- 0.2)As = (343.7- 687.4) mm’ =
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Design of B1 for Shear*?.
Max Vu =374.4 —50.6 x 1.14 = 316.7 kN.
Vimag < @ Ve + c1>§ fc'b,, d Case (V)
®Ve=® =\ /fchwd = 0.75 X =X V24X 300 X 937.5 X 1073 = 172.2 KN

2 7 2 -
cpg,/fc b,, d =0.75 xgx\/ﬁx 300 x 937.5 x 1073 =688.9 kN.

® Vet @2/fc'h, d = 1722 +688.9 = 861.11 kN.

Vymax) = 316.7 KN < 861.11 KN. Therefore, the section is large enough.
> Region (111) for shear design.
® Ve <Vu < @ (Ve + Vs, min) Case (111)
Vs min IS the maximum of:
1. OVspin =0 %b d =0.75 x % x 300 x 937.5 x 1073 = 70.3 KN (Controls)
2. OVgpin =@ 1—16wa d=0.75x 1—16 X V24 x 300 X 937.5 x 1073 = 64.6 KN
D OVe+ DV gpin =172.2+70.3 = 242.5 KN >Vynax) = 316.7 KN

XI 0= Q(Vc";’:s,min)
u

W, =50.6 KN/m.

O(Vet+ Vg mi 242.5
X = (Ve Vsmin) =4.8m.
Wu 50.6

Use (2 legs stirrups) @10 with Av = 2 x 78.5 = 157mm?

_ Ayfyt ; _ 157x240%937.5
Vs min 93.73x103

S

= 377 mm(Controls)

(P =0.75) & <us (ACI- Code-318M-11) oSV 2580 (pa 53 sale andll 138 3 ¥ oaall en (12
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Minimum reinforcement is required:

S < % or S<600mm. ... (Smaller value is Controls).

= —==468.75 mm

d _ 9375
S<-
2 2

Take (2 legs stirrups) @10 @ 350 mm < Spax =377 mm
» Region (IV) for shear design.
O(Ve + Vomin) <Vu < O(Ve+ Vo) Case (IV)
= 2425 kN <V, < 0.75(229.6 + gm x 300 X 937.5 x 1073)

2425 KN <V, =316.7 kN < 516.7 KN

Ve=2— 1, =220 229.6 = 192.7 KN

Use stirrups U-shape (2 legs stirrups) @10 with Av = 2 x 78.5 = 157mm?

_ Ayfyt ; _ 157x240x937.5
Vsmin 192.7x103

S

= 184 mm (Controls)

Minimum reinforcement is required:

S <

N |

or S<600mm. ... (Smaller value is Controls).

ssgz%z—” = 468.75 mm

Take (2 legs stirrups) @10 @ 150 mm < S =184 mm.
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DESIGN OF COLUMN 23g4s azawad (9-4)

Zaglal a3 aaal) e Ay g Uail) Sl il was Cun ((C17)250nll apanai anidll 138 YA Sigus
e ol avaaill s s «(ACI- Code-318M-11)= dualal) dslul) cila guu )l 5 Yalaall ) 1ol Zadl 5l JaaY)
Al el 5 o) gall

Concrete B350 f,’=28N/mm?.
Reinforcement Steel f,=420 N/mm?.
Dsteel = 20mm, Q)Stirrups =10mm.

Cover = 40mm.
1) Load Calculation.
e Service Load.
Dead Load = 1450 KN

Live Load =500 KN

e Factored Load.
Pu =1.2 x1450+ 1.6x500 = 2540 KN

2) Dimensions of Column.

@M@JY\ Aal) al yidl g ‘dﬁf@@d&ﬁméﬂmﬂﬁw O LeS 3 gaal) Jhﬁs\.\e:\.ma.\l\e:gu
Alalaal) b (g sml) (o At S (20-4) U8 e sy (4. 11) Aokl & (g 5 €135 (pg = 0.01)
sl e e il o) (21-4) SN Cps LS

é* Pn = 0.65x0.8xAg {0.85 fc'(1— pg) + pg * fy} (4.11)*¥

> 2540 x103 = 0.65x0.8xAg {0.85*28
(1-0.01)+0.01*420}

> Ag= 175946.1 mm? T
h = 400mm 400mm - X
b = 175946.1 /400 = 440 mm L

Select = b =600 mm

(C17) 2 seall dpaaraill glaiall sla) 1(20-4) JS&1)

ACI (10.3.6.1) o 3353k sladl) (13
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3) Classification of Column Section.

e Check Slenderness Parameter.

KLu M1
—-<34-12--<40 ACI (10.3.6.1)
Where:

Lu: Actual unsupported (Unbraced) length.

K: effective length factor. According to ACI 318 (10.10.6.3) The effective length factor K,

shall be permitted to be taken as 1.0.

