L;j Wldd) C‘)ﬁd\ ! gém g.ghi &axa " ‘;ahdu‘i\ ﬁmﬁ\

Julald)
Jand) (34
daalgl Gpn dpdiss 23ena A axa
s
cAd) daaa L2

AL ggpda i

L giillg Autigh) A0S B Ay jlanally Ainal) duatigh 58 L) adia

Jsanl) cldbiia fpe gjag slisl

Jasi lile

Ay jlanal) 5 Aiaal) daigd) 530 Laglgisil) g dwnigl) A8

Ol — LAY

a¥iro = gg ogils

&) g8 ol e



o ) 7 el " A et pana ' LAY arasatl

LJalal)
Jaad) (328
EPENPHISTWEN Ldiga agana A8 2aaa
s
cAd) daaa L2

AL ggpda i

Lia ol il g dwigl) dulS & 4 jlerally dsaal) Auaigl) 5,000 1) adia

Jsanl) cldbiia fpe gjag slisl

Ja il

Ay jlanal) 5 Aiaal) daigd) 530 Laglgisil) g dwnigl) A8

Ol — L4

a¥ere — g sk

II

&) g8l e



AL £ pdia ol Balgd

Oalanadd AiCilgy daals

Oalaald — Ju1Y)

L“,A’ Wjldd) 7 ¥idal) " uﬁm Al aana ' ALY avaall)

R
Jand) (34
daalgl Cpan Ldga 13ana 2] 23 i il ) g A o e

gl plae] ABblgag popdial) o pdilaall Cipdiall dagliag cilpdly Laglsi€illy Awtigh A0S a3 o gly
b cusngllS) Aay bl sligh lly Ljleral) g Lbsal) Awdigh 53 ) pasdiall 138 ais a5 Adaieal

cbal) iy (awds duigd)

B ) gl gosdal cipha s
Sliga ol L2 L) deaa .2

Lataal) Lipll) adg

a¥eve — J¥ sk

I



;IAayl

...... 313aetly yiall Jly palyioll Joall 1ig gams

o gigirerrnnngeald gle 1381 I

idilad.......... 43 Jol giole o gl

Jdaulysll Jalyo JS gilloy oIl

g).ulﬂlg @A)&."g slamsall ..ll.noi @]!

-Gahauld Jal go "Lz 0ad Jo gl

.aLizaaiy Lisal go J& gl

o 511 ilosleolly Liss 3o dae Lusoll sy Lil 505 ganll Lil 0y inall 133 olosl gle se b o Jéa yladi Glaca

Joall 31,4

v



yaadally yGdll

130 Jal Juoally Jujall yaiidly Jooll 354 oadiin

daisoll dusiall dyilag Linglaicilly dusiall GudGy b ydgoll Jubrauld i gy dnols gilill Lisie,
a2l JLaal paydsi gle Jolall Lagdlh 4914y dyjlonolly

Joall 13as a9 yall g lhatisug sma J& Jig gally (sl s030) yasi&all yGilly jaisig dnolally dasilulll 2s0a
sl Jaiil,

-daclusoll Jald gl oaadsi ya loailgsi lo Jradll . Ganlioll gitloy gl

oaiseluog Jolall paigleil Lagle a0ililly daolall dsid,l

Lasuiy gle o dsoalecill dussupolly fay . asll 133 olos] 58 oblas Jo Ja gl yadall alliy oaiiiig loa
Joall 135 alail &8 odlus Jo Jag gilsoll o dAsilusl yilly jaiiy gosdesll yslGlly 15g 50 Granolall dlasl,

Joall 31,4



g_s, Wldd) 7 yidal) " uﬁm il aaaa ' ALY avaall)

. Julal
Jaal) (318
daalgi Cpes dpdiga 2gana AS) eaa dai ella &) gl e

Oudatd S oy dnals

&

il

L) daaa L2
Eadall (adle
Aalpd 3y WHLER) o5 g Apasanal) clangl) (o g LGS @larall pranalll a9 el 130 388 g
Oa claagl) oda AL gy pdall clang (e A gara
AN Sy alak AelE o g giat LaS Babinall dighually cijil) o (s giad Cpand o8 ke dragdad duyia Yy
O Gl B e Oftetal) O By Assall (il cileBy jiuaa gite o gsing Riaga dgaa LG
ity Cpagall alBaBU A1 Gig) Uanly aliaallS )l Gl (e GeSh Gun Ll (e ga S gomea tladly

.Sl oy UL dcldgone oy Jalaay e

Ly Lllaall GalEY) Blela aly duny ((ALAY) 5 @lanal) lall (il Jglal) pshis £ el praal
g cldie (a Ay al) LAY jealial) o g pdiall Jaldisa calaiin) B dsyudly Uggadly Aal) bl
A bl Gaasi

AutoCAD :fia dpusia galy 335 aladind alsw (ACT 318- 14 358 o 5Ly dapaual aly g £9 pdiall
bl ) ssidas STAADPRO (BEAMD SAFE 12 (ETABS 2013 <Office 2007 <2010
Claagll araal cillabiag Jlaadll Jalady ilua cAbuals 40LAS) Aul anl alaa lgdll A Aariiu)
cgerall aaaill A8l (Ayilasy)
LGl (g ablg

VI



The Structural Design of "Educational Cultural Complex "

In Hebron
Working team:
1ZZEDDIN FARAJALLAH MALIK NABEEL MOHAMMED EMER
MAHMMOUD HOSHEA HUSSIEN NAWAJA

Palestine Polytechnic University
Supervisor :
Dr. Mohammad Al_Sayyed

Project Abstract

The idea of this project revolves around the Structural design of four units, which was
selected after a study of many units of training center units.

These units include

First: Educational School divided in two part included class, labs, cafeteria, and dinar
room.

Second: Music Academy consist of small theater, rooms for music study, and between the
school and music academy we have bridge connected both.

Third: Small Hotel.

Forth: Big theater consist of two part, one for public people the other one for VIP people.

The project will provide an acceptable solution for both sides architectural and structural ,

so that it is taking into account the functional and educational purposes, provide comfort ,

easy and speed of use, the project will include the well-known structural elements as slabs,
beams, columns, foundations ... etc.
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The project will be designed based on the Code ACI 318 -14, several programs will be used

for, such as: AutoCAD 2010, Office 2007, ETABS 2013, SAFE 12, BEAMD, references and

several projects will be referred, eventually a structural details, load analysis and elements
design will be offered for these units, added to the architect design.

God grants success.
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List of abbreviation:

Dy: Dead load.

Ly: live load.

W,: factored total load.

L,: clear length of member.

d: thickness of a layer.

v: unit weight of material.

M, : nominal moment.

M,: factored moment at section.

f7: Compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.

€. strain of tension steel.

@: strength reduction factor.

V.: nominal shear strength.

V.: factored shear force at section.

V.: nominal shear strength provided by concrete.

V,: nominal shear strength provided by shear reinforcement.
Aq: area of steel.
A,: area of shear reinforcement.

b: width of compression face of member.
by: web width.

d: distance from extreme compression fibers to centroid of tension reinforcement.

h: over all thickness of member.
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P.: nominal axial load.
P.: factored axial load.

