dadigl) A
Ay jlanall g Auiaadl Aadigh 5,0

Pl dusia £ 8 das dunih awdl

£ 3l
Quli) Aite b B2 LAY avecad

Juad) 3
< gal) L jel e
il )
-y pad
il — Cudali



CAN B g e Al Balgd

Yy g

Jasd) 3 2 o
sall La Ay gl e

) s mdal) 138 A a% Adataal) Aiall) pliaef aran 488) gayg £ g peiiall o i pdiall M) Clgza g o sl
(s NSl A a3 jilal) clullatiay o8 ol Lia o8 giS g Autigd) A0S B 4 jLarall g Aiaal) Auigl) 3 i

B iy o 5 g9 ial) Uyl a5

Sl gal) s,

2016/2015



¢ >y Lodssy cadY LinsS gidl gbeldl Jl
S Lt gdaedd Q) el Lieunl s LideST
u—l—c Bj_i_ﬁj LO_I_R_,Oj J_o_@_l_,o L L_oj.b oo LS

- oeas Il g o1 eS|

auwaid Logy 40d g1 Lol undl a5lsS o A
Js¥I S aOls g 4] eonSdl s e
Ll ool g Jddly Hehially oyxd Lads

1 eonad Le 38T cualy Oygw LadS Opgw 5
slhad ) Ladgd adly Yy ablsS gl daylax il ol
Jugs e A5 L LaS gage dod] gaal cdadl g

dl e ladly 4l Dg>g 1 G L;S‘:L—H %LL&_H J !
Lo ol e 4l Juwol ST 1y

Sty miandl LadS osg>g e LSST o8S (o

S Lidoy S5y 9—;3‘97

ol lajylaxzy by sJ1 slagadl »1g9y1 Q)

Lidg> d8le whl 501 agalayl 4l ¢ LiSlas

piodd o Lo pSo ]l cdoea g il il

Liade aSodg ¢ pSSddy Lid slad aSslas

o pSol gyl Lgatigaal

Lol gaed o JS 4] SiSlaly e

N s e T

- &=
Joox Il G 49

oaaidl) g <)

1 silg ¥ gl AdUalus aulie g dga g Doy (Bl LaS Bas g & Adallg o o)



LYl g Sl gy g adlil

 Ophadd ST gy daaly
Al i )

C I g eyl Lgadlay | 4 jlanal) g ddiaal) duaigll 3000 )
e Bl A e Gl
shali Ul |l Jal e aen

o) gial) Gad) 138 Jladl 8 abl (e JS

Jand (3

Crdaadd (Y avaail)

SRECRERIR
G

Vv



ENSIM Al e

/ ~Crandd i<t g,

Jadoa Guagy (SN Aaa QAN Gl LAY asesalll B £ g pdiall 13 3 SE (el
4 4dial) dalual) G ¢l gl AL (e all (oS Cuag A DU AdLaSY) Jaaldil) AS anaial

(oo sl JSiy Lgay 35 g A AN IS a3 o o gy gl ol Ay £ g peiall (g jlanall ppasall) Gaaly g

U gy Al ) b gy i<l a3 95 i panaall JB (e alaia¥) ol Ad) ) ABL) cdgdadi o) g ddland) el

Baact) g jgmal) Jia el B AuLEATY) yualinl) £ 53 A £ g pdiall drar] asig Cpaddiaiall J pua gl Ay g
AT dila Ad) i3l o

(ACI)  2a¥) Dolu Al 368 cldhia o asaall) ol
plidiud &5 4l SMU jaaall e W €5 AutoCAD, Office, Safe, Etabs, Atir Jie (ALY asaatl
AN g bda pary o g ALY asasaily Aaldd) gl pall Al pag g3Y1 LaS Jlaal) aaal
dad gial) AAVAY Jlaal) g AuLadY) sualinll Jalat 5 apaad (e dpbuall dpilis) Al 3 £ g pdiall Gpandal Eua

dLaay paliall LGN azaatl) o i g

Structural design of Hebron Hotel
Work Team

Haya Dweik A'hd Abuzieneh

Palestine Polytechnic University 2015/2016

Supervisor

Dr.Nasr Abboushi
V



Abstract

The idea of this project is the structural design of Hebron Hotel, The project will
include the construction design with all details necessary for the building which consists of
eight floors such that the total area of floors equal 8485 m?.

The architectural design of the project based on multiple steric blocs distributed
consistently in terms of aesthetic and functional purposes, as well as it has been designed in
the form of distributing blocks that provide comfort, ease and speed of access for users. The
importance of the project can be observed in the variety of the structural elements of the
building such as dlabs, beams, columns, foundation...etc.

The project designed using ACI code and we use some of programs of structura
design such as Autocad2010, Office2007, Safe, Etabs, Atir...etc. And we use the Jordanian
code to determine the loads, and we refer to severa references and graduation projects for data
and design calculations. So the project include detailed structural study, analysis of the
structural elements, expected and calculated loads, the structural design of the elements
required and the preparation of construction plans.
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Chapter Four Structural Analysis And Design

4.1 Introduction:

Concrete is the only maor building material that can be delivered to the job sitein 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 al structural members would be made

upon the structural system which was chosen in the previous chapter.

S0, in this project, there are three types of slabs: one way solid slab, one way ribbed
dlab, two way ribbed slab. They would be analyzed and designed by using finite element
method of design, with aid of a computer programs called "SAFE " and "BEAMD" to find the
internal forces, deflections and moments for ribbed slabs and beams.

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-318-11code.

4.2 Design method and requirements

The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318_11).
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4.3 Factored loads

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:
qu=1.2D.L+16LL.

4.4 Slabsthickness calculation

Deter mination of Thicknessfor One Way Ribbed Slab:
According to ACI-Code-318-11, the minimum thickness of nonprestressedbeams
or one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5 =5/18.5 = 0.2703m =27.03 cm

The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21

=4.87 /21 =0.232 m =23.2cm
Select Slab thickness h= 32cm with block 24 cm & Topping 8cm

4.5 Load Calculations

Oneway ribbed dab:

For the one-way ribbed dabs, the total dead load to be used in the analysis and design is
calculated as follows:
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Fig. (27) Oneway rib slab
Calculation of the total dead load for one way rib slab is shown in the following table:

Table (5) Calculation of thetotal dead load for oneway rib slab.