R: radius of gyration :\E ~ 0.3 h ( For rectangular section).

=2 Lu=350m M1/M2=1  K=1 for pinned release columns in braced frame.

e System about X-AXxis.
KeLy 1.0x35

= =23.33
R, 03x04

System is braced = 23.33 <? 34 — 12 (%) < 40 - 23.33 > 22

~System is LONG about X

e System about Y-AXis.
K,L, 10x3.5
= = 19.44

R, 03x06

System is braced = 19.44 <’ 34 — 12 (g) <40 - 19.44 < 22 < 40

~System is SHORT about Y

4) Bressler equation.

1 1 1 1
o =t -~ +o ACI (10.10.7.4)

Pnx =Py, for short column without any eccentricity=P,
1 1 1 1 1

Pn Po Pny Po Pny

Nominal axial strength column P, =Py in ey direction (long)
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5) Minimum Eccentricity (min e).
mine = 154 0.03 /4

h in the direction of ey = 400 mm

mine = 15+ 0.03 X 400 = 27 mm

6) Factored Load.
Column wieght = 3.5 X 0.4 X 0.60 X 25 = 21 KN

Pu =1.2x (1450 4+ 21) + 1.6 X 500 = 2565 KN

Mu, = mine X Pu = 0.027 X 2565 = 69.3 KN.m

7) Magnification Factor (8,s).
8ps= — ™= >1.0 and < 1.4 ACI (10.10.7.4)

_(0.75><Pcr

Where:
Cn=06+04%(3) 204D Cp=06+04x(2)=10
_ mXx(EXI) _ 0.4xEcxg
For = (kxLy)? ! Exl= 1+Bg
—__ 12xXPp _bi? _ .
Bq = 1.2XPp+1.6XP, ' Iy = 12 ! E. = 4750 x/fc
1.2x1471 0.4x4750x\/%x600x£ ,
>By=—___—=067 , Exl= 2 =19264.9kN/m
12x19264.9
> P = TxisE 15521.4 kN
DOy = — e =128 >1.0 and <14

~(375x155012
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8) Design of Moment M.
Mn, = 6,3 X Mu = 1.28 X 69.3 = 88.9 KN.m

ey = 6ps X mine = 1.28 X 0.027 = 0.035m

9) Interaction Diagram.

e, =0.035m , h=04m

e, 0035 0.0875
h 04

d—d 400—2><(40+10+§)
h 400

y = = 0.70

(z)xPn_Pu 2565
Ag — Ag ' 400 x 600

X 145 = 1.55 Ksi

e Form Diagram A-9a( y = 0.6)
pg = minpg, = 0.01

e Form Diagram A-9b (y = 0.75)
pg = minpg, = 0.01
So, pg =minp, = 0.01

Use 12 @18 With A provided = 3048 mm? > Aq required = 2400 mm?, — Ok

60

> o
12018

(C17) 2 5anl) apanail) dylae (o gealusill ils ; (21-4) JSAI

40
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DESIGN OF STAIRS g!u¥) azaad (10-4)

4 dalall eV 34T 2 Cus ((Stair 3) Lasall el dgall e 3o sall 7)) avenad adll 138 IS Al

Lt manail) dlae atins agle 5 oila g ) (8 40 J garall Al Jadada (22-4) JSEN Cp s 4 jlanal) e g ) (1
&b padiuall LIV il oy (26-4) Sl (23-4) S old el ) il 5 «(ACIH- Code-318M-11)1
Asall e oliy apaall dias ¢(29-4) JSEN 8 aveail) il elaig o Mgl e dlasd)y Jaaldll (e S aranad

A Sllaall
Concrete B300 f.’=24N/mm?.
Reinforcement Steel ,=420 N/mm?.
Wall thickness=30 cm, Cover = 20mm.
H (A TTTTTTT] B
cj (RUNENENEE
£50 15— %3? 150—a30
U N LT
ol | |
h 12xa7H43380
-‘ k.
%

(STAIR 3) &l z ol Lbia :(22-4) Jsall
1) Design of Flight.

e Structural System.

le |
4 L “1
b o
40 cm 3.3m 40 cm

oAl Ioalal Lasy) Uil 1(23-4) JSal)
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e Limitation of deflection:
h (min) = ZL—O = % =20.5cm =» Selecth =21 cm.