S: spacing between bars.
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(3-6-1-3) Shell slab:

Shells as a Structural Form:

Thin shells are an example of strength through forms as opposed to strength through mass . The
effort in design is to make the shell as thin as practical requirement will permit so that the dead
weight is reduced and the structure function as a membrane free from large bending stress . by

this means , a minimum of material is used to the maximum structural advantage.

A shell structure is a thin curved membrane or slab usually of reinforced concrete that functions
Both as structure and covering .The term “shell” is used to describe the structures which possess
strength and rigidity due to its thin, Natural and curved form such as shell of egg, a nut, human

skull, and shell of tortoise.

The Shell Shape:

The shell used to cover the theater building is double curvature shell that is formed by the
translation of tow unequal concave down curves placed at right angle to each other .

our shell can be classified under surface of translation, synclastic , non-developed shell:

Surfaces of translation: are generated by sliding a plane curve along another plane curve, while

keeping the orientation of the sliding curve constant.

Synclastic shell: these shells are doubly curved and have a similar curvature in each direction.

Developable surface: is a surface that can be unrolled onto a flat plane without tearing or

stretching it.
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Chapter Four

Chapter 4 - Structural Analysis & Design

4-1 Introduction.

4-2 Factored load.

4-3 Slabs Thickness Calculation.
4-4 load Calculations.

4-5 Design of Topping.

4-6 Design of one way Rib (R003).
4-7 Design of two way Rib.

4-8 Design of one way Solid Slab.
4-9 Design of two way Solid Slab.
4-10 Design of Beam (B010 ).
4-11 Design of Stair(ST1).

4-12 Design of column (C36).

4-13 Design of footing.
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Chapter Four

(4.1)Introduction:

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

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

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

So, in this project, there are three type of slab “one way ribbed slab, tow way ribbed
slab, shell slab”, They would be analyzed and designed by using finite element method of
design, with aid of a computer program called "ATIRE- Software " to find the internal forces,
deflections and moments for one way ribbed slabs, and then handle calculation would be made to
find the required steel for all members.

For tow way ribbed slab will be analyzed and designed by using coefficient method,
with aid of a computer program called “ATIRE- Software” to find the internal forces, deflections
and moment for tow way ribbed slabs, and the handle calculation would be made to find the
required steel for all members .

The design strength provided by a member, its connections to other members, and its
cross — sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength
calculated in accordance with the requirements and assumptions of ACI-318-14code.

NOTE: fc'= 24 N / mm* (MPa ) For all calculation .
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(4 .2) Factored Loads:

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

(4.3) Slabs Thickness Calculation:

(4-3.1) Determination of Thickness for One Way Ribbed Slab:

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

The maximum span length for simple beam (for ribs):
hpin for simple beam = L/16 =5.3/16=0.33m =33cm

Note: We solved this deflection by reinforcements.
Select Slab thickness h=35 with etolite block 27 cm & Topping 8cm

(4.4)Load Calculations:

(4-4.1) One way ribbed slab:

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

calculated as follows:

ke wary ol sty = Shrinkage & Temperatuer Bar's —,

Hollow Block { 28 cm ) -

Fig. (4-1) One way rib slab shape
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(4.5)Design of Topping:

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 the topping.

No. | Parts of Rib Calculation
1 tiles 0.03*23=0.69 KN/m
2 mortar 0.03*22 = 0.66 KN/m.
3 Coarse sand 0.07*17 = 1.19 KN/m.
4 topping 0.08*25 =2 KN/m

) =6.84

Live load calculations = 5*1=5 KN/m
W,=12DL+1.6LL
=1.2*%6.84+1.6*5=16.21 KN/m. (Total Factored Load)

" = W, *1*  1621%0.57
w12 12

=0.34KN.m/m

dM,, = 0.55 % 0.42 x /24 » 1000 * 802/6 = 1.28 KN.m
dM, = 1.28 KN.m > M, = 0.34KN.m

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

be provided.

For the shrinkage and temperature reinforcement :-
p =0.0018

A;= pxb*h=0.0018%1000* 80 = 144 mm?2.

Try bars ®8 with A;=50.27 mm?2.

Ag 144

Bar number n=—-= — = 2.87 take 3 ®8/m with A; = 150.8 mm?/mstrip
bar .
Spacing(S) = % =35 cm =350 mm.

<380 (%) ~2.5%C< 380 (%)
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=380 % (222) - 2.5%20<380 * (222

3y 3y

280
é* 420

280

—380 * (;22% ) 2.5 %20 <380 *(
%*420

)

=330 mm. <380 mm.

<3*h=3*80=240 mm........... controlled.

<450 mm.

~Use @8 @ 20 cm in both directions.
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(4.6)Design of one way Rib (Rib003):

| PE—
4 c22
B012{ 50*35)
c 1(}|
— |
! ©
£
o
o
>
R0O03 3
o
|
|
BO10 { 5035} — o -
Figure (4-2): Ground Floor one way rib Slab.
Material :-
concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-

b=12cm

bf=62cm

h =27cm Tf=8 cm

Figure (4-3) : Rib Geometry
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Loading :-

Live loads - Service Load factors: 1.20,1.20/1.60,0.00

Figure (4-4) : loading of Rib

Moments: spans 1 ta 7

88 / '\ -2
, 147018\,
———

0.7,0.69 i

Figure (4-5) : Moment & Shear Envelope of rib

50

-

dadina



Chapter Four

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 one way rib slab.

No. | Parts of Rib Calculation

1 tiles 0.03*23*0.62= 0.428 KN/m
2 mortar 0.03*22%*0.62 = 0.409KN/m.
3 Coarse sand 0.07*17*0.62= 0.738KN/m.
4 topping 0.08*25*%0.62 = 1.24 KN/m

5 RC rib 0.27*25*%0.12=0.81 KN/m

6 Hollow block 0.06%15*0.5 = 0.45 KN/m

7 plaster 0.03*22*0.62 = 0.409 KN/m

Y =1

LL=5%0.62=3.1
Dead load / rib: DL=4.66 KN/m
Live load / rib: LL=3.1 KN/m

(4.-6.1) Design of flexure of rib(Rib 03):-

(4.6.1.1) Design of Negative moment of rib (Rib 03):

1) Maximum negative moment at support (2) Mu © =8.8 KN.m.

Take ¢ 14
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

Mn = Mu /¢ = 8.8/ 0.9 = 9.78 KN.m

fy 420

© 085f/ 08524

=20.6

Mn 9.78%10°

bxd?2  120%3132

1 2%Kp*
p=—(1- /1—Tm)

_ 1 <1 _ 1— 2*0.83*20.6)2 0.002 .
420

R, = = 0.83MPa

—A=p * by, *d =0.002* 120 *313 = 75.12 mm”.

