O\ IOV T
Ophaald SLIC] gy daala

1<

i F ..-.i'lq.-..

L o1 53S0 9 Auigl) 4l
4 jlanal) g Auiaall dudiglh 5 il
.vJ -

z AN & g e

KR w\
(‘l

: Jall 3
| el Cld e
e :

}A:L\Q\ Aana
ol e

sl )

el el MG o



QM -JalAd)

Ol IS 5 daala
Lo o S il A4S
i Jlanall 5 il Fuaigl 3 il
S5t ol i e

sl 2e se) dana

A8 ga g g 5 diall o pdlaall o pliall daslie y ol ) 5 L sl Sl g drigl) S Gl e ol
Ay il oUd 11 lly 5 iy famall 5 Ausaall Fnstigl 503 1) 5 piall 138 a5 Aimaal) Zinll oL

o) Atia arad duigl) & e SIS

............................



E

o
E,.



Joord | 3 y-d

sl 2e se) dana

i) g S

I It T W At v
- oy Je A oyl e g Jgir ]l
GUSY [y Sl Jo s

R S e L == Y
- JeiSadl y dwasgdl s J



doylboxdl g 4 Sall dwdiid! 5 515 4
syl Yy oy Sl Lgadlayl oo
S I Tde Je yall d

Ol o LS

il (e g s pdiall L singy Al AGLEY) yealiad) aead JalSH ALEY) apaail) Jae g 5 il Cilaa) daas o Say
LAl Q) AalaY) yealiall el e g ol aadl g clulad g saacis ) suall

Aaluar s Ge 5 oke gl " o Slgh Algaa (B Lald) " el JLEY) menail) (8 5 bl 138 8 S8 (il
Leinlose 3L (o)) Aakad e aliy Cgas (o315 Apa oS sl ol oS0 sk Ly (e 85 clag ya gl €170 408 Allen
oSk e any A Lisa Y 0 i



O Ul anle (58 o gy gl iy Cosas Al Allaiall 5 Aaal) (8 adinall 5 (pidal sall deds 8 Laga 150 g 5 el Jia s
Ao Gl a3 ) (W) guia (8 7538 (5l 2a 0 Y Cua g cdle Al dals Al (S0 e S
LY gaead )Y Gildall dalie Jlea) Al I iae (e CaliaS (G shall aae 5 diialie 4l Gued oo 5 )ke £ 5 il
Gl dalise a5 | seand) danal aludl g dale Cladd g a yra s Ly S 5 <l yaigall A8 (o Calliy g Lag yo | 5ia VY VE
laxd s Ale 3 5ila s ) sgand) daxad ALl 5 4ald) eliac Y cilelaial el o lliy g Ley o 550 1000 AV ead J5Y)
Dseeall dale laxd g il W15 A0V and (e Cilliy g L e ) jie AvA A0 mead S Sl dalie a5 ddale
ol 5 bl sty i€ (el Ly yo | jie V) GOl (B Aalise Jlea) g dalall ClEDlall and 5 (382301 5 2L
Al Al

ALY sl gl (g aladind Qs ¢ (ACI-318) SV il Al 358 il e apanatl) 8 slaie V) s g
ALY 5 ARl 7 Al a e ans (Ao YL o i Casus el sl 0o W e 5 ASSGIATIR/ i mu )l el 25
ALY pealiall Jidadis aaa3 (e dplaads 40U} Al 50 g 5 pdiall Gasalian s ¢ G paall 5 o pdiall (e A8l Dyl (g
ralinl) maaad dxdl araail) e el Ll cllalada) slae) g paaliall  SLEY) avanail) o5 (e 5 Al siall dalidadl Jleal
iall ALY JSe) o S5 A Alasy)

Gl g g

Project Abstract

Vi



Structural design is the most important design of the building after the necessary of
architectural design, the distribution of columns, loads, offer durability, the best prices and the
highest degree of safety are the responsibility of the structural designer. In this project we will do
the structural design of “integration project tulkarem municipality “. The project consists of five
adjacent buildings and the number of floors varies from one building to another. The total area of
the ground floor of al buildingsis 1174 square meters and consists of a conference hall, cafeteria,
gallery, public services and public service sections. The total area of thefirst floor of al buildingsis
1550 square meters. It consists of a meeting room for the members of the municipality, public
service departments, financia department and public services. Thetotal area of the second floor of
all buildingsis 808 square meters and consists of the buildings and land section and public services
for the public, financial, auditing and public relations department, and the total area of the third floor
761 square meters and consists of the office of the mayor and the offices of the administrative body.

This project was selected because of the importance to know how to design these buildings,
which have a design requirements higher than other projects with long spans and big theaters and
diversity in the form of the building by the architectural design .

It isimportant mentioning that we will use the Jordanian code to determine the live loads, and to
determine the loads of earthquakes, for the analysis of the structural and design sections we will use
the US Code (ACI_318 11), it must be noted that we will be relying on some computer programs
such as. Autocad2007, Safe, Office2007, Atir, and others.

After completion of the project we expect to be able to provide structural design of al the
structural elements of the project accordance to the requirements of the code.
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il giaal) g

i G )l o) el Andia
i Ol sinll Ao o R
vii




c«\JAY\

iv ) 5 KA
v Tl Al gy i aile
vi £ ey ARl g 5l (adle
4-1 :
2 dadaall V-
2 & sdall CalaalY _Y
3 & 5 iall Al Y
3 & 5 el AlSha 3 g £
3 Claliadl 00
3 g 5 piall J g 1Y
4 & 5l el jalVo)
17-5
6 danadli]-2
6 g s il (e a2
6-8 g ssiall a8 923-2
) g sl 3 s iy 4-2
10 Ayl 1-4-2
10 (=Y @il 2-4-2
11 JsY) Gl 3.4.2
15-12 Cleal gl a3 5.2
12 Adladll dgal 5l 1-5-2
13 4p siall dgal 5l 2.5-2
14 48l dgal ) 3-2-2
15 An il 4gal 5114.5.2
16 S all uay 6-2
VY Jaladl voy
YY A :
AR dadaall VY
VY S manaill Coma Y_Y
Y4 Z VA & sl Jal e ¥.Y

viii




YY) 4 Jleall £
Y. Al Jlaay) Vg Y
Y. daall Jlall YogoY

YY_Y) Al JlaY) Yooy
YY dlenl) ol jliial) o ¥

TY_Y¢ Aliy) pealial) 1Y

YY_ Yo Claaal) Y
Yo aa) ol olad¥) 1y Cucanll Culaial) VoY ULV
Y CaaiY) il Gl Colagall Yoy LY
Y aa) ol olad¥l <ol Aiaadd) lage Foy 1Y
YV Y Gl Liacadll Cilaie €YY
vy Z) Yoy
YA sl VALY
Yq eyl €Y
Y. o=l O s 0y

FY.Y. lalay) 1y
Y 22 Jual g8 VY

va_ye Chapter 4 : Structural Design & Analysis

YV_Y¢ 4.1 Introduction

Ya_vA 4.2 Check of Minimum Thickness of Structural

Member

€174 4.3 Design of Topping.

£v._£) 4.4 Design of One Way Rib Slab.

OA_EY 4.5 Design of Beam.

1Y _0A 4.5.A Design of one way solid slab.

Ry 4.6 Design of Column.

4.7y 4.7 Design of Staircase.

veq 4.8 Design of Shear Wall case.

Va.ve 4.9 Design of isolated Footing.