% =16.7 cm = Angle (0): tan (o) = 16.7/27.5— o =31.3°

e Calculate Loads of The Flight.
(Y Ll 35S il Jaadll 138 Alay b (2-4) Jsaall can e Jaalal) dadl gl Lall Jlaa) 3353
Y sl Jaall ol Jaaliall Q) (8 yie ] (e (8 clandl 8 AESH o juiay e @81 5l) Al Jlaa) s
(25-4)5 (24-4) SN IS A el LS e 5 figall g jall 5 (il (5 8 i agle 5 ¢(11-4) dsanll 3 jeda LS

CJAJ\ u,Jr_ 2.1.5\_5)\ :\_'QAJ\ dLAAJ\ (11-4) d_jﬁé

(KN/m) Jaad) 3alal)

1

6.1 0.21x 25X1X (=—=) (Flight) kalal
1.01 0.04x 23X (5) (Horizontal Tile) (&) L3
0.38 0.03x 23x (3) (Vertical Tile) (sl 1) 1)
0.66 0.03x 22x1 (Horizontal Mortar) ) Liieud) L sal
0.37 0.03x 22X (35) (Vertical Mortar) A i &iiaud) 4igal
0.88 0.03% 25X1X (=) (Plaster) 5 ual
2.09 0.5% 0.167x25 (Triangle Concrete) 4sbul jAl 4x jal)
11.3 £ sanal

Dead Load =11.1 KN/m & Live Load = 3kN/m

= Factored Load (qu).
qu=1.2 x Dead Load + 1.6 x Live Load

=12x11.3+16x3

=18.36 KN/m.
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e Internal Forces of Flight.
=  Shear Force Diagram.
— Au = (qu/2) x3.3 = (18.36/2) x 3.3= 30.3 kN.

Max. Vu of Flight = 30.3% cos 31.3 = 25.9 kN.

qu=18.36kN/m

303

Au=30.3 kKN

Au=30.3 kKN
CJJ.” ‘sh‘_ SJJ_}AJ\ uasj‘ 6_53 (24-4) JS_.:J\

= Bending Moment Diagram.
Max. Mu of Flight = 30.3%2.05 — 18.36x1.65%0.825 = 37.1 KN.m

gqu=18.36kN/m

PPN

Au=30.2 kN

oW e asoall (25-4) Jsall

81



(Y ppenaill 5 Jolail &) Jeadl

e Design of Shear Force:
d =210- (20+0.5x12) = 184 mm

1 - 1
@XVC=0.75><8>< fc Xbxd=O.75><g><\/24><1000><184=112.6kN

O XxVc=112.6 kN > Vuma=25.6 kN

So, No Shear Reinforcement is required.

So, (h=21 cm) is O.K

e Design of Bending Moment:
Mu =37.1 KN.m

My, 37.1x10° Iy 420
= = = 1.22 Mpa. m= ; = = 20.6
@®bd?  0.9X1000x1842 p 0.85f,  0.85x24

Rn

p=1<1 _ 11 _%> =L<1 _J1 _M> = 0.00299.
m 420 20.6 420

> A req = p.b.d = 0.00299x1000x 184 = 550.4 mm?>.

= Check for A min -
As, min = 0.0018xbxh = 0.0018x1000x210 = 378 mm?

D A req = 550.4 mm*> Ag pin = 378 mm?
Use 4@14 Bottom with A provided = 616mMm? > A required = 550.4 mm?. — Ok

= Check for strain:

Asf 616X420 a 12.7
a= Y = =12.7mm C=—=—"—"=149mm
0.85b f,  0.85X1000x24 #, 085

d—c 184 — 14.9
& = 0.003( p ) = 0.003 <T9> =0.034 > 0.005 - Ok
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2) Design of Landing.

e Structural System.

Landing slab should be divided into two slab regions

1 Ol IO1

I
10050+
)
)

><'>_I

L 3.2m 4

o) Adad JALESY) AUaill £ (26-4) JSAl

e Limitation of Deflection.

h (min) = L =216 cm = Selecth =21 cm.
20 20

e Calculate Loads of The Landing.
¢33V Jlaal¥l oo il Juadll 13 dylay (A (2-4) Jsaad) en Aol o 3a8) gl daldl JleaV) 335
(12-4) dsaall (& sekay LS yia ] e (A claud) 8 A8 (o juiay Lgle 8l 5l Al JlaaW) s

Adanndl e Gad) gl &l Jlea¥) (12-4) Jsaa

(KN/m?) Sasd)

(cm) adl Balall

y *xt

5.25 21 (Slab) Akl
0.88 4 (Tile) 2>k
0.44 2 (Mortar) 4iiand) 45 gall
1.19 7 (Sand) da M
0.66 3 (Plaster) 3_laill
8.42 £ saxal

Dead Load = 8.42 kN/m & Live Load = 3kN/m
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= Factored Load (qu):
qu=1.2 x Dead Load + 1.6 x Live Load

=12%x842+16x%x3
=14.9 kN/m.

e Design of Slab (2) Far from The Flight.
Jea¥) (585 adle 5 cdaalall dele o€ Jand Vg danal] a5 Cunall Jaall (o IS Jon 2 o3 didaial) e cany
el JWdY) 25350 90 Gan (oA 5 (27-4) JSAN B ek LS Lgle 48] ))

Vu (at distance d = 184 mm from the face of support)

14.9kN/m

N N

AuU=23.8 kN AU=23.8 kN

Al (e 2 dahiall e JladY1 2505 Jasll 1(27-4) JS)

Vu = 23.8 — 14.9%(0.15+0.184) = 18.8 kN

2 2
Mu = 2522 9962 _ g, iy m

%+ Design of Shear Force:
d = 210- (20+0.5%12) = 184 mm

1 1
@ch=0.75x€x,/fc'><bxd=0.75><€x\/ﬂx1000x184=112.6k1v

BXxVc=1126 kN > Vuma=18.8kN

So, No Shear Reinforcement is required.

