*}\m}\fmw
Obaald Li<id o) daaly

L 5l 53831 5 Aatigl) A4l
4y jlazall g Auiaal) daigl) 5 00

JUa 3 LY sl

I G
‘;L..U.J\ Qj\..q O\.’m L'"_ﬂ:ééj\ —aaly
Z\A.LAAJ.}‘?:\MJ\F daadd eﬁ-ﬁ\).!“ Q:\JS\ s g

S5l s,

Q.ghuﬁ -JalAd)



*}\m}\fmw

L ol 53831 5 Aaaigl) A4l
4y jlazall g Auiaal) drigl) 5 00

JUa ol SLEY) apenail

I G
‘;L..U.J\ Qj\..q O\.’m L'"_ﬂ:ééj\ —aall Jana
Sl ),

Q,ghuﬁ_:dil\



.“! !é 53’5”.‘"&
Lin 1S3 il 0
Ay Jlenall 5 Aiaall Aaighl 5yl

Js ol SLEY) aperail

sl ()l Glie CiLal) Caali dana

slac] 488 gas £ 5 il o jdliadl Copdiall daia ol dl 5 L o) 630 5 dudigll 43S Gl e oy
Aa o clallaiag olasll Glld g 4y jlesall 5 dpnall duxigh 5yl ) & g pdall 138 a3 dadieal) daall)
sl At Gaads dighl A (s sy NS



‘g
15

o
E,.



B N N Y S

JERE LU u )
gl g I Y @S Y i)y S
- oy Je A oyl e g Jgir ]l
GUSY [y Sl Jo s

R L = L S SR Y

.

Sl g 5SSy dwasd! S J



* S ‘
iy Lozl O u ! dwas d )1y d
“ iJl Legas .
oY g sy u ]
-L,',SJ s ‘ LJZ :‘ | ‘l
I S A
dw dig | \ [;_ch ‘ oL
& ‘ U‘U ) |
.é_’gﬁ_w_i L)_)

3 Uay @Lﬁ.\.ﬁ\’\ M‘
L 'S

Vi



sl ()l Glie CiLal) Caali dana

Sasad) ),

e Llaall g Jlaa¥ g 30ae Y 2 ) 538 (5 larall apanaill dxy iaall A DU Claganaill aal sa ALY araall
el Juamy - g g oudall 128 8 LAY aead) Gle o 2l ol

Glsh it o sSall asSalltay . Laage pluadio aaie =+ 0 OeSh bl Uay pes
845 daliwy 2al 5 Gl (e g sSall auall Uny S ja 10800

alll e - S Lem )iy Ape Al JASH axad e a5y gl i aily g g el (g slenall manaill Sacy
Ao sy Al %y JIK0 gy 55 e (5 banall pancaall (18 (po alsiaW) 3 4s - AdLoia) il o5 A lles)

o adaliall apanaiy Alasy) Jobaill 4ally Ll ¢ doall Jlaal) paal o )80 0 & aladin) asl S paall cpa
Fia 1 gall gl o Gy e slaie V) a3 4dl )5 ,LaY) e (ACI_318 11) +Ss e 35Sl aladiin)
Atir , Safe, Autocad2007, Office2007, Etabs 2015:

AR 55 Al A ALY pealiall aead (ALY apeaill sl e (3 alE 5SS

Project Abstract
The Structural Design For Yatta Medical Building

WORKING TEAM.
vii



MOHAMMAD FAQYAT ANAN SWETI
YOUSEF TALAHMAH DERAR ABU SABHA

TAQWA GHANNAM

Palestine Polytechnic University -2017

SUPERVISOR:

ENG. INAS SHWIKI

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 the Y atta Complex. The building consists of two separate buildings, Y atta Hospital of five floors
with total area of 10800 square meters and Y atta health center of one floor with total area of 845
sguare meters.

The architectura of the project is based on multiple steric blocks distributed consistently it terms
of aesthetic and functional purposes, aswell asit is designed in the form of distributing blocks that
provide comfort, ease and speed of access for users.

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

After the completion of the project to be able to provide structural design of all structural
elements with permission of Allah Almighty.
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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 stedl.

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 axial load

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

V¢ =nominal shear strength provided by concrete.
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Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete. (Kg/mg3).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€: = compression strain of concrete = 0.003mm/mm.
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&€ = strain of tension stedl.
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p =ratio of steel area.
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Structural Design And Analysis Chapter Four

Chapter Four
Structural Analysisand Design

4

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of minimum thicknesses of structural members.
4.4 Design of topping.

4.5 (Rib 1) Calculations.

4.6 Design of Beam(Beam 37)at the Basement Floor Slab.
4.7 Design of Column (C9).

4.8 Design of | solated Footing (F8).

4.9 Design of Shear Wall(SW22).

4.10 Design of stair.

4.11 Designof Basement Wall.

4.12 Design of Two Way Solid Slab of Water Tank.

4.13 Design of Truss Using Sap 2000.

4.14 Design of Strip Footing Using Safe 2016.
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4.1 I ntroduction:

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

Reinforced concreteislogical union of two materials: plain concrete, which
possesses highcompressive strength but little tensile strength, and steel bars
embedded in the concrete, whichcan provide the needed strength in tension.

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

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

Structural concrete can be classified into:
= Lightweight concrete with unit weight from about 1350 to 1850 kg/ms.

= Normal weight concrete with unit weight from about 1800 to 2400 kg/ms.
» Heavyweight concrete with unit weight from about 3200 to 5600 kg/ma.

4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the
requirements andassumptions of ACI_code (318 011).

v' Strength design method:

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

Thisload called factored load or factored service load. The structure or structural
element is thenproportioned such that the strength is reached when factored load is
acting.

The computation ofthis strength takes into account the nonlinear stress-strain
behavior of concrete.

The strength design method is expressed by the following,
Strength provided > strength required to carry factored loads.

41



Structural Design And Analysis Chapter Four

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

v' Code: ACI 2011
UBC
v Materid :
Concrete: B300.... (fc'=30*0.8 = 24MPa) .

Reinforcement steel : The specified yield strength of the reinforcement
{fy = 420 N/mm(MPa)}

v Factored loads:

The factored loads for membersin our project are determined by:
Wu=12D. + 1.6 SL ACI-code-318-11(9.2.1).

4.3 Check of minimum thickness of structural member :

TABLE 9.5(@) — MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR ONE-WAY
SLABSUNLESSDEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Pinimum thickness | h
Simply Cne end Both end

: : Cantilever
supported continuous continuous

MembeqMembers not supporting or attached to parditicns ar other construction

likely to he damzged by large deflection

Salid one way

i f28 f:
Slabs 0 /24 i 0
Beams or ribbad
one way slabs L/16 L/18.5 L/21 L/2

Table (4.1); Check of minimum thickness of structural members
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For rib:

hmin=L/18.5=5.4/18.5=29.2 cm" One end continuous "
hmin=L/21 = 5.4/21 = 25.7cm " Both ends continuous "
select : 32 cm thickness with 24 cm block and 8 toping .

For beam :

hmin=L/18.5=5.1/18.5=27.6 cm " One end continuous "
hmin=L/21=3/21=14 cm " Both ends continuous "

select h=32cm .

4.4 Design of topping:

v’ Statically system for topping :

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

. 40 cm -

WL?
24

Fig 4.1: topping load and moment diagram.
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For the topping , the total dead load to be used in the analysis and design is calculated as
follows:

Table (4 - 2) Dead load calculation for topping

No. Parts of Rib Calculation
1 Tiles 0.03*23=0.69 KN/m

2 Mortar 0.02*22= 0.44 KN/m

3 Coarse Sand 0.07*17=1.19KN

4 Topping 0.08*25=2 KN/m

5 Partitons 1*1= 1 KN/m/
Sum = 5.32KN/m

Nominal total dead load = 5.32 KN/m?.
Nominal total live load = 5KN/m?.

Design of topping for ribbed slab as a plain concrete section :-

Tezig —.