; Slua gil) g gilidl)
A 40214 VO
A

il Yoo




AY-AY Glaaldl) €0
Jglaad) upgd
4 - Al pal) Al VA £ g piall a3l Jgaadl (- )
18 axiioadl ol gall e il A8ESH (V.F) Jaa
19 dall Jlaal¥) (YY) Jsan
30 Table (4-1) Calculation of oneway rib - dead load.
31 Table (4-2) Calculation of 2way rib slab - dead load
32 Calculation of topping - dead load.
SN ued
S Jazdll
6 5o Al ) jpall ad gall dda jla (V-Y) JSS
8 & 3_piall alall 28 oall (YY) U<
9 4y suail) Jadadia (Y-Y) JS5
10 oY) Giall lalada (£-Y) S5
12 JsY) Gidall ladads (0.Y) IS5
12 Alaill dgal 5l (1Y) JS
13 Ay siall dgal JIVOY) 2
14 A il dgalll (A-Y) Jsa
15 Tyl dgal I (A2Y) K&
SN Jaadl)
19 Jlaall Jss la; (V-9 I
21 g i 2 dilly L)l e s ol (Y-1) Jsall
22 iall gLl G e Al e F Lol il s (€217 Jeal
4 ddapaall Al
24 alliliny) paliall (azd muia 65 ;(0-F) JSA)
25 aa) gl sl Cuaall Cilaie ; (¥
26 Calany) Al Cuasnl) Gildae - (V-T‘)dﬂ.ﬁd\
26 aa) gl slai¥) ol Ll cilaiall ¢ (A-F) JSAl
27 Sl ) Gl Aead) Cilaiall ; (427 J<al)
27 z oA ()« oY) Jsall




28 Cladall A ) gueall ddlidal) adaliall (V) -Y) JSil)
28 Dssaall 8 zaludll (Y Y_F) Jsal)
29 & 5 pdall 8 derdinal 3aac Yl ) gl (VYY) JSl)
30 oal Jlas s () E.Y) JSa)
32 3 jike Cilulul;(15-Y) Jsal
Chapter 4
37 Figure (4-1): Thickness of beams
38 Figure (4-2) :one way ribbed dlab.
41 Figure (4-3): Rib Geometry .
41 Figure (4-4): ) Moment & Shear Envelope of rib(R1) .
42 Figure (4-5) : Beam (B3). Geometry.
48 Figure (4-6) : Dead load of beam .
48 Figure (4-7) : live load of beam .
48-49 Figure (4-8) : Moment & Shear Envelope of beam
58 Figure (4-9): Solid slap geometry .
41 Figure (4-11): Typical Section in Ribbed dlab.
63 Figure (4-14): Column section and reinforcement.
64 Figure (4-15): Transformation of dead load into
horizontal projection
66 Figure (4-16): Loads and reactions on statically
system of flight
69 Figure (4-17): Detailing of stair
75 Figure (4-18): location of shear wall on key plan
75 Figure (4-19): Section and Top View of footing

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.
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Av = area of shear reinforcement within adistance (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.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead |oads.

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

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

h = overall thickness of member.

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

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axia load

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

V¢ =nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs =nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

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

W = width of beam or rib.

Wu = factored load per unit area.
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@ = strength reduction factor.

€c = compression strain of concrete = 0.003mm/mm.
€s = strain of tension stedl.

és= strain of compression steel.

p =ratio of sted area.
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Eq : pressure coefficient of structure.

{5 The pressure manifesting on the surface of a building due to a mass of air with density,
kN
5y

1
moving at a velocity is given by Bernoulli's equation ¢g; = > e .. ... =
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Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Check of Minimum Thickness of Structural Member

4-3 Design of Topping

4-4 Design of one-Way Ribbed Slab

4-5 Design of Beam

4-6 Design of Column

4-7 Design of Stair case

4-8 Design of Shear Wall Case

4-9Design of Isolated Footing
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4-1 | Introduction

Reinforced concrete (RC) is a versatile composite and one of the most widely used materiasin
modern construction. Concrete is arelatively brittle materia that is strong under compression but
less so in tension. Plain, unreinforced concrete is unsuitable for many structures asit isrelatively

poor at withstanding stresses induced by vibrations, wind loading and so on.

To increaseits overall strength, steel rods, wires, mesh or cables can be embedded in concrete
before it sets. This reinforcement, often known as rebar, resists tensile forces. By forming a strong
bond together, the two materials are able to resist a variety of applied forces, effectively acting asa

single structural element.

Reinforced concrete can be precast or cast-in-place (in situ) concrete, and is used in awide range of

applications such as; dlab, wall, beam, column, foundation, and frame construction.

4-1-1 Concrete and its Classifications:

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

admixtures, Structural concrete can be classified into:

Lightweight concrete with a unit weight from about 1350 to 1850 | T' produced from
aggregates of expanded shale, clay, slate, and slag.

Normal-weight concrete with a unit weight from about 1800 to 2400 | T ) produced from the
most commonly used aggregates— sand, gravel, crushed stone.

Heavyweight concrete with a unit weight from about 3200 to 5600 { T Jproduced from such

materials such as barite, limonite, magnetite, ilmenite, hematite, iron, and steel punching or
shot. It is used for shielding against radiations in nuclear reactor containers and other

structures.

4-1-2 Compressive strength of concrete:

The strength of concrete is controlled by the proportioning of cement, coarse and fine aggregates,

water, and various admixtures. The most important variable is (w/c) ratio.

Concrete strength (/. ) — uniaxial compressive strength measured by a compression test of a
standard test cylinder (150 mm diameter by 300 mm high) on the 28th day-ASTM C31, C39.
In many countries, the standard test unit is the cube (200 x 200 x 200 mm).
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The concrete strength depends on the size and shape of the test specimen and the manner of testing.
For this reason the cylinder (@ 150mm by 300 mim high) strength is80% of the 150 mimn cube
strength and 83%of the 150 mm cube strength, figure (4-1) demonstrate relation between cylinder

and cube concrete test.

;— T,
{1150 tm
s i r e

BETHE

cylinder

[AETE T

200

5
e o

150 mem

2y fru
Figure (4-1) relation between cylinder and cube concrete test.

4-1-3 Modulus of Elasticity of concrete:

The modulus of elasticity of concrete varies, unlike that of steel, with strength. A typical stress-
strain curve for concrete in compression is shown. Theinitial modulus (tangent at origin), the
tangent modulus (at 0.5 f." ), and the secant modulus are noted. Usually the secant modulus at from

25 to 50%of the compressive strength f.‘is considered to be the modulus of elasticity. For normal

weight concrete, shall be permitted to betaken as £, = 4700 ?(M ap), figure (4-2) demonstrate

stress-strain curve of concrete.

4-1-4 Strength Design method (Ultimate strength method):

In the strength design method, the service loads are increased by factors to obtain the load at which
failure is considered to be “imminently”. This load is called the factored load or factored service

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

strain behavior of concrete. The strength design method may be expressed by the following:
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Figure (4-2) stress-strain curve of concrete.

Strength provided = [strength required to carry factored loads]

Where the "strength provided" (such as moment strength) is computed in accordance with the
provisions of a building code, and the "strength required” is that obtained by performing a structural
analysis using factored loads.

4-1-51 oad Factors U and strength reduction Factor @:

According to (ACI 318-11 9.2.1) the factor U for overload is given:

U=1.4D
U=1.2D+16L+0.5(L,or5orR)
U=12D+1.6L+05(L,orSorR)
U=12D+10W +10L+ 0.5(L,orSorR)
U=12D+10E+1.0L+ 025
U=09D+1.0W

U=0.9D+1.0FE

Where:

D :deadload .

L : liveload.
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L. :roofliveload.

§ :snowload.

R :rainload.

W : Windload.

E : Earthquake load.

The factor @ (under strength factor) according to ACI demonstrated in figure (4-3).

