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List of Abbreviations

- Ac=area of concrete section resisting shear transfer.

- As=area of non-prestressed tension reinforcement.

- As=area of non-prestressed compression reinforcement.

- Ag = gross area of section.

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

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

- b = width of compression face of member.

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

- Cc = compression resultant of concrete section.

- Cs = compression resultant of compression steel.

- DL = dead loads.

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

- fc*=compression strength of concrete.

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

- h = overall thickness of member.

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

- LL = live loads.

- Lw = length of wall.

- M = bending moment.

- Mu = factored moment at section.

* Mn = nominal moment.

- Pu = factored axial load.

- Pn = nominal axial load.

Vc = nominal shear strength provided by concrete.

- S = Spacing of shear in direction parallel to longitudinal reinforcement.
- Wu = factored load per unit area.

- W = width of beam or rib.

- Wc = weight of concrete.

-Vu = factored shear force at section.

Vs = nominal shear strength provided by shear reinforcement.

-Vn = nominal shear stress.

- p = ratio of steel area.

- €s = strain of compression steel.

- €s = strain of tension steel.

+ £C = compression strain of concrete = 0.003.

- @ = strength reduction factor.




1.1
£ 9l il 2,1
3.1
4.1
5.1
6.1

7.1




1.1

Y glae gas ¢ 4 Aasmall A jaall Cayglaill g o seSH Y Lils (Sl (e il ) 4y B

e sl 13a 4 Aol o sall a23iild ¢ ASiun kil agtial Aty ae il 5 ¢ 4 Blall Gl gkl
Llaial seelid) 8 Llla axdiadl) paal) adladin) ) ¢ Gahall 5 jlaall g bl gaall 3 gla g L&A
zliin) O Jead dialall 5 dalal) 4l Y 2y L ol 53l 5 i) bl
L Al S ) ApSd) Al s cilddinal g s plaall 5 Claaladl Jie Galall olise

gl Calidey (il cilalgal 4, ey 4l sk
il 5, 8l Sy L aall ol (e dsla g o S8 aay o3 Gutigal) 50 il L (e ¢ agllail

Ay g (sl GUSH g Raala il el S aaaill o) jaly ALl sa & 5 il 13 8 Al )

O3 Cu Al Jaal) 8 Q) e S o5l

£ sosall dilaaf 2,1
Al Calaa’) ) e g a8 (5 5<0 o alleS) amy Canll) 138 g0 Jals

K.ﬁl.&.a‘;]\ U..AL':; @‘)‘9.\‘9 Aaliaall @‘)Lﬁmu ;h.uL.LA\ eLk.\n ‘)L:f\a\ ‘5_‘9 B‘)Jﬂ\ ‘53 EJL@.‘J\ T VL T
Al g lanal) Jaglail) o iy Ly citalad )

@my‘ )ml_\aj\ HA.AAB ‘_Qa EJJES\' 2-
AR ) 8 i 3 w3 e sleal) Ty 5 Bk, 3 -

H‘*“ﬂ‘ GA‘).} e\iil.n\ o), 4-

3.1

5 paliall o3¢ &5 & pe 2

4.1

Janll i Can ¢ Jah ALY Balil) e g g5l 138 8 Jaall usiy
2018/2019

10




5.1
(ACI-318-11) Lalay) aelaill 8 S 5aY) 1-
(Atir, Safe, Etabs , Sap 2000,Staad Pro)Jic (ALY aseaill 5 Jalaill zeal o aladiul 2-

(AutoCAD 2017 Microsoft office Word & Power Point) 3-

6.1

(A5 Jgmad day )l e g g phall 138 (g sing

Adlaal g ) A ¢ Aalal) Aediall Jay -

& s iall (g larall Caa gl Jadiy : . 2-

ALY yaliall Caa g Jadi . 3-

ALy ppasatll 5 Jalail) . 4-
7.1

ealial) 03 355 Ay inall 5 5Sall ALy )
lal) Gingy g pum sall (5 jlonall ppanal ga in

sda il chad Alasy) yualiall Jilat g il e 5 yigall 287 -
sl s e oy 4LEY) ealiall agans -

Qa5 JalSiall el Al & 5 il 7 Aul Leasanal ais Al A5L33Y) ualiall 43800 cilaladall lad) -
' ~..~“

Ly

11




e P

8.4

s

it it

(SR

fadildl a2

12




13

1.2
gl (o dale 4aal 2.2
3.2

(el 4,889 Jalual) Cia g 4.2
clgalsl 5.2

6.2




1.2

lay ) Apuxigh) o glall aal (e 5 lanlld A0 yandl 4aa) gal ild 2aa3 By saiesa skl b Aadal) Ayl A
o 5eSll g Al 8 Gl (e A el aladll 8 o gaill ails sa g adill diad LS S e slall Ay as

Oe Ol 138 sk (845 58 5 ns sk s S alial
. Lol 20l 5 dallaadl 2ualil)

dw‘m\ywé‘)w u‘jwu)ﬁjw J&B\j@f}uﬂﬁ)@\&&.@\h@}

38 dagil) 5 ¢l g Juall Gale a5 g8 28 o 2 g 3 jlend) (18 Ldie ol 3 gan g oy guia ale
Ledani Lozie cilaliall (e ) Wl f a8 Wil ae ) J gudadl) (any Lid 55 Ayl g ddalia) e 2yl () oS5

elialdl ae Jelasiy

b Ll e tadadl) 020 D) 09 dadi adad bae ) SKie il Uasesy el oy 38
JSS e IS Talaie ) dpuigl) 4508 5 (A Gl aaing 385, Adda
Y A ey S i A i g oyt Blaa ilS )5 el 6l 3al JS (35, Se Bas S aliia uuia

SAlL el )l

avaaill dls aas daSt e ojlad) ol ia dal e s e aB e ol Liie 6 aveall dilee )

O ) Adliaal) cnlllaial) o cailda 6l (3a8as O 3R 59 5 Ll PSS a3 Al el oda (8 o s (5 jlanal)
@ 50 215 5 3y slladl el iad Chagy 4Bl ol g5 g S el 13 eL8) g gla
Al sl lllaiall (e W e 5 Jas 5 A4S all 5 4y sl Ly Ll dlaall 028 8 o

S cangs ool Aglee a5 Algil) L3 ) sums Lol 3 5 (5 bonall pranctll il 5o (ha ol
ealiall 638 e Ll iy Ll Lenle a5l ddliaal) e 1ol | Lpailiad s 4LEY) ualial) dlad a0a

dale 4aal 2.2

2 Ol LS5y ol il 5l (IS
e S Al i ol oS Gleadd) aes by calas ) (88a3 A dae A &l )
A (e ) A1 ¢ e Sl B . A 35k
Lagie S Aalua (i pilac (34 5

3.2

A et o pun A0S Ay 4 iaall 23085 3 el a8 gl sl 3 iy 4ld £ 5 sk 51 mparal
eﬁ\.ﬂja_hlﬁ‘é.éc‘)ﬁd\ araailly [lENe o AilEll paliall glal Cusy Adlaiall 8 32l Lalial) g o8l ¥k
. 41 ...... 4

Q\.mu@mﬁw cﬁ}d\)mhsun:\.a\.cﬁ‘)ﬁ;h\umﬂdh

u.awﬂ‘ ‘)Ln.uj @Lml\j sl CL!‘)“ bLA.l\j &M\ ‘5.11.443‘ &Lﬂ‘)\ :\..LI;\MS\ QL\LAJAA\}