_ fe 1.4
ASmin—rfy)* W*d ZE bw*d
V24 1.4

*120% 313 = —* 120+ 31
4%420 420
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=109.53 mm’<1252 mm* ............. Larger value is control.
— ASmin = 125.2mm”>>As,eq = 75.12 mm”.
~ As=1252 mm’.
2 ®10=157.08 mm*>As,q = 125.2 mm’>. OK.
~ Use 2 @10

— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy =085*f/ *b*a
157.08* 420 =0.85 * 24 * 120 * a

a=26.94 mm.

a 26.94

c= 5 0es 31.7 mm. * Note: f, =24MPa< 28 MPa— f; =0.85
1 .

£ = 0.003 * (=5

313-31.7
31.7

= 0.003 * ( ) =0.027 > 0.005

~d =0.9 OK.

(4.6.1.2) Design of Positive moment of rib (Rib03):

Take ¢ 14
Max positive moment Mu=12.8

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

=350 -20- 10 %= 313 mm.

bg < % * clear span+ b,= 620 mm ............ Controlled.

AN

Span/4 = 2500/4 = 625 mm.
(16* hy) + by, =(16* 80) +120 =1400 mm.

AN

—bg= 620 mm.
— My = 0.85 f7 % by + hy  (d = )
= 0.85 24 % 620 % 80 * (0.313 — 82—0) £1076 = 27623 KN .m

M= 0.9 * 276.23 = 248.61 KN.m
—(OM;r=248.61 KN.m >> My, o= 12.8 KN.m.
Soa< hf

~ Design as rectangular section.
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1) Maximum positive moment Mu ¢)=12.8 KN.m

Mn=Mu/ ¢ =12.8/0.9 =14.22 KN.m.

0.85f! 0.85%24

My _ 14.22x10°
bxd?  620%* (313)2

1 2%Rp*
p=m— 120

:L(l _ Jl _M>Z 0.0006
20.6 420

—A,=p * bg *d =0.0006 * 620 *313 = 116.4 mm”.

R, =0.234 MPa

As —fC’ * d >2xp, +d
mn T () W 5 Y
=4ﬁo* 120%313 > %120+ 313
=109.53 mm’<125.2 mm”* ............. Larger value is control.
—>ASpin = 125.2 mm*>As,oq = 116.4 mm’.
=~ As=125.2 mm’,
2 ®10 =157.08 mm>> As,eq = 125.2 mm*. OK.
~ Use2 ®10

— Check for strain:-(gg > 0.005)
Tension = Compression
Ag*fy =085*f/ *b*a
157.08* 420 = 0.85 * 24 * 620 * a

a=5.22mm.
c= ﬁi - % =6.14 mm * Note: f, = 24 MPa< 28 MPa— 3, = 0.85
7o

£ = 0.003 * (59

313-6.14
6.14

=0.003 % (

) =0.15> 0.005
~ =0.9 OK.
2)Design Positive moment My ¢ 9.3 KN.m _ left Side.
Since Mu 4~12.8 KN.m for right side> Mu ©~9.3 KN.m for left side, and we take the
minimum A; for Mu= 12.8 KN.m, so we take the same for the Mu =9.3 KN.m.
~ Use 2 @10
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(4.6.2)Design of shear of rib (R03)

1) Vu =17KN.
i
* = hF X1 * *
P*Ve=* 1= * b, *d
=075 * 2+ 120¥313 107 =23 KN,

1.1* ¢V, =1.1 *23=253 KN
0.5* p*V, =0.5%25.3 =12.65
0.5* d*V, <Vu<dp*V,
12.65<17<25.
~mminimum shear reinforcement is required except for concrete joist construction, so, no
shear reinforcement is provided.

(4.7)Design of two way Rib (R D106):
4.7.1 Determination of Thickness for Two Way Rib Slab:

*Minimum thickness (deflection requirements): Assume the thickness for the shown ribbed slab
(R106) . h=35.

T = |
S LS ) 18 B | TS ) |
I 1
- "
M
=%
-
L E
iy
- =
1h [
i i
T
]
T —
¥ L
|R108)
'-.__.-.“_.__- T
— .HM
E s 3
~
- Ty
.3 -\\-\._
E =~
S
£ 23 34 T M) 0

Figure (4-6) Tow way rib slab location.

Check for the minimum thickness of the slab:

e [Exterior beam

_ 80%35%42.5+40%25%12.5
80%35+40%25

= 34.6cm.

Ye
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80%34.63  80%x0.43 = 25x403
Ibeam= 3 + 3 + 3 = 16379 1&37714

e Interior beam

_ 80%35%42.5+40%25%12.5

¢ = 34.6cm.
80%35+40%25
80%34.6% = 80%0.4% = 25x403 4
Ipeam™ 3 + 3 + 3 =1637915m*.

e Interior beam in direction and Interior beam in long direction

bxh3 80%353
[, =—— =285833.33 cm®
’ 12 12

Slab section for Exterior beam:

The moment of ribbed slab is the sum of Moment of inertia of T-section ribs
Within distance ( + by,)

bs = 62 cm in long

_ 62%8%314+27%12%13.5

Y. = 24.1cm.
62%8+27x12
62%10.9% = 12x24.13  50%2.93 4
Liv= = + s 3~ 82348 cm™.

by = 52 ¢cm in short
Y~=24.5cm

Li, =59609 cm*
Exterior slab

Short direction L= 8.25 = 825 cm.

825
_Iri b(L/2+bw) _ 59609%(5~+80)

b 52

Is =564566 cm” .

Long direction L=13.05m = 1305cm.

1305
_Irib(L/2+bw)  82348+(—,—+80)

bg 62

Is =972902 cm*.
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Interior slab

Short direction L ;o =8.25 m=825cm, L s = 3.03m = 303cm.

Ly L 825 303
rlglt_l_ left+b

=2247°°480
=1 4 * —2 2" — 59609 2—2— =738235 cm”.
bf 52

Long direction L ;o =13.05 m=1305cm, L 5= 2.45m = 245cm.

Lyi glt_I_Ll eft 1305 245

w 1395 0
e %22 — 82348* 22 " _ 1135606 cm®.
bf 62

Ip

o=
f—ls

I, 28533 _
T I 972902 '

6531

Iy 1637915
b 2055 _1.44

Q= — =1.
2=, “1135606

I, 1637915
Op-—-——"""—=2.9
5= 1, ~ 564566

I, 285833
_——=0.25
Iy "1135606

Z(Xfm:

6877

Ip 0.3+1.44+2.9+0.25
I~ 4

=1.22<0.2

The minimum thickness of slab will be:-

L (0.8+-12 1305%(0.8+—22

= 11007 — 110 = 327.33mm > 125mm Ok
36+58%(afm-02) 36+5+1.54%(1.22-0.2)

_L,Long _ 1305 _ 1 54

L,short 825

80mm- topping , 210mm etolite block, 60mm- concrete block .

56 iai



4.7.2 Load calculation:

Chapter Four

Table 4.3 ( Dead load calculation for two way slab )

Material Quality Density Y
KN/m3 KN
Tiles 04 23%0.03*0.62*052 0.213
Mortar 22 22%0.02%0.62%0.52 0.142
Sand 16 16%0.07%0.62*0.52 0.361
Reinforced Concrete | 25 25%0.08%0.62%0.52 0.642
Topping
RC. Rib 25 25%0.27%0.12(0.62+0.4) | 0.826
Concrete Block 15 15%0.06%0.5%0.4 0.18
Plaster 22 22%0.02*0.52%0.62 0.142
Y= 2.509 KN
Dead Load of slab :
L=——2— = 7.78KN /m?.

