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Structural Design and Details for suggested
Administration Building in Halhool city

Prepared by:

Abedalminim Majid A. Alnamoora Diya’ Issa AL Batsh

Polytechnic univer sity Palestine-2008

Abstract

Theidea of this project is to design the Palestine polytechnic university
management building, in Halhool city and making all the necessary drawings and
details.

The management building consists of many departments such as the
admission department and human resources in addition to the president of the

university office.

The building was designed according to the ACI code. And will contain the
complete details for the structural key plan of the project.

The project contains the structural analysis for vertical and horizontal loads and the

structura design and details for each member in the project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.
As = area of non-prestressed tension reinforcement.
Ag = gross area of section.

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



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

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead |oads.

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

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored |oads.
Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supportsin other cases.

LL =liveloads.

L d = development length.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nomina moment.

Pn = nominal axia load.

Pu = factored axial load

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

Vn = nominal shear stress.

Vs =nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

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

W = width of beam or rib.



Wu = factored load per unit area.

® = strength reduction factor.






LISl 5 Lenadle &S5 3 5 Adan 8haS il oLyl sla o

Juball 3ok s ) ddally L Aagsal 2000 e 3y e o Joany plad)l S &
Ll ol gl ala 5 Sl (8 sl s Ugw cageSD e 230 il 3 olain Al eyl

a2 Lag sl pa o gl pea 8 auill Gl IS5 WD e dg sy ¢ g Aladd) (e

\Ll.‘m:h.m_g ;II.E.}.LA I_J“

skl g gl atle cda] L) Led ye A Adased] Bliall a3a e
Jdak e osal (e dntiy Lagslaldl jallae Z8S 335, el adlalial caus ol
A Al sy Lo JS Gaiatt Jle ) J en ew clllidly clalaal) ol

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

Al s 3 gAY faa e ekl g aladll Y ey g aaill die LYl GlS

i alall S Cum W3] el g 5 D Cralisal) g el 2ie A8 Al 5 Alle AlSa
el il o Lo A skl lladll sds onadd Gl ey sal Wl 8 dpedad) Slidad) e
el o8 samyy i olaill diaate %0y At aulatll Ay Ge ol Lagliy s ol S a g
atl e compeal 0 claadladly Al poll fas Liey 3 Llas s GUISH 5 ey (sl

el Linaine Ly piay ) dpedaill (5 il



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

a1 Al (5 fe e b Gl

2ac 52l dmaladl 3 gld e e Ol 2ac o2 9 e aldd Loy Dleaiastl oae ol
A Ol ey el 5l dae dale u (- ) Al Jses e oy Al
dalue Jgoad (3 7 00 dy s A1 Hadly Jiatlly ALl e s 52 G agens
oL Aala cawr Gl 13 agean o adgddl (Y s Ll s gl
o gl Al dals Gllia sl clesall g N ladl) A2 5 oY1 ae Jodd @l ) G el
e bod Lo LoLIS aeas Jpada Ane 3 Cplaids SIS g Saslad # e aieal e £

_a_;..\_-.l'iz_ﬂ_.d'l E_JL_".‘§1
ibalil am gl A L) Al JSUAe lgeal (e oluall slg damd Al el
G e iatlh 8 2550 Al 56K Jee gl g o Jaxd DY) Gl 5 Aali 53 il
Jasl e shin wl Al J)gal ) pling 43l 3 g g el 13¢] Apnboamill g dnlall JSL

C A

()



D g orall (e ingdl

D Gl gaill e bl e a2 B g gt h3a

AGLay) jealial) calisal Jomal 5 JalSidl LY aeail Hég e Jaadl (

el 2 Zua Al §) el A ) sealie CulS ol gu z lall 5 I0Y1 ae 85050 sl
csieal) Jaa G ALAN) pecliall £ Alan! cllalad ) calide elgd 5 jugat

Al g Ay pal Lia 8 laliansi€l a0 e gheall 268 Bkt 5 caligi e Jand) (

§ Blosell Cpeia SIS of g Lol (A5 B i paall LS ) g Adls el SlBLaall (A e

JalShe g g pde ) Jgagll allhg an gls

(ripbes i) Cpplnaadd LS g Amala A s kel p Jadaadll 5 00 e el i 0( )



Bl 53 S L€ Lo Jomat o S3s 232 35k 5 it Loyl (
e g i ja ) Adbae aal el A g ) Bk e L Jaladll G4S A8 e
e Janll 30l 5650 ARy bkl RSN St g o e

£ aptall 138 348 e Jaslyerd e

Gl e AALAN) VL) 28 3 (elSie aa e dlien g g el aep o (S 12
ikt ¢ AR e dggn el Aahadl bl ASLAY) paliall cilide Aul g 5 auen

Ll g gall 028 H.Jr.. Baamlis

Gl g daslad # kel dalall 5 )Y - aranalt (e 5 jle s

Sl M o ikl 4 oAdle Al o ) e adg Jsala diae 8 (pladd
ghsad 8 gl aludl sae ) daelall =) sk wd Gk e sasssal cillalaadl)
Al ¢ el il Aiala g elill Aibaia Caplic b aal 5 DTS Y1 el o gkl
o el s gimgg Slaladl asea b cabide (S0 adl Y0 e Jesy 138 5 el
s AL Ledldl &S AW Y ) L) and 5 Amelall Adlell 3 )

Lo e g cleagindl g pokill g ladadtlly paivsel) adadill g Jiasl

b 103y a0 LYY palial) SV i o pan (Jads gy il Ha g
u_un.“ Lale 2 saell aalaia]l o lasat Caiaal P pealiall sla ~_n1:|;3_! ‘ CJ:\.EA.“ Hl_1.'|..ra..]|]
ASLANY1 ealial gl wanty 5nel alpe dad 0 Cum g dl g slandll JSAY CidRAL

gieel Ll e et B AALEY) paliell asecat g Jdat SIS, ¢ Algeaall g ALlald



il 5 Sala oS ALK sl dahnl Clllad ) ety el ) e g O N

G possddl Ay Jal e Jlea) o g o pdell O shdl Aauge Ay ey
DGl Jsal 8 dnuall 5 Adal & glasdl

e Cpacia B3gm sall A jlesall llabagall abald AGetadl g AEEN Al (
ceamie JEE daalall Aalell 5 )

llabad ) Al jo 2 » e (5 jlena Jianl el jal Y (5 seaill dalad Alls b (
a (sl gl gSall) & slend) Cllaldell o34 aa je dxal e al Chgu A jlend
A uab sy Ja gy cllbaal oo g g 4l o g x fie Lae gl 3 a0 4l
PR P POV RS TS DON [RCH SV TEON UV

AN yealiall aaat 5 JelSia JC0 g ale JS0) el g3 A e Jaadl (
£ b Lo ga o oS A

Oo il B Bagase oS o S A o Axd gl Jleall plgl AS aan (
JS adie Jlealyl ada ad o Cua lged g ol g A Jlesd 4 Jlaal
28 o el il g g el

i el b Baga el AALAYT el Jd LIS Jdatll Adey GLall (
oilS Lai€ g Lelpalin

Cillially Al L Cya, ASLAY1 jeabial) Cabiaal LAWY srasdl djlesy aLal(
el 138 8 Al Aigla gl 5 dulaall

mracaill Jols Ailaie g daia fw KU 335k pe Gl g aeail ddee o SH(



g bl Algt Led Jea gl 5 A
AT Sllbad) jeats plill 3y g gpdd) dase AT Y Jsad
qu_.]i [PEP .__r-“'“ sl fian s yaliall t.u;_'[ 4,2l

#.50) A et Jad e g (- ) JSA

—~
1
N



2 ( )
Jelds JalS ciias Jue s g ogpiall & jlenadl bl e g3LY) 2
Gillabadl ) e g ogodall 13a G ) S8 Al st Chge b jlars § 5 sl
JalSiil ¢ lge 58 e o il el RGN jealiall calind oo gllall dpuigdl dslany)
AllE ALISS. 3aal g Baa DS 5 e Bamall A jlenall anliaill pa arebiall o3
P el Je Jead A0l e g kel and o5 g g ¢ ol JSI Al Aalall 2ie 2pnll
daY) Jeadll |

__,l__;’ﬁh__llg_.jj;tj_).ld]ﬂidm_uln_\id ullgaltj_).:nﬂ.bug.ﬂl_h.:jﬂ_'éi

Ll Juadll

gl e gl ) apanaill il sy iy jlanell arelialll Ciiay
Il Jeadl) |

ALy A
sl Jeadl)

ASLEN) yaliall apecai

Gonan)) laladdl slac

L) Jaadl]

e gill ¢ il



S Jsadll oY sale S ez st sai e g pdall b Jeadl b Judel S
Sl 13n e 5 g pall il
. Jeall da fiall il ghatll B g g palls Jaad Jal el gie ) Jalaaall (- ) Jsandl o

2007 2008
£ s phadls Jandl Jaul ya

Ay ramal] o lates ot al 5o
(el

Aoy aBaam’ Al -:-|_F_h.|
O T

P I B P | QT BN

BN e 8

el At el
2N gualimd]

el | kY| syl
(g Al sl
Balglly skl LAY

At e dalas bl jagat
bl LgliSilas danill g
ALYy adiall magal

Bapdall a3l Jgaadiz (- ) Jsa



CHAPTER FOUR Structural Analysis & Design

CHAPTER

4-6
4-7
4-8

4-9

I "DESIGN OF STRUCTURAL MEMBERS"

INTRODUCTION.

DESIGN OF RIB (NO. 15).

DESIGN OF TOW WAY RIBBED SLAB.
DESIGN OF BEAM (NO. 01).

DESIGN SOLID SLAB OF ELEVATOR.

DESIGN OF COLUMN (NO.2).
DESIGN OF ISOLATED FOOTING(NO.6).
DESIGN OF STRIP FOOTING.

DESIGN OF MAT FOUNDATION.

4-10 DESIGN OF STAIR.

4-1

4-1

1 DESIGN OF BASMENT WALL.

2 DESIGN OF SHEAR WALL.



CHAPTER FOUR Structural Analysis & Design

CHAPTER FOUR

Structural Analysis and Design

4-1 Introduction

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

standardized ways.

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

and this can reduce the strength of the structure.

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

So in this chapter we will explain the design of the structural element for this
project, the dead load is calculated based on type of used materias, but theliveload is
chosen based on the values that are used in chapter three tables (2-3).
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4-2 Design of (Rib 15) in Ground floor.

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

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

Minh=L/21 for interior span
Minh=440/21 =21cm

Minh=L/185 for exterior span
Minh =275/ 185 =14.8cm
Minh=L/16 for simply support

Minh=6/ 16 =36.5cm

4.2.1 Determination of thicknessfor tow way rib slab

Y=SAY/3JA

Y rib = (2¥0.2¥0.08*0.04)+(0.15%0.32*0.16) / (2*0.2*0.08) (0.15*0.32)

=0.112m=11.2cm

liib = (0.55) (0.112)* (3) - (0.55-0.15) (0.032)*/ (3) + (0.15) (0.208)% (3)
=7.8*10*m%b

lga= (7.8¥10°) (4.5)/ 0.55 = 6.37*10™

lps = (1/12)bh3= (1/12) (0.9) (0.32)3=2.46*10-3

2 = 4.545¥10°

01 = lpaf lgan = 2.46%10-4/6.37%10* = 3.86

01 = lpof lgan= 4.545* 10%/6.37%10-4 = 7.14

Om=01ta,/2=(3.86+7.14)/ 2=55

Am> 2

hm = L (0.8+ F,/1500)/ (36+9) .....eq.... ACI-318-02

B=LJL,=9.988=1125

hm = 9.9 (0.8+ 420/1500)/ (36+9*1.125) = 0.232 m = 23.2cm

We select from one & tow way rib slab , The Thickness Rib Slab =32 cm
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Use an overall depth of 32cm (24 cm block) , and deflection must be
considered .

4-2-2 Dead load Calculation : -

. * " 8cm Topping
‘ ‘ 24¢m Block
——— — = 2cm Plaster

.15 040 -4.1% 040 -B.1%

Figure (4-1) section in oneway ribbed slab

Coarse Sand Fill and Tile 2* 55 =1.1 kN/m of rib

Concrete Rib 0.24*0.15%25 = 0.9 KN/m of rib

Block 0.24*0.40*9 =0.864 KN/m of rib
Topping 0.08*0.55*25 =1.1 kKN/m.

Plaster 0.02*0.55*22 = 0.23 KN/m of rib
Partitions (1.25) (0.55) =0.687 KN/m of rib

Nominal Total Dead Load = 4.88 KN/m of rib
Factored Total Dead Load = 1.24.88=5.856 KN/m.

Liveload =5 KN/m?.
Factored liveload =5*1.6*0.55= 4.4 KN/m
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4-2-3 Rib Design (R15):

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

Span 1 Span 2 Span 3

2.05m 4.40m 2.75m

Figure (4-2) spanslength

Figure (4-3) spanslocation
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Using ACI coefficient we get the following moment values for positive
moment .

Wu =DI + LI =5.866 +4.4 =10.26 KN /m

4-2-3-1 Design for Positive Moment:

Effective Flangewidth (b ) according to ACI code 8.10.2:

b. for T- section isthe smallest of the following:
b

L/4 =440/4=110cm
b. =b, +16t =15 + 16 (8) =143cm

be =C/IC =55cm.........cceennee Control

Determine whether the rib will act as rectangular or T — section:

For a=t =8cm

MOMENTE: X-x M ormas = =19.0kMn B 6450
J: Ab,
150 =i ;"{ 5
Pl Y P
({aR] A T AR A R
s 0 = il ,'":.f ”"':\ === LV u"'“% e =
=h : il = 15 = 10y [is [ I 1ir 11
= b | I AN S N [, E\\:A.\"“.Qh % o
! | e I | T
s [ (= S | _,_.-,"’"f i \‘-!.\ T
.00 =1 151 8 i B
‘\"\ —t I | _‘/
1o =
2= | |~

Figure. (4-4) The design moment for the Rib (R 15)

MUmax = 19 KN.m . for al spans .......... From Figure (4-4)
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Mnreq =19/0.9 =21.11 KN.m

C=0.85* fc* t* b, = 0.85 (30) (80) (550) =1122 kN
d= h-Ct-d/2 = 32-2-1.2/2 = 29.4 cm
Mn=TorC(d-05a) = 1122000 (294-0.5(80)) =285kN.m

Mn available =285 kN.m > Mnrequired =21.111 KN.m

Design as arectangular with b, =55 cm

Max & Min Reinforcement Of Ribs:
Asmax.=r bd

A's max.=0.0196 (55) (29.4) = 31.7 cm”

Jfc 1.4
A bw)(d) 3 == (bw)(d).......... ACI-105.1
S min = (fy)( w)(d) fy(W)() ( )

ASmin=144°% 147

ASmin=147cm’

Design of span (1).

Mu=3KkN.m ................c.e. From Figure (4-4)
_fy 420 _
0.85fc'  0.85(30)
* 6
= an = 3 (10) > = .07 Mpa
bd (9)(550)(294 )

rzigi- 1. 2mRn g \/-2*1647*007?—000167

m fy ,;, 16 47 é 420 p
A's = 0.00167*(55)* (29.4) =0.27 cm? <Asmin \ OK

1.3*As = 0.351 cm®
As during shrinkage & temperature :
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As=0.0018 b. h =.0018*15*32 = .864 cm?
Use 2 ® 10 mmwith As=1.57 cm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb
(157) x 420 =0.85x 30x 550 x a

>a=4.7mm

X=a/0.85=4.7/.85=5.531

£s=(d-X) (0.003)/X
£°s=(294-5.531)*(0.003) /(5.531) = 0.1565

=0.1565 > 0.005
=0k

Design of span (2).

Mu=15kN.m. ........................ From Figure (4-4)
m= fy = 420 =16.47
0.85fc"  0.85(30)
Mn 15*(10)6

Rn

=" = —=.35Mpa
bd 2~ (0.9)(550 )(294)

x 0 x * *
. :Lgl_ g 2mRn 0 1 & \/1_ 2*16.47 * 0.35
m fy & 16.47 420

A's = 0.000841* (55)* (29.4) = 1.36cm? <A s min
Sdlect Asmin =1.47 cm?
Use 20 10mm ,As =157cm?

%= 0.000841

(%)
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Design of span (3) :

Mu=7.1kN.m. ........................ From Figure (4-4)
m= fy = 420 =16.47
0.85fc  0.85(30)
Mn 7.1* (10)°

Rn

=" = _ = .166 Mpa
bd 2~ (0.9)(550)(294)

& Rn O & * * 0
. :Lél_ 1. 2mRn O 1 & \/1- 2716.47 7 0.166 ©_ 4 590396
m fy 5 16.47 420 o

A's = 0.000396* (55)* (29.4) = 0.64cm? <AS min
1.3 As =1.3*0.64=0.83 cm?

Asmin =0.86 cm?

Use 2 10mm ,As =157 cm?

4.2.3.2 Design for Negative Moment:

Asmax.=r bd
A s max.=0.0196 (15) (29.4) = 8.64 cm*

fct
4(fy)

ASmin=1443 147

ASmin=

(ow)(d) 3 %(bw)(d) ........... (ACI-10.5.1)

ASmin=147cm’

Support (2)
Mu=17kN.m ................... From Figure (4-4)

fy 420

m= = =16.47
0.85fc  0.85(30)
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* 6
e MN L 170
bd 2 (0.9)(150 )(294)

x * * 0
: :Lél_ 1. 2mRn 0 \/  2*16.47 1.4: 0. 00356
m g 16 A7 420 ]

A's = 0.00356*(15)* (29.4) = 1.57 cm? >Asmin
Use 20 10mm ,As =157cm?

Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb
(157) x 420=0.85x 30x 150 x a

>»a=17.24 mm
X=4a/0.85=17.24/.85=20.3

&s=(d- X ) (0.003)/X
&5 = (294-20.3)*(0.003) /(20.3) = 0.04

=0.04 > 0.005
=0k
Support (3)
Mu=19kN.m ..................... From Figure (4-4)
= fy = 420 =16.47
0.85fc’  0.85(30)
Mn 19 * (10)°

=—= > =1.64 Mpa
bd (0.9)(150)(294 )

* * (0]
:iél' _2mRn; \/_2 1647 164::000401
m p 1647§ p

A's = 0.00401*(15)* (29.4) = 1.77cm? >Asmin
Use 3®10mm ,As =2.36 cm?
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4-2-3-3 Design of shear reinfor cement:

SHEAR X-X Womox = -28.7kN € 6.45n
300 R I v ;
* S =- SR N /
c0f S —— B rm— e | B e — —
! i e B M
100 e = o = =T
e B L H“T?::_:,
~=vE_ s 8 8 = 8 gTEeE 7 2 8 g 7 gRoE-
| s T LAY || M 4 T B - M et S8 @ o e
10.0 o e
P —— i S i i L]
= 0L.L [ 1|I 1 = i - 1 By
‘n' ! [ dﬁ = | kY
Figure. (4-5) Thedesign Shear for the Rib (R 15)
Vumax =28.7 kN at the face of interior support (3) ....... From Figure (4-5).

f Ve = 0.75(+/30)(b)(d) / 6 = 0.75(+/30)(150)(294) / 6 = 30.2KN

®Vc=30.2 > Vu max
No shear reinforcement is required. According to category 2 for joist construction

Use ®8 @ 20 cm.

4-2-3-4 Length of Bars: (Accordingto ACI detailing of

Reinfor cement)
A)Top Bars (Negative Moment)

At Support (1) :

Length of Bars = (0.25)(Ln) + Width of Support — (5cm)
=(0.25) (2.05) +.75=1.3m

At Support (2) :

Length of Bars = (0.33) (Ln) (2) + Width of Support
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=(0.33) (4.4) (2) +.8=3.75m
At Support (3) :
Length of Bars = (0.33) (Ln) (2) + Width of Support
=(0.33) (4.4) (2 +.8=3.75m
At Support (4) :
Length of Bars = (0.25)(Ln) + Width of Support — (5cm)
=(0.25) (2.75) + .55=1.25m

B )Bottom Bars (Positive Moment) :
Length of Bars= 2.05+4.4+2.75+(2* 0.8)+(2* 0.6)=12.0m.

So Total Length of positive Barsin al spansis12.0m.

4-2-4 Topping Design:

Block (24X40X20)

Live load = 5 kN/m? i i ./~ TopBars2Y10

i | | “lw" . BottomBars2Y12
Dead |oad:- ot
Tile & sand =2 KN/ m?. - - ! \,\— Topping Design

AL g 1Y8@20cm

Topping = 0.08*25 =2 KN/ m?. : | —, _ 1’ In both dir.

Block = 0.24*9=2.16 KN/ m?. mill ' | ]
Plaster =0.02+22 = 0.44 KN/ m?, | | 4
Partition =1 KN/ m?.

Dead load = 7.6 KN/ m?.

Figure (4-6): Topping Design

W, =1.2(7.6) + 1.6 (5) = 17.12 KN/ m?
Assume dlab is fixed at support point (ribs)

My = . 2w L* 0
§ 12 g
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@712 04% 0

12 5

Mu = =-0.23 KN.mfor 1 mwide strip

Calculate modules of rapture of concrete according to ACI (9.5.2.3).

f, =0.42,/f {MPa) = 0.42/30 = 2.3(MPa)

Mn = (f, )(s)

_bh* _ 1" 0.08
6

®Mn = 0.55 (2300)(0.00107) = 1.354 KN.m ,(® = 0.55 for plain concrete)

=0.00107m*> ... for a rectangular X-section

®Mn =1.354 KN.m > Mu =0.23 KN.m

According to ACI (7.12.2.1), minimum reinforcement is required to prevent cracks

and o minimizes temperature effects:

For fy =420 Mpa, p = 0.0018

p = 0.0018

A, =0.0018(100)(8) = 1.44 cm?/1m
Use ® 8 @ 20 cm on center both ways
Provided A= 2.5cm?/1m

4-3 Design of Tow way Ribbed slab:

4-3-1 Dead L oad Calculation :-
Determination of dead load for 1m? part of slab :
Rib =0.25*0.15*25*4*1 = 3.6 KN
Topping = 1*.08*25*1*1 = 2 KN
Block =1.058KN
Tiles+ Sand =2*1*1 =2 KN
Dead Load = 3.6 +2 +1.058 +2 = 8.66 KN
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Dead Load per unit area= 8.66/ (1) (1)= 8.66 KN/m?
Live Load =5 KN/ m?

0.=1.2D + 1.6 L = 18.4 KN/m?

(10
I

i oo | |
| & I e | B

Figure (4-7) Location of Tow way Rib.

Ly/ Lx =9.9/8.8 =1.125

From Table (6.8) :
Kix = 33.65

Ky =42.25
K«=12.35
Ks=13.45
Ka=1.81
Ka=1.89
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Table (4-1): Moment Tow Way Solid Slab Coefficients
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4-3-2 Designs of moment

4-3-2-1 Design of positive moment in X-direction :
Mu = Ou* L/ Kix = 18.4*8.8%/33.65 = 42.34 KN/m

0.5 My = 21.20 KN/m

Mu=21.20kN.m.

Sy _ 40
0.85fc  0.8530)

=16.47
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* 6
=ML 202010 ey
bd 2 (0.9)(550 )(294)

x 0 & * * 0
. :iél_ g 2mRn O 1 & \/  2*16.47 * 0.495 9_ 0.0012
m fy 5 16.47 420 o

A's =0.0012*(55)* (29.4) =1.925cm? >Asmin=147 cm?
Select As =1.925 cm?

Use 20 12mm ,As =23cm?

4-3-2-2 Designs of positive moment in Y-direction :
Muy=Qu* L Ky, = 18.4*8.8%42.25 = 33.73 KN/m

0.5Myy = 16.86 KN/m

Mu=16.86 kN.m.

fy _ 420

= = =16.47
0.85fc  0.85(30)

* 6
_Mn _ 16867(10)° g,y
bd 2 (0.9)(550 )(294)

* * 0
:igl_ ] 2mRn 0 \/ _ 2*16.47 * 0.3%4 9~ 0.00005
m L-,, 16 47§ p

A's = 0.00095* (55)* (29.4) = 1.53cm? >Asmin=147 cm?
Select A s=1.53 cm?

Use 20 12mm ,As =2.26cm?

4-3-2-3 Designs of Negative moment in X-direction :
= Ou* L’/ Ks = 18.4¥8.8%/12.35 =115.4 KN/m
0.5 My = 57.70 KN/m
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Mu =57.70 KN/m

-y - 40 ey
0.85fc _ 0.8530)
* 6
rn= M - S7.70"(0)" 4 944 Mpa

bd 2~ (0.9)(150 )( 294 )2

> * *
r:iél- 1. 2mRn; \/_21647 4.944
m p 16 47

As = 0.0132*(15)* (29.4) =5.82cm?® >ASmin=147 cm?
Select As =5.82 cm?
Use 20 20mm , As =6.28cm?

4-3-2-4 Designs of Negative moment in Y-direction :

= Qu* L’/ Ky = 18.4*8.8%/13.45 =105.94 KN/m

0.5 My, = 52.97 KN/m
Mu=52.97 kN.m.

= fy = 420 =16.47
0.85fc  0.85(30)
* 6
Ry o Mn _52.97*(10)° o

bd 2~ (0.9)(150 )(294 )2

o * *
r:iél- 1. 2mRn; \/_21647 4.54
m p 1647

A's =0.012*(15)* (29.4) =5.30cm? >ASmin=147 cm?
Select As =5.30cm?
Use 2020mm , As =6.28cm?
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4-3-3 Design of shear:

Vux =Vuy =qu* Lx/ Ksy =18.4*8.8/1.89 = 85.67 KN
Vu=0.5*"Vux =42.83 KN
NI=S
@*Vc=0.75¢ 6 *B*d
J30

@*Vc=0.75+ 6 *150%294=30.2KN

@* Vc<Vumax

Shear reinforcement is required®

\ Category(3) Satisfy :

@*Vs=Vu max- @*Vc=42.83-30.2 = 12.64 KN
@*Vs= 0.75*Fy*Av*d / S
Select @8 with 2 legs
D 2

Av = T[*T*NO of legs

82
Av = 3.14* 7*2
Av = 100.53 mm2
S =0.75¥100.53*420* 294 / 12.64*10°
S= 73.65cm

\ Category(3) Satisfy :

Minimum shear reinforcement required, so;
S<d/2

S< 29.4/2=14.7
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SO use the smallest of the three limitations
(9)=14.7cm
Use 138 @100 mm

4-3-4 Topping Design:

Live load = 5 KN/m?

Dead load :

Block = 0.4*0.4*0.24*9 =0.3456 KN

Topping = 0.4*0.4*0.08* 25 =0.32

Tiles + Sand = 2¥0.4*0.4* 22=0.32

Plaster =0.4*0.4*0.02* 22 =0.0704

Dead Load = (0.3456+0.32+0.32+0.0704) / (0.4)* (0.4) = 6.6 KN/m?
W, =1.2(6.6) + 1.6 (5) = 15.92 KN/ m*?

Assume dlab is fixed in both directions (ribs)
Ke=Kg=19.4

My = Qu* L'/ K =15.92¥0.4%/19.4 =0.1313 KN.m

f, =0.42,/f {MPa) = 0.42,/30 = 2.3(MPa)

Mn = (f, )(s)
S= bh*/6 = 400* 80%/6 = 426666.67
®Mn = 0.55 (2.3*426666.67) = 0.54 KN.m ,(® = 0.55 for plain concrete)
®Mn = 0.54 KN.m > Mu = 0.1313 kN.m
According to ACI (7.12.2.1), minimum reinforcement is required to prevent cracks
and o minimizes temperature effects:

For fy =420 Mpa, p = 0.0018
p =0.0018
As=0.0018*b* h= 0.0018* 40* 8=0.576 cm* /1m
Use ® 8 @ 20 cm on center both ways

Provided A,.= 2.5 cm?/1m.
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4-4 Design of Beams - (B01):

7541 G A S 455
] i o
=] § Bl | B ] (mm| @ =K% [pm| =
=TT F T =]
-5l
|
b |l
L
2 Bos | [mooa |5 _ FETE :
jooa [0 ] all o= | e 05| G ET]

Figure (4-8) Location of Beam No. One.

4-4-1 Design moment of beam (01):

Deter mination of beam Thickness:
Span (1):
hmin=L/185 For exterior span
hmin=735/185=39.73cm
hmin=L/21 For interior span
hmin=385/21=18.33cm

hmin=L/185 For exterior span
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hmin=480/18.5=25.95cm
Use an overal depth of 52cm
d =h-Cover - d-dg/2 = 52-3-1-1 = 47 cm.

Determination Of beam Width (According To ACI 8.10.2) :
For Exterior L-Section:

be=Lg/12=735/12=61.25cm

be=hby + 6t =(30) + (6) (32) =222 cm
be=by+05L.=(32) + (0.5) (55) =58 cm
Usebe=65cm. ........... say figure () .

Cover 3cm
5
i

Figure (4-9) section in Beam No. One.

Determine whether the Beam will act as rectangular or L — section:
For a=t =32cm

MUmax = 374 kN.m . for all spans. ........... From Figure (4-6).

Mnyeq =374/0.9 =385.56 KN.m

C=0.85* fc* t* b, = 0.85 (30) (320) (650) =5304 kN
Mn=TorC(d-05a) =5304000 (470- 05 (320)) = 1644.24 kKN.m
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Mn available =1644.24 kN.m > Mnrequired =385.56 kN.m

Design as arectangular with b. = 65 cm

4-4-1-1 Min Reinforcement Of Beam:

Asmin :T:;(;(bw)(d) 3 %(bw)(d) ........... (ACI-10.5.1)

ASmMin=4597 3 47cm’

ASmin=47cm’

4-4-1-2 Positive moment reinforcement

MOMERNTS1 Z-% M omow = =333k & V.35
o i
oy =8 g € g B /'j” HQR R T I
= ol o - i sl - o el ® A" o A "j. et
o, 1 N 7
g e ,_,r’_".:;"' | 5 O oo e o
1 i "-ia.____!_ : T // AN INERES
f=To T 1 T 1 1
=0 \‘"-ﬁ_ L] LA
3 s el
Figure. (4-10) The design moment for the beam (B 01)
Span (1):
Mu=333kN.m .................. From Figure (4-6).
fy 420

m= = =16.47
0.85fc  0.85(30)
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* 6
e Mn L 380,
bd 2 (0.9)(650 )(470)

x 0 & * * 0
c o LE/. o2 O 1 ® \/ _ 2*16.47 2.6: 0.0065
m fy & 16.47 420 p

A's = 0.0065*(65)* (47) = 19.8cm? > A s min
Use 70 20mm ,As =21.99 cm?

Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb
(2199) x 420 =0.85x 30X 650 x a

»a=55.72mm

X=a/0.85 = 55.72/.85=65.55
&s=(d- X ) (0.003)/X
&£s = (470-125.7)* (0.003) /(125.7) = 0.0185

=0.0185 > 0.005
=0k

Span (2):

There is no positive Moment , so Min Reinforcement is required :

Asmin=4.7cm? ,Use 5®12 mm ,As =5.6cm?

Span (3):
Mu=171KkN.m .................. From Figure (4-6).
= fy = 420 =16.47
0.85fc’  0.85(30)
Mn 171 * (10)°

=—= > =1.32Mpa
bd (0.9)(650 )(470)

x * * 0
; :iél' 1. 2mRn 0 \/ 2 16 47 *1.32 9_ 0.00322
m é; 16 47§ p
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A's = 0.00322*(65)* (47) =9.83cm? >A S min

Use 4018 mm ,As =10.2cm?

4-4-1-3 Negative moment reinfor cement

Support (2)
Mu=347KkN.m ................... From Figure (4-6).
= fy = 420 =16.47
0.85fc’  0.85(30)
* 6
RN = Mn _ 347 * (10) - 5.82 Mpa

bd 2~ (0.9)(300 )(470 )2

* * (0]
__él' /_2mRn+ g \/_21647 58: 0.016
p 16 47 p

A's =0.016*(30)* (47) =22.5cm? >Asmin
Use 99 18 mm ,As =22.9cm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb
(2290) x 420=0.85x 30x 300 x a

>»a=125.7mm

X=a/0.85=125.7/.85=147.88

&s=(d- X) (0.003)/X
£s=(470-147.88)*(0.003) /(147.88) = 0.0065

=0.0065 > 0.005
=0k
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Support (3)
Mu=97kN.m .................. From Figure (4-6).
= fy - 420 =16.47
0.85fc'  0.85(30)
* (1 6
=Mn __ 977U 4 e3mpa
bd (0.9)(300 )(470)
:igl_ _2mRn 0 \/_2*1647*163220_004
m é; 16 47 § p
A's =0.004*(30)* (47) =5.6cm?® >Asmin
Use 5® 12mm ,As =5.65cm?
4-4-2 Design of Shear Reinforcement:
EI-E.&E- =y W omax = =2280LM B 7.35m
| i |
o AR
“5"]':' DH“;‘%H __—_-'“"‘*\-/ s “-‘:-’/ H‘_‘j:\:‘—:‘:":___‘/
: I R T
sqo— A —h S sl
! L T Vil % i b
oo - s )
e U o NI !

Figure. (4-11) The design Shear for the beam B (01)

Vumax =285kN . ............... From Figure (4-7).
We take the magnitude of the shear at the displacement = (a/2 +d)

Such that:-



CHAPTER FOUR Structural Analysis & Design

a width of support in direction of the beam .
d: effective depth of the beam.

So (a/2 +d) = (50/2+47) =72cm.

Vu=265.2KkN .

f Ve = 0.75(+/30)(b)(d) / 6 = 0.75(+/30)(300)(470) / 6 = 96.5KN

minf V¢ = 0.75(1/ 3)(b)(d) = (1/3)(.075)(300)(470) = 35.3KN
®Vc+ min ®Vc =131.7 KN

0.75(1/ 3)(+/30)(b)(d) = 0.75(1/ 3)(~/30)(300)(470) = 257KN
257 + min ®Vc¢ = 257 + 35.3 = 293 KN

131.7 > Vu > 293 So we Can solveit as Category (4).

Category (4) :

®Vsmin=Vumax — dVc = 265.2- 96.5 = 168.7 KN

Select 2 ® 10 stirrups with tow legs , Av = 314 cm?

fVsmin = 0.75(Av)(Fy)(d) / S = (0.75)(314)(420)(470) / S = 168700N

S=27.56cm

d/23 S

S=47/2=235

Select S=20cm.

Use 1@ 10 stirrupswith 2 legs @ 20 cm .
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4-4-3 Length of Bars: (Accordingto ACI detailing of

Reinfor cement)

A ) Top Bars (Negative Moment)
At Support (1) :
Length of Bars = (0.25)(Ln) + Width of Support — (5cm)
=(0.25) (6.95) + 0.45=2.20m
At Support (2) :
Length of Bars = (0.33) (Ln) (2) + Width of Support
=(0.33) (6.95) (2) + 0.45=5.10m
At Support (3) :
Length of Bars = (0.33) (Ln) (2) + Width of Support
=(0.33) (4.35) (2) +0.45=3.35m
At Support (4) :
Length of Bars = (0.25)(Ln) + Width of Support — (5cm)
=(0.25) (4.35) +0.15=1.25m

B ) Bottom Bars (Positive Moment) :
Span (1)
Length of Bars=Ln + (Width of first exterior support — 5 cm) + (15 cm) min
=6.95+045+0.15=7.55m UseL =7.7m
Span (2)
Length of Bars=Ln +25cm + 15 cm min
=344+0.25+0.15=3.84 m UseL =4m



CHAPTER FOUR Structural Analysis & Design

Span (3)

Length of Bars=Ln + (Width of second exterior support — 5 cm) + (15)

=435+0.15+0.15=4.65m UseL =4.8m

4-5 Design Solid slab of Elevator :

4-5-1Deter mination of loads:

Dead load = 4.40 KN/m?

Liveload = 5.0 KN/m?

Dynamic load =10.0 KN/m?

.= (1.2*4.40)+(1.6* 15) = 29.30 KN/m?
Theoverall depth of solid slab must satisfy thelimitation of deflection
required in ACI for oneway solid slab :
Minh=(L /20) =180/20=9.0cm

Select h=15 cm.

h=15cm.......... Seefigure (4-12)
d=h-2-1=15-2-1=12cm

Mu=(q.*1%)/8 = 29.30* 1.8%/8 = 11.86 KN.m

m=—1 =40 _i647
0.85fc  0.85(30)

* 6
SV N € ) LTy
bd 2 (0.9)(1000 )(120)

2 6 % * * 6
. :iél_ p.2mRn O 1 & \/1_ 2*16.47 * 0.915 0
m fy & 16.47 420

A's = 0.0022* (100)* (12) = 2.66 cm>

= 0.0022
2
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4-5-2 Min reinforcement :

VI owy(dy s 22 owy() ... ACI-105.1
4fy)( w)(d) fy( w)(d) ( )

Asmin =3.91< 4.0 cm?