Strength Condition ¢ Factors

1. Flexure {with ar without axzial force)

Tension-controlled sections i ey (B0
Compressian-controlled sections

Spirally reinfarcad ... LTS

i L T T T TrOWSI. |, 'c:

x: Shearamd Tereiom: i s s e R e R s 06T

3. Bearing On COMEPEER wmmmmm e s sars s ansssssmns sessms s svsms s ssss s mnes 00

L4, Post-tensioned anchorage tones ... 0.85

5. Struts, ties, nodal zones, and bearing areas in strut-and-tie models ... 075

Figure (4-3) values of understrength factors related to strength condition.

4-1-6 General considerations:

1- ACI 318-11 Building code will be used in this project.

2- UBC-97 code will be used for lateral loads.

3- Ultimate strength design method will be used during the analysis and design of this
project.

4- The compressive strength of concrete for all structural elements is B300 which equals
to f' =24 Mpa .

5- Yield strength of reinforcing rebar’sf, = 420 Mpa .

TABLE 9.5{a) — MINIMUM THICKNESS OF

NONPRESTRESSED BEAMS OR OME-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Mirsimrn thickness, A
Eamiply One and Buoth ends
rupenrted | contlnucus condnisos | Cantleesr
Femibers nol = trg or eltached '~:'Il;-|1"=-h'5 o ol
Mamner | sanstnuetion lkedy ro be damenen by e dediestinne
Snlid comwa-
way elabs =] a2l 28 tHO
Baams o
ritskaad orre- e #1885 (4] 03
way Blabs
Ivotas:
iz uas given shall b2 used diractly for merbers with normabvaight corcnate

Graga 420 raltforcemanl. For othar condiiors, the valuse ehall ba modifled

Tellawa!

1] Fow lichliserghl ;iulcrul'_' trzeing eguililimm donsiy, v o he e of
14) o N ogfmd!, the walins =hcll Be mutiphiod By {165 — LO0D03w,) md
ot bags than 7,09

) Far fpothier than 420 MPa, e values chall be mutplies by (0.4 + 7000
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4-2 | Check of Minimum Thickness of Structural Member:

It will be determined according to (ACI 318-11) to achieve deflection requirements, Figure (4-
4) provided minimum thickness from code.

(4.4)Load Calculations:
(4.4.1) One way ribbed slab:

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

calculated as follows:

[ T R T R

Fig. (4-2) One way rib slab
Calculation of the total dead load for one way rib slab is shown in the following table:

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

Rib 0.24*25*0.12= 0.72KN/m
Top Slab *25* =
Plaster .02*22*0.52 = 0.23KN/m.
Block *0*0.4 =
Sand Fill *17*0.52=
Tiles .03*23*0.52=0.36 KN/m
Mortar *22*0.52=
partition 2.0%0.52 =1.04 KN/m

Nominal Total Dead load = 4.85 KN/m/ Rib (service)

Nominal Tota liveload =5 KN/m* 0.52 =2.6 KN/m/ Rib (service)
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(4.4.2) Two way ribbed slab:

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

Table (4 - 2) Calculation of the total dead load for two way rib slab.

Rib

Top Slab

Plaster

Block

Sand Fill

Tiles

Mortar

.02*22*0.55*0.55 =0.1331KN

partition

* *

Nominal Total Dead Load=3.25 KN  ( service)
D.L=3.25/(0.55*0.55) = 10.75 KN/m® ( service)
WuD.L=1.2 D.L=(1.2* 10.75=12.9 KN/m?)  (factored)
WuL.L=1.6L.L=(1.6* 5=8KN/m?) (factored)

Wu = (12.9 + 8 = 20.9 KN/m?)

(4.3)Design of Topping:

Dead |oad of topping :

Tiles .03*23*1 = 0.69 KN/m

Mortar 0.02¥22*1=0.44 KN/m
Sand 0.07*17*1=1.19 KN/m
Topping 0.06*25*1 =15 KN/m

Partitions 2.00 *1 = 2KN/m.
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Dead Load = 5.82 KN/m
Live Load =5 KN/m
W,=12DL+16LL

=1.2* 582+ 1.6* 5=14.98KN/m. (Tota Factored Load)

No structural reinforcement needed
shrinkage and temperature reinforcement must be provided

For the shrinkage and temperature reinforcement :-

f“-‘*r':'q _ 1os
Apar 50

# Of ®8/20 = =216

— Spacing(S) = = 0.46m = 460 mm.

280 280

<380(";)-25*Cc < 380( )

280 280

=380* ()~ 25 20<380* (

3 lv

)

—)-25*20<380* (f”")

4240

280

=380 * (

=330 mm. < 380mm.

<3*h=3*60=180mm........... controlled.
40

OM, =05
¢ =0.55

M, =05
M, =0.6
omin = 0.(
A.=p=bh



< 450 mm.

~Use @8 @ 15 Cm C/C in both directions.

(4.4) Design of Rib (R1)

Material :-

concrete B300 Fc' = 24 N/mn?

Reinforcement Steel fy = 420 N/mm?
Section :-
b =12cm bf=52 cm

h =30cmTf=6 cm

30.

52,

gl

12
A-A

fig 4.3 (System : rib geometry)

1 2 3
1 2
T T T
12/30+52/6 12/30+52/6
P — 1T 1l g1
IIZI.EI 3:54 | 0.8 i 373 j 0.8 |
L 419 L 453 L
Loacing
load group no. 1
DeadiLive load - Service Load factors: 1.20 1.2001.60,0.00
5.0i2.6 50026
419 453

Moment!Shear

Envelope (Factord)
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MnoamentiShear Frnvalnpe (FRotomsd; Linit=-kh matar

Moments: spans 1to 2

-24.1
4.2 -13.6
frt ] o BB!D T ' i
s = o a | =
13.9 17
| 1.68 y 2.51 2.72 ! 1.81 |
Shear
-26.2
228 445185
16.7 14.2 ?-2";_2'_‘_'_'_'_
2832 3
Moment/Shear Enwvelope (Factord) UnitsskMN, mater
Reactions
Factored | i i i !
MaxR 16.73 55.11 18.52
MinR T.74 43.14 536
Service
MaxR 12.34 41.2 13.73
MinR 6.72 3372 B.

fig 4.4 (Loading, moment, envelops)

1) Maximum positive moment span (1)Mu® =17 K N.m

Mn=Mu/d =17/0.9=18.8KN.m.

m=—2_=_*1 —20p
085 [, 0.85«24

R“ — .'.'r:lq:e — .1H.H*I-HI"'E - 0.53|\/|Pa

bed 520 (2R1)

p=l(1—~ 1_._24?,!‘:11:]

m Fr
=— 1- 1-220F =0,001279

20.6 420

42




~ As= p* bg*d = 0.001279* 520 *261= 173..5 mm-.

r

Je

ASpin= ——* b, *d = 2sb,+d ... (ACI-10.5.1)
A0Sy Iy
= 1120261 = 21.120+261
Guq 20 G210
=91 mm’<mm? ........ Large value is controlled(Asmin=141.0 mm?)

( Asreq = 228.74mm?) >( Asmin=104.4mm?)
+ Asreq = 173.5mm?
n = Asreg/(As ®14) = 173.5/153.86 =1.12
(2 ®14 = 307.72 mm?)>( AS = 173.5mm? ). OK.
“Use2 d14
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85* f'*b* a

307.72* 420=0.85* 24* 520 * a

a=12.18mm.
c= ;T = ]j;:: =14.33mm * Note: f! = 24MPa< 28 MPa— 3, =0.85
j LOh
E.,- = cii.: " E.:
_ 261=14.33

= * 0.003 = 0.0516> 0.005 --¢h =0.9 OK

14.33

2) Positive moment span ( 2)

Mu M= 13.9KN.m.