A ed) o - il Aae (e (o 2 gl e Sadl (8 ()l e s S s g s ukall 2 ) o sl
" csiall (I plands S g Gadla e g

14




Gl OSSN (B 38 s ue S8 48 gl o (e @lsall jaady

DBAP b ) b e (Tt 20t P B ke e P B e Y e piad iy

l Corpss e farn

T Al A i al ol oyl J.:‘-"-' camdnas [ 3) 520

o:u}:ld\:( -)

15




dakad (ye 48 ) Ay gial) dgall 8 LS Hall Lghe QU Jalae A8 Bk (e g opdall  JAA (Say
Lakad e 0 el o 5all 3 a5 slisall (anada sgb Gl Jand)
) g )

e dS Jea e

L e A L A D e T D e T e 1 R A e L T Tl
H

["] i

|

01

£

E]

i |

LT A P R L

= e pos

L

Firm

Cog

JLaay

oa)) D) ke )

el julea s Gual o aiy aakad gl ol U5 a0y
dasa 4 jal s g s el Clerd o iy @A) el @iy ) g 5 bl dn g ailes ) 8 oy b
_eu\g}.'aal\@uﬂ\@

gl ISl UES) s B daga B 520 b L

&850 Al o (8 ity Al Culad) sa ;a8 sall 48l jaa ],
Al e sada g Flaal) A g ¢ all Al e

@sall iy ¢ ale JS8) ) jandl gl 4l
Sl 2,

el L sall e il Fanasi 1 3l Al 50 48 o (g3 sl a

il s el e Al slasll e Ll sial Cua (g dapb ge Gaady (3 Calal) a . 3.
dlend ol A ¢ dpeliac Ay jlat ¢ Leo gig dakiy dapmall Sl dapls 1 ddagsdl) ) Ll 4,
Aaaiiall oLl o) ga dae gig ¢ 05l A yal) all e W il ankad e Jlal o HiliadsS, . L
Daa s ) Lgdle i)l 5 Al Sl b

16




rall 4,38Y) Jablwal) Ciia g 4.2

ol oha 45D (e Al L 538 5 ddlea) O ¥l Gl (e g 5 el ()5S
Cplandd Sl Ay glih sua leghy pae Jie Adleal dalaa
pranail) et ) (g2l 1385 Gl shall G il 5 = gum s sy 3l (5 lexall w5l

:(Basement floor)4s s«ll (3:da 1.4.2
(

Gib e 5 ole () esuiale s e Gl I dalue il
A el L e G bl J 580 Al 5 4 AS jall A s Gl 13 Sliars Sl ol il g o (5 sing
a3 Lose (e NI (S

3 .17 R Py g

:(Floor 0-6) - 24.2
O AS ol Al e Sl :
fodaud ) a4 e 485 IS 8 (8 Gl JS (s gimgy el all o aillay G as
VA sgans Lyl Jliary Caspndd g2 Lipa O
Gl Lioaa s ) S allall 13

17




1= Eh_m‘i -
siEn = LN @ =
ity ~
- T -:l—l 3 -F- 'r—---l n.j
. -3 - L@_IE
i
! i g = ."'""\-\. 2l
iy S - _
=7 = S 1 i | ey % T -
I'- ] -'\-.
— T = 1
g | ~
e | ".\_\_
8k o= =
| T - ol
==y [l "’J
Cle) el o AS jall Al geun Hliads
Laia cp AU J Ao jagpidd e A5 S 4 i

d

Ground and first floor

18

- ) ALY Lo
Gt JS (s i




—| 1
L
H | * » @
[
:I t :: i *
i

sernnd floor

clgalsl 5.2

Ll s Adapnall L) ae 48 | st aranai (5 (g ddiiall Cilgal Sl
L jeai Gl culaidl) ol e b 13 5 el o) LeuSad ) 5 e )l Lean s ) Al gl o A el
Ll 5 cuulidl J g1 oAl 18 ik 5 re i APEVEN

48,4l il a6l 1.5.2

Aea sl o (I BN Lan 5 5 iaall oant N Jaadl) el L 5 sall dnst ) Agal 1 (0 Gga sl 038 a3
Dbl sl s g3l Al U 5 A8V JISN Jalx eday 5 s ) Abda ol e Cyuliall
& ek s il &8 e il aall e Cpe s aladin) g deddiiall ciladil) dadail saed e
sisall el il dgal 5l

19




-
&
[ ]
o
-
L]
-
-
-
-
[ ]
&
&

North Cast Elevation

PALRLRALLLTLLLLLYL
WTAPLFITLTIET,
:'*n'ﬁﬁ"ﬁ"‘f"l"! T —r]

A A Ay siall dgalsh 2.5.2

5 A1 S 205 ey 5 g 3 il il L il dgal sl ol ;
S aall e e 5 ahadial s Rt cilatill Akl aai e Jimb wil I lead) il il s g3

ciall Dlaal il dgal sl (3 jekay 5 lail) odl e

4-n-n-u-\"l

20




6.2

il A e A jalld sands il Jals AS 5al)

CSa A A o pusiall 5 aall o Al o guiall (8 508 (558 3 5a 5 aded |l g s b JS a5 4lal
Jane dllia s el Bida dieo JAlaall a3 2aly ( )

JsY) Gadall & Jaae aa o8 A0 ALK Lale il (e (AW ALY 8 4y pudill il ) Jpaa ala
alasiuly dalisal (3 shall G A ) A8 ja g 2al ) Gidall Jal 4l

e
- T T A
T [ R
T i R
g T e A
g TR A
I ] ] s A

Sedtien- BI%

21




22

13
Q’auu‘i\ Hmﬁ\ < 2.3
ALEdY) pualinll 4 2l el Al 3.3

diLaay 4.3




1.3

o el BT B sasmsdl il 5 kil e
aranall aaing 3 punigh oyl il 5 A jlanal) clillaiall e Sl (53 avanail

lha s pealiall BS Cim g oy L selele 355 3l Cuny ALY eabial) Al aari e
oS a5 (5 landl) asaadl e liall £ 3 hall 3¢ il cililal) ke L ads

L»,.'il...'ﬁ\g\ praall) < 2.3

o by =Bl Fll s ) 51 5l e A Jlaal Liadl 5 a5 dtae Jlaad (0 A jla)
L) pealiall aan3

Ay AY) jaliall alalie Ll e 4iias i (Safety)
S
O e (Al a jall A4S 5 AdlSal) Apilia adalia g e liall 3l 9o (53 yha (e Leliial a1 (Cost)
Alal
(Deflection) 1) bs# f caind can (e (Serviceability)dsiill il 4
)(Cracks)
sliadl lleal)

ALEY) pualinll 4 2l el Al 3.3

CRar DA (e 4l Cus apenaill g Jilail) lae alai 4g il Cang pgn s (ot o g A lail) Al jall el
| asaats tn O Ala | pealiall Al cong A Jilail) cililae. e (35S0 Lo Junil 1 J gum sl
Aalid) Jaxl) 4yl s e 1y il mpanall Y g sl emie U e il )

1.3.3
slaiall gl Ehgan (90 Leale Amd) gl Jlas | Jead e 5 50lE () oS5 o Leasanal 5 ey S Al
Aol Jles Iall Ja Addl Jla Joda (a5