No. | Partsof Rib Calculation
1 Rib 0.12*0.24*25= 0.72KN/m
2 Top Slab 0.08*0.52*25 = 1.04 KN/m.
3 Plaster 0.03*0.52*23 = 0.3588 K N/m.
4 Block 0.4%0.24*10= 0.96 KN/m
5 Sand Fill 0.07*0.52*17= 0.619KN/m
6 Tile 0.03*0.52*23 = 0.36 KN/m
7 Mortar 0.03*0.52*23 = 0.3588 K N/m.
8 partition 2.30%0.52 =1.196 KN/m

5.613 KN/m

Nomina Total Dead load = 5.613KN/m of rib
Nominal Totd liveload =5*0.52=2.6KN/m of rib

4.6 Design Of Topping
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Dead load of topping

Tiles 0.03* 23=0.69 KN/m?
Mortar 0.03 * 23=0.69K N/m?
Sand 0.07 * 17=1.19KN/m?
Slab 0.08* 25=2  KN/m?

Partitions 1.00 * 2.30= 2.30 KN/m?.
Dead Load =6.87KN/m?.
Live Load = 5 KN/mZ.
W,=12DL +16LL
=1.2* 6.87 + 1.6 *5 = 16.244 KN/m?. (Total Factored Load)

M, = f*§
= 042 Jff « " = 042 v24 + X2 L 107 = 22 KN.m
M, =0.55=2..
¢hM, =121 KN.
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=
#0f 8 = % = =286 - Spacing(S) = —— = 0.349m = 349 mm.

280, 2810

<380 (5)-25* Cc < 380(5))

280 280

=380 * (»Er—)—2.5* 20<380* (?T)

280 280

=380* ( )—2.5*% 20< 380 * ( )

L. - J
i' #20 E‘- 420

=330 mm. < 380mm.
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<3*h=3*80=240 mm........... controlled.
< 450 mm.
~Use @8 @ 20 Cm in both directions.

4.7 Design Of Rib (01) In Basement Floor .
Material :-

concrete B300 fc' = 24N/mm?
Reinforcement Steel fy = 420 N/mm?

Section :-
b=12cm bf=52cm
h=32cm Tf=8 cm
Beamait ¥ Lansmars '-‘..Ed
1 F 4 F
i - 3 4
’__, d P 4 4 r,_l
o 1 '3 || ﬁ; || "’j [SEH "J I
II].GI 4,25 A 0B : L% A oE : 4407 ; S 4,25 II].GI
o o405 ! ' 125 ! ' 457 ' 495 m
I | | | |
&7,
B
-
42,
AA

Figure (28): Rib geometry
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Lecding
vad group mo. T
Uesd ‘oad - senice Units: kN metar
5.50 5,60 580 500
| " k
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Liveload Serviza Load factere: 4.20,4.20M1 €0,0.00

1.p0 2,60 I.EIIZI1I~r i l l 1#] l ‘1

4,95 LK 485

Figure (29) : loading of Rib (FF-R30)

Vomems:  spars g 4

i Bl
| i1
A7 .'“- 123 2RA l_.-""\.l' 64
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Figure (30) : Moment Envelop of rib (FF-R30)
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Figure (31) : Shear Envelop of rib (FF-R30)

EDesign of flexure of rib(R0O1):-

Design of positive moment of rib (01)

1) Maximum positive moment Mu =22.8 KN.m.

Assume (h12 for main positive reinforecement .
d=320-20-10-12/2=284 mm.
check if a> hf

Mnf = 0.85 fc' b hf (d - hf /2) = 0.85 *24 *520 * 80 (284 — (80/2)) = 207.07 KN.m .

Mn=Mu/d =22.8/0.9=2533KN.m.

Mnf >>Mu /¢ (a<hf)
So the section will be designed as rectangular section with b = 520 mm .
m=—2_ =" -206.

T 085 [ 08524

_ My _ 2533.10%
T hed?  520e (2843

=0.604 MPa

p:_L.[]__ JIW]

m - fy
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|=0.00146 .

1 1 f 1 20604206
20.6 - 4210

~ As=p* b*d=0.00146* 520 *284 = 215.6 mm~.
Check for As_min

| of

Aspin =025 = ab, #d 2 abysd (ACI-10.5.2)
202522 41204284 = 1121204284
=99.4 mm*< 113.6mm? ............. Larger value is control.
— ASpin = 113.6 mMM’< A, =215.6mm?”.
~ As = 215.6mm>.
2 ©12= 226.08 mM>> AS,eq = 215.6mm?>. OK.
s Use2 P12,

— Check for strain:- (£, = 0.005)
Tension = Compression
As*fy =085* f/*b* a
226.08* 420=0.85* 24* 520 * a

a=8.96mm.
= ;Ttt = 2::: 10.6mm.
£, ==* 0.003
— Eﬂ-:f'u;ﬂ-ﬁ * 0.003=0.0774>0.005 =~ =0.9........... OK

2) Positive moment Mu =19KN.m.

Assume bar diameter (12 for main positive reinforecement .

d=320-20-10-12/2 =284 mm.
Mn=Mu/p=19/0.9=21.11 KN.m.

_fy _ a4z0o _
m=——=———-=206.
085 f) 08524
Mp _ 21.11s10%

Rn = =0.504 MPa.

T bed? T 5z0e (284)2
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2R

p=n(— [1-=77)
=—[1- |1 -Z22200 = 0,001214.
2006 4210

L As=p* by *d=0.001214 * 520 *284 = 179.22 mm?°.

i
ASpyn = ——# b, *d = b, =d ... (ACI-10.5.1)
40 Iy
NEL
420

=025 120 =284 = ﬁ +120 =284

=99.4mm*<113.6 mm®............. Larger value is control.
—. Asreq = 179.22 mm?>Asmin = 113.6 mm?.
5 As=179.22 mmZ.
2 ®12= 226.08 mM>> Ase= 179.22 mm?. OK. *Note: Agyq = 78.5 mm-.
s Use2d12.
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
226.08* 420= 0.85* 24* 520 * a

a=38.96 mm.
c=2= 2 106mm.
fiy 085
£, = =% 0,003 =22""2% 0,003=0.0774> 0.005 -¢p =0.9 OK

Design of negative moment of rib (01)

1) Negative Moment Mu ©=18.3 KN.m.
Assume bar diameter (12 for main positive reinforecement .
d=320-20-10-12/2 =284 mm.