Mn=Mu/® =13.9/0.9 = 15.44KN.m.

m=—2_=_*1 996

T 085, 085424
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Mp _ 15.44s100

R, = =1 _=0.436MPa
b 520+ (261)
p=l[l—~ 1___24?;.!‘:11:]
m fy
=1 1 1 Z0HEE _ 5001049
20.8 G210

~ As= p* bg *d = 0.001049* 520 *281 = 142.5 mm-.

r

Je

‘qs:lru"rz = oo ® bw = = 4 = bw =d (AC'-lOSl)
4 (fy) Iy
= Y2 L120%261 = 1% %120 %261
Guq 20 G210
=91mm?<104.4mm?” ........ Large value is controlled(Asmin=104.4 mm?)

( As= 142.5m?)
n=Asreg/(As ®12) = 142.5/113=1.26
(2 ®12 = 226 mm?)>( Asl42.5mm? ). OK.
4 Use 2 ®12
— Check for strain:- (£, = 0.005)
Tension = Compression
As*fy =0.85*% f'*b* a

226* 420=0.85* 24* 520* a

a=8.94mm.
== 22 = 10.5mm * Note: f,' = 24MPa< 28 MPa . 3, =0.85
T
£y = I_i * Eq
_ 261=105

= * 0.003 =0.07> 0.005--¢p =0.9 OK

1.5
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(4.4.1.1) Design of Negative moment of rib (R1)

1) Maximum negative moment at support ( 2 )& Mu © =24.1 KN.m.

Mn=Mu/ =24.1/ 0.9= 26.78KN.m

¥ 42
v - %20 506
N.B5«24

T nas g,

R, = = 2678490° _ 5500 pa

T ohed® T 120 (2R1F

ﬂ:i{]- _ 1 — 2o, vm

m fu

)

_ 1 243284206 _
= E 1= 1="—pm—— =0.00833.

~As=p* b, *d = 0.00833* 120 *261 = 260.9mm".

r

Je

‘qs:lru"rz = oo ® bw = = 4 = bw =d (AC'-lOSl)
4 (v} fv

=2 L 120%261 = 142120+ 261

T 4e420
=91mm?<104.4 mm? ........ Large value is controlled(Asmin=104.4 mm?)

- AS;eq =260..9MM*>As;i, = 104.4mm?,
- As = 260.9mm?
n = Asreq/(As ®14) = 260.9/153.57=1.69
2 ®14=307mm*>As,¢ = 260.9mm?. OK.
~ Use 2 d14
— Check for strain:- (g; = 0.005)

Tension = Compression

As*fy =0.85* f'*b* a
307* 420=0.85* 24* 120* a

a=52.67/mm.
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 _ 5267 _

" — #— = e =61.97mm. * Note: fl" = 27 MPa< 28 MPa-. 3, = 0.85
1 S
=
£y = = * 0.003
_ 261-6197 _ )
=5 *0003=078> 0.005 -¢h=0.9 0K

(4.6.2) Design of shear of rib (R1)
d =300-20-10-18/2 =261 mm

1) Vu =24.2KN

%
mvczm*T* b, * d

=0.75* “—:* 120% 261 = 19.17 KN.

1.1* pV,=11* 19.17=21.1 KN.

- Check for Cases:-

1- Casel: Vu < ﬁE.

ri

24.2<(%7=1055).......Not satisfy

2- Case 2 :‘*’?"rk Vu < Ve

10.55< 24.2< 211...... NOT satisfy

3-Case3 Ve Vu £ dVec+mind Vs

min ¢ Vs = Ecbbw +d=0333+0.75+120 + 261 = 7.82KN

10.89< 24.2< 28091. ...... satisfy

Select 910-2legs  Av=2710% = 157.08mm?

_peAv=fy=d
h=vs

Srey
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o 0.75+157.08+420+261
7.82+103

S=1651mm
S<d/2 =130.5mm
S<600mm

Use s =100mm

=~ Use?2Lleg @10 @ 10Cm C/C

4.5 Design of Beam(B3)

Material :-

concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-

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

deflections are computed as follow:

hiin fOr one-end continuous= L/18.5
=5.12/18.5=0.277 m = 28cm

hnin for both-end continuous = L/21

=5.25/21 = 0.25 cm.=25cm

himin fOr one-end continuous= L/18.5

=4.25/18.5 = 0.25 m = 25cm

- Select Total depth of beam h= 40cm. ( drop beam).
Loads calculations:

- Dead Load from Rib1=(25.168/0.52) = 48.4KN/m
- Live Load from Rib1=(14.54/0.52) = 28K N/m

- Dead Load from Rib2=(24.52/0.52) = 47.15KN/m
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- Live Load from Rib2=(13.5/0.52) = 25.96 KN/m
— Beam self weight =25 *0.8*0.52= 10.4KN/m

Layers on Beam -

(service)D.L(O.Wof Beam + Layers)=3.8+10.4=14.2KN/m

(factored)D.L=(1.2*14.2)=17.04 KN/m

- Tota D.L from Rib1=48.4+17.04=65.44 KN/m

- Tota L.L from Rib1=28+(1.6*0.8*5)=34.4 KN/m
- Total D.L from Rib2=47.15+17.04=64.19 KN/m

Total L.L from Rib2=25.96+(1.6*0.8*5)=32.36 KN/m

Plaster 0.02*22*0.80 = 0.352KN/m.
Sand Fill *17*0.80=

Tiles .03*23*0.80=0.552 KN/m
Mortar *22*0.80=
partition * =

Geometry Units:meter,cm
1 2 3 4
1 2 3
A T T A T T
A % A *
ill’sl 469 Iﬂ.iﬁl 47 lll.ﬁq'il 3.83 i|:|3|
o 5.12 i 525 " 425 T
I f f {
40.
B80.
A-A
Losding
load group no. 1
Dead load - Service Units kM metar
48 4 48.4 48 .4
¥ L y
i 1 L ¥ ¥ E 3
i [RF] 535 T 435 i
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Moment/Shear Envelope [Fectored) Units:kM, meter

Shear
-361.2
-320.3 1
-267.7 2.
_1E12'1EE.
[l | |
| 1 1 T
220.2
2414 268.7
190 5 2897 299.6
Reactions
Factorad
i [ [ |
[ 1T 1 Tl
DeadR 135.19 394.83 344 64 109.21
LiveR 109.87 27686 253.44 BE.B2
MaxR 237.08 671.7 598.08 198.03
MinR  123.3 h0g.62 438.89 33.08
Service
DeadR 112.66 32903 2872 91.01
LiveRR  B3.6T 173.04 158.4 h5.51
MaxR 176.33 o207 445 6 146.52
MinR 10523 400.27 34611 B0.93

Reinforcement (cm2)

4.5.1 Design of flexure:

4.5.1.1 Design of Positive moment:-
- MUmax =250.4KN.m .
b,=080m. , h=0.40m.

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

= 400~ 40 -10 —= 340mm.

Crex =2 * d =2 *340 = 145.71mm,

8nax = #1* Crrax = 0.85* 145.71= 123.85mm.  *Note: f; = 24 MPa< 28 MPa- 3, = 0.85

Mnu = 0.85% f/*b*a* (d-3)
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123485

=0.85* 24* 123.85* 800* ( 340 - 5

) * 10°

=562.1KN.m .

¢h=0.9

- (PMnpe = 0.82 * 562.1= 460.92KN.m . * Note: £,=0.004 - (p =0.82
- PM N = 934KN.m> 250.4KN.m .