23




R 1.1.3.3

Sl e e o
ﬂw\@gmﬁbﬁ&:\;hm‘;UJ\J\J&O‘_)J‘UAU)S-‘:‘gJ-‘“;ﬂJ{\ .."Li)}urj?-;:u “:.5“
3 Jleal gd A0 Cl agaill 5 Al

IS _gd Aaniioaall o) sall e sil) 48N Blaty Lo

Al Ja¥12.1.3.3

lese e n & aabiaal s Ly 1) G pmi S Jles | b
. s

1 1-

slasall e g il ) sl e Lany 8 e Al Jaa | 2-

e A lpiien el QS e LSl s ofa (s
sl 93 jea




ahkj e:m..aﬂ\i\c

O 2R g

gl Jla¥ 3.1.3.3

w&d\i\\&}ﬂ\@

zh 1.3.1.3.3

A e Lol e 355 ) ol o s Radipall ) (e il el s il o i Al o 8 e 5 ke
e LI iy 2l e Aail CilS 1Y) Aallu g darca (e Al CilS 1Y) daa ge (35S g Lae) dad ff el

G (e @dsall chol) Jueal 2as3 5(KN/m?)
2.3.1.33
Jleal it (Says Leale & 5B 8153 Jedy Laiall L) i ey o) oSy «®
Oha
(KN/m?)

0

(H-250)/1000

(H-400)/400

(H-812.5)/250

:(3-3)

oo e a s e Leie Ash daul ) 5 481 58 e 3 le a5 il e g Sl Al
a Oy S il g SLanss Faaad) Gl (i aladily Leia slia (S

aigh o) sl el e Aliladl 5 5 ) shadl) Jli araall ddae b Lgile) ye cang ()

.(UBC97)

25

Jleal aaas 2y

3.3.1.33

ool e

A&J.'\A.‘MJ’J




dlasy) 4.3

143
LY jealiall ) Ledle 3 55l o Lpul 1) (o8 i e 5 A0Lasy) ualiall e 5 e (o
Al Al Clsal) (e daild 3agae 5 ddline ¢ 9l 2 g3,
AT PR
(Solid Slab) 1.
BTYEY
(Ribbed Slabs) 2-
oalasy
:(Flat Slabs) 3-
Bac aladiul o Cups, 3a8Y) g dgud Hll Jail aa3is Clsie o
13 Laadl el Lgia s Lie 5y b Claiall (e g 5
L 5
2.4.3
) BT J5 b b A jualic a
(e 38all ge 5,08 A o 5(Dropped Beams) (<) Jaks Aesa
3453
Gospa (Sl jaic g8 el & (A Gt ) guand)
P s lele dadll &5 das (e 58 (58 Cun Lgapanal cang Sl
3oy ciall i (g0 e 5ike
( ) 4.43
4a8y) o gl il (S8 aasis 5 Lgale Aadl 5l 281 5 230 ganll (5 sl o g5 Aals A3L5) yualic 2
O a3 A vl e ciahay b o jaall 38 5 (wall shear ) bl 8 S

26




G o pan ALl ) poal) Jiamiy  aall 8 ALl () jaal) aat 25 Cogury 38Y) (5l A glie o Lt lsS
A siaall 4, ,

CalaiY) e jd g cang s Liiall Ll (i ay ) A8Y) (5 581 o gl (ol () p2aS Jant LS L)

oS Lo JiF el JEI) S g oladl IS 3 il () pan 4S5 (531 e glial) Sy (s Adlisall ()55

Agaay) A5 i aiad RS o jaal) e

543

ALiay) ealial) DS araiad e el 2z 4l Lapanal o Liall oliy die Ladss lag Lo Jsl 2

e ol Ay podi Cua
- 1k WS ¢ gl
1-
2-

Ay 8 il 3-

4-
Leade 4280 ) Lelani 5585 4y yill g gil Lags lld 5 Aaliae o1 3 (pe bl aladial oy Cagu g

6.4.3

Uie 5 pdia A Lgaladina) oty Camliall Aaliad) il i) oy il ) A 4y jlare pualic (e 3 )le
7.4.3

( Expansions Joints) 1.7.4.3

iy i s sl Ay
Jaal gall o2 o o saS gl Al cliiiall Julat die 5 law cpuia jall Jual gdl) () <5 285 o gn
L LS dladl ciliiall aaaill Jual b G 5 sl Adlosall 10t (S, Al 3151 Jal 8l
: 2 2GR 9. 42
Osbedd A Al s LS A

Sulge il O Loy cililisall o3 334 ) (Say
() oo dealill pase Joy O ey S

:(Construction Joint) L&Y Jualsil) 2.7.4.3

Ot (U685 Gy dal g el (S (G A0LY) sl 8l Jee o
( ) Al g i s g salial g el J shal daii Ja gagl) il il 5 Qasndil) o gusia

27




& e s sl Ll caa die Lia aadig g O Gla Y o) gl Juad 25y 43 G
Saly iy 8 dna ate g Adlile 4t ) Ol 8 e s gl )

28




CHAPTER4

4-1 DESIGN OF STRUCTURAL MEMBERS

4-2 Design Method and Requirements.

4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4.6 Design of Beam.

4.7 Design of Column.

4.8 Design of stair.

4.9 Design of Basement Wall.

4.10 Design of isolated footing.
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4-1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels and others.

Reinforced concrete islogical union of two materials: plain concrete, which
possesses high compressive strength but little tensile strength, and steel bars
embedded in the concrete, which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water,
and frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building
codes and specifications that give design procedures are continually changing to
reflect latest knowledge.

Structural concrete can be classified into: -

§ | Lightweight concrete with unit weight from about 1350 to 1850 kg/ma3.
§ | Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
§ | Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4-2 Design Method and Requirements
The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318 _08).

v' Strength design method: -

In ultimate strength design method, the service loads are increased by factors to obtain
the load at which failure is considered to be occurring.

Thisload called factored load or factored service load. The structure or structural
element is then proportioned such that the strength is reached when factored load is
acting. The computation of this strength takes into account the nonlinear stress-strain
behavior of concrete.

The strength design method is expressed by the following,

Strength provided = strength required to carry factored loads.

NOTE: -

The statically calculation and the key plans dependent on the architectural plans.
- Code: -

ACI 2008

UBC

- Materid: -

Concrete: -B300

fc' = 30N / mme (MPa)For circular section

but for rectangular section ( fc' =30 * 0.8 = 24MPa).
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Reinforcement stedl: -

The specified yield strength of the reinforcement {fy = 420 N/mmz (MPa)} .
v" Factored loads: -

The factored loads for membersin our project are determined by: -
Wu=1.2DL+ 1.6LL ACIl-code-318-08(9.2.1)

4.3 Check of minimum thickness of structural member :

Minimum thickress , h
Simply Cneend Both =nd

Cantilavar
supporied continuous contindous

MemberMembers not supp-urtmg or attached to partitions or other construction
fikely to be damaged by large defiection

Solid one way

i
Slahs L/20 L'24 L/28 L/10
Baams or rib2ed
ST Way Sabs L/16 L/185 L2 L%

Table [4.1): Check of minimum thickness of structural members

Forrib :
h min=L /18.5=3.90/18.5=21.1 cm " One end continuous".
hmin=L /21 =4.15/21 =19.8 cm " Both ends continuous".

hmin=L /8=2.0/8=25cm " Cantilever ".