Mn = Mu/p=-18.3/ 0.9 = 20.34KN.m.

m=—2_=-_*%" _906.

T 085 f] T 08524
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R = Mn _ 2034 «10% — 2102 MPa
b2 120s (284) :
p:i(l_ J|1_2Rn-rn:|
m . fy
=—[1- [1-Z228)=0,0053.
20.6 - 420

L As=p* b, *d=0.0053* 120 *284 = 180.4mm?’,

ﬂsnu'rr = ._*bw * ¢l = ﬂ"—‘bw =d (AC|-1051)
4y Iy
Vig 1.4
=025 —=120%284 = —=120=284
4210 G20
=99.4mm’< 113.6 mm? ............. Larger value is control.
— Asreg= 180.4mm*>Asmin= 113.6mm?>.
» As=180.4 mm?’.
2 ©12= 226.08 MM?> Aseq= 180.4 mm?. OK.
s Use2d12.

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85* f'*b*a
226.08* 420=0.85* 24* 120* a

a=38.8mm.
c=2=2% 457mm.
fly Q85
£, = =% 0,003 = =2 * 0,003 = 0.0157> 0.005 -¢h =0.9 OK

2) Negative Moment Mu O=17 KN.m.

Assume bar diameter (12 for main positive reinforecement .

d=320-20-10-12/2 =284 mm.
Mn=Mu/p=-17/0.9=-18.89 KN.m.

fy 420
=——= =206.
085 f; 08524
My _ 18.89.10°

Bn =

T hed® T 120 (284)2

=1.952 MPa
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2R

;{1 = | [ 5 )
— zul ‘ . _h 2 l.ﬂﬁ.z-zu.[i ]: 0.0049.
B 420

S As=p* by *d=0.0049 * 120 *284 = 166.773 mm-.

|.f._
AS, i = — % b, *d }—abw sd oo (ACI-10.5.1)

40

-025ﬂ=e-120 284 > %120 +284

=99.4mm’<113.6 mm?............. Larger value is control.
_ Asreq = 166.773 mm?>Asmin = 113.6 mm®.
“ As=166.773 mm’.
2 ®12= 226.08 MM*> As,e= 166.773 mm?. OK.
s Use2 P12,
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
226.08* 420=0.85* 24* 120* a

a=38.79 mm.
= ;tht = H[T'H:J: 45.64 mm .
£ = * 0,003
_ 284=45.64

= * 0.003 =0.0157 > 0.005 -¢p =0.9 OK

45,64
eDesign of shear of rib (01)
The maximum shear force at the distance d from the face of support .

Vu =25.5KN.

I
L

BV ob*" b d

—075*f * 0.12* 0.284 *10° = 20.87KN.

5

1.1* o V.=1.1* 20.87 = 22.96 KN.
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- Check for Cases:-
Case3: d VesVu<sd Ve + & Vsmin
2296<255< 3148

® Vsmin > 0.75 (%) *pw*d =0 .75*(%)*0.12*0.284*1000: 852 KN. (control)

> 0.75 (% *bw*d =0.75* % *0.12* 0.284 * 1000 = 7.83 KN .

® vsmin = 8.52 KN.

TakeAv=2® 8=2*50.24
Av/s= Vdfy*d

100.48/ s= 6.2 *10"3/284* 420> s=1933.11 mm
S < d2=142mm

< 600 m.

sUse® 8 @12.5cmclc

Minimum shear reinforcement is required except for concrete joist construction , so shear
reinforcement for 1m from the face of support is provided .

4.8 Design Of Two Way Ribbed Slab
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Figure(32): Twoway ribbed sab

Material :-
concrete  B300 Fc' = 24MPa
Reinforcement Steel fy =420 MPa

Table (6) Calculation of thetotal dead load for two way rib slab.
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No Material Quality density W (KN)
KN/ m?

1 Tiles 23 23*0.03* 0.52* 0.52=
0.187.

2 Mortar 23 23* 0.03*0.52* 0.52 =
0.187

3 Sand 17 17*0.07* 0.52* 0.52 =
0.322

4 Reinfor ced concretetopping 25 25* 0.08* 0.52* 0.52 =
0.541

5 Reinfor ced concrete Rib 25 25*0.32*0.12* (0.52 +
0.4)=0.8832

6 Concrete Block 10 10* 0.32*0.4* 0.4=0.512

7 Plaster 23 23* 0.03* 0.52* 0.52 =
0.187

8 Partitions 2.30 KN/ m? 2.30* 0.52* 0.52=0.622

35 KN
Dead load of slab :

DL =3.5/(0.52* 0.52) = 12.95 KN/m?
WD =1.2* 12.95 = 15.53 KN/m?

Live load calcualtions::

LL =2KN/m?

WL = 1.6* 2=3.2 KN/m?

W = 15,53 + 3.2 = 18.73 KN/m?

EDesign of shear of rib (20)

The maximum shear force Vuat the distance d from the face of support .
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d=400-20- 8- 14/2 =365 mm .

la/lb=10/11.4 = .88.

Wa=0.624

Whb=0.376

Total Load on the panel =10x11.4x18.5 = 2109 KN .

0e24xx 21090152
2x11.4

The Load per rib at face of long beam= = 30.02KN

Vud=30.02 -18.5%0.52x0.365=26.51KN

0.75 — :
OVe =11 x% - % V24 % 120 % 364 x 1073 = 2943 KN .

1
> Ve =14.712 < Vu < 0Vc

No Need Shear reinforcement ( exception for joist constructions) .