= Design as singly reinforced concrete section.

Design for positive moment :

1) maximum positive moment span (1) Mu @ = 250.4KN.m .

Mn = Mu /= 250.4/0.9 = 278.22KN.m .

Iy 420

M= a5 77 = pasezs - 206
R = e = 0
p=ia- 1-Zhm,

=503 1™ 13—1;,“ =0.00776

~As=p* by, *d=0.00776 * 800 *340 = 2111 mn.

fe 14

Aspin= ——+bhy+*d =2 —+hy+d ........... (AC|-1051)
4(fy) £
_ VI 14
= V214800 +340 = 4800 340
= 793mm?<906.67mm?>............. Larger value is control.

= (ASyeq = 2111 mm?) >(ASyin = 906.67 mnv)
~ As= 2111 mm?.

n= Ast/As(®18)

=2111/254=8.29

~Use9d 18 - As=2286mm?
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~. Astotal = 2286mm?
Check for spacing:
S= (800 - 2*40 -2*10-9*18)/8
=67.8mm
S>25mm, S>db............... oK
— Check for strain:- (g; = 0.005)
Tension = Compression
As*fy =085* f'*b* a
2286* 420=0.85* 24* 800* a

a=117.66mm.

c=4= —220 = 138.42mm. * Note: fi! = 24 MPa< 28 MPa— f3; = 0.85

id=c

£y = = * 0.003

_ 340-=13842

13047 * 0.003 =0.0051> 0.005 -~ =0.9OK.

Tension — controlled section

2) positive moment span ( 3) Mu ® = 174.7KN.m

Mn = Mu /= 174.7/ 0.9= 193.3KN.m .

_ & _ azo

M= as 7 = imsezs - 206
n = = =2 IMPa
p=ia- 1-Zhm,
=505 1= 13—2:2{2,“" = 0.005288
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~As=p* b, *d = 0.005288 * 800 *340 = 1438.34mn"’".

fe 14

Aspin= ——+bhy+*d =2 —+hy+d ........... (AC|-1051)
4(fy) £
_ VI 14
= V214800 +340 = 2 4800 340
= 793mm?<906.67mm?>............. Larger value is control.

— (AS1eq = 1438.34mm?) >(Asyi, = 906.67 mm?)
~ As = 1438.34 mm"’.

n= Ast/As(®16)

=1438/201.06=7.15

~Use8® 16 - As=1608.05mm?

— Astotal = 1608.05mm?

Check for spacing:

S= (800 — 2*40 -2* 10-8* 16)/7

=81.71mm

S>25mm,S>db............... O.K

- Check for strain:- (g; = 0.005)
Tension = Compression
As*fy =085* f'*b* a

1608.05* 420=0.85* 24* 800 * a

a=41.39mm.
= I,;—‘ = —4;;? = 48.69mm. * Note: f;' = 24 MPa< 28 MPa- 3; =0.85
; A
id=c
&= * 0.003

_ 340-4H.69
T 4H.A9

* 0.003 = 0.0179> 0.005 - =0.9 OK.
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3) positive moment span (2 ) Mu ® = 154.8KN.m .

Mn = Mu /= 154.8/0.9= 172KN.m

_ o _ az0

M= 5as £} 08524 =206
R = hlirelr = H;{Tj‘il?;: = 1.85MPa
=ﬁ 1— h—% = 0.004625

~As=p* b, *d =0.004625 * 800 *340 = 1258mm>.

AS;I”.I" 4 I.f | (E1) * d :_:" I * b“. * d ............ (ACI‘lOSl)
_ v 14
= 24800+ 340 = =+ 800 + 340

= 793mm°’<906.67mm°............. Larger value is control.

— (ASyeq = 1258mm’) >(Asyin = 906.67 mn)
~ As= 1258 mm?,

n= Ast/As(®16)

=1258/201.06=6.25

~Use7 ® 16 — As=1407.42 mm’
Check for spacing:

S= (800 - 2*40 -2*10-7*16)/4

=104mm

S>25mm,S>db............... O.K

— Check for strain:- (g; = 0.005)
Tension = Compression
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A*fy =085* f/*b* a

1407.42* 420=0.85* 24* 800 * a

a=36.2mm.
= .[:_t = E = 42.5mm. * Note: f,' = 24 MPa< 28 MPa- {5, = 0.85
1 K
=
£ =— * 0.003
_ :-142;2.5 * 0.003 = 0.021> 0.005 -~¢p =0.9 OK

Tension — controlled section

(4.5.1.1) Design of negative moment

3) negative moment support (2) MU (-) =244.7KN.m

Mn = Mu /th= 244.7/ 0.9 = 271.89KN.m .

fy  _ 420

T 0BS 7 nEsezd 20.6
Ry = = 2080 = 2 93MPa
p=ia- 1-Zhm,

=58 1° @ = 0.007566

—~As=p * by, *d = 0.007566* 800 *340= 2057.89 mm’

fe 14
AS;I”.I" e Tlrl * b“. * d :_:" .r_ * b“. * d ............ (ACI‘lOSl)
L ¥
_ VH 14
= oaza * 800+ 340 = 57+ 800 + 340
= 793mm?<906.67mm?>............. Larger value is control.

— (ASyeq = 2057.89mm°) >(ASyin = 906.67 mm?)
+ As = 2057 mm?
n= Ast/As(®18)
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= 2057/254=8.1

~Use9d 18 - As=2286mm?

Check for spacing:
S= (800 - 2¥40 -2*10-9* 18)/8
=72mm

S>25mm,S>db............... O.K

— Check for strain:- (g; = 0.005)
Tension = Compression
As*fy =0.85* f'*b* a
2286* 420=0.85* 24* 800* a
a=58.8mm.

c=afi, = 58.8/0.85=69.17mm

_ 340-69.17
T 81T

* 0.003=0.0117> 0.005 - =0.9 OK.

Tension — controlled section

Negative moment on support(3) Mu © =182.9KN.m

Mn =Mu /i = 182.9/ 0.9 =203.2 KN.m.

fy  _ 420

~o8s £ 0BGezd =206
R = o = o0 Gauys ~219MPa.
p=ia- 1-Zhm,

=— 1- 1-Z22% -0005529
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~As=p* b, *d = 0.005529* 800 * 340 = 1504 mm?.

fe 14

Aspin= ——+bhy+*d =2 —+hy+d ........... (AC|-1051)
4(fy) £
_ VI 14
= V214800 +340 = 2 4800 340
= 793mm?<906.67mm?>............. Larger value is control.

- (ASyeq = 1504mm°) >(Asyin = 906.67 mnr)
+ As= 1504 mm>.

n= Ast/As(®16)

=41504/201.06=7.47

~Use8d 16 - As=1608.48mm?
Check for spacing:

S= (800 — 2*40 -2* 10-8* 16)/7

=81mm

S>25mm, S>db............... O.K

— Check for strain:- (g; = 0.005)
Tension = Compression
As*fy =085* fi'*b* a

1608.48* 420=0.85* 24* 800 * a

a=41.4 mm.
el 14 487 mm * Note: f' = 24MPa< 28 MPa— fi; = 0.85
YT
=
_ -_.1.41.:&? * 0.003=0.0179> 0.005 -~¢h =0.9 OK.

Tension — controlled section
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(4.5.2) Design of shear for beam:-

1) Vu = 320.3KN .

’
pVe=g* —* b, * d

=0.75* Y2£ « 800 * 340 * 10° = 166.5 KN.

b

— Check For dimensions:-

GVe+(S*h* f *by*d) =1665+( - * 0.75*V24 * 800 * 340* 10°)
= 166.5+666.2= 832.7 KN >Vu =320.3 KN.