For beam :

h min =L/18.5=6.33/18.5=34.2 cm " One end continuous ".
h min =L/21=4.30/21=20.5 cm " Both ends continuous ".

h min =L/8=1.10/8=13.8cm " ends continuous".

select h=32 cm with 24 cm block and 8 toping .

4.4 Design of topping:
v/Statically system for topping :

Consider the topping as strip of (1m) width, and span of mold length with both end

fixed in theribs.
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Wu

. 40 cm -

WLI WL:
12 12

7

WL-
24

Fig 4.1: topping load and moment diagram.

For the topping , the total dead load to be used in the analysis and design is
calculated as follows:

No. Parts of Rib D.L=y*h*1

1 Tiles 0.03*23=0.69 KN/m
2 Mortar 0.03*22=0.66 KN/m
3 Coarse Sand 0.07*17=1.19 KN/m
4 Topping 0.08*25=2 KN/m

5 Partitions 2.3 *1=2.3 KN/m
Sum = 6.84KN/m

Table (4 - 2) Dead load calculation for topping.
Design of topping for ribbed slab as a plain concrete section :-

L b

Hokaw Block | T7erm)

Fig. (4-2) : Topping of oneway rib slab
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Nominal total dead load = 6.84 KN/m.
Nominal total liveload = 2* 1=2 KN/m.
Wu = 1.2xD+1.6xL = 1.2*6.84+1.6*2 =11.41 KN (total factored load).

_ WLILE
12

Mu

_ 1141:04%
12

=0.152 KN.m/m of strip width

®Mn = Mu strength condition ,where ® = 0.55 for plain concrete
Mn=0.42*K*Vic S,

S, for rectangular section of the slab : Where

_ bhk®

Sm_ P
_1on0sg0°
T B

=1066666.667 mm*
Mn=0.42*1*/24 *1066666.667*10°
=2.20KN.m
®Mn=0.55*2.2=1.21 KN.m= 0.152 KN.m
No Reinforcement is required by analysis. According to ACI 10.5.4.
Provide As,,, for dlabs as shrinkage and temperature reinforcement.

According to ACI 7.12.2.1 Pgpyrinkage = 0-0018.
As = pbt =0.0018*1000*80 = 144 mm*/m strip.

Use [18 with As = 50.27mm?*

As 144

=— =287
As B 50.27

Bars numbers n =

Take 3118/m with As=150.8 mm*/m stirp.

Spacing 100/3=33.3cm

33




S should be smaller than :

3h=3*80 = 240 mm.1.

450mm. 2.

380*(280/fs) — 2.5Cc < 300(280/fs)3.

fs = 2fy/3 = 2*420/3 = 280 MPa.

Cc (Concrete cover) = 20mm.

So S =380 * (280/280) — 2.5 *20 =330 mm.
S <300(280/280)=300 mm.

SO Smax = 240mm.

Then take [18 at 20 cm in both direction. S=200mm<240 mm so OK.

4.5) Design Of Rib(2) :

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

Coes wiwy ity ciat Shrirksge & Temsperetusr B

HicBcees Biock | 2B o}

Fig. (4-3) : Oneway rib slab
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Fig 4.4: Dead and Live load in the Rib(2) .
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az.
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Fig 4.5: Geometry of Rib(2) and it’s dimension.
Reacilons
Factorad
l 1 i 1 I} |
T T 1 T T T 1 T T T 1
OeadR =04 2238 0= FTET 25.76
Live=R: 275 - 317 .76 EA ]
Maz R 11.7H 1813 2 vl = 3584
Min R 288 a1.82 e 24E 29,93
Sarvico
DeadR TE5 I1LES | 16.8 22.28
Liveft 172 44 54 485 45
MaxR 520 22,43 8z e 2578
Min R T.24 o861 AT 0.0 2356

Fig 4.6 : Reactions of Rib(2) (live and dead).
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B Pt 123 158 T

15.7 188

Fig 4.7 : Moment and Shear diagram of Rib(2) .

Calculation of thetotal dead |oad for one way rib slab is shown in
the following

table:

Quality
No. Material Density Calculation

KN/m3
1 Tile 23 0.52x0.03x23 =0.359
2 Mortar 22 0.52x0.03x22 =0.343
3 Sand 17 0.52x0.07x17 =0.619
4 Topping 25 0.52x0.08x25=1.04
5 Rib 25 0.24x0.12x25=0.72
6 Block 10 0.4x0.24x10 = 0.96
7 Plaster 22 0.52x0.02x22 =0.2288
8 Partitions 2.3 2.3x0.52 =1.196
>= 547 KN/m/rib

Table (4 — 3) Calculation of the total dead load for one way rib slab.

dead load =5.47 KN/m.
liveload = 2x.52=1.04 KN/m

Wu = 1.2xD+1.6XL = 1.2*5.47+1.6*1.04 =8.2KN/m (total factored |oad)
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Effective Flange Width ( E b ):-ACI-318-11 (8.10.2)

For T- section is the smallest of the following:-

1-be = L ( smallest clear span) /4 =280/ 4 = 70cm

2-be=12+16t=12+ 16 (8) = 140 cm

3-be < center to center spacing between adjacent beams = 20+20+12=52cm

For T-section be =52cm .

Design of Rib (2):-
v'"Moment Design for (R 2):-
Design of Positive Moment:

4.5.1 Design of Positive M t : (Mu=8.4KN.m).

Assume bar diameter g 10 for main positive reinforcement.
d =h- cover —d stirrups — db/2=320-20-10- 10/2 =285 mm
Check if a>h; to determine whether the section will act as rectangular or T- section.

My =0.85* fc ' * b * hf(d — hf/2)
= 0.85* 24 *520 * 80 (285 — 80/2)*10™¢
=207.9kN.m

M =207.9KN.m >> Mu/®= 8.4/0.9 = 9.33 KN.m

So a> hf , then the section will be designed as rectangular section with be = 520 mm.
Rn =Mu/(®bd?) = 8.4*10%/(0.9*520*285%) =0.221 Mpa.

m=fy/(0.85* fc ") =420/(0.85*24) = 20.59.

2+0.221+20.59
=1 1 ZoEEEe
Iy 20.59 420

ZeRnem 1
)

p= i(l- 1- ) =0.000529

As = p*b*d = 0.000529 * 520 * 285 = 78.41 mm*
Check of As, ;-

s, = 0259 bwd = “hw.d
1y rv

24
ASin = O.ZSZE 120*285 = 99.73mm=.
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1.4
A8 in = ﬁ* 120 * 285 = 114 mun®. Control.

S0 As,,,i,= 114 mum? > As = 78.41mm* then use As,,,;,,.
No. of bars = As,,,;,/AS of (110 = 114/(1t/4*10%) = 1.45
So use 2 [110 with As =2* 1/4*10%=157.1 mm*> As,,., =114mm?®. OK

Check of strain:

_ Asfy _  157.1s420

A= asfc b 0852242520 6.22mm

£,=0.85 - 0.007*(fc — 28)=0.85
C=a/f;, =6.22/0.85=7.317 mm
£,=0.003((d —¢ )/ ¢ ) = 0.003((285 -7.317 )/ 7.317) =.11385 > 0.005  OK

Usually, on reinforcement less than 2 (110 can be used . So, so for all spans with
positive moment equal or less than Mu = 8.4 KN.m ,use 2 [110 for each rib span.