So, (h=21)is O.K
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% Design of Bending Moment:
Mu =19.1 KN.m

_ My _ 19.1x10° — 0.63 Mpa m = fy _ _ 420
@bd?  0.9x1000x1842 ) ) 0.85f,  0.85x24

D A reg = p.b.d = 0.0015x1000x 184 = 279 mm®,

Rn = 20.6

u CheCk fOf As’ min
A, min = 0.0018xbxh = 0.0018x1000x210 = 378 mm?

9 As’ req = AS, min = 378 mm2
Use 12@20 BOttom With AS, provided = 565mm2 > AS, required = 378 mmz. — Ok

= Check for strain:

a 11.6

Asf 565x420
y — = —_—= —_—=
0.85h f,c 0.85x1000x24 11.6 mm ¢ B, 0.85 13.7 mm

d—c 184 — 13.7
& = 0.003 =0.003(——5=—) =10.037 = 0.005 - 0k
c 13.7
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e Design of Slab (1) Near from The Flight.
Jea¥) (585 ale 5 cdaalall dale o€ Jand s Aanall a5 Cunall Joall o IS Jon 2 o3 didaial) e cany
el WY 25350 90 Gan (o5 (28-4) JSAN B ek LS Lgle 48 ))

45 2kN/m

N 1

Au=72.3 kN Au=72.3 kN
Al (e [ dabiedl e JladYl 2505 deall 1(28-4) JS)

Vu = 72.3 - 45.2x(0.15+0.184) = 57.2 kN

2 2
Mu = ‘“‘:L = 45'2:3'2 =57.9kN.m

¢+ Design of Shear Force:
d = 210- (20+0.5%12) = 184 mm

1 1
;zijc=0.75><€><,/fc'><b><d=0.75x€xmx1000x184=112.6k1v

P XVc=1126 KN > Vuma=57.2 kN

So, No Shear Reinforcement is required.

So, (h=21)is O.K

7

% Design of Bending Moment:
Mu =57.9 KN.m

M, 57.9x10° f; 420
=L = = 1.9 Mpa. m=—2-= = 20.6
@®bd?  0.9x1000x1842 0.85f,  0.85X24

Rn

420 |~ 206 420

p:l 1— 1_2-m-Rn _L 1 — 1_2><20.6><1.9 = 0.00476.
m

> A req = p.b.d = 0.00476x1000x 184 = 876 mm?.
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u CheCk fOf AS, min
A, min = 0.0018xbxh = 0.0018x1000x210 = 378 mm?

D> A req = 876 mm? > Ag min = 378 mm?
Use 5@16 Bottom with Aq provided = 1005 mm? > A required = 876 mm?. — Ok

= Check for strain:

Asfy  1005x420

- _ _a 207 _
" 085hbf,  0.85x1000x24 20.7 mm c= B 08 24.3mm
d— 184 — 34.3
e =0.003( 2= = 0.003 (B2 —3%3) _ 0250005 > ok
¢ 34.3
5816 : Iﬂa@j

SRR W SR
T SP16 | masen\ |
|
i
!
I &
!
10720 I
12/25 4912/m 5016 |
1925 f N 1 : =TI |
oJFF B 5] ;f -
I [ ) !
v . 5916 |
100/2) o i 100/21 | 100/21
50 215 330 150 30
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(14 DESIGN OF SHEAR WALL 0aill jlaa agasal (11-4)

LaS 4 jlarall il gas )l (e 4y Lalad) V) 241 dass Cam (SWB) sl o avana andll 134 N4 st
s (30-4) S s ((E-tabs) i oo IV Ll A i) e 5 sl Aulal) s 330 s
¢((ASCE-7-10 lad maaill lee s adde 5 ((SWB) Ul e Sii agies ool (o8 (e aniii Lag 43l 30
AJEN EOlaall 5 3 sall e el arenatll dlan g o(31-4) JSAN (8 apanall il el
Concrete B300 f’=24N/mm?,
Reinforcement Steel f,=420 N/mm?.

Wall thickness=30 cm, Cover = 20mm.
Lw=5.5m , hw=15.6m

1) Analysis.