Wp= 1.2 *7.78 =9.34 KN/m>.

Live Load of Slab :

LL= 1.6*5 =8 KN/m>.

W o= 9.34 + 8 = 17.34 KN/m>.
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4.7.3 Moments calculations:

Ma=C,* W *L,2*b; and Mb= Cp * W * L, * by

l, 825
l, 13.05

* Positive moments: (Table2+ Table 3):

Cap=0.0782

Cop=0.0112

Ca,L =0.0782

Cb,L =0.0112

M, posp= 0.0782 * 9.34 * 825> =49.6 KN.m/m

My pos,p= 0.0112 * 9.34 * 13.05*=17.82 KN.m/m

M, pos1= 0.0782 * 8 * 8.25°= 42.47 KN.m/m

My pos= 0.0112 * 8 * 13.05%= 15.26 KN.m/m

Ma,pos= Ma pos.0 T Ma pos 1= 49.6 +42.47 =92.07kN.m/m

M pos= My pos.o+ Mp pos L= 17.82 +15.26 =33.08 kN.m/m

. . . 1 ..
*#% Negative moment at Discontinuous edges = (g*posmve moment )

M = =* 92.07 = 30.7 KN.m/m

wlkr

Mb neg= 2* 33.08=11.03 KN.m/m

4.7.4 Design for positive moment:

Mu =92.71 KN.m/m

Assume bar diameter @14 for main Reinforced concrete section.

d
d=h-20- ds -7”=350—20—8-7 =315mm
My, _ 92.07+0.62 _
M, = Ztby = ==2°% = 63.4 KN.m
_fy 420

T 0857 08524 20.6
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R = M, _ 63.43%10°
M pxd?2  620%3152

1 2%Rp*
p-ta- f1- )

=+ <1 - 1- —2*1'03*20'6>= 0.0025.

20.6 420

= 1.03MPa

—A=p * by, *d = 0.0025% 620 *315 = 488.25 mm”.

fé 14
ASmin 4 (fy) *by xd = E by, *d
=2 1204315> 2241204315
4x420 420
=1102 mm’<168 mm” ............. Larger value is control.

—>ASreq = 488.25mm”*>Aspiy = 168 mm?’.
« As=488.25 mm’.

Ay 48825
 AP18  254.45

~Use2 ®18  As=508.9 mm?
— Check for strain:-(g; = 0.005)

n =192

Tension = Compression
As*fy =085*f/ *b*a
508.9% 420 =0.85 * 24 * 620 * a

a=16.9 mm.

c=—=——=19.88 mm. * Note: f, = 24MPa< 28 MPa— f; =0.85

£ = 0.003 * (=5

315-16.9
16.9

=0.003 * ( ) =0.0057 > 0.005

~d =0.9 OK.

4.7.5 Design for negative moment:

Mu = 30.7%0.62=19.034 KN.m

Assume bar diameter @14 for main Reinforced concrete section.

d
d=h-20- ds -7b=350—20—8-7 =315mm

M, 19.034
= =21.16

My 1) 0.9
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0.85f! 0.85%24

M, _ 21.16%10°
bxd?  120%3152

_1 _ __ 2xRpxm
-1a- [1-2Remy

=— <1 - J1- —2*1'77*20'6>= 0.0044

20.6 420

R, = 1.77MPa

—A=p * by, *d = 0.0044* 120 *315 = 166.32 mm”.

1 14
= f W*d >_*bw*d

ASmin = 375" =%
=2 1204315> 2241204315
4x420 420
=1102 mm’<168 mm” ............. Larger value is control.

—ASpeq = 166.32mm’<Aspin = 168 mm”,

~ As = 168 mm”.
_ A _ 168
"Tap1z T 1131

~Use2 ®12  As=226.2 mm?

4.7.6 Design for positive moment in long direction:

Mu = 33.08*%0.52=17.202 KN.m

Assume bar diameter @14 for main Reinforced concrete section.

d
d=h-20- ds —7b=350—20—10- 14 =307mm

M, =2 =122 _ 19113 KN.m
) 0.9
=D -0 __96
0.85f, 0.85%24
_ Mp _ 19.113x10° _
R, = oid? - Sz003077 = 0.39MPa

=r- [1—ZRum
-t 1o,

=+ <1 - 1- —2*0'39*20'6>= 0.0009.

20.6 420

—A,=p * by, *d = 0.0009* 620 *307 = 178.5 mm”.
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sy = Vb wd > Map ed
min T g (fyy) W =5 v

= 1204315 > 2241204315

=110.2 mm°<168 mm” ............. Larger value is control.
—ASyeq = 178.5mm*>Aspip = 168 mm”.
~ As=178.5 mm’.
o As 1785

A,012 1131

~ Use 2 ®12 As=226.2> 178.5 mm?-ok

So negative reinforcement steel
As== Aspos=:+1785 =595 < Asy, = 168mm 2
~ Take As=Asp; , = 168mm ?

As 168
As012  113.1

~ Use 2 ®12 As=226.2> 168 mm?-ok

= 1.45

4.7.7 Design shear for two way rib slab:
Maximum shear coefficient will be in the short direction for the slab with
boundary conditions as
Case (1)
Wa=0.874 Wb=0.12
**total load on the panel being = 8.25%13.05%17.34=1866.9KN
*Load per rib at face of long beam is
VU,d0e=0.874%1866.9%0.62/ 2*#13.05= 21KN control
V4= Vigace -Wy, * by *d = 21 —17.34% 0.62 * 0.315 = 17.6KN
The shear strength of one rib in slab is
Ve=(1.1) *25[f7 * b, *d = (1.1)*=*VZ4 * 120 * 315 * 10” =33.95 KN.
®V,=0.75 * 33.95=255KN..
0.5*0dV . < V, < dVc
12.73KN < 21KN < 25.5KN.

So no need for shear reinforcement (exception for joist) construction.
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(4.8) Design of one way Solid Slab (S 1):

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

Wyp=1.2%6.25=7.5 KN/m?
Wisnow= 1.6x2 = 3.2 KN/m?

Wu =7.5+3.2=10.7 KN/m?