Design of Negative Moment:-
4.5.4 Design of Negative Moment : (Mu=-11.2 KN.m)

Maximum negative moment at the face of support Mu=11.2KN.m
d =h- cover — dgirrups — db/2= 320 -20-10 - 10/2 =285 mm

According to ACI 8.9.3 — for beams built integrally with supports, design on the
basis of moments at faces of support shall be permitted.

The maximum negative moment at the face of support Mu =11.2 KN.m.
Rn =Mu/(dbd?) = 11.2*10%/(0.9*120*285%) =1.277 Mpa.

m=fy/(0.85* fc ") =420/(0.85*24) = 20.59.

261 277+20.59

o ) =0.003142

ZeRnem 1
)=m(l- 1=
20.59 )

p=,(1- 1-

As = p*b*d = 0.003142 * 120 * 285 = 107.46 mm*
Check of As,,, .

As, . =025 bwd = 2hw.d
Iy Iy

V24
AS i = 0.257—120+285 = 99.73mm?.
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1.4
A8 in = ﬁ* 120 * 285 = 114 mun®. Control.

S0 As,y,i,= 114 mun® > As = 107.46num* then use As,,;,..
No. of bars = As,,,;,/AS of (112 = 114/(1t/4*12%) = 1.008
So use 2 (112 with As =2* T1/4*12?=226.08 mm?> As, ., =114mmZ. OK

Check of strain:

Asfy _  157.1+420

T Desfc b 085e24+120 26.95 mm

£,=0.85 - 0.007*(fc — 28)=0.85
C=a/f}, = 26.95/0.85 =31.71 mm
£,=0.003((d —¢ )/ ¢ ) = 0.003((285 -31.71)/ 31.71) =0.024 >0.005  OK

for all spans with negative moment equal or less than Mu =11.2 KN.m ,use 2 [112
for each rib span.

The maximum shear force at the distance d from the face of support Vu=12.9 KN.

Shear strength, V¢, provided by concrete for the ribs may be taken 10% greater than
that for beams. Thisismainly due to the interaction between the slab and the closely
spaced ribs (ACI Code, Section 8.13.8).

Vn=Vuo
Ve=1.1 *g * % forbwrd = 1.1 *g * 1*,/24*120%285 * 10~3 =30.72KN.
®Ve=0.75* 30.72 = 23.04 KN.

0.59Vc=23.04/2=1152KN =Vu =129 KN = ®dVc =23.04 KN.

Minimum shear reinforcement is required except for concrete joist construction.
So, no shear reinforcement is provided.
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Fig.4.8:Reinforcement of rib2

4.6 Design of Beam ( G-2) :

Materia :-

concrete B300 Fc' =24 N/mm2
Reinforcement Steel Fy =420 N/mm?2

By using ATIR program we get the envelope moment and shear force diagram

asthefollows:

Guenmalry

Livails vzt i

1 2 a

| e ¢

i-T}

3AE 04

| S |

1 B

5.8

425

6.03

Fig. (4-9) : Beam geometry.

Load on beam :-

Load of this beam come from reaction of Rib 1& Rib2 asfollowing :
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Tead groupme. 1

Cead lomd - Serrice Unit=kM.meter
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| T T ¥ 23
Live load - Serice Load factors:1.20.1.204 80.0.04
b ok | T ) §o | vaask b 4w
| 1.1 )r 405 1 503
I

Fig. (4-10) : Load on the beam.

» Self-weight of beam = (0.32*0.8) *25 = 6.4 KN/m

MementiZrear

Cave lops {Fazored;

UrkgkR, Freter

Woment=s. _spans_1i0 o

S th
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P - ~, e
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| 14 | 43 252 | 381 241 |
Sh=ar
B 62.2
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154 -
416. A
—-=TEi0 g
1373

Figure (4-11) :Moment & Shear Diagram in beam.

Load Calculations for Beam(B G-2 ):-
The distributed Dead and Live loads acting upon BG-2 can be defined from the

support reactions
R1 and R2.

From Rib1

The maximum support reaction from Dead Loads for R1 upon BG-2 is 27.34KN.

The distribution dead load from the ribl on beam G-2.

WoL fromrib1 = 27.34/0.52 = 52.6 KN/m.
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Own weight of the beam and the weight of the floor layers within the beam width can be
calculated as shown:

Quality
Material Density Calculation

KN/m3
Tile 23 0.8x0.03%x23 =0.552
Mortar 22 0.8x0.03%x22 =0.528
Coarse Sand | 17 0.8x0.07x17 = 0.952
RC Beam 25 0.8x0.32x25=6.4
Plaster 22 0.8x0.03x22 =0.528
Partitions 2.3 2.3x0.8=1.84

KN/m 10.8

Table(4-4): calculation of own weight of the beam and the weight of floor layers.
WDL(totaI factored dead Ioad)=52-6+10-8*1-2=65-56KN/m-

Witrom b 1)=7.57/6.4=18.93KN/m.
LL within the beam width (b=0.8m) can be calculated :

2*0.8=1.6KN/m.

WL.L(Total factored live |oad)=14-56+1-6*1.6=17-12KN/m-

From Rib2

The maximum support reaction from Dead Loads for R1 upon B24 is 20.81Kn.
The distribution dead load from the rib1 on beam G-2.

WoL tromrinz = 22.67/0.52 = 43.6 KN/m.
WDL(totaI factored dead Ioad)=43-6+10-8*1-2=65-56KN/m-
WL itrom rib 2=7-76/0.52=14.92KN/m.

LL within the beam width (b=0.8m) can be calculated :
2*0.8=1.6KN/m.

WL.L(Total factored live Ioad)=14-92+1-6*1-6=17-48KN/m-

Assume bar diameter ®18 for main positive Reinforcement
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d=320-40-10-18/2=261mm.

Design For Negative moment :

®=0.9 for flexure as tension controlled section
Assume p=0.4pyp

m=20.59

31=0.85-0.007(fc-28)

:1=0.85

G

p5=0.85* L= By ()

GO0+ [

Gk
GO0+420

=0.85(24h/420)*(0.85)*( )

=0.0242857

p=0.4p, =0.4*0.0242857= 0.009714

pem

Rn =p*fy(1-—7)

0.00971420.549

R,=0.009714*420*(1- -

)

Rn=3.672Mpa.

2_ Mu

bd"=—

PR
=176.5%10°/(0.9%3.672)=b*(261)*

b=784.03mm

use b=800mm.

check whether the section will be act as singly or doubly reinforcement section:
maximum nominal moment strength from strain condition £;=0.004

c=3*d/7 =3*261/7 =111.86 mm

a=[:c=0.85%111.86 = 95.08 mm
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Mn.max = 0.85fc ™ ab(d —a/2) = 0.85*24*95.08*800(261 — 95.08/2)*10°°
=331.23KN.m

©=0.82
Mu=176.5KN.m < ®Mn =0.82*331.23=271.6 KN.m

Design the section as singly reinforcement concrete section.

d=261mm.

Ro=-rt = (176.5%10°)/(0.9*800*261%)=3.5Mpa.
m=20.54

— * (1. . ZmRn

p=(1/m)* (1- 1 I:I.v 1)

2:20.59:3.5

p=(1/20.59)* (1- 1 —{ 420 ))

p=0.0095

A=p.b.d=0.0095*800*261=1983.6mm?