= Dimension is big enough.

— Check For Cases:-

1- Casel: V, < q“:L.

320.3< ~2-'=83.25.......Not satisfy.

2-Case2:Ti< v, < @V,

83.25< 320.3< 166.5....... Not satisfy.

3-Case3:pV< Vy € Ve + BVSmin

OVSmn 2 2 F7* by, * d="2Tv24 %800 *340 * 10° = 62.46 KN.
> $xp,* d= B2+ 800340 10° =68 KN.......... Control.
'-'(*)VSmin = 68KN.

OV, + PV Smin =166.5+ 68=234.5 KN.
(*)VC< Vu < f*)Vc + q)vsmin

166.5< 320.3< 2345.......... Not satisfy.
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4-Cased: QN+ DVSmn< Vo € OVo+ (£ * /T * b d)
= 166.5+ 68 < 558.8< 166.5+ (-~ *v24 * 800* 34010°)

234.5< 320.3<4996............. Satisfy.

Vs vyt -Ve = 320.3/0.75 -166.5/0.75 = 153.5 KN

Av ., _ K
- (5 )_:Jy;--r.h

Use ®10 4legs ,Av = 314 mm?.
S=(Av*Fyt*d)/V's = (314* 420* 340)/( 153 5* 1000)

S =292 mm

Smax < {—;=¥=170mm.

< 600 mm.
~ take( s= 120 mm) < (Syax = 170 mm)

anduse Stirrups ®10 4legs @ 170 mm.

4.5.A Design of one way Solid Slab

hmin fOr one-end continuous= L/18.5

=5.95/18.5=0.29 m = 29cm

B65(40,20)
3 ik
B65(40,20)

Fig. (4. 9) Oneway solid slab
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Minimum thickn deflection (Simply Supported)

Riatn = 20"
Takeh = 20 om
Assume bar diameter @18 for main reinforcement.
Table (4.3) Cdculation of the total dead load for one way solid slab
No. | Material W = quality density * h ’
1 Reinforced concrete solid dlab |
2 Plaster |
KN m®
Dead load = 5.66 KN/m*
Liveload =5 KN/m*
Dead load for 1 m strip of dab DI, =5.66 %1 = 5.66 KN/n
Liveloadfor Imstripof dab L. =5x1 =5 KN/m
Design of reinforcement:
Total Factored load: wy, = 1.2+566 + 1.6 +5 = 14.79 KN-m
Design of shear
Vimax = W
1. =075 +
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1
1’::":5* Cp*l‘i

1
Vi, =3158 KN <5+ (+ V. =5235 KN —OK

Design of moment -

= Design asrectangular section.

_1l g q_mRy _ 1 2X206XLZE _
Pem 1= 1= =ms 1- 1 220 = 0.0031198
ASpin = 0.0018 # b+ h =0.0018 + 1000 + 200 = 360 mm*

_ A, 5385 _
e il

60

= 0.75 -

AH,FHE,I = p=

Agreg = 98

+ As =53¢

Use @12

o Take 50



Check spacing:
Step (S5} issmallest of:

3h =3+200=600mm .)

450 mm .Y

s = 380 ? ~2.5¢, = 380 % ~ 25420 =330 mm... but

= 3

Temperature and shrinkage reinforcement for 1 m strip: -

ASin = 0.0018 b+ h =0.0018 + 1000 + 200 = 360 mim"

Check spacing:
Step (S5} issmallest of:

3h =3+200 =600 mm .)

450 mm - control .Y
5§ = 200mm < Smax = 450 mm -0k

(4.6)Design of column (C22):

Thetotal live and dead |oad

Purota= 1025 KN(factored)

(4.4.1) Check the slenderness effect:
K= 1
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Smax = 30

5 = 200

s Take 4o
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M
Jw—] =1 brecedframewithM min
M3

kL, M,
—=34-12 — =40
r JHE

f[y= ~~03h=03x04=012

x= +~03h=03x02=006

L,=3.65m

kL, 1+360 . .

— = =30<40 So the column is short at y axis

ry 0.12

kL, 1%3.60 . .
—=————=60>=40=22 So the columnis long at x axis
Fi 0.06

Check for the X-axis "short column”
pn,max = P+ 0.8 0.85fc Ag — Ast + Ast+ fy
@ = 0.65 its tide
1577+ 10"3 =0.65* 0.8 (0.85* 24(200* 400-Ast) + Ast * 420)
Ast=3505.23 mm?
p = Ast\Ag = 3505.23\(200 + 400} =
0.0438 = 0.01 ok

Use 14918 with As= 3556.mm*>Ast=3505.23,,,0K..

(4.4.5) Design the stirrups:
The spacing of ties shall not exceed the smallest of:

- 16xd,=16x18 =288 mm control.
- 48xds =48 x10 =480 mm
- Least diminution of the column = 200 mm

Use ¢ 10@200mm.
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(4.4.6) Check for code requirements:

400-4x2-10x2—-6+18

clear spacing between longitudinal bars = 2 = 38.4mm

38.4 mm > 40mm

>1.5 dy,= 27 mm
- grossreinforcement ratio = 0.01560.01 < 0.0438<0.04 ok
- NO of bars = 20> 4 bars for square columns.

- min tiesdiameter : ¢ 10 for ¢$32 longitudinal bars and smaller.

Fig(4-14) :Column section and

reinforcement.

4-7-1Structural system and minimum thickness:

1. The structural system of this stair was taken as a simply supported (one-way solid slab) since that

the flight of stair will be supported at the ends of upper and lower landings.
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2. Minimum Slab thickness for deflection is (for simply supported one-way solid slab) is hmin =
L _59%
20 20
the supporting beams and additional negative reinforcement is provided , minimum thickness can

L 505
be assumed to be Ry, = 28— 70 — 21.25 cm.

Takeh,;, =25 cm

= 29.75 cm, but in this case presented here where the slab ends are cast white

4-7-2 Loads and Reactions calculations:

The applied live loads are based on the plan area (horizontal projection), while the dead load is based on

the sloped length. To transform the dead load into horizontal projection the figure below explains

howfigure (4-30).8 = tan™! % = tan™! % =29.5%
e SO0 ram =
A" ‘izm mm
%c- mm A )
| e ;.I. . whN/m
o L
// L

Figure (4-15): Transformation of dead load into horizontal projection.

Flight Dead Load computation:

Table (4-7) shows Dead Load calculations on Flight of stair:

Dead Load Form Unit weighty (k—'l:] w (ﬂ]
L m
- 0 +10.35
Tiles 23 33y 9170+ x0.03x1=1196
0.3
0.170 7 0.
Mortar 22 22 % - ; 3 % 002x1=0689
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Stair steps 25 25 0.170x0.3 _
03 % > x1=2125
Reinforced concrete | 25 25x0.25 %1
=718
(solid slab) cos 29.53
plaster 22 22x0.03x1 _
cos 29.53 . Ko
Tota Dead loads kN/m 11.94
Table (4-7)DeadL oad calculations on flight.
Landing Dead Load computation:
Table (4-8) shows Dead Load calculations on Landing of stair:
) . kN kN
Dead Load Form Unit weighty (ﬁ] yxEx1 (k—:]
Tiles 23 23x003x1=0.69
Mortar 22 22003 x1=0.66
Reinforced concrete | 25 25x0.25x1=6.25
(solid slab)
plaster 22 22x003x1=0.66
Tota Dead loads kN/m 8.26

Table (4-8)DeadL oad calculations on Landing.

k
Live Load:L; = 3 —j: .
m

Total Factored Load:w =1.2D; +1.6 L;

Forflighew=1.2 11.94 +1.6 5 =22.33 %
ForLanding: W =1.2 8.26 +1.6 5 =17.91 %

4-7-3 Design of flight:

Because the load on the landing is carried into two directions, only half the load will be considered in each

17.91 kN
5 =82 — .asshownin figure (4-31).
m

direction
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8.2 KNim

206 KNim

8.2 KMin

e IR E R R

= 3451 KN &=
Ra i

A

- L5 m

fig (4-14) : load of flight

- 1.5m -

63 m

Figure (4-16): Loads and reactions on statically system of flight.