Hutlit E ok | 7] =

Fig. (4-2) : Topping of oneway rib slab
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gu= 1.2xD+1.6xL
14.384 KN/m. (totalfactored |oad)
W, =I?
12
@M,, = 0.55 = 0.42 = V24 = 1000 = 80%/6 = 1.207 KN.m
@M, =1.207 KN.m > M, = 0.192 KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.
For the shrinkage and temperature reinforcement :-
p =0.0018
A, = p#b=h=0.0018 = 1000 = 80 = 144 mm?~,

M, = = 0.192 KN.m

=~ Use @8 @ 20 cm in both directions.

Check shear strength :
q -

|
Vi = “T= 2.88 KN.m

75
@ =\Vc= +v24+1 =80 =49 KN
49 2.88

~No shear reinforcement isrequirement .

4.5) Design of rib :

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

Dt ey b e = Ry by 3 T ememes ooy B —

Healore B 25wm ] -3

Fig. (4-3) : Oneway rib slab
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FotLy

|
—— 1
e 111
e e o —— -
— |
— - =
= I I I
| — —— — f— e # e
= T - - =Bl L . - . - o B ==
Fig 4.4: Rib 1 in basement floor.
lnad greus ne. 1
fead lnad - Saruien Lmite-kid mster
467 467 4 E7 467
3 3 § ¢ 3
5.4 3.4 ) a3
4.C7 4,67 irs 4,57
¢ ¥ 3 k. i 1
i 4.3 42 5.4 42
Fig 4.5: Dead load in therib .
Live lwad Sondas Lood factors: 1.20,% . 201,60 000
2‘%4} 280 380 2.50
W L L 3 L W ] iy i
[ )
5.4 54 54 i 5.
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0 I a a

Fig 4.7: Geometry of rib and it’s dimension.

_Foactions

Factorzd
:: H HH HH H HH H H H

Cesdf  11.04 34.37 2,14 20.84 2757 24.77 27,62 50.58 8.53
LivaR 10,03 2733 5.76 682 2131 2141 23.38 368 .08
e R 21,98 B16 54,3 675 8118 43.08 oC.37 54.25 1648
Min R 10,77 44.78 37,59 40,57 34, b 24, 40,22 B9
Sansice
CradR 4.45 28R4 MR P57 2731 1814 2Nz ZR.4R ™
LivaR 6.27 17.02 181 16.2 1458 1552 14.59 14.8 4.497
Max R 16.22 45 6E 40.28 41.9 TR 3746 3761 40.28 12,08
Min B 9,22 3518 HLEE 1178 26,95 21,84 27.01 31,51 608

Fig 4.8 : Reactionsof rib (live and dead).

Rib 1
_Momerts: =pans 1o B
Wit 273
SET 2. . “Bac7
: 30T -2a.4 224
13"/\ -|c.n/\-15.3 168

/\"5'3 A28 f 184 _1;‘5'1.1 1360424 ‘14-"?" 15,
PR oAt “é\ U P8 }ﬂ&ﬁrﬁ -
Wi AW W N

27
!?15: a4 ! - S X | 2T 21 265 ; 2585 !?15:2!‘!1F.ﬂ'121!! 27 : 23 !?5? ”ﬂ

[

52 ' 158 13.9

Fig 4.9: Moment diagram of Rib .
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si Eear

-34.d
: 271 -20.6 JE8 278

# A 2 1L S
A <A <A < Fn gt “fu

|
164 ; |/ 7/ 18
. 27 a1 |/ s 213 y 23

294 278 21 #4 . 564

Fig 4.10 : Shear diagram of Rib .

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

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

Quality
N _ Density ,
o Material Calculation

KN/m®
1 | Topping 25 0.52x0.08x25 = 1.04
2 | Rib 25 0.24x0.12x25 = 0.72
3 | Sand 17 0.52x0.07x17 = 0.6188
4 | Mortar 22 0.52x0.02x22 =0.2288
5 | Tile 23 0.52x0.03%x23 =0.3588
6 | Plaster 22 0.52x0.02x22 =0.2288
7 | Block 10 0.4x0.24x10 = 0.96
8 | Partitions 1 1x0.52 = 0.52

S | 46752 K N/m/rib
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L =5*0.52 = 2.6KN/m

Qu=12* D=5.61KN/m
1.6*L =4.16 KN/m

% Effective Flange Width ( bz):-ACI-318-11 (8.10.2)
For T- section isthe smallest of the following:- b.
=L (smallest span) / 4 = 420/ 4 =105cm b,
b =12+16t=12+ 16 (8) = 140 cm

b. = be < center to center spacing between adjacent beams = 52 cmControl
b. For T-section = 52cm.

Design of Rib (1):-

v" Moment Design for (R 1):-

Design of Positive Moment:-

4.5.1 Design of Positive Moment for (Spanl):-(Mu=24.7 KN.m)

Assume bar diameter g 12 for main positive rei _nforcement
d =h- cover - dsimps— = = 320 — 20 — 10 — = = 284 mm

Check if a>h; to determine whether the section will act as rectangular or T- section.

Mt =0.85. . Bp. 4. (d =)

0.08
2

=085%24x052%008x 0.284— % 10% = 207.06 KN.m

Mt % = %ﬁ: 27.44KN.m , the section will be designed as rectangular section

with be =520 mm.

My P47n10®
Rn= Z - F
phd DO%520x284

= 0.654 Mpa

m=-2_ =0 _5g

T pasy, | 0B5H24
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1

p=1 1~

1 . 2.:1'.:.1?,! = 1 : 1 . 1 . EKEH.F-':{L].EHJ*» =4 0001583
m 420 20.8 G20
Asreq = p.b.d = 0.001583 x520%x284 = 233.777 mm*

Check for Asmin:-

Asmin=

A fc'
bw)(d)ACI-318 (10.5.1
A fy)( w)(d) ( )

Asmin= V24 (120)(284) = 99.38mn’
4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(284) =113.6mm?controls

ASeq= 233.777 mm?® >Asy= 1136 mm*  OK

120=40=20=(Zx14)
S=

Use 2 8 14 A provided= 2* 1563.94=307.88 MM>>As; equired= 233.777_mm?* .... Ok

=32mm >d, =14 > 25 mmOK
Check for strain:-

_Asfy 307.88x420

= ;= - =12.19 mm
l].F!Eh,‘i DB5=520=24

it 12.19
X=— =

= 14.34 mm
1 0A5
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4.5.2 Design of Positive Moment for (Span2 ):- (Mu=15KN.m)

d =h- cover - dsimps—— = 320 — 20 — 10 — = = 284 mm

M 15:x10%
Ri=—5= : = = 0.397 Mpa
pd 09%520%284
fr 420

m=—— = =20.6

OESf,  0BS5x2Z4

1 2m.R 1 2x20.6x0.397
p=— 1-— 1-——2 =— 1- 1-——"——— =0.000955

m 420 20.6 420

Asreq = p.b.d = 0.000955x520x284 = 141.03 mm?

Check for Asmin:-

Asmin= (ow)(d) ACI-318 (10.5.1)

Jic
4(ty)
24

4(420)

Asmin= (120)(284) = 99.38mm”

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(284) =113.6mm?controls

Asrequired= 141.03 mm?

Use 2 312 Aqprovided=.226.2 MM*>Asequired= 141.03 mm? ... Ok

_ 120=40=20=(2Zx12) _
1

S 36 mm=>d, =12 =25 mmOK

Check for strain:-
_ Asfy _ 2262x420
T0BSH | 085x520x24

= 8.96 mm

o __ 896
X: i
1 DES

=10.54 mm
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4.5.3 Design of Positive Moment for (Span3):- (Mu=17KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dgimpe—"2 = 320 =20 — 10 == = 284 mm

My 17109

= - = - =0.45 Mpa
Rn phdE | 0O9x520x2842 0.45 Mp
[y 420

m= i = =20.6

085/,  0B5x24

1 ZmR 1 220,65 045
p=— 1= 1-——""{F= =— 1= 1=—""—— =0.001084

m 420 20.6 420

Asreq = p.b.d = 0.001084x520x284 = 160.1 mm?