Pu=0 —>Nu=O;ZFx=O - Vu=23.2KN

Z Moment (Mu) = 409.2 KN.m

10.5kN
g 10.5KkN
14.7kN
o 42kN.m
g 252kN
20.5kN
142.8kN.m
g 45.7kN
22.5kN 325.6kN.m
345.4kN.m
2 23.2kN l

400.2kN.m
k
23.2kN
409.2kN.m Vu Mu

550

(E-tabs) zebin e 335ala a5 5 al (558 (e 4aiis Lag 4301 3150 (5 581 1(30-4) JSall

(ASCE-7-10) &V 4xls g 3o M &y suaiall e ansdll 138 ¥ alao( 14
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2) Determination of (Mul).

Where Lw < hw Controlled section for (Mu =Lw/2) from the base of shear wall.
Lw/2 = 55/2 =2.75m
& Mul =409.2 —2.75 %X 23.2=3454KN.m

3) Design.

Design as rectangular section with:
Since Lw<hw - d= 08XLw = 08X%Xx55 =44m

a. Design of Horizontal Reinforcement for Story (1).
Horizontal reinforcement to resist factored shear force Vu.

Vu =Vune, = 23.2 KN

% Vc=The smallest of:

1. Ve==xfc' xbxd ==z x 24 x 300 X 4400 = 1077.8 KN ... Control

2, vC=ixx/f_c’xbxd+N“Xd=§x\/24x300x44oo+0=1616.7KN

4XLw

w £ 7 2XNu
3. Vc= (0.5 x Vfc + - X( C+(LWX")>> 5 ixd

-5 10

5.5 % (V24 +0) . 300 x 4400
325.6\ _ (5.5 10

( 45.7 ) - (T)

~@XVec=0.75%x6385=4789 KN > Vu = 232KN

=|0.5%xVv28 + = 638.5KN

So, Horizontal reinforcement is Not required.

(Avh

T) min = 0.0025 * h = 0.0025 = 300 = 0.75

Avh Avh Avh
(_) = (_) — —— =0.75...Controls
S req S Jmin S
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- According to (ACI) - step (s) must not be greater than:

Lw 5500

1. Spnax === = 1100 mm

2. Spax = 3Xh = 3%x300 =900 mm

3. Smax = 450 mm ...Controls

2
Assume @10 steel D Avh = 2 legs X 22 = 158 mm?

Sreq = Avh/0.75 = 158/0.75 = 211 mm
select S = 200mm < Smax = 450 mm ok

Select ®10@200mm at each side.

b. Design of uniform distributed vertical reinforcement for Story (1):
Vertical reinforcement to resist Nu and apart of Mu.

Avv = [0.0025 + 0.5 (2.5 - hw/Lw) X ( —0.0025)| X h X Syerticar

Shonzontal*h

15.6) ( 2X79

Avy [00025+05 x( 25—
55 ) “\200x 300

- 0.0025)] x 300 = 0.743

15.6
Where —» (ZS—E) <25

Select @10- 2 layers = A,y = 2x79 =158 mm?

B8 = 0743, Sreq = 212.65mm

Select S = 200 mm

- According to (ACI) - step (s) must not be greater than:

Lw 5

1. Spax == == 1833.3mm

Smax = 3Xh = 3300 = 900 mm
3. Spmax = 450 mm ...Control

S=200 mm <450 mm ...Ok

Select ®10@200mm at each side
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c. Check for Boundary Reinforcement.
Part of moment that resisted through (Avv):

5500
Asv = 2X 79 X —— = 4345 mm?

200
z 1 1
Tw = 2+<0.85*ﬁ*fc’*Lw*h> = 2+(0.85*0.8*24*5500*300) = 0.057
Asv * fy 4345 % 420

zZ
Muv = 0.9*(0.5*ASV*fJ'*LW*(1_ 2*LW)>

0.057
= 09 x [0.5 * 4345 * 420 = 5500 * (1 - T)] = 43879 KN.m

Muv = 43879 KN.m > Mu = 409.2KN.m

Boundary steel is not required.

s¥

©D10@15

C‘? =400 (‘._i) 2
"

@D10@15

%) L=500 ﬁ“) 2
~

@®D10@15

Q% T L=s00 ? 2
Lol

OTI0@IS
Q? L=455 (? &
5

@310@N
L=542

S.5m

£
sl

® U-Hook £10@20cm

(SWB) Lmill i bt 1(31-4) J<al
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DESIGN OF THE BASEMENT WALL 580 33 agasal (12-4)

LeS 4 jlamall e guu 511 (e 40 Foaladl alap¥) 38T i i (IS 5l gl las ananal andll 134 IS Al

o Jlaall s ALY laill (32-4) JSEN Cns pandll 38 50 I (e @lsall (b 52 g sall 4l (ailiad Ba) Sy

¢(33-4) JSall & mafi o5 je Jleal)ods i g dy il i ol dall Jlea¥) e Aadl CilS o) gus landl Led (2 2y

oLy pranadll s 5 ¢(34-4) I mpaail) 5 el s ((ACI- Code-318M-11H b praadll dilas o0 4
A S lebaall 5 o) gl e

Concrete B300 f’=24N/mm?.