(4.7.4) Design of Shear :
=  Assume @ 14 for main reinforcement:-
So, d = 250-20 -14\2 = 223 mm

Shear
Support reaction at B&A = 49.38

Vu=49.38KN.

f /. *b,*d
fve=-Y°c W —

Vu=49.38KN <0.5f Vc =68.28 KN .

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

(4.7.5) Design of Bending Moment :

The Following figure shows the Moment Envel ope acting on the stair

Mu = 76.28kN.m

Mn =Mu/0.9=76.28/ 0.9 = 84.76KN.m.

d=223mm.
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_ Mn

M.,
T b+ d?

20.6 G20

0 T R RGE
=G - = —o1- 1-2RT0R —0,00423
%]

~ As= p* b*d=0.00432*1000 * 223= 943 mm?
As_ =0.0018 * b *h = 0.0018* 1000 *250= 450 mm®
AS;, = 450mmg ASy,= 943cm’

Use5® 16/ 1m

As provided =1608 > Asreq

5 - Secondary reinforcement:

~ As=0.0018 = h = b = 0.0018* 1000 *223= 450 mm®

Use @12 @ 25 cm

(4.7.6) Design of landing
WR = 25.42

WL =16.41

R =7513

(4.7.7) Design of Shear :

= Assume @ 14 for main reinforcement:-
So, d = 250-20 -7 = 223 mm.
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Support reaction at B&A = 17.5

Vu=175

fJf."*b,*d
fve=-Y°c W —

@vC = 0.7
Vu=175KN <fVc=136.55 KN .

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

(4.7.8) Design of Bending Moment :

Mu =(1.25*0.5* 1.25* 16.1)+(27.1% 1.2* 0.65)-(51.9* 1.25)=57.95kN.m
Mu = 64.39.

=Mu/09=73.1/09=KN.m.

d=172mm.

K Mn

" bxd?®

* 6
P 1
1000*172

_ Yy
0.85" fc'

-0 _ 5059
0.85" 24

s 0
=391- 1- 2mK, 9

2 * *2170
21 %1' \/1_ 2* 2059 2.17?0_0055
mg f, 5 2059 20 5

ASeq = 0.0055* 1000* 172 =944.76 mm.

As,. =0.0018* b* h = 0.0018* 1000* 200 = 360mm2

ASin = 360mm2< ASy,= 944.2mm2
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Use @ 14\15cm
10.27cm?/m> ASTEQ.....cveeeeeeeeeennn., OK.

Cheek spacing :

3h =2* 200=600mm
= 450
=380(280\(2\3)* 420)-2.5* 20=330

= 300(280\(2\3)* 420=300........control

\
St T

"hﬁ.:ﬁ 5

Ly -J? AT L- ZIE

« B 1575

., Dl 48 Tl LT w
i B 5007,
~
-\'\.
o
'\\.__
" B jeaar ' T

fig (4-17) : Detailing of stair
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4-8 |Design of Shear Wall case.. SW 1

4-8-1 plan and materials of Shear wall:

The following figuredemonstrate the location of shear wall that we consider to design it on key

plan figure (4-34), with materials of f.» = 24 Mpa , f, = 420 Mpa .and height of

h, =22.10m and thickness b = 300 mm with width L,, = 8. 30 mand ratio of

Ah
displacement over height.— = 0.0135, vertical load N,or p, = 1000kN
W
Strip 3| . | Strip 3
-2l sy B
C5, F5 lc5,F5
| s = Strip 3 ‘ :

Figure (4-18): location of shear wall on key plan.

4-8-2 Elevation and internal Forces:

The following figuredemonstrate the elevation and internal forces shear force of shear wall

that we consider to design figure (4-35):
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e | 8
? EencEsl K A5 TE kMom
anF | 8§
N BE125 kMM
3 F ﬁ
Q nd F i
i8F %
-'—'——mu— —_——— e — e — e M5 TE WM
Shear wall Shear Force Bending Moment
Elevation Diagram Diagram

Figure (4-19): Elevation and internal forces of shear wall.

4-8-3 Design:

Moment M,, at critical section, ( z.)is the smallest of:

L, 83 "
Z=5 =5 = 4.15m - Controlled
h, 221
M, = 3415.75 kNat critical section Z,

Design as a rectangular section with L, = 830c¢m , b = 30cm.

Calculation of effective depth (d) , the smallest of :
d=08xL,=08x8300=6640mm — controlled
d=08xh,=08x22150=17720mm

Design of shear force (Horizontal reinforcement A,.;,) :
maxV, =382 kN

Shear strength of concreteV ¢ is the smallest of :
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1. Ve=: fd hd=-v24+300+6640+10~% = 1626kN — Controlled

2. V,=0.25 f./bd +1:ff

1000 x 103 x 6640

— ! = 5 «
0.25vV24 x 300 x 6640 + 4 % 8300 2639 kN

—— I'\I
—_— Ly f:’+z|,—‘;; bhd
3. I"Pc - D 5 fﬁ +__HFJ_W—_W ﬁ
Vy 2

8300 V24 +5.45 300 x 6640

V.= 0.5vV24 + SIS 10° 300 T =3008 kN
382x10% 2
V.=1626 kN
oV, + oV, =V,
QV.!::VH'_'@VE
74 _Va 74 . opd 261.08 = 248.25 kN
ST "¢T0.75 T e .

Av, Vs 24825x10°

= =0.09
sn fyd 420 6640

Av
min S—" =0.0025%x b =0.0025 % 250 = 0.625 > 009 — 0K
h

Select @10 , Two layers

Max steps ( Smax) in (Horizontal reinforcement A4,,;,) is the smallest of:

L,_8300 _
5= = mm
3horb =3x300=900mm

450 mm — controlled

158 158
Avp, =2X79=158mm? — =0.625 5, = =252.8mm

Sk 0.625

Select s = 250mm < Sy, = 450 mm

P

Design of uniform vertical reinforcement 4,,,. :
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hw Avh

A,y = 00025+05 25- — x - 0.0025 x hx$§,
Iw shxh
Aw _ 0.0025+0.5 2.5 ha- 23 X 11 0.0025 x 250
5 ' ' 3 250x 250
=0.68

Select 10, Two layers

Max steps ( Smayx) in (vertical reinforcement 4,,,,) is the smallest of:

L, _3000__
5 = 3 = mm

3horb =3x250=750mm

450 mm — controlled

158
Ay =2%x79=158mm? ,— =0.68 =232.35mm

Sv

Sh=——=
2h ™0 68

Select s = 250mm < 5,45, = 450 mm

Design of vertical steel in boundary A,.;:

In this part of design part of moment will be resisted from uniform distributed vertical steel

and the other part of moment will be resisted from vertical steel of boundary.

M,=M,,+M,g

Part of My, :
830 3 | |
Ag, =158 % 25 = 5245 6 mm* (value of A, in all section)
z 1
L, 085 % By % fc'xlwxh
ol Lk Asv x [y )
_ 1 ~
= (2 + 0.85 x0.85x 24x8300 x 3uu) =0.046
5245x420

Zz
M, =09x%[0.5 A, fy- lw 1—2wa |
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M“ﬁlz M — M

T uw

Use Min
=0.0018 * b * h = 0.0018 *1000*300 =540 mm.