Check for Asmin:-

Asmin= (ow)(d) ACI-318 (10.5.1)

Jic
4(ty)
24

4(420)

Asmin= (120)(284) = 99.38mn’

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(284) =113.6mm?controls

ASieq = 160.1mm* >Asyin= 113.6 mm*0OK

Use 2 212 A provided=2* 113.1=226.2 MM>>As; cquired= 160.1_ mm?... Ok

S— 120-40-20-(2x12) =32mm>d, =12 > 25 mmOK

1

Check for strain:-
_ Asfy  _ 226.2x420
T085hHf,  085x520x24

= 8.96 mimn

x=-2 =21 _ 1054 mm

1 085
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4.5.4 Design of Positive Moment for (Span4 ):- (Mu=16.3KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dgimpe—"2 = 320 = 20 — 10 == = 284 mm

My 16.3% 108
= - = — = 0.432 Mpa
" pad?  0Ox5E20x2E4% p
K 420
m=—= =206
OESf,  OESxZ4
o= 1 71— _ZmRBy _ 1 1= 1-— 2x20.6%0432 000104
m 420 20.6 420 '

Agreq = p-b.d = 0.00104x520%284 = 153.58 mm’

Check for Asmin:-

YA (o
A = bw)(d)ACI-318 (10.5.1
smin 4(fy)( w)(d) ( )

22
4(420)

Asmin= (120)(284) = 99.38mn 7

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmin= % (120)(284) = 113.6mm? controls

ASeq = 153.58mm’ >Asyn= 113.6 mm*OK

Use 2 812 A provided=.226.2 MM*>Asequired= 153.58 mm?Z... Ok

_ 120-40-20-(2x12)

S= = =32mm>d, =10 > 25 mmOK

Check for strain:-
_ Asfy  _ 226.2x420

= = - = 8.96 mimn
l'.l.F!Fuhf: 085x520=24

o __ 896
X: i
1 DES

=10.54 mm
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4.5.5 Design of Positive Moment for (Span5 ):- (Mu=11KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dgimps—"2 = 320 = 20 — 10 == = 284 mm

My 112100

" pba? = Doxszoxzaa® 0.29 Mpa
[y 420
m=—% = =20.6
NDBSf; OR5xI4
1 ZmR 1 Zx20.6x0.29
p=— 1-— 170 = 71— 1200 =0.000695
m 420 20.6 420

Agreq = p.b.d = 0.000695 x520x284 = 102.26 mm”

Check for Asmin:-

Asmin= (bw)(d) ACI-318 (10.5.1)

4

Jic
(fy)

22
4(420)

Asmin= (120)(284) = 99.38m’
.14
A =——(bw)(d
smin (fy)( w)(d)

Asmi n:%(lzo)(284) =113.6mm? controls

ASeq = 102.26mm’ <Asyin= 113.6 mm* OK
Use 2 210 A< or ovided= 156 MM*>Asequires= 102.26mm?>... Ok

_ 120=40=20=(Zx10)

S= ; =40mm >d, = 10 > 25 mmOK

Check for strain:-
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neshf,

6.17

X=—=—=7.26mm
1 085

- =6.17 mm
0B5=520=24

4.5.6 Design of Positive Moment for (Span6 ):- (Mu=9.9KN.m)

Assume bar diameter fa 12 for main positive rel nforcement
d =h- cover - dirrups—

=320-20-10 —— =284 mm
Rn= ""f-:-: —

— = - = 0.26 Mpa
B 0.9x520x284% P

9.9x10%

[y
m=—— =
085/,

420
=206
0.85%24

1

p=— 1— 1-— Zm.Ry

m

2%20.6%0.26
. - 1- 1-
420 20.6

. = 0.000623
420
Asreq = p.b.d = 0.000623 x520%284 = 92 mm

Check for Asmin:-

Asmin= \/_ (bw)(d)ACI -318 (10.5.1)

Asmin= *@ (120)(284) = 99.38m’
4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmi n:4;20(120)(284) =113.6mm? controls

ASieq = 92mm?® <Asyin= 113.6 mm? OK

Use 2 810 A« provided=_156 MM>>As; equired= 92Mmm

2 . Ok

120-40-20-(2%10)
S=

=40mm >d, =10 > 25 mmOK
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Check for strain:-

Asfy L6420
— = : =6.17mm
085Hf; DBSXE20%24
i (.17
X=—=—=7.26mm
1 085

4.5.7 Design of Positive Moment for (Span7 ):- (Mu=16.6K N.m)

Assume bar diameter g 12 for main positive rei _nforcement
d =h- cover - dsimps—— = 320 — 20 — 10 — = = 284 mm

M,
Rn_ | | J—

16.6%10%
T padZ

: - =0.044 Mpa
D9=520=284
v 420
m=—1- = =206
OLES [ 0.85=24

1

p=— 1— 1-— Zm.Ry 1

G210

220 6044
20.8

. = 0.001059
G20
Asreq = p.b.d = 0.001059 x520%284 = 156.41 mm?

Check for Asmin:-

A smin= \/(f_cl

W) (bw)(d) ACI-318 (10.5.1)

Asmin= V24 (120)(284) = 99.38m
4(420)

.14
A s min=——-(bw)(d)
(fy)
.14 )
Asmi n:@(lzo)(284) =113.6mm* controls

ASeq = 156.41mm’ >Asyin= 113.6 mm* OK
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Use 2 212 A orovided=226.2 MM>>Asrequires= 156.41mm?>... Ok

120-40=-20=(2x12)
S= =

1

36 mm=d, =12 =25 mmOK

Check for strain:-

_ Asfy _ 2262x420

= ;= - = 8.96 mm
l'.l.F!Ehft DB5=520=24

_—— e =

4.5.8 Design of Positive Moment for (Span8):- (Mu=13.9KN.m)
Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dgimpe—"2 = 320 = 20 — 10 == = 284 mm

M 13.89x10%
Ri=—5= : - = 0.368 Mpa
D 0.0% 520284
Fr 220
m=—= =206
0BS5S  OB5xI4
1 Z2mR 1
= 1- 1-=—1=
p m G20

Qg BX0EX0368 g anng0
20.6 420
Asreq = p.b.d = 0.000884 x520%x284 = 130.58 mm?
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Check for Asmin:-

Asmin= \/_ (b )(d) ACI-318 (10.5.1)

Asmin= *@ (120)(284) = 99.38m
4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmi n:%(lzo)(284) =113.6mm? controls

ASeq = 130.58mm? >Asyin= 113.6 mm* OK
Use 2 212 A orovided=226.2 MM>>Asrequires= 130.58mm?>... Ok

120-40=-20=(2x12)

S=

=36mm >d, =12 =25 mmOK

Check for strain:-

Asf 226.2x420)
=% = : = 8.96 mm
l'.l.F!Eh,fi DB5=520=24
i 8596
X=—= =10.54 mm

1 085

Design of Negative Moment:-

4.5.9 Design of Negative Moment for (Supportl):- (Mu=-19.6K N.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsimps— - = 320 — 20 — 10 — = = 284 mm

My  19.6x10%
phdE T DOx120m284Z

Rn= = 2.25 Mpa
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m=-—2 =2 _506

T nBsf,  085x24

1 ZmR 1 Z2x20.6x225
p=2 1— 1=20% 1 4 _ 4 _ZEexEs

m 4240 20.6 4210

= 0.00569

Asreq = p.b.d = 0.00569 x120x284 = 193.94 mm?

Check for Asmin:-
Jie
4(fy)

24
4(420)

Asmin= (bw)(d) ACI-318 (10.5.1)

Asmin= (120)(284) = 99.38m

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmi nz%(lZO)(284) =113.6mm? controls

ASieq = 193.94mm? >Asyin= 113.6 mm* OK
Use 2 212 Ao ovided=226.2 MM>>Asrequires= 193.94mm?>... Ok

_ 120=40=20=(Zx12)

S= =36mm >d, =12 =25 mmOK

1

Check for strain:-

Asf 2262420
=— = : = 38.8mm
0EShf;  0B5x120%24
i 38.8
X=— =" =4566 mm
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4.5.10 Design of Negative M oment for (Support2 ):- (Mu=-15.6K N.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsimps— = = 320 =20 — 10 — = = 284 mm

My  15.6%10°

Rn= phdE | 0Oxi20x2848 1.79 Mpa
[y 420
m=—— = =20.6
0BS5S, 0.85x24
1 2R 1 220,611,749
p=2 1- 120 _ 1 4 g ZROEAT _ 500446
m 420 20.6 420

Asreq = p.b.d = 0.00446 x120%284 = 152.25 mm?