Reinforcement Steel ,=420 N/mm?.

Wall thickness=30 cm, Cover = 20mm.

Ysii=18 KN/m® | 04;i=30.0° , Wall Height =3.28 m.

1) System and loads
ko, =1-—sin@®=1-sin30 = 0.5

e, =k, Xy x h=05x 18 x 3.43 = 30.9 KN /m?
h 3.43
Eo =€, XE=309 XT=53KN/m

k, X LL = 0.5 x 10 = 5 KN /m?

5% 3.43 = 17.15 KN/m

8 kN/m LL = 10 kN/m?
\ N ]; I l
ff;NSj fffff - \

|
|
|

= L 30cm I £ 17.15kN/m

2 5 | g2 = 53kN/m
|

b |

N\ |
/ B5KN/m? 30.9 kN/m?
AN
57 .44 KN/m

sl laad ALEaY) Uil s Jlea¥) (32-4) Jsal)
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- For (Im) strip
Factored loads (qu) = 1.6 X (309 +5) =57.44 KN/m

Factored loads (qu) = 1.6 Xk, X LL=1.6 X5 =8KN/m

Leoading
153 group no. 1
Dead/Liveload - Service Leoad factors: 1.20,1.20/1.60,0.00
——
“_'_"_‘—‘—-—.
359 T o
3.4P00 50
|
Moment/Shear Envelope (Factored) Units:kN.meter
Moments: Spans 1to 1
52.3
0.86 .
1
o7 =
: - — 28
246
| 1.89 ‘ 1.54 |
Shear
278 28.8
|
1
876

j.\ﬂ\ J\J+ sz"" &;;'\L.'dl f’jj’d‘ (33-4) Jsal

2) Design of Shear Force.
d =300 — 20 — 20 = 260 mm

Vimay = 87.6 kN

1
@ xVc=0.75x 3 X V24 x 1000 X 260 = 159.22 kN > Vu = 87.6 kN

~h=30 cm is Ok

93



LY msaaill 5 Qs & Jaadl

3) Design of Bending Positive Moment.
Mu =+ 24.6 KN.m

6
Rn =2 = 2730 _ 4 MPq m=—2Y_-_*0__ ¢
bxd 1000x260 0.85><fC1 0.85%x24
M 246
n = (Z) = 0.9 = . .m

1 2XKnxm 1 2%X0.4%20.6
preq—ax<1—< 1-— Fy ))—EX<1—< 1—T)> = 0.00097

ASyeq = Preq X b x d = 0.00097 x 100 x 26 = 2.6 cm?

= Check for Agmin.

.. Select 10/20cm, with As = 3.95 cm?

4) Bending Negative Moment
M, =-52.3 KN.m

6
Rn =2 = 2D _ 086 MPa m=—2_-_*0 _ 906
bxd 1000%x260 0.85XFC/ 0.85Xx24
M523
n = @ = 09 = . .m

_1 _ _2xKnxm\ | _ 1 _ _ 2X0.86X20.6 _
Preq = - X <1 ( 1 Ty )) =708 X <1 < l-— )) = 0.00209

ASpeq = Preq X b x d = 0.00209 x 100 X 26 = 5.4 cm?

= Check for Ag min.
ASpmin = 0.0012 X b X h = 0.0012 X 100 x 30 = 3.6 cm?

ASpeq = 5.4 cm? > Aspiy = 3.6 cm?
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5) Design of Horizontal Reinforcement.
As = Asmin

According to ACI:  Agpin for two layers = 0.002 X b X h
For one layer; Agpin = 0.001 x 100 X 30 = 3 cm?/m

- Select »10/25 cm

Plaster layer & An Insulation layer 1 cm from Plastic matenial

(A) ' ¥
Mo '? () 910@20cm
e Vertical bars Earth Side
30cm ||, .,
@408@im* L @) $10@25em
® ©10@20cm . Horizontal bars Earth Side
Vertical bars Air Side ]
@ 010@25¢m )
Horizontal bars Air Side
(9) 914@10cm u
. 214@10cm
(10 #10@20cm G14@17 5em .. ® 014@
L3l 38m .. ®914@12.50m
) 2 é . — : . Py = e R - @7@16
< 777777 7 | R P -4,05m

e I GRS EIGHT |

58l las malid 1(34-4) JSA
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Design Isolated Rectangular Footing 4luaiia s3s1d asawai (13-4)