4.8.1 Minimum thickness (deflection requirements).

For first andlast span (one end conti nuous)

First span
I 3340

hminzz = 7 =139mm
Endspan
h —L _ 3860 224 mm — control

min~—,, = o4
For interior spans (bothends conti nuous)

Second span

hnin =5 = 2= = 119.64mm

Thirdspan

l 5690
hypmm=—=——=203mm
mn - 54 28

Tack h=25cm

db 12
d =h—cover—7= 250—20—7= 224 mm

4.8.2 Load calculation

KN
Wslab=y*h*b=25*0.25*1=6.257

Wa = Weigp + Wimorter = 6.25 + (22 % 0.02 1) = 6.25 + 0.44 = 6.69 KN

KN
w,=12d+161=12%669+1.6%*2 = 11.2287

Check whet her t hi ckness i s adequate for shear

14 1.15 W * bn 1.15 112285 32.28
= 1. * = 1. *— = . _—
wmax 2 2 Imstrip
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1 1
V.==fl *b, *xd =—=+v24+1000% 224 = 182.89
6 Je * by = 6" - - Imstrip

®=0.75for shear

KN
1m strip

%, =0.75%182.89 = 137.17

KN . KN
Vimax = 32.28——<0.5%V, = 6858 —

The thi ckness of theslabis adequate enough

Moment/Shear Envelope (Factored) Units:kM meter

Momenis: spans 1to &

-42.5
-33.7 . 328
-22.1
A2T -16.7 _ -15.
-DAT, -8.3 1 11.48

15 | 184 1.67 1.67 2.56 343 | 3.562

[ 1t b B I Il Il
¥ G . lars, " 14 /
3T | 1 43 LT 1 W—| 3
17
18.2

Figure (4-7) Moment Envelope of one way solid slab.

4.8.3 Design of max positive moment

M, 313
Mn _T_W_ 34.7 KN.m
fy 420
m=—2r_ = =206
0.85f! = 0.85%24
«106
R, = = 37T _ 69 MPa.

T bxd2 1000 (224)2

1 2%Rp*
p=—(1- /1—Tm)

=— <1 - [1- —2*0'69*20'6>: 0.00167 .

T 206 420

—ASpeq=p Xb Xd =0.00167x1000x224 = 374.44 mmz.
—ASpin =p Xb xXh = 0.0018x1000x250 = 450 nmz.
—Asmi n =450 mm? >Asreq = 374.44 nm?

~As =450 nm.

@PI12wi thAs =113.1 mh
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Number of @12 274 =*% _ 397 no.bars =5bars
Apar 1131

Take 812/ m or ®12@00mm

The step (s)is thesmallest of
1-§=3*h =3*250=750nm
2-5=450 nm

280
280

3-5:330(%) — 2.5+ Cc =380+ (22) — 2.5 +20 = 330 mm

But $300*E2) =300 — control
S$=200 <Spqy =300mm ok

4.8.4 Design of max negative moment

—M, =33.7KN.m

_ M, _ 33.7 _
A4n —-—ET'—-—EEJ'—— 3744 KN.m
Assunme? 12
d =224mm

=D - 206
0.85f!  0.85x24
My _ 37.44x10%

R, = ped? 10008 228)% 0.75 MPa.

1 2%Rp*
p=—(1- /1—Tm)

=1 <1 - |J1- —2*0'75*20'6>: 0.00182,

T 206 420

—ASpeq=p Xb Xd = 0.00182x1000x224 = 407.68 nnrZ.
—ASpmin =p Xb xh = 0.0018x1000x250 = 450 nn.
—Asmi n =450mmy2 >Asreq = 374.44 nmy?

~As =450 nmz2.

@P12wi thAs =113.1 mh

Number of @12 274 =*% _ 397 sno.bars =5bars
Apar 1131

Take 812/ m or ®12@00mm
$=200 <S4, =300mm ok
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4.8.5 Temperature and shrinkage

As (temp) = 0.0018* b * h = 450 nm?
Take #10/m or ?10@50 nm
1-S=5*h =3*250=1250nm
2-5=450mm -control

§=250 <Spax = 450mm ok

(4.9) Design of two way Solid Slab (S 7):

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

Wap=1.2%6.25 = 7.5 KN/m?
Wasnow= 1.6%2 = 3.2 KN/m?

Wu =7.5+3.2 =10.7 KN/m?

4.9.1 Moments calculations:

Caneg (i—b = 0.87) =0.0466 from table by interpolation
Mu. ap. 4 = 0.0466 * 10.7 * 5.5 = 15.08KN.m

Cbpe g(i—: = 0.87) =0.0484 from table by interpolation
Mu.bye 4y = 0.0484* 10.7 * 6.13* = 19.46KN.m

Ca. Dpos(i—z = 0.87) =0.038 from table by interpolation

Ca.Ly, 5(%: = 0.87)=0.038  from table by interpolation
Mu. ay,s = 0.038% 7.5 * 5.5 + 0.038 % 3.2+ 5.5? = 12.3 KN.m
Ch. Dpos(ﬁ—;‘ = 0.87)=0.026 from table by interpolation

Cb. Lpos(i—;‘)l = 0.87)=0.0228 from table by interpolation
Mu.byos = 0.026 * 7.5 % 6.13% 4+ 0.0228 % 3.2 * 6.13* = 10.07 KN.m
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4.9.2 Design of flexure:-

4.9.2.1 Design of Positive moment :-

»Short direction
Maximum positive moment Mu ® = 12.3 KN.m
Mn=Mu/p=12.3/09=13.67 KN.m

d=250-20-12/2 =224 mm
m=——=———=20.6 .
0.85f, 0.85+24

M. 13.67%10°
R,=—L= = (. 272 MPa.
m pxd2  1000%2242

_1 _ __ 2xRpxm
-1a- [1-2Remy

=— <1 - \/ 1- —2*0'272*20'6>= 0.000652

20.6 420

—A=p x b xd =0.000652x1000x224= 146.05 mm*
—ASmin = 0.0018xbxh = 0.0018x1000x250 = 450 mm?
—ASyeq = 146.05 mm’<Aspyi, = 450mm”.

— As =450 mm?

n=450/113.1=3.97 ... s =1/3.97 =251 mm

select 12/ 200mmn <2.h=2x250 =500 mm
<450 mm

»Long direction
Mu(+) =10.07 KN.m < 12.3 KN.m
select 12/ 200mn

4.9.2.2 Negative moment

»Long direction
Maximum negative moment
Mu® = 19.46 KN.m

Mn=Mu/p=19.46/0.9=21.62 KN.m
m=——=—-—=20.6 .

0.85f! 0.85%24
My, _ 21.62%10°

R, =—1 = _= 0.431 MPa.
bxd 1000224

1 2%Rp*
p=—1- /1—Tm)
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206 420

—L(l B \/1 B 2*0.431*20.6)2 0.00104

—A=p x b xd =0.00104x1000x224= 232.96 mm’
—ASreq = 232.96 MM <As i, = 450 mm’.
— As =450 mm?

select 12/ 200mmn <2.h=2x250 =500 mm
<450 mm

»Short direction

Maximum negative moment Mu © =15.08 KN.m < 19.46 KN.m
select 10/ 200mn

4.9.3 Design shear for two way- solid slab :—

Take one way shear in short direction :
Vu=10.7 x (5.5/2-0.224 )=27.03 KN

1l
gzst:(zsxgxwad

= 0.75 % X 1000x224 = 137.171 KN > Vu = 27.03 KN

No need for shear reinforcement
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(4.10) Design of Beam (B D10):

Material :-
concrete B300 Fc' =24 N/mm’
Reinforcement Steel fy = 420 N/mm”
Section :-
B=40cm.
h=30cm.