BEDesign of flexure of rib(R20)

SoitsCase 4

Ls/Lp=10/11.4= .88

For negative moment :

Caneg (0.85) = 0.066 , Caneg (0.90) =0.060

Caneg (0.88) =0.066 — (((0.066 — 0.060) / (0.90-0.85)) * (0.88-0.85)) = 0.0624.

Cb,neg (0.85) = 0.034 , Cb,neg (0.90) = 0.040
Cb,neg (0.88) = 0.034 + (((0.040-0.034) / (0.90-0.85)) * (0.88-0.85)) = 0.0376.
For positive moment :

A) For dead load :
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Cadl (0.90) = 0.033 , Ca,dl (0.85) = 0.036
Cadl (0.88) = 0.036 — (((0.036 — 0.033) / (0.90 - 0.85)) * (0.88 — 0.85)) = 0.0342.
Chb,dl (0.90) = 0.022 , Ch,dl (0.85) =0.019

Cb,dl (0.88) =0.019 + (((0.022-0.019) / (0.90-0.85)) * (0.88-0.85)) = 0.0208 .
B) For liveload :

Call (0.90) = 0.039 , Call (0.85) =0.043
Call (0.88) = 0.043 - (((0.043-0.39) / (0.90 - 0.85)) * ( 0.88 — 0.85)) = 0.0406 .
Cb,ll (0.90) =0.026 , Cbyll (0.85) =0.023

Cb,ll (0.88) =0.023 + (((0.026 - 0.023) / (0.90-0.85)) * (0.88-0.85)) = 0.0248
Matve=[Cadl.W.L&]

At short direction:

Mat+ve=[0.0342%15.5x10 2+O.O406><3.2><102] x0.52=34.4 KN.m

At Long direction:

Mb-+ve=[0.0208x%15.5x11.4°+0.0248x3.2x11.4%] x0.52=27.2KN.m

-Design of positive moment at short direction:
d=400-20-8-14/2=365mm

Mu = 34.4 KN.m.
— M _ . H--*r.ﬂl — :0552 .
Qo fanid 0O= 520365
_ -inu —20.6
OHS =24
1 el It 2% 057 X 20.6 = 133 % 10-3
=206 220 -

As =520 % 364 % 2.36 %X 10°% = 252.8 mm?=.
So use 2F 14.
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Figure(33): Two way ribbed slab reinforcment

4.9Design Of Beam (03 ) In Basement Floor :

Material :-

Fc'=24 MPa

fy

concrete B300

420M Pa

Reinforcement Stee|

Section :-

B =60cm
h =50cm



Chapter Four

Structural Analysis And

Design

Geaeliy T T |
| ;) 5 4
4 s 3 L]
N A ' b 4 'y o s
L2 s b EAS UE B UL Bb LR
b g | 708 ! T3 I F] I
. 4 |
31,
.
A A
Figure (34) : Beam Geometry.
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Figure (35) : Load of Beam (FF-B130)
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Figure (37) : Shear Envelop for Beam

@EDesign of flexure of beam 03 :-

Design of positive moment of beam (03)

1) Maximum positive moment Mu =221.6 KN.m
by =60Cm. , h=50Cm.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=500 - 40-10 - —2?= 437.5 mm.

Cirex = —* * d = 2% 437.5 = 187.5mm.

~1 |
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£1=0.85- 0.007 ( fc'—28)=0.878.
8nax = 1% Crax = 0.878 * 187.5= 164.625 mm .
Mnina = 0.85* f'*b*a* (d-7)

= 0.85 * 24* 164.625* 600* (437.5-——— ) * 10°

=715.71 KN.m.

- (PMnNmax = 0.82 * 715.71= 586.9KN.m . * Note: €s=0.004 - ¢ =0.82

- (PMnNmax = 586.9 KN.m > Mu = 221.6KN.m..
~Singly reinforced concrete section.
Maximum positive moment Mu ) = 221.6KN.m

R e MH e
" = @bz ~ 0:
m=—2,=—20_—206,
0851 0.85=24

1 ZmRpy 1 2020642144 |

p=—(1-_J1-=") =1~ |1 === "—=—] =0.00541.

As=p.b.d = 0.00541 x600x437.5 = 1419mm?>.
CheCk fOf As’min .

Asmin =0-25ﬁ b,.d= 4 b,.d
Iy Iy

VZF
#2100

Agmin =1 600 x 437.5 = 875 mm?® Control.
4

20

Asmin =0.25 600 x 437.5 = 765.5 mm*

Asmin= 875 mm’< A= 1419 mm?
Use 4g22Bottom. As,provided = 1519.76mm2> As,required = 1419mm2. Ok

Check spacing :

HO=feZ=20=(qx22)
3

S=

=13734mm=>d,=20>25................ OK
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Chapter Four Structural Analysis And Design

Check for strain:

_ Asfy  _ 151976x420
085h ff  OHESE00x24

= 52.15 mm

_a 5215

=—=——=594mm
By 0QB7S

£, =0.0

2) Positive moment Mu ) =196.2 KN.m.

m=—2, =% _>p

T oasf T oasx24

1 2mBRyy 1 2420.6¢1.9
p=;[1—_]’1— 42:1[]_m{]_-||1_ 420

] =0.0048.

As = p.b.d = 0.0048x600x437.5 = 1247.24 mm>.
CheCk fOI’ As’min .

Acmin=025YL%p d=1p d
' fy fy

Asmin 20252 600 x 437.5 = 765.5 mm?

4210

Agmin =12 600 x 437.5 = 875 mm? Control.

420
Asmin= 875 mm’< As = 1247.24 mm?
~Use4 g 20 Bottom. As,provided = 1256 mm2> Asrequired = 1247.24 mm2. Ok

Check spacing :

U= e Z=2 0= (G 20)
3

Check for strain:

S= =140mm=>d, =20=>25.........c......... OK

_ Asfy  _ 1258%420
085k ff  OHESE00x24

= 43.1 mmn
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Design of negative momentof beam (03)
Negative moment Mu © = 324K N.m.

m=—2, = 20— 206,
0851 NASx24
2mRy | _ 2¢20.6¢3.135

As= p.b.d = 0.00815x600x437.5 = 2138.7mm>.