As,mm;o.zs% b. d=(L.4/,).by.d

Asmin=0.257-+ . 800.261=608.9mm?

Asmin=(1.4/420)*800*261=696mm?  control

As>As.min OK

# of bars= :
Asof 18

1983.6
=78

# of bars= =
«18«18/4

Use 818 in one layer with A;=2035.8mm?>A; .;=1983.6mm”’
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Check for strain:
a= A*f,/(0.85.fc".b)
a=2035.8*%420/(0.85*24*800)=52.39mm

c=a/P3 =52.39/0.85 =61.64mm

116=0.003(:=5)

o

261=61.604

=0,003(* 61.64 )

=0.0097 >0.005 OK

Check for placement:

_Bl0=40+Z=10+2=5+18

Sp= 5

=79.4mm > dp=18mm

>25mm OK

M

= = *10° * * 2y_
=—— =(23.9*10°)/(0.9*800*261°)=0.49Mpa.

n

m=20.54
p=(1/m)* (1- 1= (1)

2¢20.59+0.49

P=(1/20.59)* (1- 1 - 420 )

p=0.00118

A=p.b.d=0.00118*800*261=246.6mm?

As,min,:o.zstT b. d=>(L.4/f,).by.d

Asmin=0.25"-+ . 800.261=608.9mm?’
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Asmin=(1.4/420)*800*261=696mm?  control
As.min>As.
USG As,min:696mm2

Use ®16

Asanin
Asof 16

# of bars=

G996
s1a¢16/4

# of bars= = 3.46

Use 4016 with A:=804.2mm”>A; .;=696mm?’
Check for strain:

a= Ag*f,/(0.85.fc*.b)
a=804.2*420/(0.85*24*800)=20.7mm

c=a/PB =20.7/0.85 =24.35mm

116=0.003(:=5)

o

261=24035

=0,003(- 24.35 )

=0.0291 >0.005 OK

Check for bar placement:

_B0—-40+2-10+2-4+1h

Sb= 2

=212mm > dp=16mm
>25mm

Design for positive moment:

M

bz

= (199.5*%10°)/(0.9*800*261%)=4.07Mpa.

m=20.54
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ZmREn
( Iy

p=(1/m)* (1- 1 - )

2e620.59+4.07

P=(1/20.59)* (1- 1—{( 420 )

p=0.01092

A=p.b.d=0.01092*800*261=2279.6mm?

A5m|n2025

;V b. d=(1.4/f,).by.d

Asmin=0.25"-+ . 800.261=608.9mm?’

Asmin=(1.4/420)*800*261=696mm?  control
/\& >/\snﬂn

Use ©20

As
As af 20

# of bars=

22796
=73
«20+20/4

# of bars=

Use 10920 with A;=3141.6mm*>A ¢4=2279.6mm?’

Check for strain:
a= A*f,/(0.85.fc.b)
a=3141.6*420/(0.85*24*800)=80.85mm

c=a/P =80.85/0.85 =95.12mm

115=0.003(*)
261-9512
9512

=0,003(

)

=0.00523 >0.005 OK

Check for bar placement:

_B00—-40+2-102=10+20

Sp=

9
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=55.6mm > dp=20mm

>25mm OK

= 2279.6/3 = 759.87mm2= ASmin

Use ©20

As
As o f 20

# of bars=

759.87
+18+18/4

# of bars=

Use 4018 with A:=1017.88mm*>A ;¢4=759.87mm’
Check for strain:

a= As*f,/(0.85.fc.b)
a=1017.88*420/(0.85*24*800)=26.2mm

c=a/PB =26.2/0.85 =30.82mm

116=0.003(:=5)

o

:0’003(Eﬁlt j0.g2

30.82

)

=0.0224 >0.005 OK

Check for bar placement:

_B—-40+2-10+2-4+18

Sb= 2

=209.3mm > dp=20mm

>25mm OK

M

= = *10° * * 2\_
“Rha (48.1*10%)/(0.9*800*261°)=0.981Mpa.

Rn

m=20.54
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ZmREn
( Iy

p=(1/m)* (1- 1 - )

2e20.59+0). 981

p=(1/20.59)* (1- 1= (FZ70)

p=0.002395

A=p.b.d=0.002395*800*261=500.02mm?

As,mm,:o.zsg b. d>(1.4/f,).by.d

Asmin=0.25"-+ . 800.261=608.9mm?’

Asmin=(1.4/420)*800*261=696mm?  control
As.min >As
USG As,min:696mm2

Use ®18

Asmin
Asof 18

# of bars=

G996 —27

# of bars= =
«18«18/4

Use 418 with A;=1017.88mm’>A ;c;=696mm”

Check for strain:
a= (As*f,)/(0.85.fc.b)
a=1017.88*420/(0.85*24*800)=26.2mm

c=a/P =26.2/0.85 =30.82mm

116=0.003(:=5)

o

261=30.82
j0.g2

=0,003(

)

=0.022 >0.005 OK
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Critical section at distance d=261mm from the face of support.

Vu‘max=200.3KN.
vc=ﬁ)\ fc* by.d
vc=ﬁ(1)\/ﬂ 800.261*10°=170.49KN.

Check for section dimensions:

¥

V5=E =¥e

_2003 _ 170.49 = 96,58 K'NV.

0,75

Vema=(2/3)* fc*by*d
Vs.max=(2/3)*V24*800*261*103=681.94KN.

Vs max=681.94KN > V,=96.58KN

The section large enough.

Find the maximum stirrups spacing:

If Vs<Vs‘=(1/3) fcby.d then the Smax=< d/2 OF Spax=< 600mm.
Vs'=(1/3)v24*800*261*10=340.97KN.

Vs=96.58KN < Vs‘=340.97KN then

Smax < 600mm

Smax <d/2=261/2=130.5mm. control

=, bwS
Avmin=(1/16) fc ﬂ
But not less than
hw.s
Avmin = (1/3) control

fwt
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( Vie= 1< D)

Vs.minzi. fr:‘ bwd

16

V. min=— V24 *800%261*10°= 63.93KN.
14
1

Vs‘minz_,_i bwcl

Ve min= *800*261%103= 69.6KN.  control
3

PV, <V £ D(Ve+ Vo min)

0.75*%170.49 = 127.87 KN < Vu = 200.3 KN but not less than 0.75(170.49 + 69.6) = 180.07 KN.

Case IV

D(Ve + Vsmin) <Vu < O(Ve + V)

D(V, + V') = 0.75(170.49 + 340.97) = 383.6 KN =V,

Compute the stirrups spacing required to resist the shear forces :

Use two legs stirrups @ 10 with A,= 2% *100 = 157.1 mm?.

Av _ W

5 fyted

_Avs fyted

¥

S

157144206261
T GR5EC10M3

=178.3mm

Take two legs stirrups ®10 at 100mm < Spax =130.5mm.
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Fig.4.12: Reinforcement of beam G-2

4.7 Design of column(D2):
*** 4.7.1 Load calculation:
D.L=1334.56 KN.

L.L=100.32 KN.
Py=1.2(D.L)+1.6(L.L)

Py =1.2(1334.56)+1.6(100.32)

Pu=1762 KN.