Check for Asmin:-

Asmin= Jic (bw)(d) ACI-318 (10.5.1)
4(fy)

V24 (120)(284) = 99.38m°
4(420)

Asmin=

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmi n=%(120)(284) =113.6mm?controls

ASeq = 52.25mm” >Asyin= 113.6 mm® OK
Use 2 812 A provided= 226.2 MM*>Ag oquired= 152.25mm?... Ok

_ 120-40-320—(2x12) __

S= = =36 mm=>d, =12 > 25 mmOK

Check for strain:-

_ Asfy  _ 226.2x420

_l'.I.F!.'-'uhf:' T DB5x1Z0%24
i ifR.B
X=— =" =45.66 mm

1 085

= 38.8 mimn
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4.5.11 Design of Negative Moment for (Support3):- (Mu=-16.8K N.m)

Assume bar diameter g 12 for main positive reinforcement
d =h' cover - ds[irrur_‘)\c_""Eg

12
=320-20-10 = = 284 mm
My 16Ew10®
Rn= phdE T 0oxi20xza4E 1.93 Mpa
o 420
m=—i-= =206
0BSf,  0.85x24

p= 1t 1— 1-— Zm.Ry

1
m 420

2206193
=1 1- 12005
20,6

. = 0.00484
420

Asreq = p.b.d = 0.00484 x120%284 = 164.8 mm?
Check for Asmin:-

. 4/ fc
A = (bw)(d)ACI-318 (10.5.1
smin 4(fy)(W)() ( )

Asmin= V24 (120)(284) = 99.38m’
4(420)

As min:(l'—4(bw)(d)
Asmi n:T;)(lzo)(284) =113.6mm? controls

ASieq = 164.8mm? >Asy= 113.6 mm® OK

Use 2 312 Asprovided=226.2 MM>>As equired= 164.8mm?>... Ok

120-40-20-(2%12)
S=

=36mm >d, =12 > 25 mmOK
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Check for strain:-

Asf 226.2x420)
=% = _ = 38.8 mm
l'.l.F!Eh,fi DB5=120=24
i ifR.B
X=— =" =45.66 mm

1 085

4.5.12 Design of Negative M oment for (Support4 ):- (Mu=-13.4KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dgimps—"2 = 320 = 20 — 10 == = 284 mm

My 154108
= = - =153 Mnpa
"™ pad?  00x120%284% 53 Mp
Fr 420
m=——= =20.6
0857 085x24
1 ZmR 1 2% 20,6 1.53
=— 1= 1-—" = l1- 1—=—"-—" =0.00379
m 420 20.6 420
p

Agreq = p-b.d = 0.00379 x120x284 = 129.16 mm?

Check for Asmin:-

Asmin= Jic (bw)(d) ACI-318 (10.5.1)
4(fy)

22

220 (120)(284) = 99.38m

Asmin=

.14
A =——(bw)(d
smin (fy)( w)(d)

Asmi n=£(120)(284) =113.6mm?controls
420
ASeq = 129.16mm’ >Asyin= 113.6 mm* OK
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Take

Use 2 212 Ao ovided=.226.2 MM>>Asrequires= 129.16mm?>... Ok

120-40=-20=(2x12)
S= :

=36mm >d, =12 =25 mmOK

Check for strain:-

_ Aspy _ 228.2x420

= ;= : = 38.8'mm
OESh{ DB85=120=24
__a __ 388

=—= = 45.66 mm
By 085

4.5.13 Design of Negative Moment for (Support5):- (Mu=-8.1KN.m)

Assume bar diameter g 12 for main positive rei _nforcement
d =h- cover - dsimps—— = 320 — 20 — 10 — = = 284 mm

M,
Rn_ | | J—

g.1x10%
- Phd -

DOx120m2842 0.93 Mpa

[ 420
m=—= =20.6
OESf,  OESxZ4

1

Z2mR 1
p=2 1— 120 1 4 _ 4
m 420 20,6

. Exlfl.rixl.fl.l}.’i = 000227
G20
Asreq = p.b.d = 0.00227 x120x284 = 77.36 mm?

Check for Asmin:-

VA (4
A = (bw)(d)ACI-318 (10.5.1
smin 4(fy)(W)() ( )

Asmin= V24 (120)(284) = 99.38m’
4(420)

.14
A =——(bw)(d
smin (fy)( w)(d)
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Asmi n:%(lzo)(284) =113.6mm? controls

ASieq = 77.36mm? <Asyin= 113.6 mm® OK
Use 2 810 A« provided= 156 MM*>As; equired=_77.36mm?>... Ok

__ 120-40-320—(2x10) _

S= =40mm >d, = 12 > 25 mmOK

1

Check for strain:-

Asfy  _ 156x420

= s = . = 26.76 mm
l'.l.F!Eh,fi DB5=120=24
i 26.76
X=—= = 31.48 mm
1 085

4.5.14 Design of Negative M oment for (Support6 ):- (Mu=-13.6K N.m)

Assume bar diameter @ 12 for main positive reinforcement
d =h- cover - dgimpe—"2 = 320 = 20 — 10 == = 284 mm

My 136x10®

"7 gpd? T powi2oxzadE 1.56 Mpa
[y 420
m=—— = =20.6
nesy T 085x24
1 2R 1 2w 20.6% 156
p=— 1= 1—-""{= =— 1= 1=—""—"- =0.00387
m 420 20.6 420

Agreq = p.b.d = 0.00387 x120x284 = 131.89 mm?

Check for Asmin:-

Asmin= Jic (bw)(d) ACI-318 (10.5.1)
4(fy)
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Asmin= V24 (120)(284) = 99.38m’
4(420)

.14
A s min=——(bw)(d)
(fy)
.14 >
Asmi n:@(lzo)(284) =113.6mm* controls

ASeq = 131.89mm’ >Asyn= 113.6 mm* OK

Use 2 812 A provided=226.2 MM>>Asr equired=_131.89mm?

. Ok

120-40-20-(2x12)
S= =

= =36mm=>d,=12>25 mm OK

Check for strain:-

A for 226.2=420
= — = : = 38.8 mm
D85H ) 0B5x120x24
@ __ 348

=—= = 45.66 mm
By 085

4.5.15 Design of Negative Moment for (Support7 ):- (Mu=-15K N.m)

Assume bar diameter g 12 for main positive reinforcement
iy 2
d =h- cover - dgimpe—"2 = 320 =20 — 10 —— = 284 mm

My 1sw10%

R= phdZ | 0Ox120%2842 1.72 Mpa

r 420

m=—r, =0 _206

OLES 0.85=24

p= 1t 1— 1-— Zm.Ry

1
m 420

: 1— 1— Exlﬂ.l-‘-]}( 1.72 = 000428
20.6 G210
Agreq = p.b.d = 0.00428 x120x284 = 145.86 mm?
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Check for Asmin:-

Asmin= \/_ (bw)(d)ACI -318 (10.5.1)

@
4(420)

Asmin=

(120)(284) = 99.38m’
.14
A =—— (bw)(d
smin (fy)( w)(d)

Asmi nz%(lZO)(284) =113.6mm? controls

ASeq = 145.86mm? >Asyin= 113.6 mm* OK
Use 2 812 Asprovided=_226.2 MM*>As; oquired= 145.86mm?>. ..

Ok

120=-40=-20=(2x12)

S= =36mm=>d, =12 > 25 mm

Check for strain:-

_ Aspy  22RZM420
DESH ] DESx120x24

x=2L =28 _ 45 66 mm

Hy D85

= 38.8 mimn

v Shear Design for (R 1):-

V, at distanced from support=25.6 KN (for Spanl)

OK

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

Ve== [b,d ==v24x 120 x 284 X 10~% = 3061 KN
@V =0.75x30.61 =22.96 KN

0.59V,=0.5%22.96 =11.48 KN
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059V<V <@V,
Vo> oV,

for shear design, shear reinforcement is required (4,,),

VSnn=— f.bwd =- bwd
Vsmin=— vz4 %120 =284 = 10~% = 10.43kn
VSmin :,—: bwd:,—: +120 =284 = 10~% = 11.36kn

AV +V Snin)= 0.75(30.61+11.36)=31.4775kn

2V <VU <@ (V+VSmin)

22.96 < 25.6 <31.4775

for shear design, minimum shear reinforcement is required (A, ,,,:»), Reinforcement.