Asmin = 1.3*2.66 = 3.46 cm”

As min =0.0018*b*h = .0018* 100* 15 = 2.70 cm?

Select As= As min =3.64 cm?

As=3.64 cm”

Use ® 12@ 25 cm with As=4.52 cm? > 3.64 cm?.......... Seefigure (4-12)

ASmin=

4-5-3 Lateral reinforcement for one meter strip :
As=0.0018*b*h > 0.20*Asmain

As = 0.0018* 100* 25 > 0.20* 3.64

As=2702 0.73 cm’

Use ® 10@ 25 cm with As=3.14cm?>2.70cm? .......... See figure (4-12)

4-5-4 Top reinforcement :

According to shrinkage & temperature :
Use ® 10@ 25 cm with As=3.14 cm® >Asgnrinkage= 2.70 cmP......... Seefigure (4-12)

4-5-5 Design of shear reinforcement :
Vu max =q,*L/2 =(29.3* 1.8)/2= 26.37 KN

dVc= Vumax

o V= 0.75 fC¢(b w)(d)

=82.05> 26.37 KN
No Shear reinforcement isrequired .
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Slab of Elevator

0.2

e

: ]
El 1]l Lg R
C R 20 e L=20m B fl )}..'

e |
68520 L=2.0m T[Towdir
@[ 2g20cm L=14mB
s g

o
@10 dem L-20m B

E%T?‘éwx?‘;";fﬁ;

Figure (4-12) Solid Slab For Elevator .
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4-6 Design of column:

4-6-1 Design of Column (C2):

The Columnisan Internal one.

Pu = 800.4 KN

Pn req = 800.4/0.65= 1231.4 KN

Use! ="g=1%

Ag = 450* 250=112500 mm?2

Pn=08Ag{0.85 4+ I g(fy—0.85( )

Pn = 0.8 *112500 { 0.85(30)+0.01(420-(0.85)(30))}

Pn =2650.1 KN

Pn =2650.1 KN > Pnreq=1231.4 KN

The dimensions of the column is sufficient for carrying the load
Design of reinforcement

Using " min = 0.01

Asreq=(0.01) (1125) = 11.25 cnv?

Using 8016 withAs=16.1cm2 ..... seeto figure (4-13) .

4-6-1-1 Check slender ness effect:

KU Op 34 1) MO £ gg ACI 10-12-2
8 rg eM2g

Lu: Actua unsupported (un braced) length.

K: effective length factor (K= 1 for braced frame).
!

r: radius of gyration =0.3 h = A

aKlug_esel 3.30 §

C = C—s £ =22<22<40
er g 03 045¢

Slenderness will not be considered ....
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Column 2

hIRERID cm
frolilesi

1#18L-4.21

Setion Im C7

44916L-4.0m i roall svels

“*; 1EEBEDm
iJ"

A S
‘ 28 L=2%ar

LT

SECTICY

r
I

ElwvaHon ol zzlumn heod22)
CE -1 6
Ground leva

Fig. (4-13): Elevation with cross section of column (C2)

4-6-1-2 Lateral Ties Selection

For ® 8 mm ties: ACl -7.105.2
S£16db

SE£ 48dties

S£ Leastdimension

S £16db = (16" 1.6) = 25.6cm

S £ 48dties
S £ Least dimension =30cm
\ Use ®8-mmties@20cm .......... Seefigure (4-13)
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4-7 Design of I solated Footing: (F6)

Figure (4-14) Top view of Isolated Footing (F 6).

From Column (C 6):

Factored load = 1500 KN
Assume Allowable soil pressure = 350 KN/m?2
Column=50cmx 30cm.......... Seefigure (4-14)

4-7-1 Footing Area:
Factored Load = 1500 KN
P net = 350 KN/m?2

Area (A) = Total Weight /( Soil Pressure*1.4)
= 1500 KN / 350* 1.4 KN/n
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=3.06 m?
Use L=2.0m,B=20m, A=40m?*.......... Seefigure (4-14)

4-7-2 Deter mine the depth based on shear strength:

FV.=F %\/E%Nd = 0.75* (1/6)* (5.477)* 2000* d=1369.67d N

=1500/4 = 375 KN / m*

" Area

Vu= Pnet*((L/2)-d-(al2))*b

Assume (hmin) =40 cm

d min =40-7-1 =32 cm

Vu = 375* (1-0.32-0.15)*2 =397.5 KN
FV.=V, b  1369.76d=397.5*1000
d=29cm

h=29+7+1=37cm

select h =50 cm

\ Used=42cm

Total depth of footing = 50 cm

4-7-2-1 Check this depth for two way shear action (punching):

V. =P ((B)" (L)- (a+d)(b+d) )

=375[(2)*(2) - (0.3+0.42)(0.6+0.42)= 1225 KN
The punching shear strength is the smallest of:

v, _lgi 2 0\/f¢bod = 033/1.%,d
+22 \/7% d =057/t %,

C

v i
2
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V, = % \/f(tbod =0.33 fﬁ)od .............. Control

Where:
b.=a/b=60/30=2

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(60+43) + (30+43)} =176 cm
a, =40 for interior column

V= (1/3)*5.477* 1760* 420/1000= 1350KN

FV, = 0.851350 KN =1147.10 KN
FV.3V, b  1147.10<1225KN

the depth (h =50cm) is not valid
Soweselecth=70cm.......... Seefigure (4-15)
Check (h=70cm)

d=70-7-1=62cm
V,=Pg ((B) (L)- (a+d)(b+d) )

= 375 [(2)* (2) - (0.3+0.62)* (0.6+0.62)= 1073.1 KN

V, = % \/f(rbod =0.33y fc%od .............. Control

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(60+62) + (30+62)} =428 cm

Vc= (1/3)*5.477*4280* 620/1000= 4844.6KN

FV, = 0.85*4844.6 =4117.9 KN

FV.3V, b  4117.9>1073.1KN ....... OK
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570.48 kN/m?

Soil Pressures at ULS

Figure (4-15) Side view(Section) of Footing (F 6).

4-7-2-2 Check transfer of load at base of column:

F Pn =F (0.85 fc®\g)
F Pn =0.7(0.85)(30)(600" 300) =3213KN >1073.1 KN
\ Dowels are not required for load transfer.

But use the minimum reinforcement of dowels;
As=0.005 *(500 x 300) = 750 mm?

Use8® 14 dowelswith A =1230mm? .......... Seefigure (4-16)

4-7-2-3 Development Length (L, ):
Ld for ® 14:

420 420 14 =267 cm<0.044 (o) (fy) = 25.8

L, = ——db =
° 4J30 430
Available embedment =70-5-(2x 2) - 2=59 cm > 26.3 cm
\ OK.
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4-7-3 Design for Bending Moment:

Mu=gp, - w & 2% og@ _ ag
g e2 2gy e2 2g

=Brs 2 & 000 522 080 43 75kNm
g €2 295 €2 29

Mn = 183.75/0.9 = 204.2 KN.m

Rn=Mn/ b.d*= 2.65 Mpa

m= fy _ 420 _ 6.47
0.85fc’  0.85(30)

= 0.0067

1 88_\/_2*16.47*2.659
420 p

r =0.0067> r . =0002
Reg. A, =0.0067 (200)*(62) = 8576 mm?>

Use 100 14 (In short side of column way)
Use 150 16 (Inlong side of column way) .......... Seefigure (4-16)

4-7-3-1 Development Length (L, ):
Category (A), item 2 applies,

Ld for & 16:
Ly = 420 *a*p*| *db:ﬂ*l*l*l*lﬁ =61cm
2./30 2./30

Available embedment = (61- 8) = 53cm < 61 cm
Extend the bar using a 90° standard hook.
Required length of the hook = 61-53=8cm

We take the hook length = 30cm at 90°
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180 ' ;,- 103140, €32 e
ARSI L =T 5

L/

£t

TR L=FS

Figure (4-16) Detail of Footing No. Six

4-8 Design of Strip Footing (wall footing)

4-8-1 Calculation of load:

Dead load:

Service Dead load = 110.88KN/m
Liveload:

Service Liveload =5 KN/m

Total Serviceload (Pn) = 110.88+ 5 =115.88KN/m
Total Factored load (Pu) = (1.2¥110.88) + (1.6*5) =141.10 KN/m
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4-8-2 Design of footing width:

Pn
dya :7

For 1- meter width of footing.
d, . =Pn/(b*1)

d,., =Pn/b

b=Pn/d,

b=115.88/(400)
b=0.290 m =29cm

The required width istoo small, select awidth of 70.0cm. .......... Seefigure (4-17)

w=70cm  So, the bearing pressureis:

A 070"1

and it isuniformly distributed beneath the footing, since there is no eccentricity.

4-8-3 Design of footing thickness:

one way shear

The shear strength of concrete,

fvc=0.75" % Jfé b d

f Vc=0.75*(1/6)*( / 30)*1000*d=683.75*d N

Vu at distance d from the face of wall.
Vu (at (d+ g) ) = (0.225-d)* (201.57* 1000)(1)

= (45500-201570*d) N

dVe=Vu
683.75*d = (45500-201570* d)
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d=0.23m =23 cm

h=23+8+1.2 =32.2cm
selecth=40cm.......... Seefigure (4-17)
d=40-8-1.2 =30.80 cm

4-8-4 Design of Bending:
Design in plain concrete:

Mu = (201.57)(0.083)(0.083/2)
=0.694 KN.m

d,,, =0.424/30 = 2.3Mpa
_Mn” ¢
I
Mn = d_l =d” 9
c
wher..Sm=1/c
Sm:%:o.OOS

d

@® Mn=0.55*0.005* 2.3* 1000=6.33KN.m
® Mn=6.33>Mu

So, the plain concr eteis adequate and no reinforcement isrequired.

Minimum Reinforcement according to shrinkage & temperature:

As=0.0018*b*h
As=0.0018* 70* 40= 5.04 cm?
Select 4 ®14 in the short direction..........

As=0.0018*b*h
As=0.0018* 100* 40= 7.20cm?

Seefigure (4-14)

Select @14 @ 20 cm in the long direction. .......... Seefigure (4-17)

4-8-5 Design of dowels:
® Pn= ®(0.85*fc*Ag)
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= 0.70*(0.85* 30* 1000* 250)=4462.50 KN
® Pn>>Pu=141.10 KN
Dowels are not required for load transfer.
\  Use the minimum dowels area,
As =0.0012" Ag
=0.0012" 100" 25=3.0cm’

Use @12 @ 25 cm with As=4.52 cm2/m........... Seefigure (4-17)

Slab on grado
Fill
Earthing il

1| 208020

P F

ok
p-9-0-0. | 2¢12€20

20 210@25

| a@12
40412

Lain concrata

Figure (4-17) section in Strip Footing.
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4-9 Design Mat footing under Elevator :

Figure (4-18) Top view of Mat Foundation(Under Elevator)

4-9-1 Load calculations:

Wight of wall =(0.25*3.30*6.0* 1.0 25) = 99.0 KN

Pu=(2*29)+(1.2* 3*99)= 414.40 KN

Determination of the area of footing :

A= Pu/ 1.4* dall = 414.40/ 1.4*400 = 0.74 .

Sdlect A provided = 2.602.40 = 6.24 m? > 0.74m°............ See figure (4-18)

4-9-2 Check of Bearing capacity for Section [ B-B]. .......... Seefigure (4-19)
01= (2*Pu)/(1*2.6)

Pu=(2* 29.0)+(2* 99* 1.2)=295.6
0,= (2% 295.6)/(1* 2.6)
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(01 = 227.40KN/ m?) < (1.4*B.C = 560 KN/ m?)....... OK.

4-9-3 Estimation of footing depth:
Vumax=(227.40* 0.4)-(295.6) = 136.44 KN/m

Vu =136.44 KN.
1]
FV.=F 5 fc(rh,vd = 0.75*5.47*1000*d/6 = 683.75*d

® Ve =Vu.

683.75*d = 136.44* 1000

So, d = 0.2m = 20cm.

Assume @10 for main reinforcement.
hreq=20+8+ 1 =29 cm.

Select h=40cm. .......... Seefigure (4-19)
dreq=40-8-1= 31

4-9-4 Design of reinfor cement:

4-9-4-1 Design of positive moment:

Bottom reinforcement
Mumax =(227.4*0.4*0.2)= 18.20 KN.m

Mu =18.20 KN.m

* 6
_ l\/Ih2 _ 18.20 * (10) _=0.21Mpa
bd 2 (0.9)(1000 )(310 )

0 * * 0
él_ /_2mRn 9. é \/_2 1647 021: 0.0005
p 16 47 p

I Req =0.0005.

A, ., = 0.0005*(100)*(31) = 1.55cm?.

A i = JIE s 147 bW d
4%t fy
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Asmin=10.10 < 10.33 cm?

Asmin=10.33 cm?

Asmin= 1.3* Asreq=1.3*1.55 = 2.015cm*.

As shrinkage = 0.0018%100* 40 = 7.20 cm .

2.015<7.20

As= ASyin = 7.20 cm?

use ®14 @20 cm with As= 7.69 cm? for bottom reinforcement in X &Y directions.
.......... Seefigure (4-19)

4-9-4-2 Design of negative moment:-

Top reinforcement (in X direction).
Mu max=(227.40* 1.4* 0.5* 1.4)-(295.6* 1.0) =72.94 KN.m

Mu =72.94 KN.m

* 6
M0 729400 g
bd 2 (0.9)(1000 )(310)

® o & * * 0
r :Lél_ L2 0 1 & \/1_ 2°16.47 084 0 _ (o0
m fy 5 16.47 420 p

I' req =0.002.

Rn

2
A, 1y = 0.002*(100)*(31) = 6.32 cm

AL = g o g s 14 ?yw* d
y
Asmin=10.10 < 10.33 cm?
Asmin=10.33 cm?
Asmin= 1.3* Asreq=1.3*6.32= 8.22 cm?.
Asmin =8.22> Ag shrinkage = 7.20 CM 2,
As=ASnn=8.22cm? .
use P16 @ 20cm with Ac=10 cm? for Top reinforcement in X direction.
.......... Seefigure (4-19)
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4-9-4-3 Top reinforcement in Y direction:

A= As shrinkage = 7.20cm?
use ®14 @ 20cm with As=7.70cm?. .......... Seefigure (4-19)

1012@20cm 1912@20cm

—‘”ﬁ e

\ ; 77
1912@20emiL=1.5m k.|| 1/ | 4 1892@20cmil=1.5m

1916@20emil=3.0m T
M14@20em/L=30m T \

£
1814@20cm/L=3.0m B

/
1014E@20em/L=3.0mB

Figure (4-19) section in Elevator Foundation.
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4-10 Design Double Flat Stair

The overal depth of solid slab of stair must satisfy the limitation of deflection
required in ACI for one way solid slab :

Minh=(L /20) =450/20=22.5cm
Sdect h=25 cm.

Figure (4-20) Double Flats Stairs

4-10-1 L oad Determination .
Dead load calculationof g :  .......... Seefigure (4-21)

o= tan™(15/30) = 26.57°

(25%0.25)* (1/c0s26.57) = 7.0 KN/m?
(0.03*22)* (1/c0s26.57) = 0.74 KN/m?
(0.15/2)* 25 = 1.875 KN/m?
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0.03*22 = 0.70 KN/m?
0.03*22*(0.15/0.30) = 0.33 KN/m?
0.04* 22* (33/30) = 1.0 KN/m?
0.03*22*(0.15/30) = 0.33 KN/m?

\ Morater 2.5cm

M

Figure (4-21) Section in Stair .

Nominal Total Dead Load =12.25 KN/m?

Factored Total Dead Load = 1.2*12.25 = 14.70 KN/m?
Liveload =5 KN/m?.

Factored liveload =5*1.6= 8 KN/m?
Ch=8+14.70=22.70 KN/m?

Dead load calculation of g5 :

(25%0.25) = 6.25 KN/m?

(0.03*22) = 0.66 KN/m?

0.03*22 = 0.66 KN/m?

0.04* 22 = 0.88 KN/m?
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Nominal Total Dead Load = 7.85 KN/m?

Factored Total Dead Load = 1.2*7.85 = 9.42 KN/m®
Liveload = 5 KN/m?.

Factored liveload =5.0*1.6= 8.0 KN/m?
Op=8+9.42=17.42 KN/m?

4-10-2 Stair reinforcement Design of one meter strip :

Mu max = 55.30 KN.m

d=h-2-1=25-2-1=22cm
_fy 420
085fc  0.8530)

* 6
Mn_ S5.300(10)°
bd 2 (0.9)(1000 )(220)

> * *
1 \/ 2%16.47 *1.27 O _ ) (oo

9
420 5

A's =0.0031*(100)* (22) = 6.83 cm?
4-10-2-1 Min reinforcement :

Asmin=

Jfe 1.4
bw)(d) 3 == (bw)(d) ........... ACI-10.5.1
4fy)( w)(d) fy(W)() ( )

Asmin=7.20<7.33 cm’

Asmin =1.3*6.83 = 8.88 cm’

Select As= As min =7.33 cm?

As=7.33 cm?

Use ® 14 @ 20 cm with As=7.70 cm? > 7.33 cm?.......... See figure (4-22)
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4-10-2-2 L ateral reinforcement for one meter strip :
As=0.0018*b*h =0.20*Asmain

As = 0.0018* 100* 25 = 0.20*7.70

As=450> 1.54 cm?

Use ® 12 @ 25 cm with As=4.52cm®>4.50cm? .......... See figure (4-22)

4-10-3 Design of shear reinforcement :

Vu max =50.10 KN
d®Vc= Vumax

0.75,/fct
®Ve= Tc(bw)(d)

=151.25> 50.10KN

No Shear reinforcement isrequired .