CheCk fOf Asmin .
Asmin =o.25ﬂ byd=2b,.d

Asmin =0. ZSQ 600 x 437.5 = 765.5 mm*

Asmin =— 600 % 437.5 = 875 mm* Control.

As’min = 875 mm < AS = 2138.7 mm
Use 5 g25Bottom .
As,provided = 2453.125mm2> As,required = 2138.7mm2. Ok

Check spacing :

HO0=d0eZ=20=(5x25)

S=

=93.75mm=>d,=20=>25................. OK

Check for strain:

Asfy  _ 2453.125x420
06855 h' 0B5=600%24

= 84.2 mm

i

C=—=—— —959mm
By, D878

eDesign of shear:-
55
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Chapter Four Structural Analysis And Design

1) Vu= 261.7KN .

Ve = qo*"‘*bw d

=075+ ¥ *06 0.4375* 10° = 160.75 KN.

— Check for cases:-
3Cae3:hV< Vy £ Vet DVSnhin

075

® VSmin > \ff;* b * d =224 * 0.6 *0.4375* 10° = 60.3KN.

[]'."'1

> 2xp,*d=
OV + OVSmin = 160.75 + 65.625 = 226.375 KN.

BVe+ OVSmin< Vi < dVe+ (2 % * by * d)

0.75

=226.375< 261.7 < 160.75+ (—*\/24 * 0.6* 0.4375*10%)

226.375< 261.7<4823.............0k

shear reinforcement are required .
As=226.08 .

Ve=Vp—Ve= o H—21434 134.6 KN

sUse2leg @ 12 @ 200 mm.

4.10 Design Of Column

56
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Chapter Four Structural Analysis And Design

Select column (C1) for design in 2nd floor.

Pu = 1089.75 KN .

Pu req = 1089.75/0.65 = 1676.54 KN .

User =rg=1%

Pn =0.8* Ag{0.85* fc'+rg(fy—0.85fc’)}

1.67 = 0.8* Ag[0.85* 24 + 0.01* (420 0.85* 24)]
Ag = 0.0856m?

Use0.5x 0.3cmwithAg=0.15m2 > Agreg= 0.0856n?

- Check Slenderness Effect

e In 0.3m-Dirction

Ku gy oML ACI - (10.12.2)
M2

r

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/%

Lu=30m

M1UM2 =1

K=1, According to ACI 318-11 (10.10.6.3) The effective length factor, k, shall be permitted
to betaken as 1.0.

Bln X-Direction
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Ku 34—12% ............... ACI - (10.12.2)

r
1x3.0

0.3x0.3
.. LongColoumn in  x:dirction

=33.33> 22

BlnY -Direction
klu M1

<3412 ) ACI —(10.12.2)

r M2

1x3.0 _20<22

0.3x0.5

. Short Coulmn in: y:dirction

El =04 Ely [ACI 318 — 2002(Eq. 10 — 15)]
TUTL4g, 9

Ec = 47004/ fc' = 4700v24 = 23025.20 Mpa
12DL  12%34178

B P, 1089.75 38

=2 00805 0.001125mm"4
9T T 1 0 mmh4,
i 0.4 x 23025.20 X 0.001125 25130

- 1+ .38 = (OLpe
p oo el B 3.14% %751 - g o3 B
TKLw? T (1x3.0)2
I.'l.'-"?P'._ D75=B23=1000
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€,in =15+ 0.03x h =15+ 0.03x 300 = 24mm = 0.024m
e=e_ . xd  =0.024x2.61=0.063m

e _0.063 _ 021

h 03

From Interaction Diagram
fP, 1089.75>< 145
A, 0.3x0.5 1000

My =0.01

=1.053Ksi

A =r1 x A =0.01x500 x 300 = 1500 mm?2®
oo use8f 20

@Design of reinforcement:-

S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S < 48dt (tie bar diameter).

S < Least dimension.

spacing <16xd, =16x2=32cm

spacing <48xd, =48x1.0=48cm

spacing <least.dim.=30cm

“Use 10220

- 210820
Al CL— 14 @1 OEE0

—_— L=k

i L | d ‘:m["“‘““] l

H@o& T

Figure (38) : Columns Section
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4.11 Design Of Solid Slab Of The Stair Roof (1)
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Figure (39) : Solid Slabl Plane
hmin=1/20=3700/20 = 185 mm , takeh=20cm.
Assume bar diameter ® 12 for main reinforcement.

d=h-20-db/2=200-20-12/2=174 mm.

Table (7) Calculation of the total dead load for solid slab of stair roof 1.

No. Material W = quality density * h
KN/ m?
1 Tiles 22 * 0.03 = 0.66
2 Mortar 22* 0.02=044
3 Sand 16* 0.07=1.12
4 Reinforced concretesolid slab | 25* 0.2=5
5 Plaster 22*0.02=0.44
7.66 KN/m?

Dead load=7.66 KN/m?
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Liveload = 4 KN/m?
Dead load for 1 mstrip of dab DL =7.66* 1 =7.66 KN/m .
Liveload for 1 mstripof dabLL =4* 1 =4KN/m

@EDesign of reinfor cement:-
W= (1.2¥7.66)+(1.6*4) = 15.592 KN/m
Mu=(W,_*1%)/8 = 15.592* 3.7%/8 = 26.7KN.m

me— N __ 40 55
0.85fc’  0.85(24)

_Mn _ 26.7*(10)°
"~ bd 2 (0.9)(1000 )(174 )2

* *
c_Af; f_2mRn | _ 1 1_\/1_2 20.6%0.98 | _ | 0os
m fy 20.6 420

A = 0.0024* (1000)* (174) = 416.2 mm?

Rn

= 0.98 Mpa

As min =0.0018*b*h = 0.0018* 1000 * 200 = 360 mm®
As>Asmin
Use®12 then
n=As/As® 12=416.2/113.04=3.7..
~Taked®d 12/m with As=452.2 mm% m strip or ®12 @ 250 mm
Step (s) isthe smallest of :
1. 3* h=3*200=600mm.
2. 450 mm.