50.24 = 100.5 mm? xUse stirrups (2 leg stirrups ) 28 @ 150 mm , A, = 2

hu'\. 1 By s
AVmin =12 -'f‘ fyt ;;u:
AV;in=100.5 =~ \/24 L2, 5 =1.145m
1005_1 L2, 5 =1.055m

S max _E = 142mm

Smax - <600mm

Take (2leg stirrups) 8 @ 150 mm

_ 2e50.3
v 015

= 670.67 mMm?/Mgyip
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4.6 Design Beam ( 37) at the GroundFloor Slab :

Material :-

concrete B300

Reinforcement Steel

Fc' = 24 N/mm?
fy = 420 N/mm?

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

as the follows: -

1 2 3 |
1 2 3
E . A . q :[
- o) e A
.25 4 BE n.3s 176 0.25 4.5 125
rII El |II J- III 5 rII
a2y
Bi.
& 5

L oad of beam :-

Fig. (4-11) : Beam geometry.

Load of this beam come from reaction of Ribl, Rib2& Ribl4asfollowing :

e group ro. 1
Dead lozd - Service

Umits:khy meter

8.5 l ‘d&.ul l 4.0 l h{[l AE.5
[ L'} 4 y
e S e o P he
i 213 : 2.97 a. 2,35 : 275
Live load - Serv ce Lead faclters: 1.20,1.20M1.60,C.09
203 208 0.5 3.8 30,3
I L ¢ iy F L ¥ L W kL4 ¥
i
1 213 I 4 87 3 235 | 275
| 1 1

Fig. (4-12) : Load of the beam.

»Self weight of beam = (0.32*0.8) *25 =6.4 KN/m
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Momenis: spans 1lo 3

Fﬁ_gs?'}.m 3 30-::;5{"%1-1
2955, 2013 2 214.5
f \._\‘h _,_/A \.
& e O \
K AT H 2
075 jLz8 ™
Y
3:"\ f’/ '\_‘-‘ /5{4
"~ - T,
- - - ~
-‘“-a-h,_ _,da-""f M—""'" - ""Frf
.l 5 2882 s ! W s L 281 2672 229 !
3432
2081 -~ 3 2453
- =213 opa 7
T 69, - -
..-""f - .-"---
- - -
. _._F,_..r"' ,.-""f Ll f.-""
T T = N = T
..-r"ff ..--""f - !__,..-'-"" I
-~ - -
= il = qeas -"’#
= 2052 237 e
2460 o ffiﬁ?. 4
J215

Figure (4-13) :Moment & Shear Diagram in beam

v' Load Calculations:-

Dead L oad Calculations for Beam(B 37 ):-

The distributed Dead and Live loads acting upon B37 can be defined from the support reactions
R2 and R14. of the R1

From Rib1

The maximum support reaction from Dead Loads for R1 upon B37 is24.28 Kn.
self weight = 0.8*0.32*25= 6.4 KN

DL =24.28/ 0.52= 46.69+6.4 = 53.09 KN/m

From Rib2
The maximum support reaction from Dead Loads for R2 upon B37 is24.97

KN.
self weight = 0.8¥0.32*25= 6.4 KN
DL =24.97/ 0.52= 48.02+ 6.4 = 54.42 KN/m
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From Rib14

The maximum support reaction from Dead Loads for R4 upon B37 is 24.24
KN.

self weight = 0.8*0.32*25= 6.4 KN

DL =24.24/ 0.52= 46.62+ 6.4 = 53.02KN/m

Live Load calculations for Beam (B 37):-

From Rib1
The maximum support reaction from Live Loads for R2upon B 37 is 16.1KN The

distributed Live Load from the Rib 1 on B37.
LL =16.1/ 0.52= 30.96 KN/m.

from Rib2

The maximum support reaction from Live Loads for R2 upon B 37 is 16.05KN The
distributed Live Load from the Rib 2 on B37.

LL =16.05/ 0.52= 30.86 KN/m.

From Rib14
The maximum support reaction from Live Loads for R4 upon B37 is 16.09KN The

distributed Live Load from the Rib 4 on B 37.
LL =16.09/ 0.52= 30.94 KN/m.

v" Moment Design for (B 37):-

Design of Positive Moment
4.6.1 Flexural Design of Positive Moment for (Spanl ):-(Mu=268.2K N.m)

Determine of My max
d=320-40-10- 18\2 = 261 mm

a= .x=111.86=0.85=95.1 mm
Mnmnax= 0.85# f; =a*p(d- % ) = 0.85*24*95.1* 800* (261-95.1/2) *10°= 331.28KN.m
@ Mnmax = 0.82* 331.28 = 271.65KN.m >268.2KN.m .
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Design as singly reinforcement

K 420
m= L = =206
OLES [ NB5=24
1 ZmR 1 Zm20.6x 546
p=1 1— 1M _ 1 g ZXR06X546 _ 41546
m 420 20.6 4210

As= p.b.d = 0.01546x800%261 = 3228.05 mm?

Check for Agmin:-

f !/
Asmin= 1 ow)(d) = —¥2% +g00* 261= 608.87 mmm?
4(fy) 4% 420
ASnin = ﬂ(bw)(d) - 14 800 261= 696 mmZControls
" (fy) 420

A= 3228.05 mm?

Use 13g 18 Bottom, Asprovided=_3308.1 MM*>As, equired= 3228.05 mm®... Ok

Check spacing :-
g = e f;' 1518) — 38.83 mm > d,, = 18 > 25 mmOK
Check for strain:-
'4 i
- }..Il_'|,r’ = 3308.1x420 —85.13 mm
l'.l.F!Eh,fi l.'.I.FIE.‘J{H{H].‘J-CEﬂr
=2 =51 10015 mm
By 085

4.6.2 Flexural Design of Positive Moment for (Span2 ):-(Mu=267.2KN.m)

My 267.2x105

" phd? T 09xB00x261E 5.44Mpa.
fv 420
m=—1- = =20.6
DB5f,  0.B5%24
1 Zm.R 1 2x20.6% 544
p=— 1= 1=-"28 =— 1= 1="—— =0.01539
m 420 20.6 420

As= p.b.d = 0.01539x800%261 = 3213.43 mn’.
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Check for Agmin:-

Smin = \/_( bw)(d) = V24 * 800* 261 =608.87 mm?

( fy) 4* 420
ASnin = (b )(d) = 14, 800* 261= 696 mm->Controls
(fy) 0
A& 3213.43 mm?

Use 3918 Bottom, Asprovided= 3308.1 MM>>As;equired= 3213.43 mm? ... Ok

Check spacing :-

BO0=g0eZ2=20=({3¢18)
12

S= =38.83mm = d, = 18 = 250K

Check for strain:-

Asfy  _ 3308.1x420
DBSHf,  085x800x24

=85.13 mm

15 100.15 mm

By 085

4.6.3 Flexural Design of Negative Moment for (Supportl):-(Mu=-231.3KN.m)

¢ 420
m=-—2_=_*% _506

OLES [ NES5=24

p:l 1- 1 __ 2mRy = i 18 1 __ 2X20.6x47 =0.01291

m G210 20.8 G210

= p.b.d = 0.01291 x800x261 = 2695.6 mm”

CheCk fOI’ As’min: =

Aspin= L1C (b )(d) = V24 V2T _+g00* 261 = 608.87 mm?
4(fy) 4% 420
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ASnin = (fy)(b )(d) = 0*800*261 696 mm>

A, = 2695.6mm?Controls

Use 119 18 A provided=2799.16 MM>*>As. cquired= 2695.6mm?... Ok

Check spacing :-

BO0=—40+2=20=({11+18)
10

S=

=502mm=>d,=18=>25 OK

Check for strain:-

Asfy _ 279916x420
DBSHf,  0B5x800x24

= 72.04 mm

a 7204
X: — =
E 085

= 84.7mm

4.6.4 Flexural Design of Negative M oment for (Support2 ):-(Mu=-230.6K N.m)

¢ 420
m=-—2_=_*% _506

OLES [ NES5=24

p=i 1 - _ZmBy _ 14 g _ 2x206x47 — 0.01291

m 4240 20.6 4240

I

= p.b.d = 0.01291 x800x261 =2695.6 mm?