I:)n.reqz
0 b 1eq=2710.77 KN

.65

Assume rectangular section withr =1.34% > 1%
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P,=0.8xAgx(0.85x fc' +r , ( f, - 0.85 fc'))
2710.77*1000=0.8xAgx(0.85x 24 +0.0134 (420 - 0.85 *24))
Ag=131567.069 mm?’,

Use 60x35 cm with Ag=210000 mm?* >Ag cq

*** 4.7.2 Check slenderness effect:

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
r : radius of gyration=I/A =0.3h

Lu=3.00 m.

M1/M2 =1

In 60cm —Direction:

ir”< 34-12 (M1/M2) < 40

1«3
0.3«0.6

<34-12 (1) <40

16.67<22<40 **short

In 35cm —Direction:

ir”< 34-12 (M1/M2) < 40

1«3
[1.3+0.35

<34-12 (1) < 40
28.57> 22 **long

*** 4.7.3 Calculation for reinforcement:
In 35cm —Direction:

Ec=4700 x v24 = 23025.2 Mpa
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1.2«Disustained)

bdns— P

1.2+1334.56
1762

Dans=
Dans=0.908
l;=bh*/12
1;=0,35*0,6°/12
;=3.6%10" m*

_D4sEcs]
" 14 fdns

_ 0.4+23025.20.0063
B 140,908

El =30,41MN.m?
P.= [12*EI/(KL,)?
P= [1°%30.41/(1*3)?
P:=33.35 MN
Cm=0.6+ o.4><(£ )=1

it

d.fﬁ

0.7 5P

1
1762
0.7 5=33.35= LMD

d.=1.076< 1.4
emin=15+0.03 h =15+ 0.03 x 350 = 25.5 mm.

e= em|n ans = 25.5 X 1.076 = 27.438mm.

£ — 00784 <01 ... (e = 0.0784h < 0.1h

h 350

->Here we can solve this column as short tied column :
Pn=0.8xAgx(0.85x% fc' +r 4 ( f, - 0.85 fc'))
P, =0.8x350x600(0.85x 24 +0.0134 (420 - 0.85 *24))

P,=4326.779 KN > Ppreq ... OK
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***4.7.4 Design of the tie reinforcement :
S <16 db (longitudinal bar diameter)

S <48dt (tie bar diameter).

S < Least dimension.

Spacing <16 *1.6=25.6 cm. ...control

Spacing < 48*1.0=48 cm.

Spacing <35 cm.

Use ® 16 @ 25 cm.

4.8 Design of stair.

Figure (4-13): Stair Plan and structural system.

(4.8.1) Determination of Slab Thickness:
L=51mm.

hreq = 5.1/ 20 = 25

P Use h =25cm

8 =tan™ (175/ 250) = 35

(4.8.2) Load Calculations at section :

- Load on Flight:

Dead Load for 1m strip:
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Quality
Material Density W KN/m

KN/m3
Tile 23 23+(22 %)% 0,03+1=115
Mortar 22 22*(%’)*0.02*1:0.66

% (0.15+0.3 *E —

Stair steps | 25 PXEEE)*E =175
RCsolid slab | 25
Plaster 22
Tota D.L | KN/m 11.625

Table (4 — 5) Calculation of the total dead for flight .

Load on landing:

Quality e
Material Density }((Nr} nll
KN/m3
Tile 23 23+0.03*1=0.69
Mortar 22 22*0.02*1=0.44
* *1—
RC solid slab | 25 25*0.3*1=7.5
* *1 —
sand 16 16*0,07*1=1,12
* %1 —
Plaster 22 22*0.02*1=0.44
Total D.L | KN/m 10.19

Table (4 — 6) Calculation of the total dead for landing .

Live load:

Live load for stairs =4 KN/ m2 , from Jordan code of loads .

Factor Loads:

For flight W=1.2*11.625+1.6*4*1=20.35 KN/ m
Au=20.35*0.9=18.315KN/m

Vu=Au Cos35 =15 KN
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For landing W=1.2*¥10.19+1.6*4*1=18.628 KN/ m

Figure (4-14) :Moment & Shear Diagram in stairs.

(4.8.3) Design of Shear:

Assume @ 14 for main reinforcement: -
d =300-20-14\2 =273 mm

Take max shear as the support reaction
Vu=15KN

fve= f—L<b.d
&

fvc = o.75% 1000.273=167.17KN

Vu =15 KN < fVc/2=83.59KN.

No shear Reinforcement is required. So the depth of the stair is OK.

(4.8.4) Design of Bending Moment:

Max Mu =18.135 * 1.9 —20.35 *0.9 * 0.75 =20.63KN.m.

Mn= Mu/0.9 = 20.63/0.9 = 23KN.m/m
Assume @ 14 for main reinforcement: -

d =300-20 -14\2 =273 mm

Rn=—"  =23*106/1000*2732 =0.31Mpa

m=20.6

p=0.00074

ASeq = 0.00074*1000*273= 202.02 mm” /m
Asmin = 0.0018*b*h=0.0018*1000*350=630mm

Use® 14 @ 25cm .
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Step smallest of :

1. 3h=3*350=1050 mm
2. 450 mm
3. S$=380%(280/f;) —2.5Cc = 380*(280*3/2*420) — 2.5*20 =330 mm Control

S =380*(280/f; )= 380 mm

S =250 mm < Spax =330mm

Shrinkage and temperature reinforcement
As = 0.0018*350*1000 = 630 mm *
n=(630/113.1) = 5.57
S=1/n=1/5.57=0.18 m

Take 6 ® 12 /m, As = 678.6 mm > /m

Step for shrinkage :

1. S=5h=5%200=1000 mm
2. S=450 mm Control

S =200 mm <S =450 mm, ok

(4.8.5) Design of landing:

qu=1.2*10.19+1.6*4=18.6KN

(4.8.6) Design of Shear:
Reaction at each support

R = (18.6+18.315) *(2.5/2)=46.14KN
Au = 18.6+18.315%(0.9)=33.22KN

Vu = 46.14-(18.6+18.315)*0.374 = 32.33 KN.m
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Check for shear strength

Assume @ 12 for main reinforcement

d =200-20-12/2 =174 mm

Take max shear as the support reaction

Vu =32.33 KN
fVc= 0.75% 1000.174=106.6KN

Vu max = 32.33 KN <fVc/2 =53.3KN

(4.8.7) Design of Bending Moment:

Mu = (49*2.5*2.5/8) = 38.28KN.m/m

Mn = Mu /0.9 =38.28/0.9 = 42.53KN.m.
d=174mm

Rn=0.93

m=20.6

p=0.00226

ASreq = 0.00226*1000*174 = 393.24mm > control
Asmin =0.0018*b*h=0.0018*1000*200 =360mm?
Use @ 12

n=(393.24/113.1)=3.5

$=(1/3.5)=0.285

Use ® 12@ 25 cm

AS provided = 452.16 mm > > As = 393.24mm”

Step smallest of :

1. 3h=3*200=600 mm
2. 450 mm
3. $=1380%(280*3/2*240)-2.5Cc=330mm Control
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S =250 mm< Smax =330 mm

Shrinkage and temperature reinforcement
As =0.0018*200*1000 = 360 mm?2
n=450/113.1=3.98
S=1/n=1/3.98=0.251m

Take 4 ® 12 /m, As=452.4 mm2/m

Step for shrinkage :

1. S=5h=5%200=1000 mm
2. .S=450mm Control

S =300 mm <S =450 mm, ok

Figure (4-15): structural detailing of stair
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4.9 Design of. Basement Wall
Fc’ = 24 Mpa.
Fy =420 Mpa.
=35° , [ =19KN/m®
Ko=1 -sin
=1- sin (35)= 0.426

4.9.1 Load on basement wall:

For 1m length of wall:

* Weight of backfill:

Due to soil pressure at rest, p. = C.¥*W*h=0.426*19%2.75=22.26KN/m>
And H.=p. * h/2=22.26 *2.75/2=30.60 KN/m2

Due to surcharge Ps= C.*Ws=0.426*5 = 2.13 KN/m?