280
3. 5=380(— ) = 380( ) =380 but

280
(2/3)* 420

280
$<=300 (——) =300 ) =300 - Control .

(2/3)* 420
S =250 mm < smax ok .
->Check for strain (tension controlled section ) :

a=As*fy /0.85* fc'* b=452.2* 420/ 0.85* 24 * 1000 = 9.31 mm
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¢ =10.953 mm

strain = 0.045> 0.005 ok .

Shrinkage & temperature reinforcement for one meter strip:
As = 0.0018*1000* 200=360mm?2

Use ®12@ 25 cm with As =452 mm2>360 mm2

Top reinforcement :

4Use @10 @ 20cmin  both direction

@Design of shear :-
Vu max =qu*L/2 =(15.592* 3.7 )/2= 28.85 KN
Vud =2455KN .

PVe= 07 (bvv)(d)

075\/ 24

dVe=

(1000)(174) = 1066KN

Vumax < 1/2 ®Vc =53.3 KN

No Shear reinforcement is required ( The thickness of the slab is adequate enough ) .

» e = $olid Slab1 =
| : , id Sla :

y r

s@

(.

E

L L g (T T ra T el .-E/.- 1
TusRe briems L | [ ||3tom Remm=z~zm T
l%-
1 ™ i |
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4.12 Design Of Solid Slab Of The Stair Roof (2)
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Figure (40) : Solid Slab2 Plane

hmin=1/20=4900/20 = 245 mm , takeh=25cm.

Assume bar diameter ® 12 for main reinforcement.

d=h-20-db/2=250-20-12/2 =224 mm.

Table (8) Calculation of thetotal dead load for solid slab of stair roof 2.

No. | Material W = quality density * h
KN/ m?
1 |Tiles 22* 0.03=0.66
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2 Mortar 22* 0.02=0.44
3 Sand 16* 0.07=1.12
4 Reinforced concretesolid slab | 25* 0.25=6.25
5 Plaster 22*0.02=0.44
8.91 K N/m?

Dead |0ad=8.91KN/m?

Liveload = 4 KN/m?

Dead load for 1 mstrip of slab DL =8.91* 1 =8.91 KN/m .
Liveload for 1mstripof labLL =4* 1 =4 KN/m

@Designof reinforcement:-
W= (1.2* 8.91)+(1.6*4) = 17.1 KN/m
Mu=(q.*1%)/8 = 17.1¥4.9%/8 = 51.3 KN.m

me—__ 40 _ .4
0.85fc'  0.85(24)

_ Mn 51.3*(10)°
~bd 2 (0.9)(1000 )(224 )2

o i(l— | _ 2mRn j _ 1 (1_ \/1‘ 2% 20.6*1.14 J _ 0.0028
m fy 20.6 420
As = 0.0028* (1000)* (224) = 623.73 mm?
As min =0.0018*b* h = 0.0018* 1000 * 250 = 450 mm?
As>Asmin
Use®12 then
n=As/As® 12=623.73/ 113.04 =5.52
~Take6® 12/m with As=678.24 mm? m strip or ®12 @ 150 mm
Step (s) isthe smallest of :
4, 3* h=3* 200 =600 mm .

RN = 1.14 Mpa
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5 450 mm.
6. 5=380(220) = 380( 20 y_30  but
' fs 2137420 )" }
S<=300 (222 ) =300 (—220__ )= 300 - Control
- f5 ) 73000 53w ag ) =300 - Control.
S =150 mm < smax ok .

->Check for strain ( tension controlled section ) :

a=As*fy /0.85* fc'* b=678.24* 420/ 0.85* 24 * 1000 = 13.97 mm
€c=16.43 mm

strain = 0.0865 > 0.005 ok .

Shrinkage & temperature reinforcement reinforcement for one meter strip:
As = 0.0018* 1000* 250=450 mm’

Use ®12@ 25 cm with As =452.2 mm2>450 mm?2

Top reinforcement :

~Use @10 @ 15cmin both direction

@Design of shear:-
Vu max =q,*L/2 =(17.1*4.9)/2= 41.9 KN
Vud =38.9KN .

®Ve= 0'7562/? (bw)(d)

0.75V2

PVe= = 4 1000)(224) = 137.2KN

Vud< 1/2 ®Vc=68.6 KN
No Shear reinforcement is required ( The thickness of the slab is adequate enough ) .
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Solid Slab 2
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Fiqure (41): Stair

Slope of the stair = tan™*15/30 = 26.56

h=(7.1/20)=.355 ........ select h=40cm.

Calculation of the total dead load for stairsis shown in the following table:

Table (9) Calculation of thetotal dead load for flight of stair roof 1.

No. | Material Calculations

1 Plastering (0.02* 22* 1)/(cos 26.56)

2 Concretedab (0.4* 25* 1)/(cos 26.56)

3 Mortor (0.3+0.15)*0.02* 22/(0.3)

4 Stair 0.15*0.3*0.5* 1* 25/(0.3)

5 Tiles (0.35+0.15)* 0.03*27/(0.3)
15.6 KN/m
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Factored Total Dead Load = 1.2*15.6 = 18.7KN/m
Liveload = 5KN/m .

Factored liveload =5*1.6 = 8KN/m

1= 18.7 + 8 = 26.7 KN/m.

->Dead load calculation for landing :

Concrete = (25*0.4) = 10KN/m

Plastering = (0.02* 22) = 0.44KN/m?

Morter = 0.02*22 = 0.44 KN/m

Tiles=0.03*23 = .69KN/m*

Nominal Total Dead Load = 11.57KN/m

Factored Total Dead Load = 1.2* 11.57 = 13.9KN/m
Liveload = 5 KN/m?.

Factored liveload =5*1.6= 8KN/m?

0= 8 + 13.9 = 21.9KN/m?

BDesign of flexure of stair :-

M SRR

21.9 KMan |||IIIII|||||||IIIII||||||I|IIII||| 21.9 Klan

IH — 28 - R

Al:.