Check for Agmin:-

ASnin = (b )(d) = 24 V7 _x800* 261 = 608.87 mm?
4( fy) 4* 420
14
ASmin = —— (bw)(d) = =—*800* 261= 696 mm?
Smin = (fY) ( w)(d) = 420

A, = 2695.6mm?Controls
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Use 119 18, A« provided= 2799.16 MM*>As. equired= 2695.6mm?... Ok

Check spacing :-

_ Bl0=40sZ=20=(11+18H)
10

S =502mm=>d,=18>25 OK

Check for strain:-

_ Asfy 279916 x420
T0BShf,  DB5BO0xZ4

= 72.04 mm

a 7204
X: —_— =
H 085

= 84.75mm

4.6.5 Shear Design for (B 37):-

V, max =298.1 KN

Ve== fc'h,d == -v24+800 =261/1000 = 170.48 KN

o

® V=0.75170.48 =127.86 KN

® Vsminz 0.75 (%) * pw * d =0 .75 (%)*800*261* 10° = 52 KN Controls

® Vsmin > 0.75(1£;) * pw * d:O.75*(%) * 800 * 261*10° = 47.95 KN

® VesVu £ Ve + @ Vsmin

127.86<2981 < 179.86...... not satisfied
Cases 1&2& 3isnot suitable

Case 4:-

vy =< fc'h,d=-v24+ 800 +261/1000 = 339.66 KN

3

By, + Vominy <1y = 0(v. + vy)
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0.75(170.48+ 52)< 298.1< 0.75(170.48 + 339.66)
166.86 < 298.1 <382.605

shear reinforcement arerequired

Use4leg® 10for b=80cm

As =314 mm?

298.1
.75

—170.48= 226.98KN

Vs=Vh-Vc=

Usedleg ® 10 @120mm

4.7 Design of Column (C9):

The total live and dead load
LL=2920.91 DL=1770.95
Putota= 6338.612KN(factored)
fc= 28Mpa fy=420Mpa

(4.7.1) Check the slender ness effect:

(Non-sway system braced ,K=1)

M . .
— =1 brecedframewithM min
M,

1] Ml

<34-12 — <
34 —-12 M, = 40
=0.3h =03 x0.65=0.195

=03h=03%075=0.21
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L,=3.82m

Kby 17382 _ 1os8< 34-12 =22 So the column is short at y axi

~ ~ o1los — 19 = o the column is short at y axis

kL, 1x%382 i .
= =181« 34-=12 =22 So the column is short at x axis

ry 0.21

Check for the X-axis "short column”

pn,max =@=0.8 0.85fc Ag—Ast +Ast=fy

@ = 0.65 istide

6338.612*10"3 =0.65*0.8 (0.85*28(700*650-Ast) + Ast * 420)
Ast=30481.8 mm?’

Use 18@18 with As=4578.12mm~>Ast=30481.8,,,0K.

p = Ast\Ag = 4578.12\(800 = 750) = 0.01006 > 0.01 ok

(4.7.2) Design the stirrups:

The spacing of ties shall not exceed the smallest of:
- 16x dp = 16%18 =288 mm control.
- 48x%ds =48 %10 =480 mm
- Least diminution of the column = 650 mm

Use $10@200mm.

)

iy -
& he = R

| o m——
L1 1 %
&l
!
IIIE
f
{

Giig J‘"

Fig(4-14) :Column section and reinfor cement
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(4.7.3) Check for code requirements:

Tl=40m2=10=2=(+18

clear spacing between longitudinal bars = = =98.4mm
98.4 mm > 40mm
>1.5 dp= 27 mm
- gross reinforcement ratio = 0.01006 0.01 = 0.01006<0.08 ok

- NO of bars = 18> 4 bars for square columns.

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

4.8 Design of Isolated Footing (F8):

(4.8.1) Determination of L oads:

Total factored load = 6338.12KN.
fc=28Mpa fy=420Mpa
Total services load = 4691.86 KN

Column Dimensions =70*60 cm

Soil density = 18 KN/m®.

Allowable soil Pressure = 400 KN/m?.

Assume footing to be about (95 cm) thick.

Footing weight = 25x0.95= 23.75 KN/m?.

Soil weight above the footing = 0.45x18 = 8.1KN/m2.
Callow =400 — 8.1— 23.75 = 368.15 KN/m?

(4.8.2) Deter mination of Footing Area:

469186

_— = 2
36815 12.74m

Try 4*4 m with area = 16 m® = Areq = 12.74,,,,,0K.
Take 1=4m.
Pu=6338.612 KN.
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qu= 6338.612/4*4= 396.16 KN/m2

(4.8.3) Check for one-way shear strength:

Assume h =95 cm.
Assume, ¢=18mm , cover=75mm

d= 950-75-18=857mm

Vu=q,, X(B;a—de L

Vu = 368.1* 4(% —0.70/2-0.857) =1256.619KN

f Vet .(%*Jf?*bw*d)

f Vc=0.75* %* 28 * 4000* 0.857 = 2266.67KN
@V, =2266.67KN >V,,4 =
i\—] | 1256.619KN ———— ok
|
>

ra
Inelinad crs.u:k-f’/

Ciiliral saction ‘ar | IFlutany = f
ane-way Shoar Sy Aot

une-way ghoar

)

Ona-way shaa,

Fig (4-15):0ne way shear.
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(4.8.4) Check for two-way shear

H | action (punching):-
| Pl
e = L

Inclined crack

Tributary ares for
two-way shear

Critical sectlon
for two-way shear ™

Two-wav shoar,

Fig (4-16):two way shear.

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

v, =t 21+ 2 |t b.d
6l b,
1( a '
fV, =f.=| 2= 1 2|/f bd
g 12(b0/d+j o Do
fV, =f %\/ t'b,d

Where:

Column Length (a
@ 70, 76
Column Width (b) 65

= Perimeter of critical section taken at (d/2) from the loaded area
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b0 =2(d+al)+2(d+a2) =2(0.857+0.7) + 2(0.857+0.65 = 6.128n
a =40
for interior column

fV, =f %[n biJ = %* (1+2/1.076)=0.35

C

* *
f.vczf.i a;*d ,)_075,(40 0.857+2j=o_47
12\ b, 12 6.128
fV,=f .lzﬁz 0.25....ccee. control
3 3

fV, =f %w/ £, b,d = 0.25* /28 * 6128* 857 * 103 = 6945.367KN

VU = 396.16*{ (4* 4) — (0.7 + 0.857) * (0.65+ 0.857)} = 5409.01kN
f Vc = 6945367 >Vu, =5409.01........... satisfied

(4.8.5) Design of Bending M oment:

1) At short dimension column "65cm”
Assume, ¢=18mm , cover=75mm
H = 900mm

Mu = qulthx(L—E} xO.S(L—Ej
2 2 2 2

=|369.16x 4 x 4_065 x 0. 4_065 = 2021.44KN.m
2 2 2 2

Mn = 2021.44/0.9 = 2301.6 KN.m
d =950-75-18/2 =866 mm

_ Mn _ 2301.6x10°

"~ b*d® 4000 x 866>
M= Fy _ 420

0.85fc  0.85x28

P AT
m fy

1 2x17.64x0.76
r=— (1-.]1-
17.64 420

=0.76Mpa

=17.64

) = 0.00184
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As ., = 0.00184 x 4000 x 866 = 6373 .76 mm ?

As_ = 0.0018* 4000* 950 = 6840mn’
As,;, =6840mm’ > As , = 6373.76mm’,,,OK.

#of bar in on meter = 6840 =
254.34

Use 27@18 with As =6867.18mm2 =As req =6373.67 ,,,,, OK.

check for spacing :

4000

g
I

Step "s" the smallest of

1. 450mm control

2. 3h= 3*950=2850mm
$=129.4<450 ,,,,, o k.