_}S)Ad,\gwéjd\géh);}d\%ﬂ\ uaibiad 33 Sié&»&g&c&aﬁhﬁmlﬁw&ﬂ\ (KYY dhef\;u.u
afias agle 5 (Jlaa¥) daglia o g a8 e 2SE 5 (35-4) IS (p LeS 3ac il dlagl ial 538l Lgapanal a5 ¢ anil)
A sall Ao el mraaill i g ¢(36-4) JSEN (A aveaill =il jedai g ((ACI- Code-318M-11) s avenaill dlec
A kel g
Concrete B300 f,’=24N/mm?>.
Reinforcement Steel f,=420 N/mm?.
Wall thickness=30 cm, Cover = 20mm.

voii=18 KN/m® | 04i=30.0° , Wall Height =3.28 m.
Y conc = 25 kN/m3 Ob-allowable =390 kN/m2

Pp =600 kN & P =400 KN

Topview 9 20v1.920x 0.5m
‘é‘i C11 l ’@

/ 280 4

LL= 5kM/m?

Section A-A

350kN/m?

Aliadic ac\d: (35-4) Jal
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1) Design of Bearing Pressure.

Assume h =50cm
For (1m?) under the footing
Weight of soil = 18 x 1 = 18 kN/m?
Weight of footing = 25 x 0.5 = 12.5 kN/m?
Net allowable bearing pressure (os-auowanie )= 350- 18 — 12.5-5 = 314.5 kN/m?

Pu=12xPD+1.6xPL=1.2x600+ 1.6 x400=1360 kN

Pu
X < 1.4X Op-aiiowable -net

1360
2.8x1.2

=405 KN/m? < 1.4x314.4 = 440.3 KN/m?

So, the Selected dimensions are O.K.

2) Design of Reinforced Concrete.

a. Design of One Way Shear.
Depth of footing will be selected so that (d x V. > V,) No shear reinforcement is required.

@xV.=0.75x 1/6 x(fc') xbxd
d= h-cover -@=500-75-16=409 mm

V,=405x0.816 x 1.2 = 396.6 kN.

QXVC:O.YSX% X V24 x 1200 x 409 = 374 kN > VVu = 300.7 kN.

h must be increased.

Select h = 60 cm.
d=h—cover— @ =600 — 75— 16 =509 mm.

V, =405 x 0.715 x 1.2= 347.5 kN.

@ xV.=0.75 x% X V24 x 1200 x 509 = 374 kN > VVu= 347.5 kN.
h=60cmis O.K
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b. Design of Two-Way Shear.
d = 509 mm.

bo = 2 X (450+509) + 2 X (350+509) = 3636.
B, = 45/35 =1.3 , 0l = 40.
V, = Py-Frs = 1360 — 405 x 0.959 x 0.859 = 1026 kN

* @XVe=0T5X(2 +2) x@ x 3636 x 509 = 2876.9 kN.

40x509

* QXVC—O75x(2+

¥ @xV,=0.75x4 xC x 3636 x 509 = 2266.7 kN. (Controls)

) X— X 3636 x 509 = 4306.4 kN.

S0, @ xV,=2266.7 kN > Vu = 1026 kN

h=60cmis O.K

c. Design of Bending Moment.

i. In X direction :
Mu = 405 x 1.2 x1.225x 0.6125 = 364.7kN.m

Design of rectangular section

M 364.7x10° 1 420
=—= = 1.3Mpa. m=—2
@®bd?  0.9x1200%x5092 0. 85fc 0.85%24

p=1<1_ 1_m>_ <1_ 1_M>=o.oogz1.
m 420 20.6 420

2> A req = p.b.d =0.00321x1200x509 = 1960.3 mm?’,

= 20.6

» Check for As min
As, min = 0.0018xbxh = 0.0018x1200x600 = 1296 mm?
9 AS, req = 19603 mm2 > AS, min = 1296 mm2
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ii. InY direction:
Mu =405 x 0.375x 2.8 x 0.1875 = 80 kN.m

Design of rectangular section

M, 80x10° 1 420
=—L = = 0.122Mpa. m=—2- =
®bd?  0.9x2800%x5092 0.85f,  0.85x24

o= 1(1 _ /1 _ Z-m-Rn> - L<1 — J1 _ w) = 0.000293.
m 420 20.6 420

> A req = p.b.d = 0.000293x2800%509 = 417 mm?>.

Ry = 20.6

» Check for A min
As min = 0.0018xbxh = 0.0018x2800x600 = 3024 mm?
9 AS, req = As’ min = 3024 mm2

3) Design of Connection Between Column and Footing.
a. Design of bearing pressure at section of column .

@ x Pop =0.65x0.85 x fc' x Al = 0.65 x0.85 x 24 x 450x350 = 2088.45 kN

@ X Pnp =2088.45 kN >Pu =1360 kN

b. Design of Dowels .