BRA—AT H KN

]
T
- - ”~ i

- Stair reinforcement design of one meter strip for flight S1 :-
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RA = ((21.9* 1.3* 6.45) + (26.7* 3.6* 4) + (21.9* 2.2* 1.1) )/ 7.1=87.5KN .
RB = ((21.9* 1.3) +(26.7* 3.6) + (21.9* 2.2)) - 87.5=853KN .

- Check for shear strength :

Assume bar diameter ® 14 for main reinforecement .
d=400-20-14/2 =373 mm .

Vu=875-(21.9* (0.15+0.373) = 76.1 KN .

1 Vc=(0.75/6) *v24 * 1000*373=228.42 KN > 76.1 KN ...... ok .
Vumax =76.1 KN .<1/20 Vc =83.6 KN.

The thickness of the slab is adequate enough .

Mumax =(87.5* 355)-(21.9* 1.3* 29) - (26.7* 2.25* 1.125) = 160.5KN.m.
Mn=Mu/® =845KN.m.
d=400-20-14/2 =373 mm

me_ N ___40 554
0.85fc'  0.85(24)

_ Mn 160 .5* (10)°
" bd 2 (0.9)(1000 )(373 )32

* *
c_Af(, [, 2mRn | _ 1 1_\/1_2 20.6*1.282 | _ o 10315
m fy 20.6 420

A'S = 0.00315*(1000)* (373) = 1176.6 mm?.
Asmin=0.0018* b* h=0.0018 * 1000 *250 = 450 mm?.
As=1176.6mm 2 > Asmin =450 mm?. ok
Use ®14 then
n=As/As® 14 =1176.6/153.86=7.64 ,
+Take8®P14 @ 12.5cm clc.
As=1230.88mm?m strip >1176.6 mm2/mstrip. ok
Step (s) isthe smallest of :

1. 3h=3* 400 = 1200 mm

Rn

=1.282 Mpa
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2. 450 mm
3 3:380(@) = 380(-—=——— )=380 but
' fs 7 (2/3)*420 7~
S<=300 (222 ) =300 (—220__ )= 300 - Control
=300 (757) = 300( 5 35550 ) =390 - Control.

S =125 mm < smax ok .

Temperature and shrinkage reinforcement :
As=0.0018 * 1000* 400 = 720 mm?.
n=As/As® 14 =720/ 153.86 = 4.68 , s=1/n=0.214.
~Take5® 14/mwith As=769.3mm?/mstrip or ® 14 @ 200 mm .
Step ( s— for shrinkage and temperature reinforcement ) is the smallest of :
1. 5h=5* 400 =2000 mm.
2. 450 mm - Control .

s=200 mm < smax =450 mm ok .

4.14 Design Of Stair2
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Figure (42): Stair

Slope of the stair = tan™*15/30 = 26.56
70



Chapter Four Structural Analysis And Design

h=(49/20)=.245 ........ select h=25cm.

Table (10) Calculation of the total dead load for flight of stair roof 2.

No. Material Calculations

1 Plastering (0.02* 22* 1)/(cos 26.56) 0.492
2 Concrete slab (0.25* 25* 1)/(cos 26.56) 6.99
3 Mortor (0.3+0.15)*0.02* 22/(0.3) 0.66
4 Stair 0.15*0.3*0.5*1*25/(0.3) 1.875
5 Tiles (0.35+0.15)* 0.03*27/(0.3) 1.35

11.37 KN/m

Factored Total Dead Load = 1.2¥11.37 = 13.644KN/m

Liveload = 5BKN/m .
Factored liveload =5*1.6 = 8KN/m
op= 13.644 + 8 = 21.644KN/m

->Stair reinforcement Design of one meter strip :- (for flight S1)

27 644 KIMTM

BB 2S.2Z K

g
I‘&‘Il
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]
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Thevalueof Vma @ the center of support = (21.644*2.7)/2= 29.22 KN .
Check for shear strength :

Assume bar diameter ® 14 for main reinforecement .

d=250-20-7 =223 mm .

Ve = (0.75/6) */24 * 1000* 223= 136.56 KN >29.22 KN ...... oK .
Vumax =29.22 KN .<1/20 Vc =68.28 KN .

The thickness of the slab is adequate enough .

Mumax =29.22 * 2.35-21.644 * 1.35* 1.35/2 = 48.944 KN.m.
Mn=Mu/® =544 KN.m.
d = 250-20-14/2= 223 mm

me— N ___40 554
0.85fc'  0.85(24)

~ Mn  48.944 * (10)°
~bd 2 (0.9)(1000 )(223 )2

* *
c_ A, [, 2mRn | _ 1 1_\/1_2 20.6*1.094 | _ o 1008
m fy 20.6 420

A'S =0.00268*(1000)* (223) = 597.1 mm?>.
Asmin=0.0018* b* h=0.0018 * 1000 * 250 = 450 mm?.
As=597.1 mm?> Asmin = 450 mm?. ok
Use ®14 then
n=As/As® 14 =597.1/153.86=3.88, s=1n=0.258.
~Take4dl4 @ 25cm clc.
As=615.44 mm2/mstrip >597.1 mm2/mstrip. ok
Step (s) isthe smallest of :

4. 3h=3* 250 =750 mm

5. 450 mm

Rn

= 1.094 Mpa

280
6. S=380(— ) = 380 ) =380 but

280
(2/3)* 420
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280
$<=300 (—~) =300 ) =300 - Control .

(2/3)* 420

S =250 mm < smax ok .

Temperature and shrinkage reinforcement
As=0.0018 * 1000* 250 = 450 mm?.
n=As/As® 14 =450/ 153.86 = 2.93, s=1/n=0.372.
~Take 3® 14/mwith As=461.58 mm?/m strip or ® 14 @ 300 mm .
Step ( s— for shrinkage and temperature reinforcement ) is the smallest of :
3. 5h=5* 300 = 1500 mm .
4. 450 mm - Control .

s=300 mm < smax =450 mm ok .

->Design of landing:-

->Dead load calculation of g2: (for landing)
Concrete = (25*0.25) = 6.25 KN/m

Plastering = (0.02* 22) = 0.44KN/m?