And Hg=pp * h=2.13 *2.75=5.86 KN/mZ.

. H: is due to a rectangular loading , where as Hs is due to uniform loading .

Figure (4-16): Moment and Shear Diagram in Basement .

Factored reactions:
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Ra=1.6( (5.86/2)+(2*30.60/3))=37.33 KN

Re=1.6( (5.86/2)+( 30.60/3))=21.00 KN

Max positive bending moment within the span accurse at the section of zero shear .
Vu=21.00-1.6(2.13*X)-1.6*¥0.5%22.26*X*X/4 =0

4.45X % +3.41X-21=0

X=1.82

4.9.2 Design of bending moment:

Mu =21*0.27 + 5.86*1.23+1.39%36.42-32*0.27 = 55.3 KN.m
Wall thickness is 25 cm , assuming 18 for bar diameter
d=165mm

Take = 0.9 for flexure

For Mu = 55.3 KN/m

55.3+10a
= =2.25MPa
0.9«1000 «165+10N 2

m=fy/(0.85* fc ") =420/(0.85*24) = 20.59.

n

Za.l?r:am) —__1 (1_ 1— %‘j“%) =0.0057

v 20.59

p=,(1- 1-
ASreq = p*b*d = 0.0057 * 1000 * 165 = 941 mm*=/m control

As,min,:O.ZSE b.d > (L.4/f,).by.d

As,min,=0.25%. 1000.165=550 mm?*/m
As.min=(1.4/420)*1000*165=481.5mm?*/m
Try 18 @ 25cmor4 18/m.

*** Check if thickness is equate enough:
Assume initial thickness = 25cm

Vu =75.9KN

=0.75 reduction factor of shear.
fve= f%b. d
Assume reinforcement bars are 20

d=200- 75- 20/ 2 =115 mm
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fvc = o.75% 1000.115=70.422KN

Vu < fVc, Thickness is not enough.

Try 25 cm thickness.

d=250- 75- 20/ 2 =116 mm

fVe= 07521 1000.116=101.04KN

Vcf>Vu, ok

fvc/2 =50.52KN.

4.9.3 Design of the horizontal reinforcement:

Longitudinal reinforcement : use a minimum steel ration of 0.002 (ACI code, section
14.3) oruse 12 bars spaced at 25 cm for each side of the wall.

Asmin=0.002 b h0.002 1000 250=500mm?’/m

Select 12@250mm/m in two layer

Figure (4-17):Reinforcement for Basement Wall
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4.10 Design of isolated footing :

Service dead load = 1592.55 KN

Service live load = 501.08 KN

Service surcharge = 5 KN

Permissible (allowable) soil pressure = 300 KN/m2
Soil density= 19 KN/m?

Assume h of footing = 40 cm

Oanet = 300 — 1.2%19 — 0.4%25 — 5 = 262.2 KN/m?
A = (Pn/ Ga net)=(1592.55+501.08)/262.2= 8 m 2
A=1*,L=VvA=V8=28m

TakeL=2.8m

Depth of footing and shear:

Pn =2093.63 KN
qu = 2093.55/2.8*2.8 = 261.7 KN/m?

One way shear :

Vu at distance d from face of support
Vu = qu*b(L/2 -a/2 -d)=261.7*2.8(2.8/2 -0.8/2 - d)
LetVu= Vc( = 0.75)

Ve= —L“b.d =214200.d
(261.7*2.8)/(0.75)*(2.8/2 -0.8/2 —d) =3704.05*d
d=732.8/4436.81=0.165m

Assume cover 75 mm, and steel bars of 20

The d average will be used

h=165+75+20=260 mm
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two way shear:

LetVu= Vc( = 0.75)
Vu =261.7 (2.8*%2.8 —(0.5+d)*(0.8+d)

=261.7(8 — (0.665 * 0.965))
Vu =1925.66 KN
B =550/350=1.57
bo=2(0.8+0.165) + 2(0.5+0.165)=1.39+1.33=3.26 m

as = 40 - interior column

Ve =1/6 (1+2/B) 1/6( 1+ 2/1.57)
Vc=1/12 (as *d / bg) 1/12 (40 * 0.165/ 3.26 + 2) = 0.169
Vc=1/3 feB *p*d (1/3)* V24 *3.26*0.165= 0.87 - control

TakeVc=1/3 fc@ *p*d

Ve =1/3 *V24' * 3260 *165*10 73 = 948.7 KN
Vc=711.5<Vu=1925.66 KN NOT OK

Take h =550 mm

d =550 — 75 -20 =455mm

bo = 2(0.8+0.455 + 2( 0.5 + 0.455 ) = 2.51 + 1.91 = 4.42 m

as = 40 - interior column
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Ve =1/6 (1 +2/B) 1/6( 1+2/4.42)=0.24

Ve=1/12 (as * d / bo) 1/12 (40 * 0.455/ 4.42 +2) = 0.51

Ve=1/3 fcB *p*d 1/3V24' *4.42%0.455=0.3333 - control
Take Vc=1/3 fc@ *p*d

Ve =1/3 *V24' * 4,42 *455*10 A3 = 3547,3KN

Vc =2669.5 KN > Vu =6689.27 KN OK

Design for flexure in short direction:

Take steel bars of 20

d =550-75-20 =455 mm

Mu =262.2 * 2.8 *1.125 *1.125 /2 = =464.6 KN. M
Rn=0.89 Mpa

m=20.6

p=0.0024

As = p.b.d = 0.0024x2800x455 = 6720 mm?>

Asmin =0.0018*b * h=0.0018* 2800*1000 =5040mm®
ASmin = 5040 mm > < As;eq = 6720 mm ?

Use 25 ® 20 with As = 7853.98 mm?
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S =2800-75%2-25*20 /24 =90 mm
Step is the smallest of :

1.3h =3*550 = 1650 mm

2.450 mm - control

S=90mm < Smax =450 mm ok

Design for flexure in long direction:

Take steel bars of 20
d = 550 -75 -20 = 445 mm
Mu =262.2 * 2.8 ¥1.225 *1.225/2 = 550.9KN. m
Rn=1.05 Mpa
m=20.6
p=0.0025
As = p.b.d = 0.0025x2800x455 = 3185 mm?
Asmin =0.0018*b * h=0.0018* 2800*1000 =5040mm”
ASmin = 5040 mm * > Aseq = 3185 mm >
Use 19 @ 20 with As = 5966mm>

S=2800-75%2-19%20 /18 =126.1 mm
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AS provided = 5966 mm > > As = 5040 mm *
Step is the smallest of :

1.3h =3*550 = 1650 mm

2.450 mm - control

S$=126.1mm < Smax =450 mm ok

Figure (4-18): Detailing of footing
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