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

hiin for both-end continuous = L/18.5

=355/18.5=19.19 cm.

The controller beam total depth is 35 cm.

—Select Total depth of beam h=35cm.

Figure (4-8) : Beam Geometry.
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[Dead loads - Service Units:kN,meter

Live loads - Service Load factors: 1.20,1.20{1.60,0.00

Figure (4-9) : Load of Beam

Hﬁr}l;f:-nts: sans 1 to .2

Shear

Figure (4-10) : Moment& Shear Envelope for Beam (B D10)
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(4.10.1) Design of flexure:

(4.10.1.1) Design of Positive moment:

b=50Cm. , h=35Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 40 -8 — —=295 mm.

Mu=28.6 KN.m

Crnax =2 * d =2 %295 = 126.43 mm,

amax = P17 Crax = 0.85 * 126.43 = 107.46 mm . *Note: f, =24 MPa <28 MPa—f; =0.85

Mg =0.85* f/ *b*a*(d-=)

107.46

=0.85 * 24* 500* 107.46* ( 295 -—) * 107
=264.45KN.m .

* Note: €,=0.004 — ¢ = 0.82

—PMnyax = 0.82%¥264.45 = 216.85KN.m .

—Mu =28.6 < pMnyx =216.85 KN.m .

-~ Design section as singly reinforced concrete section.

Maximum positive moment Mu ) =28.6 KN.m .

Mn = Mu /p=28.6/ 0.9 =31.8KN.m .

0.85f! 0.85%24

M, _ 31.8x10°
bxd?  500% (295)2

1 2%Rp*
p=m— 120

=— (1 - 1- —2*0'73*20'6>= 0.0018

20.6 420

R, = 0.73MPa.

—ASpeq=p * b *d=0.0018 * 500 *295 = 265.5 mm’.

As. . = \/f:,*b*d <ﬂ*b *d

V24
4%420

£500 % 295 < —= %500 * 295
420

=430.12 mm?*<491.67 mm” ............. Larger value is control.
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—ASmin = 491.67 mm*>As,q = 265.5 mm”.
~ As provided = Aspin =491.67 mm>.
As @14 =153.94 mm>

4 D14 =20re0 Z 29167 _ 3 5 4 of bars = 4dbars,
Apar 15394

« Use 4@ 14 — As =4*153.94 =615.75 mm>>As,., =491.67 mm’ .

— Check for strain:-(gg = 0.005)
Tension = Compression
As*fy =085*f/  *b*a
615.75 * 420 =0.85 * 24 * 500 * a

a=25.35 mm.
c= ﬁi =22~ 29.83 mm, * Note: f = 24MPa< 28 MPa— 3, = 0.85
A

& = 0.003 + (59

—0.003*(22222%) — 0.027> 0.005 ~dp =0.9 OK=

29.83
Check for bar placement
_ 500—(40%2) —(8%2) — (4x14)

b 3 = 116mm > 25mm ok

~ Use 4014

Design for moment My @ =27.9 KN.m

Since Mu @~ 28.6 KN.m > Mu ®~27.9 KN.m, and we take the minimum A for
Mu=28.6KN.m, so we take the same for the Mu =27.9 KN.m.

~ Use 4014

(4.10.1.2) Design of negative moment:

*Max. Negative momenton Mu © =40.2KN
bMnpx = 216.85KN.m> Mu = 40.2 KN.m — Singly reinforced concrete section.
Mn=40.2 /b =40.2/0.9 =44.67KN.m .

0.85f! 0.85%24

My, 44.67%10°
bxd%  500%* (295)2

_1 _ __ 2xRpxm
-1a- [1-2Remy

R, = 1.03MPa.

71| da



Chapter Four

=— (1 - J1- —2*20'6*1'°3>= 0.0025
420

As=p *b*d=0.0025 * 500 * 295 = 370.06 mm®.

fC’ 1.4
Asminz rfy)*b*d = E*bw*d

\/_
4- 420

* 500 % 295 > * 500 % 295

=430.12 mm?*<491.67 mm” ............. Larger value is control.
ASmin = 491.67 mm*>As,., = 370.06 mm’.
« As=491.67 mm’.

#0f D14 =—=—"""-=32— # of bars =4 bars.
Apgr  153.94

« Use 4®14 — As=4 * 153.94 = 615.75 mm>>As,q = 491.67 mm” .

— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy =085*f/ *b*a
615.75 * 420 =0.85 * 24 * 500 * a

a=25.35 mm.
c= ﬁi - % —29.83 mm. * Note: f, = 24MPa< 28 MPa— 8, = 0.85
1

£ = 0.003 + ()

=0. 003*(295 —2)=0.027>0.005 - =0.9 OK=

(4.10.2) Design of shear:

1) Vu=58.1KN.

q)Vc—<b*JF*b *d

\/_

=0.75 * X2 % 500 * 295 * 10™ = 90.3 KN.

— Check For dimensions:-
GVe+( =% * Jf7 *by*d) =903 +( =*0.75 *JZ4 *500 *295% 107 )
=90.3 +361.3 =451.6 KN>Vu=58.1 KN.
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-~ Dimension is big enough.
take case II :
0.50*Vec<Vu<@=*Vc
45.16 <58.1 <90.32

Minimum shear reinforcement is required (Av min)

! 1
Avgin = %*bw*d > §*bw*d

= %*500*295*10-3 > 14500+ 295

=45.16 mm’<49.17 mm” ............. Larger value is control.

select2leg.®8 ,,,,,Av = 2% 50.27 = 100.54 mm?

__100.54%420%295

=> Spreq= T ao17e108 253.34 mm > Smax

Av  VsSpin
Sreq fy*d

d 295
Smax S5 == = 147.6 < 600mm

So Sinax = 147.6 nm
selectU shap (2leg stirrupsH8 @ 100 mm .

When Vu=29.7 KN
VSmin = 49.17 mm?

selectU shap (2leg stirrupsP8 @ 100 mm .
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(4.11) Design of stair(ST1) :

B 36

ctd— | i

Figure (4-11) stair plan
4.11.1 Determination of Slab Thickness for deflection is (for simply supported one way
solid slab):

hreq=2i0

hregq %;s =019m=19 cm

Take h =200 nm

4.11.2 Load Calculations:

182

The stair sl ope bydhi= (300

) = 31.24.
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For Flight :

Dead Load for flight:

. 0.182+ 0.35
Tiles= 27 (T) *0.03+x1=144KN /m
0.182+ 0.3
Mortar= 22 (T) *0.02+%1=0.71KN /m

25 /0.182%0.30
Stal’IStlpF—(T

03 ) *1=2.275KN /m

25%0.20%1
sla =(—

cos31.24 ) = >85KN /m

0.03x1

Plaster= 22 (m

) = 0.772 KN /m

Total Dead Load =11.05 KN/m
Live Load =4 =4 KN/m

Total Dead Load For Flight =1.2*11.05+1.6*4=19.66 KN/m

For Landing :

Dead Load For Landi ng:

Tiles Ax0.03x1 =0.61KN/m

Mortar =20.0vx1 =0L5KN/m
Slab=20Y2«1=5KN/m

Plaster =22*0.03*1=0.66 KN/m

Total deadloadforlanding =6.76 KN/m
Live Load41=4KN/m

Total Dead Load For l anding =1.2*6.76 +1.6*4 =14.512 KN/m

By using manual anal ysis
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4.11.3 Design of Shear for flight:

_19.66+3

A=B = 29.49KN

Assune J14 for mai nrei nforcenent:
So, d =20020-(~) =173 mm.