Basmmld
) BEF AN =2 S s T
i

|
_\x_:,‘ ?
Mfﬂlz.hﬁﬁﬂ'ﬁ‘lh:ﬁ;% | E—

: x::%%éaf_"'

o &
=P i

= =

A i
BNML=ETMEIS BT~ e

B 4N =2 2
S5, T g1 50 B4

Figure (4-22) Details of Stair (Double Flat) .
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4-11 Design of Basement Walll

4-11-1 Design Against Earth L oad:

Yo =18 KN/m? (Unit weight of the soil)

8 =30° (Assumption)

H=3.30m (Height of retainingwal) .......... Seefigure (4-23)

.......... From Table (4-2) .

o=
=

L
.

¥
(s

L
i

1
1

1]

%

b4

=

o L A

=y }{I ngﬂ : =g
_TET‘:::E i Lt —"'L..":.:?ié?{._ _?l-:'.d:-ﬁ._

gt
i 1‘1‘455'{ ir

Figure (4-23) Basement Wall Case.
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4-11-2 Calculation of loads:

Dead load calculation:
6=y xHxK,
=18 3.30" 0.5 =29.7 KN/m2
E,=05xHxe,
=0.5¥3.3*29.7 =49 KN/m
Liveload calculation:
€p=PxK,
= 5x0.5 = 2.5 KN/m2
E, = HXe,
= 3.30 x 2.5=8.25 KN/m (for 1m strip)
Table (4-2) Earth Pressure Coefficients.

Erddruckbeiwerte K und Gleitlichenwinkel &, fiir e =11, 1= 0 (Zwischanwertc geradl. e nschalten} ]

"
|
if e : o = o el e ¥ 'T: = A

;{,J,) A RE B ekl o A Gl EoR i R B
K, ¢ |05c] 054 0au|ogs|nal 037|033 030[027 | 024]022

K + V| 055|050 046|041 | 037034030 0271025 023|020

k., |+3elosz|047|025 038 055[030[028025]022]030]018
s o 1077|073t om|as7| 06| 06| 0s8] 055|052 04047

Knn |+%e|065|0562| 059|056 053]051(048 | 026]044] 0411032

Knp, |+%¢|056] 050|035 | 048] 046 | 044 DAL | 039057 035 | 033,

Koen o | rsa e vao a2 [ 120 LIS LI0 ] LD 0se ] L3

Koo (4 %q| 13| 136 ] 120 120 [ 105 | LIG| 108 ] 0.95 | €93 ] 0.88 | (.83
Ko |+%g|1ad]|Lze}1as 100 f101] 05s)0052] 087 )C81) 0T )7

N i, 0 Lo rse | 2or | 200 2ae 257 [ 3R | 3T 269 | LT ] 46D
Foo oy ies | 2o 2as [ 2st | 322 ves | 427 | 195 [ 50| 685 ) 85
K | =0t 200 | 23] 2071 323 [ 381 | 431 [ 546 al5 | 102 | 327 | 9.64

ﬂ;:. g Pd L o0 | 283 503 [ A9 460 | 3,63 | 080 | aAE [LDeT 1567

% o | o | om0 | o6s |06 | 05| 05| csofode | 042030 036 |

% 0 | 525 |53 | sso e |s7s| s en0| 63| 625 | 63R 65
¥, | aga | 508 | 52,2 536|550 504 |78 5920 60.6 | 620 | 632

&, —ag| 470 | 485 [ 500 515|530 545 | 560 | 575 | 389 [ 604 | 6lY




CHAPTER FOUR

Structural Analysis & Design

4-11-3 Thickness of theretaining wall:

S Mb=0.0
(Ax*3.3)-(49* 3.3*0.33)-(8.25* 3.3*0.5)=0.0
Ax=20.46 K

S Fx=0.0

Bx=49+8.25-20.46 =36.79 KN

Determination of zero shear point:

—297:513 Z =9x
33 X

20.46 = (9x*0.5% x)+(2.5x)
20.46 = (4.5x%)+2.5x
4.5x% +2.5x-20.46 = 0.0

_-B#yB*-4" A C

- 2" A

X=187m
Z=9*1.87 =16.85 KN/m?

é Mx (positive clockwise)

Mu = (20.46* 1.87)-(16.85* 0.5* 1.87% 0.33* 1.87)-(2.5* 1.87* 0.5* 1.87)= 24KN.m

Mu=1.6*24 =38.52 KN.m

Use,

P = 0.5(Pmax)

p max = 0.01935

p = 0.009675

m = 16.47

Mu = 38.52 KN.m
Mn=Mu/0.9=42.8 KN.m

Rn=p (f,(1- 0.5 p m) =3.74 MPa
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& 0 @& * 10 A
d = Mn : \/M__]_OG .90 mm
§VRn*b,;, é 3.74 * 1000

h = (106.90+70+20) = 196.90 mm
\ Useh =250 mm=25cm. .......... Seefigure (4-23)

4-11-4 Wall Reinfor cement:
4-11-4-1 M ain reinfor cement
d = 250- (70 +20) = 160 mm

* 6
= M L 28500 o
bd 2 (1000 )(160)

& 0 x * * 0
:ié 2mRn 0 1 &/ \/  2*16.47 *1.66 9_ 0.0041
m p 16.47§ 420 p

Ageq =0.0041*100* 16 = 6.54 cm?

A'smin= \/(;) (ow)(d) 3 '—fy4(bw)(d) ........... (ACI-10.5.1)

\ Asmin=5.33cm*m
Ageg > Asmin
Select As= 6.54 cm?

Use @14 @20cm With As=7.70cm2/m

4-11-4-2 Secondary Reinforcement :

The required secondary reinforcement is equal to shrinkage and temperature

reinforcement.
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Asshrinkage = 0.0018 x 100 x 25 = 4.5 cm? /m.
Use®l2@25cm  WithAs=452cm2/m .......... Seefigure (4-24)

4-11-5 Design of Strip Footing (for basement wall)

4-11-5-1 Calculation of load:

Dead load:
Service Dead load = 47.0 KN/m

Liveload:
Service Liveload =5 KN/m

Total Serviceload (Pn) = 47.0+ 5=47.0KN/m
Total Factored load (Pu) = (1.2¥47.0) + (1.6*5) =64.0KN/m

4-11-5-2 Design of footing width:

Pn
Ayt =—

A
For 1- meter width of footing.
d, . =Pn/(b*1)
d,., =Pn/b
b=Pn/d,

b=47.0/(400)
b=0.120 m =12cm

The required width istoo small, select awidth of 70.0cm.
w=70cm  So, the bearing pressureis:

and it isuniformly distributed beneath the footing, since there is no eccentricity.
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4-11-5-3 Design of footing thickness:

one way shear

The shear strength of concrete,

fvc=0.75" % Jfé b d

f Vc=0.75*(1/6)*( ] 30)*1000*d=683.75*d N

Vu at distance d from the face of wall.
Vu (at (d+ g) ) = (0.225-d)* (67.14* 1000)(1)

= (15107-67140*d) N
®dVcex=Vu
683.75*d = (15107-67140*d)
d=0.22 m =22 cm
h=22+8+1.2 =31.2cm
select hyin =40 cm.......... Seefigure (4-24)
d=40-8-1.2 =30.80 cm

4-11-5-4 Design of Bending:
Design in plain concrete:

Mu = (67.14)(0.083)(0.083/2)
=0.231 KN.m

d,,, =0.424/30 = 2.3Mpa
_Mn” ¢
I
Mn = d_l =d” 9
c
wher..Sm=1/c
%:%:0.005

d

@® Mn=0.55*0.005* 2.3* 1000=6.33KN.m
® Mn=6.33>Mu
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S0, the plain concreteis adequate and no reinforcement isrequired.

Minimum Reinforcement according to shrinkage & temperature:
As=0.0018*b*h
As=0.0018* 70* 40= 5.04 cm’

Select 4 d14 in the short direction.......... Seefigure (4-24)
As=0.0018*b*h

As=0.0018* 100* 40= 7.20cm’

Select @14 @ 20 cm in the long direction. .......... Seefigure (4-24)

4-11-5-5 Design of Dowels:
® Pn= ®(0.85*fc*AqQ)
= 0.70* (0.85* 30* 1000* 250)=4462.50 KN
® Pn>>Pu=141.10 KN
Dowels are not required for load transfer.
\  Usethe minimum dowels area,
As =0.0012" Ag
=0.0012" 100" 25=3.0cm’
Use P12 @ 25 cm with As=4.52 cm?/m.......... Seefigure (4-24)
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Figure (4-24) Details of Basement Wall & Footing.



CHAPTER FOUR Structural Analysis & Design

4-12 Design of Shear Wall :

By analysis and calculation the magnitude of earthquake force is greater than wind

force, so that the design used isto be resist earthquake force .

4-12-1 Deter mination of location of shear centroid (So) :

_a X1y
Al
éY
al,

*|= (b*h®)/12

-< I

Table (4-3) Moment of Inertiaat X & Y.

No of wall Ix X Ix *X Iy Y Iy*Y
1 0 16.93 086 015 @ 0.13
2 0.94 1885 17.72 0 213 |0
3 3375 2940 9923 O 6.78 | 0
4 01968 0 . 17.35 0.868
5 6.25 | 16.13 | 100.81 2635 0
6 6.25| 18.88 | 118 0 2635 0
7 0 1750 O ) 29.38 11.46
8 2545 39.35| 100146 O 4115 0
9 0 0 . 27.68 | 18.70
10 0 . 0 0.097 | 30.9 | 3.0
11 0.2 ) 10.06 0 30 0
12 0 ) 0 0.097 | 29.10 | 2.82

> 4247 13473 217 37.0



CHAPTER FOUR

Structural Analysis & Design

4-12-2 Deter mination Parts Of Trandation.
Part of trandation to FRx & Fry :

FRX*|W
Xi= — o
aly

_ I:Ry*lxi
A1

Loadsin X- direction :

Table (4-4) Parts of Trandation at X direction.

FRx =1KN
_ FRx* 1,

Part of trandation= ———
aly
Wall Iy FRx * IY
1 .86 .86
2
3
4 0.05 0.05
5 0 0
6 0 0
7 0.39 0.39
8 0 0
9 0.675 0.675
10 0.097 | 0.097
11 0 0
12 0.097 | 0.097

(FR«*Iy) /X1y
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> 1
loadsin Y-direction :
qy = FRy =1KN
FRy* |
Part of trandation = %

Table (4-5) Partsof Trandation at Y direction.
Wall Ix FRy * Ix (FRY *lx)/le

1 0 0 0

2 0.94 0.94 0.022
3 3375 3375 0.08
4 0 0 0

5 6.25 6.25 0.15
6 6.25 6.25 0.15
7 0 0 0

8 | 2545| 2545 0.60
9 0 0 0
10 0 0 0
11 | 0.20 0.20 0.005
12 0 0 0

> 1

4-12-3 Deter mination Parts Of Rotation.

Part of rotation:
due to Mxm=> O«

Dueto Mym =» qy
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CHAPTER FOUR
My “ 1y Y,
QXi= _ ym y M
IW
Ovi= My~ Iy XM*

lw=Sh*Y2u+3 Ix* X2y,

Determination lw :-

Table (4-6) Determination Iw.

wall| Ik | X'm | Ix¥*X'm | Ix*X'2m
1 0 -1457 0 0
2 1094 | 1272 | -11.83 | 150.47
3 3375 -217 -7.32 1589
4 0 1204 O 0
S | 625 -1560 -97.50 e
6 | 625 -1285 -80.31 1032
7 0 -1422 O 0
8 | 2545 7.63 | 18655 14234
9 0O | 1808 O 0
10 o 17279 o 0

11 020 1858 372 @ 69.04
12 0 | 17.79 0 0
> -6.69  4211.8

lw = 4211.8+415= 4626 m° .
Torques dueto gy -
MxXm=FRx * &

=1*0.22= -0.22 KN.m

Iy

0.86
0
0

0.05

Y*'m
-16.95
-16.80

-12.87

0.25
9.25

9.25
12.28
29.90
10.58
13.80
12.90

12.0

Iv*Y*m
-14.58
0

0
0.0125

0

0
4.80

7.14

1.34

1.16

Iy*Y*2y
0.000
0.015

68.398
0.000

0.101

0.000
0.437
0.000
160.961
0.000
0.000
14

415
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MY = FRy * e
=1*17.17 = 17.17 KN.m
Part of load of each shear wall
MXm = -0.22 KN.m
Part of rotation : Qx due to Mxt:

Table (4-7) Parts of Rotation at X direction dueto Mx.

wall | I, Y'm | -(Mx/ Iw)*Iy* Y'm
1 .86 -16.95 0.04
2 -16.80 0
3 -12.87 0
4 0.05 025 0
5 0 9.25 0
6 0 9.25 0
7 0.39 | 12.28 -0.00177
8 0 29.90 0
9 0.675 | 10.58 -0.027

10 | 0.097 | 13.80 -0.005
11 0 12.90 0
12 | 0.097  12.0 -0.0043

Part of rotation Qy dueto Mx; :
Table (4-8) Parts of Rotation at Y direction dueto Mx.

Wall | Ix X'm | (Mx/ Iw)*Ix* X'm
1 0  -1457 0
2 094  -12.72 -0.044
3 3375 -217 -0.027
4 0 | -12.05 0
5 6.25  -15.60 -0.36
6 6.25 | -12.85 -0.30
7 0 -14.22 0
8 2545 7.63 0.72
9 0 18.08 0
10 0 17.79 0
11 020 18.58 0.014
12 0 17.79 0
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Part at each wall dueto g:

Qx; = part of trandation + part of rotation

Qxy(for wall # 1) = 0.396+0.054
=045

Qxo(for wall #2) = 0.0-0.044
=-0.044

Qxs(for wall # 3) =0.0 -0.027
=-0.027

Qxy4(for wall # 4) =0.023+0.0
=0.023

Qxs(for wall #5) = 0.0-0.36
=-0.36

Qxe(for wall #6) =0.0-0.30
=-0.3

Qx(for wall #7) =0.18-0.00177
=0.18

Qxg(for wall # 8) = 0.0+0.72
=0.72

Qxo(for wall #9) = 3.11-0.027
=0.28

Qx1o(for wall # 10) = 0.045-0.05
=-0.04

Qxy1(for wall #11) = 0.0+0.014
=-0.0.014

Qxao(for wall # 12) = 0.045-.0043
=0.041

“Part of rotation : Qx due to Myt:
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Table (4-9) Partsof Rotation at X direction dueto My.

1 86 -16.95
2 -16.80
3 -12.87
4 0.05 | -10.25
5 0 -9.25
6 0 9.25
7 0.39  12.28
8 0 29.90
9 | 0.675| 10.58
10 0.097  13.80
11 0 12.90
12 | 0.097 120

Part of rotation Qy dueto My; :

-(My/ Iw)*Iy* Y'm

0.00073
0
0

0
0
-0.00024
0
-0.00036
-0.0001
0
-0.0001

Table (4-10) Parts of Rotation at Y direction dueto My.

Wall | Ix X*'m
1 0 -14.57
2 094 | -12.72
3 3.375 | -2.17
4 0 -12.04
5 6.25 -15.60
6 6.25 | -12.85
7 0 -14.22
8 2545 7.63
9 0 18.08

10 0 17.79
11 020 18.58
12 0 17.79

Qy: = part of translation + part of rotation

(My/ Iw)*I* X*m

0
0.0006
0.00037
0
0.005
0.004
0
-0.0097
0
0
-0.0002
0
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Qyy(for wall #1) =0.0073
Qyz(for wall #2) =0.023
Qys(for wall # 3) = 0.08
Qya(for wall #4) =0

Qys(for wall #5) =0.155
Qys(for wall #6) =0.154
Qy-(for wall #7) = -0.00036
Qys(for wall #8) = 0.59
Qyy(for wall # 9) = -0.00036
Qy1o(for wall # 10) = -0.0001
Qya(for wall # 11) = -0.0002

Qy12(for wall # 12) = -0.0001

4-12-4 Calculation of Floors Weight:-
For the Ground Floor:-

Total weight of Ground Floor = 12082 KN.
For thefirst Floor:-

Total weight of first Floor =10570 KN .
For the second Floor:-

Total weight of second Floor = 6500KN .
For thefinal (roof ) Floor:-

Tota weight of final Floor = 3900 KN
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W (rotan for all Floors= 12082 +10570 + 6500 + 3900 = 33052 KN .

4-12-5 Calculation of shear forceon " shear walls" :

From Uniform Building Code 1997(UBC):
Z=0.3 zone'3"

R=5.5

=1

Ca=0.24

Cv=0.24

hn=16.5m

Ct=0.0488

Where:

Z = seismic zone factor asgiven in Table 16-I.

R = numerical coefficient representative of the inherent overstrength and global
ductility capacity of lateralforce resisting systems, as set forth in Table 16-N or
16-P.

| = importance factor given in Table 16-K.

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

Ct = numerical coefficient given in Section 1630.2.2.

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

hi, hn, hx = height in feet (m) above the baseto Level i, n or X, respectively.

Eq...308 (UBO)T=C,(h "

T =0.0488(19.80)** =0.46
Cul o 02471
RT 55 046

v, = 2.5Ca.l W = 250241

W =0.095W control

V, =

W = 0.109W

V,; =0.11Cal W =0.11" 0.24" 1" W =0.026W
->->V =0.095W =0.095" 33052 = 3135.40

Ft=0.07"T VvV =0.07" 0.46" 3135.40=100.96
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Table (4-11) Percentage Every Wall from Horiz. Force.

loor

3900 313540 133 100.96 3034.44 51870 696.90
6500 313540 9.9 100.96 3034.44 64350 | 1122.34
10570 313540 6.6 100.96 3034.44 69762 = 1930.30
12082 3135.40 3.3 100.96 3034.44 39870 3034.44
S 33052 225852
F.=V- F)wh/&Lwh
4-12-6 Load Calculation of Wall (Sh.W8).._.......... Seefigure (4-25)

Part of load for wall (W8), due to(qy) = 0.59

Load of Wall (W8):-

Table (4-12) Loads Distribution in Wall no. 8.

floor Fx

Roof Floor (1) 696.90
Second Floor (8) | 1122.34 @ 662.20

First Floor (9) 1930.30 1138.87
ground Floor (4)  3034.44 1790.32

*Vu=Fy*0.59
Mu =Vu*h
Mu = 7300.0 KN.m.

411.17

Mu
1356.86
3542.12
7300.00
13208.45
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L ocation
of Shear
Wall
No.8.

Figure (4-25) L ocation of Shear Wall No. 8.

4-12-7 Design of Reinfor cement:-

Check if plain concrete is satisfy or not :

4-12-7-1 Design in plain Concrete: -

Vu= 1790.32 KN.