0.0465
=0.9x 0.5x5245x420x 8300 1 ——

@12 ,Two layers

Select s, = 250mm < S5 = 450mm

We aso did design shear wall by using Etabs program.
Vertical Steel Asmin=0.0012* 100* 30= 3.6cm/m

Horizontal Steel Asmin= 0.002* 100* 30= 6cm?/m both sides
Vertical Reinforcement: select @ 14 \20cm at each side
Horizontal Reinforcement: select & 10 \20cm at each side

U-hook @ 12 \20cm

(4.9) Design of Isolated Footing (F5):-

(4.9.1) Determination of Loads:
fc=24Mpa fy=420Mpa

Total factored load = 1025 KN.

Total services|oad = 815KN

Column Dimensions = 40 * 20 cm

Soil density = 18 KN/n’.

Allowable soil Pressure =400 KN/,
Assume footing to be about (50 cm) thick.

Footing weight = 25" 0.5= 12.5 KN/m"’.
74
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Fig (4-20) :Top Plan and
section of footing.

Soil weight above the footing =0.3" 18 = 5.4 KN/m2.

Catow =400 — 5.4- 12.5 = 382.1 KN/m?

(4.9.2) Determination of Footing Area:

a=35 _ oiame
3821 oM

Try 1.5* 1.5 mwith area2.72 m* > Areq 2.72 n,,,,,OK.
Takel =1.5m.
Pu=1025 KN.

qu=1025/1.5* 1.5= 455.56KN/m2

(4.9.3) Check for one-way shear strength:-

_ 45556
U 1 no0000

% 1500 % (335 — d)
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Vu=ov
d=33.6

(4.9.4) Determination the depth of footing based on shear strength:-

Assume, ¢$=16mm , cover=75mm
H=336+75+16+8=435mm
Take H=50

d= 50-75-16=41.5mm

Vi =qu %
avV —I:E!l>~::1

=X E
@Ve = 419.2

Design of Tow-way shear strength:
Vi = Pu — FRp
FRy = g, x area of critical section

, =3768—-296 % 04+0415 x 02+0415 = 22843kN

The punching shear strength is the smallest value of the following equations:

L OVe=0X; 1+= X foxb. xd

C

2. ETV::=®><I—L(%_§+2)>< fo X b. xd
d

3. @VE=®><%>< foxboxd

Where:
__columr
“ 7 colum
b. = Perimeter of critical section taken at (d/2) from the loaded area.
=2x 415
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Substitutingvalues in equations:

(4.9.6) Design of Bending Moment:

1) At long dimension column "40cm"
Assume, ¢$=18mm , cover=75mm

H=500mm

Mn=19/0.9=21.11 KN.m

. 420
m=— =2 =206
nes ff  0e5e24
X 2111108
R,=—% = _ = 0.08MPa
hedZ 1500+ (415)%
1 2 Ryem
p=r(1— 12y
1 Ze.008+20.6
=— 1= 1-—"=
20.6 420

~ As=p* bg*d = 0.00019* 1500 *415= 118 mm>.

=0.00019

05 = 40 fi

@Vﬂ - O_I

@V = 0.7

BV = 0.7

BV = 11

Mu = 45!



As.. =0.0018* 3100* 650 = 3627mnT
AS,, =3627mnT’ £ As,, = 4737mn¥,,,OK.

#of bar in on meter :ﬂ =19
255

Use 19018 with As=5227.82 mm2 >As req =5227 ,,,,, OK.

check for spacing :

Step "'s" the smallest of
1.450mm  control
2. 3h= 3*650=1950mm

S$=153.6<450 ,,,,, ok.

2) At short damnation column "40cm"
Assume, ¢$=18mm , cover=75mm

Take H = 650mm.

Mu = $ult, B’ gE' 992, SgE- 99
g e2 2gp e2 2g
=g381’ 31 &1 0400 5281 040 _ )10 goknm
e? 2 gg e 2 29

Mn = 1195.27/0.9 = 1328.1KN.m

d =650- 75- 18/2 =566mm

_ Mn _ 1195" 10°
b*d? 3100 5667

=1.44Mpa

Fy 420

m= = ~ =20.59
0.85fc’ 0.85" 24
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' :i(l- 1. 2mRn)
m fy
_ 1 ('\/1' 2 20.59" 144, _ ; o5a5
20.59 420

As,., =0.0035 " 3100 * 566 = 6141 mm ?

As . =0.0018* 3100* 650 = 3627mnT
As,;, =3627° < As,, = 6141Imm’

#of bar in on meter :%: 24
255

Use 24@18 with As = 6225mm? 2As req = 6141 mnv,,,,0K .

check for spacing :

Step "'s" the smallest of
1.450mm  control
2. 3h= 3*800=2400mm

S$=109.5<450 ,,,, ok
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3. ACI Committee 318 (201 ), ACI 318-1 : Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264-2.
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (S)

Structural Drawings

This appendix is an attachment with this project

82



Gila gl g Zalill) Gealdl) Juadl)

Appendix (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members net supporting or attached to partitions or
other construction likely to be damaged by large

Member | deflections.

Solid one-
way slabs £/20 £/24 £/28 £M10

Beams or

ribbed one-
way slabs M6 LN8.5 €121 L8

MNotes:
Values given shall be used directly for members with normalweight concrata

(density w, = 2320 kg/m=) and Grade 420 reinforcement. For other cond-
tions, the values shall be modified as follows:

a) For structural Iiggh'f&igm concrete having unit density, w,., in the ranga
1440-1920 kg/m®, the values shall be multiplied by (1.65 - 0.503w,) but nat

less than 1.08.

bj For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700}

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
SLABS UNLESS DEFLECTIONS ARE CALCULATED
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TABLE 9.5(b) — MAXIMUNM PERMISSIBLE COMPUTED DEFLECTIONS

Typa of memir Deflacticn 10 be considered Dieflection limitatian
Flal roods nt supporting or attached bo nore | Immediale deflection dus to five loed L
stuctural elemants Thely 1o be damaged by 180
large dedections
Fioars not supperting o atached b nonstrue- | Immedias dallection dus 1o ive load L
fural efemants fkely tobe damaged by largs £.360
tdieflections
Raol or floor construction supparting or That perf of fe total deflsction cccuming after
aftachad to nonstructural elements lively fobe | eflachment of nonsirachural elements (sum of {480
damaded by lare deflections the lon-lerm deflection due to al sustained
Roof ar floor construction supparting or mﬂmg&eﬁm&mwemw
afiached bo nonsiruchural elements not ikelr to {240
be demaged by large deflections

* Limit not intendad 1o safequard sainst pondrg, Fcnmiihmﬂ be cheshed by sutabis cakuiaons of defisction, neludng added defiections die b ponded
ey, and considering kengHzm eecks of all sudained loads, camber, consinacion ismnces. and ﬂmiw&mimmﬁﬂwm.

 Longetarm decion shall be datamined in aroovdanca mth 8525 cr 85,43, but may e rmduced by amowt of cisflecion calculated to pocur before atfach.
ment wmmldamm This amoeet shal be debierrrined on Basis of acospled enginearing data rekifing by fme-deflection charcteristics of members sm-
b2t fo those being congiered,

1EL'rni1mag.’I:va-nm:anadmjfadam:uaui MisaGUa i ik b prieven chimiage o Bpporiad of aftachad elernents.

% Ll shll not b grear tham heranca providd for nansinuciural lemerts. Limit may b axnseded i cambes b providsd 5o thal toal deflcon minus camber
s ek g (it

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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