Vu=29.49 KN.

PRNIA,

* * * *1073
¢5Vc=0'75 V24*1000%173*10 =105.94KN /1mstrip

6
Vu=29.49 KN 0.5* dVc =52.97 KN..

Depthof flight is ok Since, thereis noshear Rei nforcenent .

4.11.4 Design of Bending Moment for Flight:

9.66%1.52

Mi =29.49%(0.925+1.5}"22" = 49.4KN.m
Mireq =%=409—':= 54.88 KN.ny/'m.

Assume bar di aneter 14 forrmedinf orcenent.
d =200-20- (%) =173 mm

R, = an
b-d

* ()
R, =880 ) gavpa

" 1000%(173)°

oo Y
0.85x% fc'

__ M0 06
0.85x24

1 2mR,
p——[l 1— ]_ 1 (I_JI_MJZO‘OMW
m\ 20.588 420
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As req =0.00457000<173= 791.04 nm2
Asmi n=0.0018 1000%< 200= 360 nmz2

As req=791.04 nm2 Asni n=360nmmt ...............0k

As _ 791.04

TAs 014 1539

=5.14

==L —0195m
n 5.14

S

Use @14/ mwi t A; = 92563 m2 /mstrip OR us@14 @150 nm

Check for spacing:

3h=3 *200=600 nm
S=450nm

280

5= 380(0.667 420

) —25%20=330mm

s= 300( 280 ) = 300mm...... control.
0.667x420

s =1562300 < Spyx = 300 oo Ok

Secondary Reinforcement:
For shrinkage & Tenpreture As provi de equal :

ASpin = 0.0018% Bx h = 0.0018 1000200 = 360 nm2

A 360
n=—-—_="""=24
As®14 1539

=1 —043m
4

T2

S

Sl

Use3D14/mwi t My = 46181 nm? /mstripor @14 @400 nm

Check for spacing:

5h=5x200=1000 nm
S=450nm ......acuwuru....0k control

s =40 Sy = 450mm  ............. Ok
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4.11.5 Design of landing:
sanme thi ckness =20 cm
By using nanual anal ysis

Total Dead Load For Flight =1.2%6.76 +1.6*4 =14.512 KN/m

Wl (18.43+14.512)+3.55

2 2

4.11.6 Check for Shear strength Landing:
Assume bar di ameter 14for nmai nrei nforcenent.
d =200-20- (%) =173 nm

Take maxi nums hear as t he support reaction Vu=5847 KN.

PRNIAY

* * * *103
¢Vc:0.75 V24 1(6)00 173%10° _ | o< oaxn

0.5x@Vc=05297KN < Vu=5847KN < @Vc = 105.94KN

Depthof flightis ok Since, thereis nosheat Reinforcem

4.11.7 Design of bending moment for landing:
Calculate the maximum bending moment at mid span and the steel

reinforcement

wi? (18.43+14.512)%3.552

M == : = 51.9KN.nym

Assune di aneter bar 14for nainrei nforcenent .because the bawiith bkee l andi ng

placedonthetopof thenainreinforcenent .

d=200-20-14-(14/2) =159 nm

" _Mu_51.9_5767
g 09 U
R =M
b-d?
% 6
Ro=2T0T0 5 o8mpa .
1000*(159)
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m o=
0.85* f¢'
__ 20 6
0.85x 24
1 2mR,
p_—[l— 1- J;(lx/leo.oosg
m / 20.6 420

As req =0.0058000% 159=922.2 nm2. ...cont rol

Asmil= 0.0018< 1000% 200 =360 mm2

As reqp As mi n ..

A 922.2
n=-=_=2-""=599
As @14  153.9

=L —0167m
99

s,

S

Sl

Use@14/mwi t My =923.63mm2 /mstripor @14 @150 nm

Check for spacing:

3h=3*200=600nm

§5=450

280
s= 380(

m) —25%20=330mm

s= 300( 250 ) = 300mm...... control .
0.667x420

s =156 300 < Spygx = 300 oo Ok

Secondary Reinforcement:

For shri nleagTenpreture As provi deequal

As min =0.0018 B+ h = 0.00181000+200 = 360mm?

A 360
n=—-"-_="""=24
As©®14  153.9

S

Sl

=1 _043m
2.4

Use 4 P14 /mor 1 P14 @25cm

Use 314 /mwi t A = 461 mm?/mstrip or ®14 @400 nmm
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Check for spaci ng:

5h=5x200=1000 nm

S=450nm ......acuwuru....0k control
s =40 Sy = 450mm  ............ Ok
e 2,00 r 123 +
LEE LT e,
DT S
l!mjm
- . el L
" .L/Af T
™ ij é
0.2a [ r o
2.04 + a‘
Pl sl ) e, i p ]G 0.3
L=¥ & | £ i3
@ _‘-Dﬂ \!fﬂfﬁ LemHHT

=530

bﬁsﬂﬂg FAS S EelED
L=r3d
e
L=5

¥

Figure (4-12) Reinforcement Detail for Stair.
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(4.12) Design of Column (C FO01) :

PUsactoreqa= STOOKN.
Puy = 3192KN.
Pu, = 2508 KN.
f) =28 MPa F, = 420 MPa

1- Check for slenderness:-

kln<34 12M1 < 40
r (Mz)_

*% = 1braced frame with M,;,
2

K=1 for column in nonsway frames.

kln
TS34—12=22S40

% = ;Zgi = 24.33 > 22 long column for bending about x-axis

krﬂ = % =17.4 < 22 short column for bending about y-axis
y O *0,

2- Calculate the minimum eccentricity e,,;,and the minimum moment M,,,;,,
emin= (15+0.03h) = 15+0.03*500 = 30 mm

Pu]cactoredz 5700KN.

30
M in= Pu*epin=5700%* 7000 =171 KN.m
3- Compute EI

Ec =4700,/fc’ =4700 v28 =24870 MPa

| _ br®_ 700+ 500°

—_ 9 4
g 12 12 =7.3*x10"mm
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_ 12D (sustaing 3192
Bans = 12D +1.6L 5700

= 0.56

_04Eclg __ 0.4%24870%7.3
1+ Bans 1+0.56

EI = 46551.7 KN .m?