FVN3 VU, (ACI-318-22.5.4)(Eq-22.9).
fVn=055*0.14/fct*b*h .................. (ACI-318-22.5.4)(Eq-22.9).
Whereb=LWP (Lw: - isthelength of shear wall in the direction of action).
fVn = 0.55* 0.11./30 * 10060* 250 = 832.30KN < (Vu =1790.32.0KN).

shear reinforcement isrequired .
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4-12-7-2 Design of shear:-

Vu = 1790.32 KN.
d = 0.8*Lw = 0.8*1060= 800cm = 8000 mm.

f\Vc =0.75* %@ * 250* 8000 = 1367KN.

VS min = :—:;* b*d = :—:;* 250* 8000 = 666.67KN.

(fVC)< (Vu =1790.32 KN)< (f Vc+f Vsmin=203367KN).
Complieswith Category (4).

fVs =2033.67-1790.32 = 243.35KN

Vs= 324.45KN

A req = 324450 =0.128cm
S 0.75* 420* 8000

Av

Av .
. req3 (? min=0.0025* h) ..........ccc...... (ACI - 318- 11.8.4)

% min = 0.0025* 25=0.0625cm

A A
—ITr > —min
S o S

Lw 300
S .= — =""2-91.10cm
"7 33 33

Shax=3*h=3*25=75cm
Shax=45cm .....control
Select 2014@ 20 cm: .......... See figure (4-25)

*
A _2LA 154 em = A reg= 0.0966 cm
s 20 S

4-12-7-3 Design of Vertical Reinforcement.
-Minimum Vertical Reinforcement:-

r_ =0.0025+0.5(2.5- 'L‘—‘\ivv)(r h-0.0029 .....oovooo (ACI-318-11.10.9.4).
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r h =Horizontal reinforcement ratio.

@ sy D)

20" - 0.006
100* 25

rh

r = 0.0025+0.5(2.5- %)(0.006- 0.0025) =0.0068

As = 0.0068*100* 25 = 17.10 cm’
ASeq= 0.01¥100*25 = 25 cm?

Use 2016@15............ AS provided =26.67 CM* > ASrgq .......... See figure (4-25)

4-12-7-4 Design of Moment (Boundary):-
Mu = 13208.45 KN.m
Design as light loaded shear wall.
(uniform distribution vertical reinforcement will neglected)

My = 7300.0 KN.m

* 6
_ M, _ 7300.0* 10 — 051MPa
f *b*d? 0.9* 250* 8000°
1 2mRn
p=—(1- [1- =)
m fy
1 2*16.47* 051
p=s -Jl— )
16.47 420
= 0.00067

AS eq = 0.00067* 25800 = 13.40 cm’
Ag boundry = Cw* h=25* 25=625 cm?
_ ASooundry
Agboundry
_1340_
625

£0.08 coooooevrecrrr. (ACI - 318)

0.021 <0.08 ..... ok

Use 10014 AS provided =15.40 > .021 cm® within (Cw) .......... See figure (4-25)
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Note: - Thisreinforcement will be applied for al Foors.

Slab on grada™ i
___Fil 2216@15
Earthing Fil g

10620

201425
3 @12@20 L=100

& » &
&

20 JPIameEs

.

T H agn2
Ml aenz
i

iy il Hl
Lamn concrets
il

110

Boundary

L}
i
[]

\ @16@15(V)

Figure (4-26) Detail of Shear Wall No. 8
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CHAPTER FOUR

Structural Analysisand Design

4-1 Introduction

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

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

and this can reduce the strength of the structure.

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

So in this chapter we will explain the design of the structural element for this
project, the dead load is calculated based on type of used materias, but theliveload is
chosen based on the values that are used in chapter three tables (2-3).
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4-2 Design of (Rib 15) in Ground floor.

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

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

Minh=L/21 for interior span
Minh=440/21 =21cm

Minh=L/185 for exterior span
Minh=275/185 =148cm
Minh=L/16 for simply support

Minh=6/ 16 =36.5cm

4.2.1 Deter mination of thicknessfor tow way rib slab

Y=YAY/JA

Y rib = (2¥0.20.08* 0.04)+(0.15*0.32*0.16) / (2*0.2*0.08) (0.15*0.32)

=0.112m=11.2cm

liib = (0.55) (0.112)% (3) — (0.55-0.15) (0.032)* (3) + (0.15) (0.208)* (3)
=7.8*10"m'b

lg= (7.8¥10°%) (4.5)/ 0.55 = 6.37*10*

b1 = (1/12)bh3= (1/12) (0.9) (0.32)3=2.46*10-3

lp2 = 4.545*10°3

01 = lpa/ lgap= 2.46%10-4/6.37% 10" = 3.86

01= lpy lgan = 4.545*10%/6.37*10-4 = 7.14

Om=0a1+ay/2=(3.86+7.14)/ 2=55

Om>2

hm = Ln (0.8+ F,/1500)/ (36+9B) .....eq.... ACI-318-02

B=LdL,=9.988=1125

hm = 9.9 (0.8+ 420/1500)/ (36+9* 1.125) = 0.232 m = 23.2cm
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We select from one & tow way rib slab , The Thickness Rib Slab = 32 cm

Useanoveral depth of 32cm (24 cm block) , and deflection must be
considered .

4-2-2 Dead load Calculation : -

: — T Rom Temmings
: — — rr . Bcm Topping
|_ | I | 24em Block
- : o0 3 ;I = o - x E T

— 3¢cm Plaster

#1115 040 6.1% 04 015

Figure (4-1) section in one way ribbed slab
Coarse Sand Fill and Tile 2*.55=1.1 KN/m of rib
Concrete Rib 0.24*0.15*25 = 0.9 kKN/m of rib
Block 0.24*0.40*9 =0.864 KN/m of rib
Topping 0.08*0.55*25 = 1.1 kN/m.
Plaster 0.02*0.55*22 = 0.23 KN/m of rib
Partitions (1.25) (0.55) =0.687 KN/m of rib

Nominal Total Dead Load = 4.88 KN/m of rib
Factored Total Dead Load = 1.2*4.88=5.856 KN/m.

Liveload =5 KN/m? .
Factored liveload =5*1.6*0.55= 4.4 kN/m
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4-2-3 Rib Design (R15):

The length of spans are shown in figure (4-2) below .And the locations of
Rib1 are shown in figure (4-3).

Span 2 Span 3

2.05m 4.40m 2.75m

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

Using ACI coefficient we get the following moment values for positive

moment .
Wu = DI + LI =5.866 +4.4 =10.26 KN /m

4-2-3-1 Design for Positive M oment:

Effective Flangewidth (b ) according to ACI code 8.10.2:

b for T- section is the smallest of the following:

bE

L/4 =440/ 4=110cm
be = b, +16t =15 + 16 (8) = 143 cm

b =C/IC =55¢cm....cocieninnnen, Control

Determine whether the rib will act as rectangular or T — section:

For a=t =8cm
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Figure. (4-4) The design moment for the Rib (R 15)

MUmax = 19 KN.m . for al spans .......... From Figure (4-4)

Mnreq =19/0.9 =21.11 KN.m

C=0.85* fc* t* b, = 0.85 (30) (80) (550) =1122 kN
d= h-Ct-d/2 = 32-2-1.2/2 = 29.4 cm
Mn=TorC(d-05a) = 1122000 (294-0.5(80)) =285kN.m

Mn available =285 kN.m > Mnrequired =21.111 KN.m

Design as arectangular with b, =55 cm

Max & Min Reinforcement Of Ribs:
Asmax.=r bd
A s max.=0.0196 (55) (29.4) = 31.7 cm?

Asmin :ﬂ(bw)(d) ) (ACI-10.5.1)

4(fy) fy

ASmin=144°% 147

ASmin=147cm’

Design of span (1).
Mu=3KkN.m ................c... From Figure (4-4)
oy 420 _

0.85fc’  0.85(30)

* 6
rn=Mn o 3710 57 Mmpa
bd 2 (.9)(550 )(294 )
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A's = 0.00167*(55)* (29.4) = 0.27 cm? <A s min
1.3*As=0.351 cm’

As during shrinkage & temperature :

As=0.0018 b. h =.0018*15*32 = .864 cm?

Use 2 ® 10 mm with As=1.57 cm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb
(157) x 420 =0.85x 30 x 550 x a

>»a=4.7mm

X=a/0.85=4.7/.85=5.531

&s=(d-X) (0.003)/X
£°s=(294-5.531)*(0.003) /(5.531) = 0.1565

=0.1565 > 0.005
=0k

Design of span (2).

2*16 .47 * 0.07

420

\ OK

Mu=15kN.m. ........................ From Figure (4-4)

fy _ 420

= = =16.47
0.85fc  0.85(30)

* 6
SMn o 15000
bd 2 (0.9)(550 )(294)

1 & 2mRn_ O
rzﬁél_\/l mfyng 1647§ \/

A's =0.000841* (55)* (29.4) = 1.36 cm? <Asmin

2*16 47*035

0
g

0_
g

= 0.00167

= 0.000841
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Sdlect Asmin =1.47 cm?

Use 20 10mm ,As =157cm?

Design of span (3) :

.. From Figure (4-4)

Mu=7.1kN.m.
-y - 40 ey
0.85fc  0.85(30)
Mn _ 7.1* (10)°

“bd?  (0.9)(550)(294)°

2mRn 9 _ 1§_\/_2*16

r:%gi- [1 y

A's = 0.000396* (55)* (29.4) = 0.64 cm?

5 16.47

1.3 As =1.3*0.64 =0.83 cm?

Asyin =0.86 cm?

Use 20 10mm ,As =157cm?

4.2.3.2 Design for Negative Moment:

Asmax.=r bd

A 's max.=0.0196 (15) (29.4) = 8.64 cm?

[
4(fy)

ASmin=144°% 147

ASmin=

ASmin=147cm’

fy

bw)(d)® =2 ow)(d) ...

= .166 Mpa

47 * 0.166

<A S min

(ACI-10.5.1)

420

0_
g

= 0.00039%
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Support (2)
Mu=17kN.m ................... From Figure (4-4)
= fy = 420 =16.47
0.85fc’  0.85(30)
Mn 17 * (lO)6

=0 - _=1.4Mpa
bd 2~ (0.9)(150 )(294)

x 0 * * ]
: :iél' 1. 2mRn 0 \/  2*%16.47 1.4::000356
m 5 16 47 420 p

A's = 0.00356*(15)* (29.4) = 1.57 cm? >Asmin
Use 20 10mm ,As =157cm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb
(157) x 420=0.85x 30x 150 x a

>»a=17.24 mm

X=a/0.85 = 17.24/.85=20.3
&s=(d- X ) (0.003)/X
&5 = (294-20.3)*(0.003) /(20.3) = 0.04

=0.04 > 0.005
=0k

Support (3)

Mu=19kN.m ..................... From Figure (4-4)

fy _ 420

= = =16.47
0.85fc  0.85(30)
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* 6
o MN L 190A0F
bd 2 (0.9)(150 )(294)

xe * * (0]
r:i1- 1. 2mRn; \/_21647 164::000401
mé fy 4 1647§ 5

A's = 0.00401*(15)* (29.4) = 1.77cm? >Asmin
Use 3®10mm ,As =2.36 cm?

4-2-3-3 Design of shear reinfor cement:

Figure. (4-5) Thedesign Shear for the Rib (R 15)

Vumax =28.7 kKN at the face of interior support (3) ....... From Figure (4-5).
f Ve = 0.75(+/30)(b)(d) / 6 = 0.75(~/30)(150)(294) / 6 = 30.2KN
®Vc = 30.2 > Vu max

No shear reinforcement is required. According to category 2 for joist construction
Use ®8 @ 20 cm.

4-2-3-4 Length of Bars: (According to ACI detailing of

Reinfor cement)
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A)Top Bars (Negative Moment)

At Support (1) :

Length of Bars = (0.25)(Ln) + Width of Support — (5cm)
=(0.25) (2.05) +.75=1.3m

At Support (2) :

Length of Bars = (0.33) (Ln) (2) + Width of Support
=(0.33) (4.4) (2 +.8=3.75m

At Support (3) :

Length of Bars = (0.33) (Ln) (2) + Width of Support
=(0.33) (4.4) (2) +.8=3.75m

At Support (4) :

Length of Bars = (0.25)(Ln) + Width of Support — (5cm)
=(0.25) (2.75) + .55=1.25m

B )Bottom Bars (Positive Moment) :
Length of Bars= 2.05+4.4+2.75+(2*0.8)+(2* 0.6)=12.0m.

So Total Length of positive Barsin al spansis12.0m.

4-2-4 Topping Design:

1 5 Block (24X40X20)
Liveload = 5 kN/m? Top Bars2Y10
A/, Bottom Bars2Y12
Dead load:- /1" | e e
|
. _ 2 T Topping Design
Tile& sand =2 KN/ m?. /T : 1¥B@200m
Topping = 0.08*25 =2 KN/ m?. — = In both dir.
2 &—l'".:.'_"_ 1
Block = 0.24*9 =216 KN/ m*~. mallm
Plaster =0.0222 = 0.44 KN/ m?. \T\ -
L]
Partition =1 KN/ m? . W i
Dead load = 7.6 KN/ m?2. \“‘m!
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Figure (4-6): Topping Design

W, =1.2(7.6) + 1.6 (5) = 17.12 KN/ m*?
Assume slab is fixed at support point (ribs)

&’ L* 0
Mu:-g T
12 4
’ 2
Mu:-amTOAg =-0.23 KN.mfor 1 mwide strip
2

Calculate modules of rapture of concrete according to ACI (9.5.2.3).

f, =0.42,/f{MPa) = 0.42/30 = 2.3(MPa)

Mn = (f, )(s)

_bh* _ 1" 0.08
6

®Mn = 0.55 (2300)(0.00107) = 1.354 KN.m ,(® = 0.55 for plain concrete)

=0.00107m*> ... for a rectangular X-section

®Mn =1.354 KN.m > Mu =0.23 KN.m

According to ACI (7.12.2.1), minimum reinforcement is required to prevent cracks

and o minimizes temperature effects:

For fy =420 Mpa, p = 0.0018

p = 0.0018

A, =0.0018(100)(8) = 1.44 cm?/1m
Use ® 8 @ 20 cm on center both ways
Provided A.=2.5cm?/1m

4-3 Design of Tow way Ribbed slab:
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4-3-1 Dead L oad Calculation :-
Determination of dead load for 1m? part of slab :
Rib =0.25%0.15*25*4*1 = 3.6 KN
Topping = 1*.08*25*1*1 = 2 KN
Block =1.058KN
Tiles+ Sand =2*1*1=2KN
Dead Load = 3.6 +2 +1.058 +2 = 8.66 KN
Dead Load per unit area= 8.66 / (1) (1)= 8.66 KN/m?
Live Load = 5 KN/ m?

0.=12D+16L =184 KN/m?

o v o o
100000800100000O0000
| 1

I_IIZIIZII LIEdELEIIZII D000

Ooooononooc
IOOOOO0 OO0

o o [ [
O o [ o [ [ [

Figure (4-7) Location of Tow way Rib.

Ly/ Lx =9.9/8.8 =1.125



CHAPTER FOUR Structural Analysis& Design

From Table (6.8) :
Kix = 33.65
Ky =42.25
Kx=12.35
Kg=13.45
Kax=1.81
Ka=1.89
Table (4-1): Moment Tow Way Solid Slab Coefficients

{
Tafel 6.5 Beiwerds k [lir wierieitly pelsperte ramiachsig gespannte Flatien mil glechnilag venizilier Belastung (nach Czerny) [5]

Lagerungsinll 5a Lagerungsfall 5b Lageringsfall &
" Sl o s, -

! 1

A e S| ] BB 18 F.»

I 4 [ 4 ﬁ )

= TR ;-ﬂf- ATEIEE,
iy L-f —r.-'- e ]

Lik gy | ey | Rae | Rae | Ban | ey Bpy | kg, les, kg ta‘s,u ay | kg | ey ks lir.h T
100 | a1 | 555 %62 | 183 | 211 | 2ar | 2| e4a |awa| 162 am | 2o | ses| 6| 194 | e f 224 | 224
105 a5 | s osa | ame | zos | 204 | BB | 436 | 166 | 154 | 240 ) 205 | 508 gyl o182 | 188 ) 247 | 220
1,10 1o | 603 | 18| 177 | 201 | 230 | 461 ) 437 | 054 ] 14E 00 | 200 | asn | sas| 170 | k4 ) 230 | 216
113 155 | 6a2 | 142 | 178 | 1,97 | 209 | 41,4 443 [T144 | 143 | LS 197 | 424 | &35 163 ) 181 ) 205 | 114
1,20 v | sex] 129 175 196 | 209 | I8 | 4B | 133 153 1E%) 194 WA | 658 | 155 | 199 | 4 | 232
1,25 g3l gr7 | 138 | 17s | ase ) i | 34z 458 |LZT | 133 | 135 191 | 30| 604 140 177 [ 108 | 211
1.3 1o | 0| 32| 175) 183 201 | B | 465 | L2 [ 133 18 1B | A TE| 15 170 1,5 | T
1,35 9| 5] 12e | 178 082 | 24T | BE | 446|116 | TRLY au| 187 | 33| Ma | 140 | 175 194 | 209
1,40 20| 720 17| 125 192 | 203 | 380 503 ) 112] 100 10 186 e | e 137 135 152 | L9
145 263 | 734 1me6 | 175 19| 116 | 264 | 513 | M09 128 1| 0Es | s | ae4 | 134 175 192 | 240
1.5 6| THE) 125 [ 178 ] 18] 219 ) 2 550 goe | 27| Lon ] 188 | Be | 95| 132 | 17E | 68| Li2
155 arn b tee | 124 | 178 eed | 2a9 | 343 582|603 126 [ 100 ) LB 23| 961 130 17.5] 192 | L2
(i wsl| 7| 23] 178 nea| 219 | 33| Gs | 01| 126 169 | 06 | AN ga. | 128 175 e | 3a2
1,63 %1 EeS | 1220 175 104 | 249 | 225 g6 | 9% 1zs | 168 184 | 27A) W) 127 ) 173 ) 192 L2
1,70 57| pas | izl ana | ase | 2ae [ 2UT| 4| 8T s | 167 ] 1Ea | 2ee ) 1003 | AR | 175 | 48 | B2
1,73 252 | 846 | 124 | 175] 154 ) 220 | M | ws | 124 | ves | 18y | zea | toze | 124 [ 175 ] 13 L1
LAl 251 | meR ) 123 | a75| 19| 220 | WE | Ve 94 j24 | a5 ] g3 | 260 1053 | 023 173 [ 081 ) 112

1,85 san| o2 | qxol 0ns ] 1me | 230 [ B0 8T [ %2 123 ) p6s | vEs | 297 1ap | 122 ¢T3 | 181 ] 242
1,50 7| o, 120 | 175 198 | 21 | 185 | E9E go | 423 | 1ga| 180 | 254 ] 16 | 122 ] 173 ) 191 | 242
1,85 26 | 03| a0 175 195|221 | 10| 934 as | gza ] vpa| spn | 252 wed9 | 120 ] 175) 191 | T3
200 14| o070 10| 175 | 1985 24 | 147 ) W0 e J 23| e | 1a2 | oaso | pese | amo ] 1S | om | 2ad

4-3-2 Designs of moment

4-3-2-1 Design of positive moment in X-direction :
Mu = Ou* L/ Kix = 18.4*8.8%/33.65 = 42.34 KN/m
0.5 My = 21.20 KN/m
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Mu=21.20 kN.m .