2) At long dimension column "70cm”

Assume, ¢=18mm , cover=75mm

Take H = 950mm.

Mu = qu“xBx(E—E} xO.S(E—E)
2 2 2 2

—(369.16x4x[ 2279}, 05 2_970) _ 5510 1kN.m
2" 2 2" 2

Mn = 2010.1/0.9 = 2233.418KN.m
d =950 - 75-18/ 2 = 866mm
Mn  2233.418x10°
Rn = 2 2
b*d 4000 x 866

o Fy __ 40
0.85fc’  0.85x28

=0.74Mpa

=17.64
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m fy
L1 (1_\/1_ 2x17.64x 074 _ 4 317
17.64 420

As ., = 0.00178 x 4000 x 866 = 6165 .92mm ?

As_ =0.0018* 4000* 950 = 6840mn’
As,;, = 6840mm* > As, = 6165.92mm’

6840 _ .
254.34
Use 27@18 with As =6867.18mm? =As req =6165.92mm?,,,,0K .

#of bar in on meter =

check for spacing :

Step "s" the smallest of

1. 450mm control

2. 3h= 3*950=2850mm
$=129.4<450 ,,,, ok

(4.8.6) Design the column —footing joint " dowels":

Pu=6338.612 KN

B085=feedl 2
85afe Al

AZ
Where o =2

A2 is area lower base
Al is the area of section column
@ =0.65

The allowable bearing on the base of the column is
@ 085=fc*Al =0.65=0.85=%28 =700 =650 =10"* = 7038.85KN

The allowable bearing on the footing is

A2 4 =4

- = - = -
a1 070065 5.92 = 2control2

@ 085=fc=Al ? =0.65*0.85*28*700*650*2*10™-3=14077.7KN

1
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Pu=6338.612< 7038.85

the dowels is not need.

The min area of dowels Asmin = 0.005 = Ag = 0.005 = 700 = 650 = 2275mm2
Select 18718 .

10

14%.5

241 B | =d1R
1 W

L

[ S TV

Go
380
284

L]

D40 L=d15 %
t L]

14%.0

6

0
10

L0 145 oo 145 LD
10 460 10
380
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| AU UG
| ‘ | g
: b

Ca o2 TR
of “FE PP T e e
0 [ [
- iﬂr.h'l'.'u
L
2

Zeftu L=410 L J

Ze21s L=dil | e

* % * % & 2 & o d o A kAR R

f A % e : ?"—"‘
ﬁ. L R+ H

15 gy oo 140 10
132 DGE i3

=30

Fig (4-17) : Top Plan and section of footing.

4.9 Design of Shear Wall (SW22):

We design shear wall by using Etabs program.

Vertical Steel Asmin=0.0012*100*20= 2.4 cm?/m
Horizontal Steel Asmin= 0.002*100*20= 4 cm?/m both sides

Vertical Reinforcement: select ® 10 \20cm at each side
Vertical Reinforcement at boundary: select ® 10 \10 cm at each side

Horizontal Reinforcement: select @ 10 \20cm at each side

U-hook & 10 \15cm
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TR R e
L

SO

Fig(4-18) : Plan of wall.

4.10 Design of stair:
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o 83 3.3 1.4

Figure (4-1 ): Top view of stair

(4.10 .1) Determination of Slab Thickness:
L=41m,

hieq = 4.1/ 20 = 20.2

= Useh=20cm.
6 = tan*(2.075/ 3.3) = 32.16
Cos 6 =0.846

(4.10.2) Load Calculations at section :

L oad on Flight: -

Dead Load:

For 1m strip:
Flight = (25*0.20)/(C0s32.16) = 6.2 KN/m.
Horizontal Mortar = 0.03*22*1 = 0.66 KN/ m.
Plaster =(0.02* 22)/ (Cos 32.16) = 0.52 KN/ m.
Horizontal tiles=23*0.03=0.7 KN / m.
Vertical tiles =22*0.03*(17.3/30) =0.38 KN/m
Triangle = 25*0.173*1*0.5 = 2.16 KN/m
Total dead load =11.0 KN/ m.
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Liveload:
Live load for stairs =5 KN/ m?.
Factor Loads:
Qu=1.211+1.6*5=21.2 KN/m.
Au=21.2*3.3*0.5=35KN
Max Vu =35*c0s32.16 = 29.7 KN
Max Mu =35*(0.4+1.65)-21.2* 1.65* 0.825=42.9 KN.m

Max Vu =35*c0s32.16 = 29.7 KN
Max Mu =35*(0.4+1.65)-21.2* 1.65* 0.825=42.9 KN.m

(4.10.3) Design of Shear:

Assume @ 12 for main reinforcement:-
So, d = 200-20 -12\2 = 174 mm
Vu=29.7KN.

£/, *b,*d
fve=-—Y e v =

_ 0.75*+/24*1000* 174
6

Vu =29.7 KN<fVc=106.55 KN.

fVvc =106.55KN

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

(4.10.4) Design of Bending Moment:

Max Mu =429 kN.m
Mn =Mu/0.9=42.9/0.9=47.667 KN.m.
K, —Mn
b-d
K - 47.667*10°
" 1000* 1742

m=_
0.85x fc'

=1.57MPa .
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420
m-=-——_
0.85x 24

Y P L P 1_\/1_M — 0.0039
m f, ] 206 420

As,,= 0.0039* 1000* 174 = 680 mm?

=20.6

As . =0.0018* b* h = 0.0018* 1000* 20 = 360mm
AS,,, = 360mmg AS,, = 680 mm?

Use® 12@ 15cm

As provided =750 mm*>As reqg.
Check Strain:

T=C

Astfy = 0.85* f.'*b*a
420*680 = 0.85* 24* 1000* a
a=15.44 mm

x=18.16 mm

€s = 0.038>0.005

Sof =0.9

5 -Lateral reinforcement:
Asmin = 3.78 cm?
Use®10 @ 10cm

As=3.9cm%m

(4.10.5) Design of landing:
- Load on landing:

Dead Load:
Tiles=0.03*23*1 = 0.69 KN/m.
Mortar = 0.02*22* 1= 0.44 KN/ m.
Plaster = 0.02*22*1 = 0.44 KN/ m.
Slab=0.2*25*1 = 5.25 KN/ m.
Sand = 16¥0.07* 1= 1.12 KN/m
Total dead load =8.0 KN/ m.
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Liveload:
Liveload for stairs=5 KN/ m.
Q=1.2*8+1.6*5=17.6 KN/m.

Au or Bu from Analysis:

Au = (17.6+35)*3.3*0.5 = 86.8KN

Vu=-52.6*(0.284) +86.8 = 71.86 KN

Mu max =86.8*1.65-(52.6* 1.65*0.825) = 71.62K N.m

(4. 10.6) Design of Shear:
Vu =71.68 KN.

f /T *b,*d
fyo=-—Yc v =

_ 0.75% /24 *1000* 174
6

fvc =106.55KN

Vu=71.68 KN<f Vc = 106.55KN.
No shear Reinforcement isrequired. So the depth of the stair is OK.

(4.10.7) Design of Bending M oment:
Mu = 71.62 KN.m
Mn=Mu/0.9=71.62/0.9=79.57KN.m.
d=174mm.

~ Mn
" pb.d?

_ 79.57%10°
" 1000* 1747

m-_ v
0.85x fc'

420
m-=——/
0.85x 24

* *
S P AL (P 1—\/1—M — 0.0065
m f, 206 420

89
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As,,= 0.0065%1000* 174 = 11.3 cm’

As_ =0.0018* b* h = 0.0018* 100* 21 = 3.78cm2
AS = 3.78cm’ < A= 11.3 cm?

Use @ 12\10cm
As=11.3cm?/m

Check Strain:

T=C

Astfy = 0.85* f.'*b*a

420*11.3 = 0.85*24*1000* a

a=23.26 mm

X=27.37 mm

€s = 0.003((184-27.37)/(27.37)) = 0.017 = 0.005

So f =0.9

iz

s

l — T —Susaz13

\

&E 1812 5 L=4. 000

Figure (4- ): Reinforcement for stairs.
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0,79

Figure (4- ): Reinforcement for stairs.