4- Determine the Euler buckling load, P.:

p - m?El  m? * 465517
(k)2 (1%3.65)2

= 34487 KN
5- Calculate the moment magnifier factor §,, :

M,
Cn=06+04—=06+04%x1=1
M,

Cm 1
Ons= Pu_ 1___5700 =1.28

0.75P¢ 0.75+34487
1.75>1.28 >1.......... ok

The magnified eccentricity and moment:

€ =emin * Ons = 30 % 1.28 = 38.5mm
M,=8,s+*M, =131%171=2188KN.m
My = Myin =171 KN.m

6- Select column reinforcement

We will use the tide column interaction diagrams

Compute ratio y

_d-d' _500-2+40-2+10-22
V=" = 500 -

h= 700 b= 500

OPy _ Py _5700x10° . .,
—=————=163%0. = 2.
A, 700500
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pg = 0.021> pp; =0.01

= select reinforcement

Ase = pg Ay = 0.021 % 700 * 500 = 7350 mm?
A,022 = 380.13 mm?

N

=19.31
A 022

Use 20022 A, = 7602 > 7350 mm? ok
20022

Design of ties

Use ties @10 with spacing of ties shall not exceed

1) 48 times the tie diameter , 48d; = 48 * 10 = 480mm
2) 16 times the longitudinal bar diameter 16d;, = 16 * 22 = 352mm ........... control

3) The lest dimension of column =500 mm
Use ties P10@ 300 mm

1-Check for clear spacing between longitudinal bars

500—40%2—10%2—22%5
4

=725>40mm

Clear spacing =

72.5> 1.5%22 =133
2- gross reinforcement ratio
0.01< py; =0.021<0.08............0k

3-Arrang of ties 72.5 < 150mm
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Chapter Four

(4.13) Design of footing:
Pu=1500KN .... f; =28Mpa
Calculate the weight of footing, soil and the surcharge floor load
Rfooting = 40 cm
Weooting = 0.4 * 25 = 10KN / m?
Weight soil = 0.7*18 = 12.6 KN / m?
Total surcharge load on foundation
W=10+12.6+5=27.6 KN / m?
e netsoil pressure,q,_,:
da,,, =500—27.6 =472.4 KN / m?

_ 1500

Py =~ = 107143 KN
_107143
4724
L=vA=+227=15
~ 17> 150k
~1.9> 150k

e Depth of footing

Pu=1500 KN

1500
Qu = 1917

= 464.4 KN /m?

l a

h=qu+b(5-5-d)=4644+17(2 -2 -q)
V, = 552.64 — 789.48d

Vo= x Jfi xbwxd =% V28% 1700+ d = 149926 d
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OV = Ve @ =0.75
0.75*%1499.26=1124.44

1124.44d = 552.64 -789.48 d
d=0.289m

assume cover S0mm and steel bar @12
h =289+50+12 =351mm

take h =400mm

d =400-50-12 =338mm

e Punching shear

LetV, = @V,

V, = 464.4(19 1.7 — 0.638 % 0.838)

V, = 1252 KN
B=22_167
300

b. = 2%63.8+ 2 %83.8=2.925m

a, =40—interior

ché*(1+§)\/f*bo*d Where%*(1+§)=%*(1+%)=0-37
Vo= 2 (%042) Jflxbord where D (%4 2) = 2 (22228 4 9) = 045
VCZ% * \/E * bo x d whereg = 0.333............control

Take Vo= *[f{ xboxd = ~x28x 2952338 %1073 = 1760 KN

PV, = 0.75% 1760 = 1320 KN

@V, = 1320 >V, = 1252KN ... .. ok
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Chapter Four

e Design flexure in long direction
b=1.9m h =400mm d= 400-50-12—2 = 344mm

1.9%0.72

M, = 464.4 * =216.18KN.m

0.85f/  0.85%28

My 216.18+10°
@ bxd%2  0.9x1900* (344)2

1 2%Rp*
p=m— 120

1 <1 B \/1 B 2*17.65*1.065)2 0.0026

R, = 1.068MPa.

 17.65 420
As=p *b*d=0.0026 * 1900 * 344 = 1701.1 mm”.
ASpin = 0.0018% b+ h = 0.0018* 1900+ 400 = 1368mm 2
ASpmin = 1368 mm® <Asyq = 1701.1mm’.
~ As=1701.1 mm®.

_ ASpeq 17011

T Ay 012 1131 15.
~ Use 15®12
5= 1900—50112—15*12 — 115 7mm

Step S is the smallest of

1- 3h=3*400=1200mm

2- 450......... control
S=115.7< Sppy = 450 ... ... .... 0k
Check of strain
_ AgAf 1702¢420
T 0.85f/b  0.85%28+1900 1576
c=-2=27°-185
0.85 0.85
€=0.003 (ﬂ) = 0.003 (344‘18'5) — 0.052 > 0.005............0k
c 18.5
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Chapter Four

e Design flexure for short direction:
Take steel bare of @12

b=1700mm  h=400mm

d =4oo-50-12-12—2 = 332mm

f! =28 MPa f, = 420 MPa
«0.72
M, = 464.4 2227 — 1934 KN.m
__fy _ 420 _ 17.65

0.85f/ 0.85%28

My 193.4x10°
@ bxd%2  0.9x1700x (332)2

1 2%Rp*
p=m— 120

_ 1 <1 B \/1 B 2*17.65*1.15)2 0.00281

R, = 1.15MPa.

17.65 420
As=p *b*d=0.00281 * 1700 * 332 = 1584 mm”.
ASpin = 0.0018% b * h = 0.0018* 1700 * 400 = 1224mm 2
ASpmin = 1224 mm® <Asq = 1584 mm®.
~ As =1584 mm’.

_ _ASreq _ 1584
Apar®12  113.1

- Use 14@12 with As=1584.1 mm’

_ 1700-50+2—14+12
- 13

S =110.15mm

S=110.15 < Spgy = 450 ... ... .... 0k
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Attachments

Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

91 | daia



Gl Joadl)

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

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

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large

Member | deflections.
Solid one-
way slabs £/20 £f24 £/128 £/10
Beams or
ribbed one-
way slabs tNe N85 er21 L8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 k% ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural I|ghh.'.r9|ght concrete having unit density, w,, in the range
1440 1920 kg/m?, the values shall be multiplied by (1.65 = 0.503w, ) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + fyITOD)

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

(ONE WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L
structural elements likely to be damaged by (180
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
tural elements likely to be damaged by large (/360
deflections
Roof or floor construction supporting or That part of the total deflection occurring after ‘
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of { /480*
damaged by large deflections the long-{erm defiection due to all sustained
Roof or floor construction supporting or mﬁ;r?j }R[%'m;p'ate deflcton due foany ‘
attached to nonstructural elements not likely to {240°
be damaged by large deflections

* Limit not infended to safeguard against ponding. Ponding should be checked by suftable calculations of delleclion,including added deflections due to ponded
water, and considering long-term effects of all sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

f Lon?-lerm deflection shall be determined in accordance with 9.5.2,5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attach-
ment of nonstructural elements. This amount shall be datermined on basis of accepted engineering data relating to time-deflection characteristics of members sim-
ilar to those being considered.

FLimit may be exceeded if adequate measures are taken fo prevent damage to supported or aftached elements.

S imitshallnot be greater than tolerance provided for nonstructural elements, Limit may be exceaded if camber is provided so that total deflection minus camber
doas not exceed limit.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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