-y - 40 ey
0.85fc  0.85(30)
_ Mn 21.2* (10)°

= > = > = 0.495 Mpa
bd2  (0.9)(550 )(294)

xe * * (0]
r:iél- 1. 2mRn; \/_21647 0495: 0.0012
m 5 16 A7 5

As = 0.0012*(55)* (29.4) = 1.925cm? >Asmin=147 cm?
Sdlect As =1.925 cm?

Use 20 12mm ,As =23cm?

4-3-2-2 Designs of positive moment in Y-direction :
Mu=Qu* Ly Kr, = 18.4*8.8742.25 = 33.73 KN/m

0.5 My = 16.86 KN/m

Mu =16.86 KN.m .

fy _ 420

= = =16.47
0.85fc  0.85(30)

* 6
_Mn _ 16867(10)° g,y
bd 2 (0.9)(550 )(294)

* * 0
:igl_ ] 2mRn 0 \/  2*16.47 * 0.3%4 9~ 0.00005
m L-,, 16 47§ p

A's = 0.00095*(55)* (29.4) = 1.53cm? >Asmin=147 cm?
Select A s=1.53 cm?

Use 20 12mm ,As =2.26cm?

4-3-2-3 Designs of Negative moment in X-direction :
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= Ou* L/ K = 18.4+8.87/12.35 =115.4 KN/m

0.5 My =57.70 KN/m
Mu =57.70 KN/m

= fy = 420 =16.47
0.85fc  0.85(30)
* 6
Ry Mn _57.707(10)° o

bd 2 (0.9)(150 )(294 )2
cotaE 2mRn ¢ \/ 2*16 47*4944 3:0.0132
mé gﬂ 16 47% gg

A's =0.0132*(15)* (29.4) =5.82cm? >Asmin=147 cm?
Select As =5.82 cm?

Use 2020mm , As =6.28cm?

4-3-2-4 Designs of Negative moment in Y-direction :

= O * L’/ Ky = 18.4¥8.8%/13.45 =105.94 KN/m
0.5 My, = 52.97 KN/m
Mu =52.97 kN.m.

_ fy _ 420
0.85fc  0.85(30)

=16.47

* 6
M0 8297040
bd 2 (0.9)(150 )(294)

x O * * 0
Fo1® . o 2mRn O 1 \/_2 16.47 * 4.54 0_ o 15
m§ fy é, 16 47§ 420 p

A's =0.012*(15)* (29.4) =5.30cm?® >Asmin=147 cm?
Select A's =5.30 cm?




CHAPTER FOUR Structural Analysis & Design

Use 20 20mm , As =6.28cm?

4-3-3 Design of shear:

Vux =Vuy =qu* Lx/ Ksy =18.4*8.8/1.89 = 85.67 KN
Vu=0.5*Vux =42.83 KN

S

@*Ve=0.75+ 6 *B*d

/30

@*Ve=0.75* 6 *150%294=30.2KN
@ * Vc<Vumax

Shear reinforcement is required*

\ Category(3) Satisfy :

@*Vs=Vumax- @*Vc=42.83-30.2 = 12.64 KN
@*Vs= 0.75*Fy*Av*d / S
Select @8 with 2 legs
D2

Av = T[*T*NO of legs

g2
Av = 3.14* 2*2
Av = 100.53 mm2
S=0.75*100.53* 420* 294 | 12.64*10°
S= 73.65cm

\ Category(3) Satisfy :

Minimum shear reinforcement required, so;
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S<d/2
S< 29.4/2=14.7
SO use the smallest of the three limitations
(9=14.7cm
Use 18 @100 mm

4-3-4 Topping Design:

Live load = 5 KN/m?

Dead load :

Block = 0.4*0.4*0.24* 9 =0.3456 KN

Topping = 0.4*0.4*0.08* 25 =0.32

Tiles + Sand = 2*0.4*0.4* 22=0.32

Plaster =0.4%0.4*0.02* 22 =0.0704

Dead Load = (0.3456+0.32+0.32+0.0704) / (0.4)*(0.4) = 6.6 KN/m?

W, =1.2(6.6) + 1.6 (5) = 15.92 KN/ m?

Assume dlab is fixed in both directions (ribs)
Ks=Kg=19.4

My = Qu* L/ K& =15.92%0.4%/19.4 =0.1313 KN.m

f, =0.42,/f {MPa) = 0.42/30 = 2.3(MPa)

Mn=(f )(s)
S= bh*/6 = 400* 80%/6 = 426666.67

®Mn = 0.55 (2.3*426666.67) = 0.54 KN.m ,(® =0.55 for plain concrete)
®Mn = 0.54 KN.m > Mu = 0.1313 kN.m
According to ACI (7.12.2.1), minimum reinforcement is required to prevent cracks
and o minimizes temperature effects:

For fy =420 Mpa, p = 0.0018
p =0.0018
As=0.0018* b*h= 0.0018* 40* 8=0.576 cm? /1m

Use ® 8 @ 20 cm on center both ways

Provided A.= 2.5 cm?/1m.
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4-4 Design of Beams - (B01):

78] 3.84 4.35
Em] g Bl SEE] mwm] ¢ R [a0]
_.[Imﬂ-‘.__
—i
! E
P
wEd] & ol BT

Figure (4-8) Location of Beam No. One.

4-4-1 Design moment of beam (01):

Deter mination of beam Thickness:
Span (1):
hmin=_L/185 For exterior span
hmin=735/185=39.73cm
hmin=L/21 For interior span
hmin=385/21=18.33cm

hmin=_L/185 For exterior span
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hmin=480/18.5=25.95cm
Use an overall depth of 52cm
d =h-Cover - d-dg/2 = 52-3-1-1 = 47 cm.

Determination Of beam Width (According To ACI 8.10.2) :
For Exterior L-Section:

be=Lg/12=735/12 =61.25cm

be=b, + 6t =(30) + (6) (32) =222 cm
bg=by,+05L.=(32) +(0.5) (55) =58 cm
Usebe=65cm. ........... say figure () .

Cover Jcm

¥
I

Figure (4-9) section in Beam No. One.

Determine whether the Beam will act as rectangular or L — section:
For a=t =32cm

MUmax = 374 kN.m . for all spans. ...........From Figure (4-6).

Mnyeq =374/0.9 =385.56 KN.m

C=0.85* fc* t* b, = 0.85 (30) (320) (650) =5304 kN
Mn=T or C(d—0.5a) =5304000 (470 - 0.5 (320)) = 1644.24 kN.m
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Mn available =1644.24 KN.m > Mnrequired =385.56 kN.m

Design as arectangular with b, = 65 cm

4-4-1-1 Min Reinforcement Of Beam:

Asmin :T:;(;(bw)(d) 3 %(bw)(d) ........... (ACI-10.5.1)

ASmin=4597 3 47cm’

ASmin=47cm’

4-4-1-2 Positive moment renfor cement

Figure. (4-10) The design moment for the beam (B 01)

Span (1):
Mu=333kN.m .................. From Figure (4-6).
m= fy 420

0.85fc’  0.85(30)

=16.47
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* 6
e Mn L 380,
bd 2 (0.9)(650 )(470)

x 0 & * * 0
c o LE/. o2 O 1 ® \/ _ 2*16.47 2.6: 0.0065
m fy & 16.47 420 p

A's = 0.0065*(65)* (47) = 19.8cm? > A s min
Use 70 20mm ,As =21.99 cm?

Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb
(2199) x 420 =0.85x 30X 650 x a

»a=55.72mm

X=a/0.85 = 55.72/.85=65.55
&s=(d- X ) (0.003)/X
&£s = (470-125.7)* (0.003) /(125.7) = 0.0185

=0.0185 > 0.005
=0k

Span (2):

There is no positive Moment , so Min Reinforcement is required :

Asmin=4.7cm? ,Use 5®12 mm ,As =5.6cm?

Span (3):
Mu=171kN.m.................. From Figure (4-6).
= fy = 420 =16.47
0.85fc’  0.85(30)
Mn 171 * (10)°

=—= > =1.32Mpa
bd (0.9)(650 )(470)

x * * 0
; :iél' 1. 2mRn 0 \/ 2 16 47 *1.32 9_ 0.00322
m é; 16 47§ p
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A's = 0.00322*(65)* (47) =9.83cm? >A S min

Use 4018 mm ,As =10.2cm?

4-4-1-3 Negative moment reinfor cement

Support (2)
Mu=347KkN.m ................... From Figure (4-6).
= fy = 420 =16.47
0.85fc’  0.85(30)
* 6
RN = Mn _ 347 * (10) - 5.82 Mpa

bd 2~ (0.9)(300 )(470 )2

* * (0]
__él' /_2mRn+ g \/_21647 58: 0.016
p 16 47 p

A's =0.016*(30)* (47) =22.5cm? >Asmin
Use 99 18 mm ,As =22.9cm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb
(2290) x 420=0.85x 30x 300 x a

>»a=125.7mm

X=a/0.85=125.7/.85=147.88

&s=(d- X) (0.003)/X
£s=(470-147.88)*(0.003) /(147.88) = 0.0065

=0.0065 > 0.005
=0k
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Support (3)
Mu =97 kKN.m

_fy 420
0.85fc  0.85(30)

* 6
=Mn o 97710 -4 e3mpa
bd 2~ (0.9)(300)(470)

S_lm _2mRn; \/_2*1647*163
m§ - 1647§

2

From Figure (4-6).

=16.47

A's =0.004*(30)* (47) =5.6cm? >Asmin

Use 50 12mm ,As =5.65cm?

4-4-2 Design of Shear Reinfor cement:

HEARY X— W omax = —285kN B 7.35m
s00 I ,I" l 1 , I I 1 .r! : .'|.. I :] o ll". | ! 1 1 .._: 1
I"-I' | ] T-: z - . : 4 i ... : .: 'L\ . I._I : b .;.'.I; . T . 4
e eI HEL T T T 7 T e Ly -
- el b g I I ] N7 I S I - I e P T |
50.0 o] T .|
= = = = = = = = [= =| A ] =
= = = gl = = = = = = 5] v Moral
B2 13 | o | T < o o —— '#:-': 4 | | _L'_;L: -
i =i L | [ e = il 7 t SHE
1"”:' r ol | h'_ | 1! L ! "I. ! 1 , i
=150 T It 4 5 i .
i ! 1y : | 11
200 ! | d | | [ |
50 | | ' 1 T | 1 i |
j 1 = |

Figure. (4-11) The design Shear for the beam B (01)

Vumax =285kN . ............... From Figure (4-7).

We take the magnitude of the shear at the displacement = (a/2 +d)
Such that:-
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a width of support in direction of the beam .
d: effective depth of the beam.

So (a/2 +d) = (50/2+47) =72cm.

Vu=265.2KkN .

f Ve = 0.75(+/30)(b)(d) / 6 = 0.75(+/30)(300)(470) / 6 = 96.5KN

minf V¢ = 0.75(1/ 3)(b)(d) = (1/3)(.075)(300)(470) = 35.3KN
®Vc+ min ®Vc =131.7 KN

0.75(1/ 3)(+/30)(b)(d) = 0.75(1/ 3)(~/30)(300)(470) = 257KN
257 + min ®Vc¢ = 257 + 35.3 = 293 KN

131.7 > Vu > 293 So we Can solveit as Category (4).

Category (4) :

®Vsmin=Vumax — dVc = 265.2- 96.5 = 168.7 KN

Select 2 ® 10 stirrups with tow legs , Av = 314 cm?

fVsmin = 0.75(Av)(Fy)(d) / S = (0.75)(314)(420)(470) / S = 168700N

S=27.56cm

d/23 S

S=47/2=235

Select S=20cm.

Use 1@ 10 stirrupswith 2 legs @ 20 cm .
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4-4-3 Length of Bars: (Accordingto ACI detailing of

Reinfor cement)

A ) Top Bars (Negative Moment)
At Support (1) :
Length of Bars = (0.25)(Ln) + Width of Support — (5cm)
=(0.25) (6.95) + 0.45=2.20m
At Support (2) :
Length of Bars = (0.33) (Ln) (2) + Width of Support
=(0.33) (6.95) (2) + 0.45=5.10m
At Support (3) :
Length of Bars = (0.33) (Ln) (2) + Width of Support
=(0.33) (4.35) (2) +0.45=3.35m
At Support (4) :
Length of Bars = (0.25)(Ln) + Width of Support — (5cm)
=(0.25) (4.35) +0.15=1.25m

B ) Bottom Bars (Positive Moment) :
Span (1)
Length of Bars=Ln + (Width of first exterior support — 5 cm) + (15 cm) min
=6.95+045+0.15=7.55m UseL =7.7m
Span (2)
Length of Bars=Ln +25cm + 15 cm min
=344+0.25+0.15=3.84 m UseL =4m
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Span (3)
Length of Bars=Ln + (Width of second exterior support — 5 cm) + (15)
=435+0.15+0.15=4.65m UseL =4.8m

4-5 Design Solid slab of Elevator :

4-5-1Deter mination of loads:
Dead load = 4.40 KN/m?
Liveload = 5.0 KN/m?
Dynamic load =10.0 KN/m?
o= (1.2*4.40)+(1.6* 15) = 29.30 KN/m?
Theoverall depth of solid slab must satisfy the limitation of deflection
required in ACI for oneway solid slab :
Minh=(L /20) =180/20=9.0cm
Select h=15 cm.
h=15cm.......... Seefigure (4-12)
d=h-2-1=15-2-1=12cm
Mu=(q.*1%)/8 = 29.30* 1.8%/8 = 11.86 KN.m
m= fy _ 420 _
0.85fc"  0.85(30)

* 6
JMn  1865(0)° ooy
bd 2 (0.9)(1000 )(120)

- = 0.0022
420 2

1 ae_\/l_ 2*16.47 * 0.915 0

A's = 0.0022* (100)* (12) = 2.66 cm>
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4-5-2 Min reinforcement :

A'smin= ;/(E(;(bw)(d) 3 %(bw)(d) ........... (ACI-10.5.1)

Asmin=3.91<4.0cm?

Asmin = 1.3*2.66 = 3.46 cm’

As min =0.0018*b*h = .0018* 100* 15 = 2.70 cm”

Select As= As min =3.64 cm?

As=3.64 cm?

Use ® 12@ 25 cm with As=4.52 cm?> 3.64 cm?.......... Seefigure (4-12)

4-5-3 Lateral reinforcement for one meter strip :
As=0.0018*b*h >0.20*Asmain

As=0.0018*100*25 > 0.20*3.64

As=2702 0.73cm’

Use ® 10@ 25 cm with As=3.14 cm?>2.70cm? .......... See figure (4-12)

4-5-4 Top reinforcement :

According to shrinkage & temperature :
Use ® 10@ 25 cm with As=3.14 cm® >Asgnrinkage= 2.70 cmP......... Seefigure (4-12)

4-5-5 Design of shear reinforcement :
Vu max =q,*L/2 =(29.3%1.8)/2= 26.37 KN

dVc= Vumax

0.75,/fct
®Ve= Tc(bw)(d)

=82.05> 26.37 KN

No Shear reinforcement isrequired .
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Slab of Elevator
20
0.2 16 02
£ e e T e
st || G
B12(@20cm L2 fmB
@10@20m L2~
B8 Iem L=2 . T[Tew dir)
0121 20cm L=2m B o
2 o &
lr-/f —
d o L=20uB
"4
7
~

Figure (4-12) Solid Slab For Elevator .
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4-6 Design of column:

4-6-1 Design of Column (C2):

The Columnisan Internal one.

Pu = 800.4 KN

Pn req = 800.4/0.65= 1231.4 KN

Use! ="g=1%

Ag = 450* 250=112500 mm?2

Pn=08Ag{0.85 4+ I g(fy—0.85( )

Pn = 0.8 *112500 { 0.85(30)+0.01(420-(0.85)(30))}

Pn =2650.1 KN

Pn =2650.1 KN > Pnreq=1231.4 KN

The dimensions of the column is sufficient for carrying the load
Design of reinforcement

Using " min = 0.01

Asreq=(0.01) (1125) = 11.25 cnv?

Using 8016 withAs=16.1cm2 ..... seeto figure (4-13) .

4-6-1-1 Check slender ness effect:

KU Op 34 1) MO £ gg ACI 10-12-2
8 rg eM2g

Lu: Actua unsupported (un braced) length.

K: effective length factor (K= 1 for braced frame).
!

r: radius of gyration =0.3 h = A

aKlug_esel 3.30 §

C = C—s £ =22<22<40
er g 03 045¢

Slenderness will not be considered ....
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Column 2

: 198019 em

Sellen In C2
In all Lavals

s

—aAS5em

288 L=85cr

1 I -, —

' | i

| T
1#BO10 cm | [t or—ure

SECTION

 asestasots i oo

Elavatlen »f ealumn ne(C2)}
Cz-1/20
Ground lavel

Fig. (4-13): Elevation with cross section of column (C2)

4-6-1-2 Lateral Ties Selection

For ® 8 mm ties: ACI -7.105.2
S£16db

S£ 48dties

S£ Leastdimension

S£ledb =(16"1.6)=256cm Control

S £ 48dties
S £ Least dimension =30cm
\ Use ®8-mmties@20cm.......... See figure (4-13)
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4-7 Design of I solated Footing: (F6)

2100
|
#.
g
!
|
v

Figure (4-14) Top view of I solated Footing (F 6).