Minimum As for dowels if required must be satisfied according to ACI:
Agmin = 0.005 x A1 = 0.005 x 45 x35 = 7.9 cm*

Select 6@14 with As = 6 x 2.01 = 9.24 cm? > Asreq = 7.9 cm?

c. Lap splice of dowels in column in compression(Lsc)
Lsc req= 0.071 X fy X dg =0.071 x 420 x 14 = 417.5 mm

Select Lsc = 1m = 1000mm > Lsc req
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d. Design of compression development length (Lgc)

— fy _ 420 _
Lgc =0.24 X Tre x db =0.24 x NeTi X 14 = 288 mm. (Controls)

=0.043 x fy x db = 0.043 x 420 x 14 = 252.8 mm
Available Ly, =600 -75 -16 -12 =489 mm > L4 = 288 mm

e. Design of tension development length (Lg;):“For slabs and footings

i. In X direction:

. 2800—75x2—-32x12
*  Clear lateral spacing = ”

* Clear cover = 75> 1 x db = 14mm.

=73mm > 2 x db =28 mm.

Category (A):
db <20 mm
_12xfyxo@txepexdb _ 12x420x1x1x16 _
Ly = , = = 658 mm.
25x4/fc x1 25xv24x1

Lgt available = 1225-7 = 1150mm > L4 = 658 mm.. (OK)

ii. InY direction:

. 1200—-75x2-10x16
*  Clear lateral spacing = 5

* Clear cover = 75> 1 x db = 14mm.

=908.9mm > 2 xdb =28 mm.

Category (A):
db <20 mm

12xfyx @t x e xdb 12x420x1x1x12
Ly = —2 P XD = = 493 mm.
25x+/fc x1 25x+v24x1

Ldt available = 375 '75 = 300mm < Ldt = 658 mm.. (NOK)

A5req y 493 = 3% 4 193 = 412 mm
3616

Lat =

Sprov

Use Hock 90°

Lgt =412 x 0.7 =289 mm
Ldt available = 375 '75 = Soomm < Ldt = 289mm (OK)

100



LY asacadl 5 Jidal) & Jaadl

() 6014

100crm~\——

@ 3210

Section A-A

A— Lsc

| }H’ﬂ,@mme

R @ 32212

0.1

v/ 060

=
<
r

Aliadiall sac Wl palus 1(36-4) JSall
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4Aadda (1_5)

a3 lllaiall auas Al )3 2xy | 55 (e LI ) SIS 4 Jlame Cillabade e Jgeanl) a3 g il 13 b
C el Addlae 8o 5l & il i) ALelall ALy clhaladd) 5 3 jlasal) cillaball dlac)

il ALY 5 i jlanal) asanadll gl

Zilail) (2-5)

48 yaall 5 5_all ellial qalaisy s (55 IS manatl) e 1508 (5 O Sl aenae 5l il JS e any 1]
Leboe 48 )l gl g 4 punall el ull Ja o B 5 A gnall dparanail) geal ) aladid

dnplall (5 g8l il a8 sall dapha s isals Ansnall dpaplal) Jalsall | liie¥) e AT Cany U el gal) e 2
&l e

el A gl 5 plaill JOA (he Adlinal) AGLEY) jealiall cp da sl A ¢ LY apenatll O ghad aal ey 3
el Al i lall 34T ae ¢ ppenatll A4S 48 jaa 5 2 e JS Lpasanall jealiall oda A3ja3 o (e
Okie Y G

5L Lial) K5 Amlal |55 lsial) (30 S0 3 ( Ribbed Slab ) e il cilsie ol clasid 581 4
LS | ykas o R ) 52l ) A pucill & 1S Ailaia & (Solid Slab ) &iecaal) clsiaall Ui alasid

538 el Jlea) e glia s Jand 8 lae V) cultie (e dileld S
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Slaaa gad) (3-5)

Jalla s Jualdi (e Lol Lo S5 A0LESY) o jlliall Ampalal Liagd (Baaxiy a5 (4 0S50 & 5 el 13 (S 0
Labiy el eaill 5 3L 2 gad ol Jab eilana 5il) (o de sana 2285 () - Ay aill 228 JOA (e - s 253 Cus adliaiy
) qulls il e LAY
JalSie s el (e mih i arenalll lee JBa JLESY) 5 (5 lenal) aaiaall (g ot Allia (6 ) L]
L lera 5 L)
Ay Jald J8ga 58 PS¢ @sall 450 Jaad 585 ah jig asall o Al Claglas B8 any 2
Al
S 3l Glaval Jagpilly bl ol ol 2wl e G5 Gipdie (udigs dsag el 3
g sl
O Agle Alaine S e (o JWAY Al 85 bl J g 5 pdall (SulSaall 5 b eSH avanatll JleSind iy 4

Ayl Aalil
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