4.11 Design of Basement Wall:

—

S
q_
ﬂ_
af ‘:]_
pe <
]
—
S & 5501 4

Figure (4- ). Geometry of basement.

Fc’ =24 Mpa Fy =420 Mpa

@ = 30°y = 18.00KN-Tn?
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Ko=1-sin@
=1-=sin30
=0.50

4.11.1 L oad on basementwall:

For 1m length of wall:
* Weight of backfill:

gl =Ko=y=#h
= 0.50*18.0*3.82 =34.38 KN/m
01 (Factored) = 1.6 ¥*38.38 = 55.01 KN/m

* Load from live load:
LL=5KN/m2
g2 =Ko #LL
=0.50* 5=2.50 KN/m
02 (Factored) = 1.6 *2.50 =4.0 KN/m

4.11.2Design of the shear force:

Assume h =300 mm,
d =300=20-=14 = 266 mm

Vmax =77.77 KN

f /T *b,*d
fyo=-—Yc v =

_ f+/24*1000* 266

fVc =162.9KN

Vu<fVc

No shear Reinforcement isrequired.

4.11.3 Design of bending moment:
Mu max =61.1KN.m
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- Mu e 61.1

o _Mn+10°_ 6788+10° _
N ="p+=dZ ~1000=266Z - °VPa
__ By _ a0 "7

M=085+fc 085%24 <
_1 1 1 2=Rn=m

P=m Fy
1 | 27096+2058
"~ 2058 420

=2343=10""
Asreq =p=b=d=234=10""=1000 =266 = 6.23 cm“/m
Asmin =0.0012 =b =h = 0.0012 = 1000 = 300 = 3.60 cm*/m
Amin = Areq
Select P12@15cm/m
Vertical reinforcement at compression face:
As req =As min = 3.60 cm“/m

$10@15cm/m

4.10.4 Design of the horizontal reinfor cement:
Asmin =0.0012 =b =h = 0.002 = 1000 = 300 = 360cm*/m

Select@10@20cm/m, in two layer.
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910/20 ;
D2 %
TN & 3 5‘]
1
q@ﬁ-ml P
N, [ ]
- b4 e
/I L M 5
a3
M\‘[

4 L)

@28 @ 10cm |-
L L - - dimd, .
u B [

g

Figure (4- ):Reinforcement for Basement Wall.
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4.12 Design of Two Way Solid Slab of Water Tank:

o

o

roatiook,

i

e

g

T et

Two Way Solid Slab

25 CIT] tlab thickness)

ra e R

Fig(4-23):Plan Of Solid Slab

(4.12.1) Calculatethe minimum thicknessslab :

hmin = 22 cm
60+22+11
Y= 722460
60 + 22°
12

=11cm

Ih =

= 53240em

500 + 60 * 2273
Is = 12 = 496906.67cm

" 1_u:_ 53240 - 0107
fl= Is  496906.67

 fl=x f2 =x f3 = f4
gt 440107

cx:fm=T——4 =0.107
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Trilor 10
g _10_,

= = =
fﬂ]" [£8 f”! = OZﬂ trshort 10

o _In_8.8_2441
min = z- = oo =244cm

but we will select 25cm slab thickness.

(4.12.2) Dead load calculations:

Table(4-4) calculation of the Dead load solid

Dead load from: oxy KN/m
Tiles 0.03%x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x17x1 1.19
Slab 0.25%x25x%x1 6.25
Plaster 0.03%x22x1 0.66
5y 9.45

Dead load =9.45 KN/m?.
Live load = 3 KN/m?2.

WuD = 1.2*Dead load = 1.2*%9.45 = 11.34 KN/m?.
WuL = 1.6*live load = 1.6*3 = 4.8 KN/m?.
Wu = 11.34+4.8 = 16.14 KN/m?

(4.12.3) Shear Design :
la/lh)=1
Wp=W,=0.5
e The total load on the panel being ( 10*10*16.14) = 1614 KN
e The load at face of the long beam is (0.5%1614/(2x%10))=40.35 KN
Assume the ® 16
d=250-20-16\2=222mm
e V.=(v24 *1000*222*10"-3)\6 =181.26KN
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BV¢ =075 ¥ 181.26= 135.95 KN
Vi< o V..

The thickness of the slab is adequate enough

(4.12.4) Flexural Design:
(I/1,=1)

Positive moments :
Cda=.036
Cla=.036
Cdb=.036
Clb=.036

Mazve oi=Ca*W* L% =0.036*11.34*10 = 40.824 KN.m\m
Matve i=Ca*W* L? =.036%4.8*10 2= 17.28KN.m\m
Ma+ve = Ma+ve.L + Ma+ve.D = 57.56KN.m\m

Mp+ve p=Cp*W* L,? =0.036*13.44*10°= 40.824 KN.m\m

Mp+ve.= Mp+vel + Mp+vep = 57.56KN.m

(4.12.5) Positive Moment:
Mu = 57.56KN.m (at both direction)

Assume the dgyy =16 mm
d =h- cover - (dgar\2) =250-20-8=222mm
Mn =Mu/0.9=5756/0.9 =63.95KN.m.

_ Mn  6395*10°

" b-d* 1000* 2222
S fy 420
"~ 0.85x fc' 0.85x 24

=1.29MPa .

=20.59
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* *
c_Afy fpamK, ) 1 1_\/1_2 2059*1.29 ) _ 51044107
m f, 20.59 420

ASe,= 3.194*10°*1000*222 =709.25mm*

As, ., =0.0018* b* h = 0.0018* 1000 * 320 = 576mm2

As = 709.25mm2> As,;= 576mm?2
Use ® 14 \ 20cm

%

A P e e R e e
1 @ A2 iem L= 10 Am
@ 2 0em L= 10 5m

T @14-20em 1510 5m

B ©14-20cm I=10.5m

Fig(4-24) : Reinforcement of solid slab
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4.13 Design of Truss Using Sap 2000.

ANV :

Fig(4-25) : Reinforcement of solid slab

Fig(4-26) : Reinforcement of solid slab
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Fig(4-27) : Reinforcement of solid slab

4.14 Design of Strip Footing Using Safe 2016.

Fig(4-2 ) : Strip Footing
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

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 Oneend | Bothends
supported | continuous | continuous | Canlilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £/20 £124 £/128 £M10

Beams or
ribbed one-
way slabs L6 {185 £121 £/8

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

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

a) For structural mmeigm concrete having unit density, w,, in the range
1440-1920 kg/m”, the values shall be multiplied by (1.65 - 0.03w..) but not

less than 1.09,
bj For £, other than 420 MPa, the values shal be multiplied by (0.4 + £, /700)

MINIMUM THICKNESS OF NONPRESTRESSED BEA‘S OR ONE
WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Tyoe of member Defaction fo be considéred |

Flat rools not supporting of aliached fo non- | Immediats deflaction doe to five bad [
siruchural elements By 1o be damaged by

farge deflections

Fhmrnam&lgurmhmi Immediate deflaction due to e boad L
tural elements kel 1 be damaged by large L350

Floof or floor construclion supporfing or mmmwmmm
attached 1o nonstuctural slements kel 1o be | sftachment of nonstructural elements (sum of {480
damaged by e deflections wmumaw
Root or foor construchion supporting or """""’ffIII Sckn s
resets mmmmmto. S e ey (2
mwwmm

" Lim pect imenciod b salaquaed shoud b checied by satable caicubaions of defiacion, acdied defiechions due o ponded
n mmmhqmmum cambit. consiruchon ioierances, aed rlabiity of provisons by

La;?-mm shall ba determnad n aczordance wilh §.5.2.5 or §.5.4.3, but ey be redced by amoun! of defiection carcuintad to occur belve aftach.

nonuctural slemits. This amount shal be detarmaned on bass of sooepied engmesrng dat rfatng % ime-deflection chamcensics of membars sim-
ar i hose baing conidenad
‘mmmmﬂlﬁu&mnmumﬁmpm%amm
;umumammﬁmmh nestuctal simerts. Lmd may be exceedad f camber s proveted 5o Tt ksl defecton mies camber
o

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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