From Column (C 6):

Factored load = 1500 KN

Assume Allowable soil pressure = 350 KN/m?
Column=50cmx 30cm.......... Seefigure (4-14)

4-7-1 Footing Area:
Factored Load = 1500 KN
P net = 350 KN/m?

Area (A) = Total Weight /( Soil Pressure*1.4)
= 1500 KN / 350* 1.4 KN/n
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=3.06 m?
Use L=2.0m,B=20m, A=40m?*.......... Seefigure (4-14)

4-7-2 Deter mine the depth based on shear strength:

FV.=F %\/E%Nd = 0.75* (1/6)* (5.477)* 2000* d=1369.67d N

=1500/4 = 375 KN / m*

" Area

Vu= Pnet*((L/2)-d-(al2))*b

Assume (hmin) =40 cm

d min =40-7-1 =32 cm

Vu = 375* (1-0.32-0.15)*2 =397.5 KN
FV.=V, b  1369.76d=397.5*1000
d=29cm

h=29+7+1=37cm

select h =50 cm

\ Used=42cm

Total depth of footing = 50 cm

4-7-2-1 Check this depth for two way shear action (punching):

V. =P ((B)" (L)- (a+d)(b+d) )

=375[(2)*(2) - (0.3+0.42)(0.6+0.42)= 1225 KN
The punching shear strength is the smallest of:

v, _lgi 2 0\/f¢bod = 033/1.%,d
+22 \/7% d =057/t %,

C

v i
2
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V, = % \/f(tbod =0.33 fﬁ)od .............. Control

Where:
b.=a/b=60/30=2

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(60+43) + (30+43)} =176 cm
a, =40 for interior column

V= (1/3)*5.477* 1760* 420/1000= 1350KN

FV, = 0.85+1350 KN =1147.10 KN
FV.3V, b  1147.10<1225KN

the depth (h =50cm) is not valid
Soweselecth=70cm.......... Seefigure (4-15)
Check (h=70cm)

d=70-7-1=62cm
V,=Pg ((B) (L)- (a+d)(b+d) )

= 375 [(2)* (2) - (0.3+0.62)* (0.6+0.62)= 1073.1 KN

V, = % \/f(rbod =0.33y fc%od .............. Control

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(60+62) + (30+62)} =428 cm

Vc= (1/3)*5.477*4280* 620/1000= 4844.6KN

FV, = 0.85*4844.6 =4117.9 KN

FV.3V, b  4117.9>1073.1KN ....... OK
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1.2088
S

|
l
: 0.70
|
|

Soil Pressures at ULS

570.48 kN/m?

Figure (4-15) Side view(Section) of Footing (F 6).

4-7-2-2 Check transfer of load at base of column:

F Pn = F (0.85fci\g)
F Pn =0.7(0.85)(30)(600" 300) =3213KN > 1073.1 KN
\ Dowels are not required for load transfer.

But use the minimum reinforcement of dowels;
As = 0.005 * (500 x 300) = 750 mm?

Use8® 14 dowelswith A =1230mm? .......... Seefigure (4-16)

4-7-2-3 Development Length (L, ):
Ld for ® 14:

420 420 14 =267 cm<0.044 (o) (fy) = 25.8

L, = ——db =
° 4J30 430
Available embedment =70-5-(2x 2) —2=59 cm > 26.3 cm
\ OK.
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4-7-3 Design for Bending Moment:

Mu=gp, - w & 2% og@ _ ag
g e2 2gy e2 2g

=Brs 2 & 000 522 080 43 75kNm
g €2 295 €2 29

Mn = 183.75/0.9 = 204.2 KN.m

Rn=Mn/ b.d*= 2.65 Mpa

m= fy _ 420 _ 6.47
0.85fc’  0.85(30)

= 0.0067

1 88_\/_2*16.47*2.659
420 p

r =0.0067> r . =0002
Reg. A, =0.0067 (200)*(62) = 8576 mm?>

Use 100 14 (In short side of column way)
Use 150 16 (Inlong side of column way) .......... Seefigure (4-16)

4-7-3-1 Development Length (L, ):
Category (A), item 2 applies,

Ld for & 16:
Ly = 420 *a*p*| *db:ﬂ*l*l*l*lﬁ =61cm
2./30 2./30

Available embedment = (61- 8) = 53cm < 61 cm
Extend the bar using a 90° standard hook.
Required length of the hook = 61-53=8cm

We take the hook length = 30cm at 90°
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Footing #6

E 1.80 % : o~ 1DEAAL=2.0m
1818 L=2 8 |
o ox AR
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Figure (4-16) Detail of Footing No. Six

4-8 Design of Strip Footing (wall footing)

4-8-1 Calculation of load:
Dead load:
Service Dead load = 110.88KN/m

Liveload:
Service Liveload =5 KN/m

Total Serviceload (Pn) = 110.88+ 5 =115.88KN/m
Total Factored load (Pu) = (1.2¥110.88) + (1.6*5) =141.10 KN/m
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4-8-2 Design of footing width:

Pn
dya :7

For 1- meter width of footing.
d, . =Pn/(b*1)

d,., =Pn/b

b=Pn/d,

b=115.88/(400)
b=0.290 m =29cm

The required width istoo small, select awidth of 70.0cm. .......... Seefigure (4-17)

w=70cm  So, the bearing pressureis:

A 070"1

and it isuniformly distributed beneath the footing, since there is no eccentricity.

4-8-3 Design of footing thickness:

one way shear

The shear strength of concrete,

fvc=0.75" % Jfé b d

f Vc=0.75*(1/6)*( / 30)*1000*d=683.75*d N

Vu at distance d from the face of wall.
Vu (at (d+ g) ) = (0.225-d)* (201.57* 1000)(1)

= (45500-201570*d) N

dVe=Vu
683.75*d = (45500-201570* d)
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d=0.23m =23 cm

h=23+8+1.2 =32.2cm
selecth=40cm.......... Seefigure (4-17)
d=40-8-1.2 =30.80 cm

4-8-4 Design of Bending:
Design in plain concrete:

Mu = (201.57)(0.083)(0.083/2)
=0.694 KN.m

d,,, =0.424/30 = 2.3Mpa
_Mn” ¢
I
Mn = d_l =d” 9
c
wher..Sm=1/c
Sm:%:o.OOS

d

@® Mn=0.55*0.005* 2.3* 1000=6.33KN.m
® Mn=6.33>Mu

So, the plain concreteis adequate and no reinforcement isrequired.

Minimum Reinforcement according to shrinkage & temperature:

As=0.0018*b*h
As=0.0018* 70* 40= 5.04 cm?
Select 4 ®14 in the short direction..........

As=0.0018*b*h
As=0.0018* 100* 40= 7.20cm?

Seefigure (4-14)

Select @14 @ 20 cm in the long direction. .......... Seefigure (4-17)

4-8-5 Design of dowels:
® Pn= ®(0.85*fc*Ag)
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= 0.70*(0.85* 30* 1000* 250)=4462.50 KN
® Pn>>Pu=141.10KN
Dowels are not required for load transfer.
\  Use the minimum dowels area,
As =0.0012" Ag
=0.0012" 100" 25=3.0cm’

Use @12 @ 25 cm with As=4.52 cm2/m.......... Seefigure (4-17)
Stab on grade_ “xf] 7
Fill | A
Eating Fil | | 1 ]
128@20 £
Ta_a_aall | 208620
— 2812@20
10@25
g12@es 20 [[%7 2 210€@
A " 8 1_ Wl 4212
2 8 j_ _ 1_“ 4212
b & CAERE T e T
| Lain concrele
20 70 20

110

Figure (4-17) section in Strip Footing.
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4-9 Design Mat footing under Elevator

Figure (4-18) Top view of Mat Foundation(Under Elevator)

4-9-1 Load calculations:

Wight of wall =(0.25* 3.30*6.0* 1.0* 25) = 99.0 KN

Pu=(2*29)+(1.2* 3*99)= 414.40 KN

Determination of the area of footing :

A= Pu/ 1.4* dall = 414.40/ 1.4*400 = 0.74 m?.

Select A provided = 2.60%2.40 = 6.24 m? > 0.74m°............ See figure (4-18)

4-9-2 Check of Bearing capacity for Section[ B-B]. .......... Seefigure (4-19)
01= (2*Pu)/(1*2.6)

Pu=(2* 29.0)+(2* 99* 1.2)=295.6
01= (2*295.6)/(1* 2.6)
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(01 = 227.40KN/ m?) < (1.4*B.C = 560 KN/ m?)....... OK.

4-9-3 Estimation of footing depth:
Vumax=(227.40* 0.4)-(295.6) = 136.44 KN/m

Vu =136.44 KN.
1]
FV.=F 5 fc(rh,vd = 0.75*5.47*1000*d/6 = 683.75*d

® Ve =Vu.

683.75*d = 136.44* 1000

So, d = 0.2m = 20cm.

Assume @10 for main reinforcement.
hreq=20+8+ 1 =29 cm.

Select h=40cm. .......... Seefigure (4-19)
dreq=40-8-1= 31

4-9-4 Design of reinfor cement:

4-9-4-1 Design of positive moment:

Bottom reinforcement
Mumax =(227.4*0.4*0.2)= 18.20 KN.m

Mu =18.20 KN.m

* 6
_ l\/Ih2 _ 18.20 * (10) _=0.21Mpa
bd 2 (0.9)(1000 )(310 )

0 * * 0
él_ /_2mRn 9. é \/_2 1647 021: 0.0005
p 16 47 p

I Req =0.0005.

A, ., = 0.0005*(100)*(31) = 1.55cm?.

A i = JIE s 147 bW d
4%t fy
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Asmin=10.10 < 10.33 cm?

Asmin=10.33 cm?

Asmin= 1.3* Asreq=1.3*1.55 = 2.015cm*.

As shrinkage = 0.0018%100* 40 = 7.20 cm .

2.015<7.20

As= ASyin = 7.20 cm?

use ®14 @20 cm with As= 7.69 cm? for bottom reinforcement in X &Y directions.
.......... Seefigure (4-19)

4-9-4-2 Design of negative moment:-

Top reinforcement (in X direction).
Mu max=(227.40* 1.4* 0.5* 1.4)-(295.6* 1.0) =72.94 KN.m

Mu =72.94 KN.m

* 6
M0 729400 g
bd 2 (0.9)(1000 )(310)

® o & * * 0
r :Lél_ L2 0 1 & \/1_ 2°16.47 084 0 _ (o0
m fy 5 16.47 420 p

I' req =0.002.

Rn

2
A, 1y = 0.002*(100)*(31) = 6.32 cm

AL = g o g s 14 ?yw* d
y
Asmin=10.10 < 10.33 cm?
Asmin=10.33 cm?
Asmin= 1.3* Asreq=1.3*6.32= 8.22 cm?.
Asmin =8.22> Ag shrinkage = 7.20 CM 2,
As=ASnn=8.22cm? .
use P16 @ 20cm with Ac=10 cm? for Top reinforcement in X direction.
.......... Seefigure (4-19)
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4-9-4-3 Top reinforcement in Y direction:

A= As shrinkage = 7.20cm?
use ®14 @ 20cm with As=7.70cm?. .......... Seefigure (4-19)

Section B-B

1912@20cm 1@12@20cm
M . f
i .

1 A
1212@20cm/L=1.5m \[T_] T/ 1812@20cmiL=1.5m

1216@20cm/L=3.0m T
@14@20cm/L=3.0m T \

’L...."‘n

f- [ [ R [ S []
AES |- ._|_.I__.. -::___.*._.I./.f:_‘_.-..'.:_:})-;f‘....

/ ;
1@14@20cm/L=3.0f B /

1214@20cm/L=3.0m B

Figure (4-19) section in Elevator Foundation.
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4-10 Design Double Flat Stair

The overal depth of solid slab of stair must satisfy the limitation of deflection
required in ACI for one way solid slab :

Minh=(L /20) =450/20=22.5cm
Sdect h=25 cm.

Tl

Figure (4-20) Double Flats Stairs

4-10-1 Load Determination .
Dead load calculationof ;1 .......... Seefigure (4-21)

o= tan™(15/30) = 26.57°

(25*0.25)* (1/c0s26.57) = 7.0 KN/m?
(0.03*22)* (1/c0s26.57) = 0.74 KN/m?
(0.15/2)*25 = 1.875 KN/m?
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0.03*22 = 0.70 KN/m?
0.03*22*(0.15/0.30) = 0.33 KN/m?
0.04* 22* (33/30) = 1.0 KN/m?
0.03*22*(0.15/30) = 0.33 KN/m?

& %';;. . Morater 2.5cm
Stalr& fz f’f X

S

e

Figure (4-21) Section in Stair .

Nominal Total Dead Load =12.25 KN/m?

Factored Total Dead Load = 1.2*12.25 = 14.70 KN/m?
Liveload =5 KN/m?.

Factored liveload =5*1.6= 8 KN/m?
Ch=8+14.70=22.70 KN/m?

Dead load calculation of gz :

(25%0.25) = 6.25 KN/m?

(0.03*22) = 0.66 KN/m?

0.03*22 = 0.66 KN/m?

0.04* 22 = 0.88 KN/m?
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Nominal Total Dead Load = 7.85 KN/m?

Factored Total Dead Load = 1.2*7.85 = 9.42 KN/m’
Liveload = 5 KN/m?.

Factored liveload =5.0*1.6= 8.0 KN/m?
Op=8+9.42=17.42 KN/m?

4-10-2 Stair reinforcement Design of one meter strip :

Mu max = 55.30 KN.m

d=h-2-1=25-2-1=22cm
_fy 420
085fc  0.8530)

* 6
Mn_ S5.300(10)°
bd 2 (0.9)(1000 )(220)

> * *
1 \/ 2%16.47 *1.27 O _ ) (oo

9
420 5

A's =0.0031*(100)* (22) = 6.83 cm?
4-10-2-1 Min reinforcement :

Asmin=

Jfe 1.4
bw)(d) 3 == (bw)(d) ........... ACI-10.5.1
4fy)( w)(d) fy(W)() ( )

Asmin=7.20<7.33 cm’

Asmin =1.3*6.83 = 8.88 cm’

Select As= As min =7.33 cm?

As=7.33 cm?

Use ® 14 @ 20 cm with As=7.70 cm? > 7.33 cm®........... See figure (4-22)
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4-10-2-2 L ateral reinforcement for one meter strip :
As=0.0018*b*h =0.20*Asmain

As = 0.0018*100* 25 > 0.20* 7.70

As=450> 1.54 cm?

Use ® 12 @ 25 cm with As=4.52cm?>4.50cm? .......... See figure (4-22)

4-10-3 Design of shear reinfor cement :

Vu max =50.10 KN
d®Vc= Vumax

0.75,/ fc¢
b Vc= T(bw)(d)
=151.25> 50.10KN

No Shear reinforcement is required .

Baam no 03—
! E-E1HI|IFL=M15}T'I

o ,'v' ﬂi,-

LSS U5 RS

|—amm-1m1m’h¢..j o
s g

W

e
e

9O141=5 Tm@150 _ai b

]
— T B
= *i-"-“:;- \
. i
oML 2m@IBT e
& T
\ T o -

Section

Figure (4-22) Details of Stair (Double Flat) .
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4-11 Design of Basement Wall

4-11-1 Design Against Earth Load:

Yo =18 KN/m? (Unit weight of the soil)

0=30° (Assumption)

H=3.30m (Height of retainingwall) .......... Seefigure (4-23)

.......... From Table (4-2) .

Figure (4-23) Basement Wall Case.
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4-11-2 Calculation of loads:

Dead load calculation:
e=yxHxK,

=18" 3.30" 0.5 =29.7 KN/m2
E,=05xHxe,
=0.5¥3.3*29.7 =49 KN/m

Liveload calculation:
€,=PxK,
= 5x0.5 = 2.5 KN/m2
E, = HXxe,
= 3.30 x 2.5=8.25 KN/m (for 1m strip)
Table (4-2) Earth Pressure Coefficients.

Erddruckbeiwerte K und Gleitflichenwinkel 7, fiir 0 = 0, § =0 (Zwischenwerte geradl. einschalten)

3
;f,.«f’\ NP 15 s e || 28 28| 300|325 35 | 308 40
i
K, i 0,50 | 0,54 | 0,49 | 0,45 | 0,41 0371033(030(027 0,24 022
Ko |+%e|055]050|046]041]037|034]030]02710725|0.22 0,20
Ko |+%g|052]047|043]|038]035]031|028)025]022]020]0,18
Kao | 0 |077]073]070]067] 064 061]058[055]052]049]047
Kuy |+%@|065]062]0359]056] 053|051 048046044 | 0411039
Kmp |+%9|056]| 054|051 [048|046|044{041]039]037]035| 033
Ky L 0 | 153146 130 134 {127 | 121 [ 1,15 | 110 | 104 § 0.99 | 0,93
Koo |+ ' | 143|136 [1.29] 022 [ 105 | 110 | 1.04 | 0,98 | 0.93 | 088 | 0,83
Koo |+fsg|134] 026|138 11| 1.0+ ) 098] 092 | 0.87 [ 0.81 | 0.76 | 0.71
| &, 0 {170 ] 186 ] 204 | 224 | 246 | 272 [ 300 | 332 | 3,69 | 411 | 400
= gl 194 | 2,08 | 248 | 281 | 322 | 3,68 | 4,27 | 4,95 [ 580 | 685 | 8,15
Ke =] 200 | 238] 277323 | 381 | 451 | 546 | 6.15 | 712 | 827 | 9.64
f{;n g | LAA | a6 | 285 | 534 | 44 | 468 | 5,03 | 6.8b | 848 1067 13,67
K; 0 |o074]070| 066|062 058) 050504046 [ 043|039 ] 0.36
#, 0 | 525|538 | 550563575988 600|613]625] 638|650
9 |+hp|a94]| 508|522 536|550 564|578]59.2| 606|620 | 633
# | +%p|470| 485500515530 545 560]57.5] 589|604 ] 619
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4-11-3 Thickness of theretaining wall:

S Mb=0.0
(Ax*3.3)-(49* 3.3*0.33)-(8.25* 3.3*0.5)=0.0
Ax=20.46 K

S Fx=0.0

Bx=49+8.25-20.46 =36.79 KN

Determination of zero shear point:

—297:513 Z =9x
33 X

20.46 = (9x*0.5% x)+(2.5x)
20.46 = (4.5x%)+2.5x
4.5x% +2.5x-20.46 = 0.0

_-B#yB*-4" A C

- 2" A

X=187m
Z=9*1.87 =16.85 KN/m?

é Mx (positive clockwise)

Mu = (20.46* 1.87)-(16.85* 0.5* 1.87% 0.33* 1.87)-(2.5* 1.87* 0.5* 1.87)= 24KN.m

Mu=1.6*24 =38.52 KN.m

Use,

P = 0.5(Pmax)

p max = 0.01935

p = 0.009675

m = 16.47

Mu = 38.52 KN.m
Mn=Mu/0.9=42.8 KN.m

Rn=p (f,(1- 0.5 p m) =3.74 MPa
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& 0 @& * 10 A
d = Mn : \/M__]_OG .90 mm
§VRn*b,;, é 3.74 * 1000

h = (106.90+70+20) = 196.90 mm
\ Useh =250 mm=25cm. .......... Seefigure (4-23)

4-11-4 Wall Reinfor cement:
4-11-4-1 M ain reinfor cement
d = 250- (70 +20) = 160 mm

* 6
= M L 28500 o
bd 2 (1000 )(160)

& 0 x * * 0
:ié 2mRn 0 1 &/ \/  2*16.47 *1.66 9_ 0.0041
m p 16.47§ 420 p

Ageq =0.0041*100* 16 = 6.54 cm?

A'smin= \/(;) (ow)(d) 3 '—fy4(bw)(d) ........... (ACI-10.5.1)

\ Asmin=5.33cm*m
Ageg > Asmin
Select As= 6.54 cm?

Use @14 @20cm With As=7.70cm2/m

4-11-4-2 Secondary Reinforcement :

The required secondary reinforcement is equal to shrinkage and temperature

reinforcement.
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Asshrinkage = 0.0018 x 100 x 25 = 4.5 cm? /m.
Use®l2@25cm  WithAs=452cm2/m .......... Seefigure (4-24)

4-11-5 Design of Strip Footing (for basement wall)

4-11-5-1 Calculation of load:

Dead load:
Service Dead load = 47.0 KN/m

Liveload:
Service Liveload =5 KN/m

Total Serviceload (Pn) = 47.0+ 5=47.0KN/m
Total Factored load (Pu) = (1.2¥47.0) + (1.6*5) =64.0KN/m

4-11-5-2 Design of footing width:

Pn
Ayt =—

A
For 1- meter width of footing.
d, . =Pn/(b*1)
d,., =Pn/b
b=Pn/d,

b=47.0/(400)
b=0.120 m =12cm

The required width istoo small, select awidth of 70.0cm.
w=70cm  So, the bearing pressureis:

and it isuniformly distributed beneath the footing, since there is no eccentricity.
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4-11-5-3 Design of footing thickness:

one way shear

The shear strength of concrete,

fvc=0.75" % Jfé b d

f Vc=0.75*(1/6)*( ] 30)*1000*d=683.75*d N

Vu at distance d from the face of wall.
Vu (at (d+ g) ) = (0.225-d)* (67.14* 1000)(1)

= (15107-67140*d) N
®dVcex=Vu
683.75*d = (15107-67140*d)
d=0.22 m =22 cm
h=22+8+1.2 =31.2cm
select hyin =40 cm.......... Seefigure (4-24)
d=40-8-1.2 =30.80 cm

4-11-5-4 Design of Bending:
Design in plain concrete:

Mu = (67.14)(0.083)(0.083/2)
=0.231 KN.m

d,,, =0.424/30 = 2.3Mpa
_Mn” ¢
I
Mn = d_l =d” 9
c
wher..Sm=1/c
%:%:0.005

d

@® Mn=0.55*0.005* 2.3* 1000=6.33KN.m
® Mn=6.33>Mu
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S0, the plain concreteis adequate and no reinforcement isrequired.

Minimum Reinforcement according to shrinkage & temperature:
As=0.0018*b*h
As=0.0018* 70* 40= 5.04 cm’

Select 4 d14 in the short direction.......... Seefigure (4-24)
As=0.0018*b*h

As=0.0018* 100* 40= 7.20cm’

Select @14 @ 20 cm in the long direction. .......... Seefigure (4-24)

4-11-5-5 Design of Dowels:
® Pn= ®(0.85*fc*AqQ)
= 0.70* (0.85* 30* 1000* 250)=4462.50 KN
® Pn>>Pu=141.10 KN
Dowels are not required for load transfer.
\  Usethe minimum dowels area,
As =0.0012" Ag
=0.0012" 100" 25=3.0cm’
Use P12 @ 25 cm with As=4.52 cm?/m.......... Seefigure (4-24)
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2‘313&3@11 &

Slab on grade
Fill |
Earthing Fill |

-3.60 128@20
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Lain concrete |
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Figure (4-24) Details of Basement Wall & Footing.
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4-12 Design of Shear Wall :

By analysis and calculation the magnitude of earthquake force is greater than wind

force, so that the design used isto be resist earthquake force .

4-12-1 Deter mination of location of shear centroid (So) :

_a X1y
Al
éY
al,

*|= (b*h®)/12

-< I

Table (4-3) Moment of Inertiaat X & Y.

No of wall Ix X Ix *X Iy Y Iy*Y
1 0 16.93 086 015 @ 0.13
2 0.94 1885 17.72 0 213 |0
3 3375 2940 9923 O 6.78 | 0
4 01968 0 . 17.35 0.868
5 6.25 | 16.13 | 100.81 2635 0
6 6.25| 18.88 | 118 0 2635 0
7 0 1750 O ) 29.38 11.46
8 2545 39.35| 100146 O 4115 0
9 0 0 . 27.68 | 18.70
10 0 . 0 0.097 | 30.9 | 3.0
11 0.2 ) 10.06 0 30 0
12 0 ) 0 0.097 | 29.10 | 2.82

> 4247 13473 217 37.0
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4-12-2 Deter mination Parts Of Trandation.
Part of trandation to FRx & Fry :

FRX*|W
Xi= — o
aly

_ I:Ry*lxi
A1

Loadsin X- direction :

Table (4-4) Parts of Trandation at X direction.

FRx =1KN
) FRx* 1,

Part of trandation= ———
aly
Wall Iy FRx * IY
1 .86 .86
2
3
4 0.05 0.05
5 0 0
6 0 0
7 0.39 0.39
8 0 0
9 0.675 0.675
10 0.097 | 0.097
11 0 0
12 0.097 | 0.097

(FR«*Iy) /X1y
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> 1
loadsin Y-direction :
qy = FRy =1KN
FRy* |
Part of trandation = %

Table (4-5) Partsof Trandation at Y direction.
Wall Ix FRy * Ix (FRY *lx)/le

1 0 0 0

2 0.94 0.94 0.022
3 3375 3375 0.08
4 0 0 0

5 6.25 6.25 0.15
6 6.25 6.25 0.15
7 0 0 0

8 | 2545| 2545 0.60
9 0 0 0
10 0 0 0
11 | 0.20 0.20 0.005
12 0 0 0

> 1

4-12-3 Deter mination Parts Of Rotation.

Part of rotation:
due to Mxm=> O«

Dueto Mym =» qy
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CHAPTER FOUR
My “ 1y Y,
QXi= _ ym y M
IW
Ovi= My~ Iy XM*

lw=Sh*Y2u+3 Ix* X2y,

Determination lw :-

Table (4-6) Determination Iw.

wall| Ik | X'm | Ix¥*X'm | Ix*X'2m
1 0 -1457 0 0
2 1094 | 1272 | -11.83 | 150.47
3 3375 -217 -7.32 1589
4 0 1204 O 0
S | 625 -1560 -97.50 e
6 | 625 -1285 -80.31 1032
7 0 -1422 O 0
8 | 2545 7.63 | 18655 14234
9 0O 1808 O 0
10 o 17279 o 0

11 020 1858 372 @ 69.04
12 0 | 17.79 0 0
> -6.69  4211.8

lw = 4211.8+415= 4626 m° .
Torques dueto gy -
MxXm=FRx * &

=1*0.22= -0.22 KN.m

Iy

0.86
0
0

0.05

Y*'m
-16.95
-16.80

-12.87

0.25
9.25

9.25
12.28
29.90
10.58
13.80
12.90

12.0

Iv*Y*m
-14.58
0

0
0.0125

0

0
4.80

7.14

1.34

1.16

Iy*Y*2y
0.000
0.015

68.398
0.000

0.101

0.000
0.437
0.000
160.961
0.000
0.000
14

415
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MY =FRy * e
=1*17.17 = 17.17 KN.m
Part of load of each shear wall
MXm = -0.22 KN.m
Part of rotation : Qx due to Mxt:

Table (4-7) Parts of Rotation at X direction dueto Mx.

wall | I, Y'm | -(Mx/ Iw)*Iy* Y'm
1 .86 -16.95 0.04
2 -16.80 0
3 -12.87 0
4 0.05 025 0
5 0 9.25 0
6 0 9.25 0
7 0.39 | 12.28 -0.00177
8 0 29.90 0
9 0.675 | 10.58 -0.027

10 | 0.097 | 13.80 -0.005
11 0 12.90 0
12 | 0.097  12.0 -0.0043

Part of rotation Qy dueto Mx; :
Table (4-8) Parts of Rotation at Y direction dueto Mx.

Wall | Ix X'm | (Mx/ Iw)*Ix* X'm
1 0  -1457 0
2 094  -12.72 -0.044
3 3375 -217 -0.027
4 0 | -12.05 0
5 6.25  -15.60 -0.36
6 6.25 | -12.85 -0.30
7 0 -14.22 0
8 2545 7.63 0.72
9 0 18.08 0
10 0 17.79 0
11 020 18.58 0.014
12 0 17.79 0
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Part at each wall dueto g:

Qx; = part of trandation + part of rotation

Qxy(for wall # 1) = 0.396+0.054
=045

Qxo(for wall #2) =0.0-0.044
=-0.044

Qxs(for wall # 3) =0.0 -0.027
=-0.027

Qxy4(for wall # 4) =0.023+0.0
=0.023

Qxs(for wall #5) = 0.0-0.36
=-0.36

Qxe(for wall #6) =0.0-0.30
=-0.3

Qx(for wall #7) =0.18-0.00177
=0.18

Qxg(for wall # 8) = 0.0+0.72
=0.72

Qxo(for wall #9) = 3.11-0.027
=0.28

Qx1o(for wall # 10) = 0.045-0.05
=-0.04

Qxy1(for wall #11) = 0.0+0.014
=-0.0.014

Qxao(for wall # 12) = 0.045-.0043
=0.041

“Part of rotation : Qx due to Myt:
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Table (4-9) Parts of Rotation at X direction dueto My.

1 86 -16.95
2 -16.80
3 -12.87
4 0.05 | -10.25
5 0 -9.25
6 0 9.25
7 0.39  12.28
8 0 29.90
9 | 0.675| 10.58
10 0.097  13.80
11 0 12.90
12 | 0.097 120

Part of rotation Qy dueto My; :

-(My/ Iw)*Iy* Y'm

0.00073
0
0

0
0
-0.00024
0
-0.00036
-0.0001
0
-0.0001

Table (4-10) Parts of Rotation at Y direction dueto My.

Wall | Ix X*'m
1 0 -14.57
2 094 | -12.72
3 3.375 | -2.17
4 0 -12.04
5 6.25 -15.60
6 6.25 | -12.85
7 0 -14.22
8 2545 7.63
9 0 18.08

10 0 17.79
11 020 18.58
12 0 17.79

Qy: = part of translation + part of rotation

(My/ Iw)*I* X*m

0
0.0006
0.00037
0
0.005
0.004
0
-0.0097
0
0
-0.0002
0
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Qyy(for wall #1) =0.0073
Qyz(for wall #2) =0.023
Qys(for wall # 3) = 0.08
Qya(for wall #4) =0

Qys(for wall #5) =0.155
Qys(for wall #6) =0.154
Qy-(for wall #7) = -0.00036
Qys(for wall #8) = 0.59
Qyy(for wall # 9) = -0.00036
Qy1o(for wall # 10) = -0.0001
Qya(for wall # 11) = -0.0002

Qy12(for wall # 12) = -0.0001

4-12-4 Calculation of Floors Weight:-
For the Ground Floor:-

Total weight of Ground Floor = 12082 KN.
For thefirst Floor:-

Total weight of first Floor =10570 KN .
For the second Floor:-

Total weight of second Floor = 6500KN .
For thefinal (roof ) Floor:-

Tota weight of final Floor = 3900 KN
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W (rotan for all Floors= 12082 +10570 + 6500 + 3900 = 33052 KN .

4-12-5 Calculation of shear forceon " shear walls" :

From Uniform Building Code 1997(UBC):
Z=0.3 zone'3"

R=5.5

=1

Ca=0.24

Cv=0.24

hn=16.5m

Ct=0.0488

Where:

Z = seismic zone factor asgiven in Table 16-I.

R = numerical coefficient representative of the inherent overstrength and global
ductility capacity of lateralforce resisting systems, as set forth in Table 16-N or
16-P.

| = importance factor given in Table 16-K.

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

Ct = numerical coefficient given in Section 1630.2.2.

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

hi, hn, hx = height in feet (m) above the baseto Level i, n or X, respectively.

Eq...308 (UBO)T=C,(h "

T =0.0488(19.80)** =0.46
Cul o 02471
RT 55 046

v, = 2.5Ca.l W = 250241

W =0.095W control

V, =

W = 0.109W

V,; =0.11Cal W =0.11" 0.24" 1" W =0.026W
->->V =0.095W =0.095" 33052 = 3135.40

Ft=0.07"T VvV =0.07" 0.46" 3135.40=100.96
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Table (4-11) Percentage Every Wall from Horiz. Force.

loor

3900 313540 133 100.96 3034.44 51870 696.90
6500 313540 9.9 100.96 3034.44 64350 | 1122.34
10570 313540 6.6 100.96 3034.44 69762 = 1930.30
12082 3135.40 3.3 100.96 3034.44 39870 3034.44
S 33052 225852
F.=V- F)wh/&Lwh
4-12-6 Load Calculation of Wall (Sh.W8).._.......... Seefigure (4-25)

Part of load for wall (W8), due to(qy) = 0.59

Load of Wall (W8):-

Table (4-12) Loads Distribution in Wall no. 8.

floor Fx

Roof Floor (1) 696.90
Second Floor (8) | 1122.34 @ 662.20

First Floor (9) 1930.30 1138.87
ground Floor (4)  3034.44 1790.32

*Vu=Fy*0.59
Mu =Vu*h
Mu = 7300.0 KN.m.

411.17

Mu
1356.86
3542.12
7300.00
13208.45
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Figure (4-25) L ocation of Shear Wall No. 8.

4-12-7 Design of Reinforcement:-

Check if plain concrete is satisfy or not :
4-12-7-1 Design in plain Concrete: -

Vu = 1790.32 KN.

fVNEVUL.... (ACI-318-22.5.4)(Eg-22.8).
fVn=0.55* 0.11\/E¢* b*h .o, (ACI-318-22.5.4)(Eg-22.9).
Whereb=LWP (Lw: - isthelength of shear wall in the direction of action).
fVn = 0.55* 0.114/30 * 10060* 250 = 832.30KN < (Vu =1790.32.0KN).

shear reinforcement isrequired .
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4-12-7-2 Design of shear:-

Vu = 1790.32 KN.
d = 0.8*Lw = 0.8*1060= 800cm = 8000 mm.

f\Vc =0.75* %@ * 250* 8000 = 1367KN.

VS min = :—:;* b*d = :—:;* 250* 8000 = 666.67KN.

(fVC)< (Vu =1790.32 KN)< (f Vc+f Vsmin=203367KN).
Complieswith Category (4).

fVs =2033.67-1790.32 = 243.35KN

Vs= 324.45KN

A req = 324450 =0.128cm
S 0.75* 420* 8000

Av

Av .
. req3 (? min=0.0025* h) ..........ccc...... (ACI - 318- 11.8.4)

% min = 0.0025* 25=0.0625cm

A A
—ITr > —min
S o S

Lw 300
S .= — =""2-91.10cm
"7 33 33

Shax=3*h=3*25=75cm
Shax=45cm .....control
Select 2014@ 20 cm: .......... See figure (4-25)

*
A _2LA 154 em = A reg= 0.0966 cm
s 20 S

4-12-7-3 Design of Vertical Reinforcement.
-Minimum Vertical Reinforcement:-

r_ =0.0025+0.5(2.5- 'L‘—‘\ivv)(r h-0.0029 .....oovooo (ACI-318-11.10.9.4).
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r h =Horizontal reinforcement ratio.

@ sy D)

20" - 0.006
100* 25

rh

r = 0.0025+0.5(2.5- %)(0.006- 0.0025) =0.0068

As = 0.0068*100* 25 = 17.10 cm’
ASeq= 0.01¥100*25 = 25 cm?

Use 2016@15............ AS provided =26.67 CM* > ASrgq .......... See figure (4-25)

4-12-7-4 Design of Moment (Boundary):-
Mu = 13208.45 KN.m
Design as light loaded shear wall.
(uniform distribution vertical reinforcement will neglected)
My = 7300.0 KN.m

* 6
_ M, _ 7300.0* 10 — 051MPa
f *b*d? 0.9* 250* 8000°
1 2mRn
p=—(1- [1- =)
m fy
1 2*16.47* 051
p=s -Jl— )
16.47 420
= 0.00067

AS eq = 0.00067* 25800 = 13.40 cm’
Ag boundry = Cw* h=25* 25=625 cm?
_ ASooundry
Agboundry
_1340_
625

£0.08 coooooevrecrrr. (ACI - 318)

0.021 <0.08 ..... ok

Use 10014 AS provided =15.40 > .021 cm® within (Cw) .......... Seefigure (4-25)



CHAPTER FOUR Structural Analysis& Design

Note: - Thisreinforcement will be applied for al Floors.

Slab on E’E‘ﬂﬂ

Fill 2216@15
Earthing Fil rd
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P e 2014@25
e % B12@20 L=100
& - &

& g‘

60
[~ 3] 20 L=100
20 fﬁ"l?@!ﬁ @

-
40912
| 4e12

'1,1'1

ain concrete

g

3\ @14@25L.=100cm
216@15(V)

Figure (4-26) Detail of Shear Wall No. 8
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Appendix (A )

Architectural Drawings

Thisappendix is an attachment with this project
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Structural Drawings

Thisappendix is an attachment with this project
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