Morter = 0.02*22 = 0.44 KN/m
Tiles=0.03*23 = .69KN/m*

Nominal Total Dead Load = 7.82KN/m
Factored Total Dead Load =1.2¥7.82 = 9.384KN/m
Liveload = 5 KN/m?.

Factored liveload =5*1.6= 8KN/m?

0= 8 + 9.384 = 17.384KN/m>.

->Design of S2:-
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TH 3 KRS

21.544 MN/m SN N S T
17 A4 Kk TE A MM
AEAREEEERRRRARARARE RERRRRARENRAREARANALS
Vd /]
RA=529 EM RB - 7G.8 KM
3 1.6 P 1.8 > 16 =
-~ e - P

WR=29.22/1.6 =183 KN/m.

RA=((174*16* 42)+(21.644* 1.8* 25)+(174* 1.6* 0.8) +(183* 1.6* 0.8))/5
=529KN.

RB=((17.4* 1.6) + (21.644* 1.8) +(17.4* 1.6) +(183* 1.6)) - 529=76.8 KN .
Check for shear strength :

Assume bar diameter ® 14 for main reinforecement .

d=250-20-7 =223 mm .

Vud =524 KN.

[ Vc=(0.75/6) *v/24 * 1000*223= 136.56 KN >52.4 KN ...... ok .

Vud =524 KN .<1/20 Vc =68.28 KN .

The thickness of the slab is adequate enough .

Mu=(52.9* 2.75) - (17.4* 1.6 * 1.95) — ( 21.644 * 1.15* 0.575) =77 KN.m.

Assume bar diameter ® 14 for main reinforcement . d = 223 mm .

me— N ___ 40 .54
0.85fc’  0.85(24)

Mn 77 * (10)°

Rn = =
bd 2 (0.9)(1000 )(0.223 )2

= 1.72 Mpa
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* *
c_A1f(, | 2mRn | _ 1 1_\/1_2 20.6*1.72 | _ 14q
m fy 20.6 420

A'S = 0.0043*(1000)* (223) = 955.7mm?>.

Asmin=0.0018* b* h=0.0018 * 1000 * 250 = 450 mm?.
As=9557 mm?> Asmin = 450 mm?. ok
Use ®14 then

n=As/As® 14 =955.7/153.86=6.2 , s=1/n=0.161
+Take7914 @ 15cm clc.

As=1077.02 mm2/m strip >955.7 mm2/mstrip. ok

Step (s) isthe smallest of :
7. 3h=3* 250 = 750 mm

8. 450 mm
9 &380(@) = 380(=—=——)=380 but
' fs 7 (2/3)*420 7
S<=300 280 =300 280 __ =300 - Control
=300 (T57) = 300( 5 55550 ) =390 - Control.
S =150 mm < smax ok .

Temperature and shrinkage reinforcement :
As=0.0018 * 1000* 250 = 450 mm?.
n=As/As® 14 =450/ 153.86 =2.93, s=1n=0.372.
~Take3 ® 14/mwith As=461.58 mm’/m strip or @ 14 @ 300 mm.
Step ( s— for shrinkage and temperature reinforecement ) is the smallest of :
5. 5h=5* 300 = 1500 mm .
6. 450 mm - Control .

s=300 mm < smax =450 mm ok .

->Design of S3:-
75



Chapter Four Structural Analysis And Design

18.3 KMN/m
S HIRIRRERRERENERR
17 4 KMim
INRERIIRRRRERRAIS
AN /
RA = 53.6 KN RB =77.5 KN
g 3.4 1 1.6 E
” P -

WR=29.22/1.6 =183 KN/m.

RA =((21.644* 34* 33)+(174*16* 08) +(183* 1.6* 0.8))/ 5=58.6 KN .
RB=((17.4* 1.6) +(21.644* 3.4) + (18.3* 1.6)) - 58.6 = 77.9KN. .

Check for shear strength :

Assume bar diameter ® 14 for main reinforcement .

d=250-20-7 =223 mm .

Vud =53.5KN.

1 Vc=(0.75/6) *v24 * 1000*223= 136.56 KN > KN ...... ok .

Vud =535 KN .<1/2[ Vc =68.28 KN .

The thickness of the slab is adequate enough .

Mu = (58.6 * 2.75)— (21.644 * 2.75* 1.375) =79.4KN.m.

Assume bar diameter ® 14 for main reinforcement . d = 223 mm .

me_ N ___40 554
0.85fc'  0.85(24)

_ Mn 79.4*(10)°
~bd 2 (0.9)(1000 )(223 )2

* *
c_ (g fj_2mRn | 1 1_\/1_2 20.6*1.774 | _ (ou4a
m fy 20.6 420

RN = 1.774 Mpa
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A 'S = 0.00443* (1000)* (223) = 986.93mm?>.
Asmin=0.0018* b * h=0.0018 * 1000 * 250 = 450 mm?.
As=986.93 mm?> Asmin = 450 mm?. ok
Use ®14 then
n=As/As® 14 =986.93/153.86=6.42 , s=1/n=0.156.
+Take7914 @ 15cm clc.
As=1077.02 mm2/m strip >986.93 mm2/mstrip. ok
Step (s) isthe smallest of :

10. 3h = 3* 250 = 750 mm

11. 450 mm
12 &380(@) = 380(-—=—=—— )=380 but
| fs | (2/3)* 420’ ~ !
S<=300 (@)—300(—)—300 Control
B fs 7 (2/3)*420 7 '

S =150 mm < smax ok .

Temperature and shrinkage reinforcement :
As=0.0018 * 1000* 250 = 450 mm?.
n=As/As® 14 =450/ 153.86 = 2.93, s=1n=0.372.
~Take 3 ® 14/mwith As=461.58 mm?/m strip or ® 14 @ 300 mm .
Step ( s— for shrinkage and temperature reinforcement ) is the smallest of :

7. 5h=5* 300 =1500 mm .

8. 450 mm - Control .

=300 mm < smax =450 mm ok .

14.15 Design Of | solated Footing

->Calculate the weight of footing ,soil,and the surchargefloor load :
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-Weight of footing (assume hfooting = 55cm )
Wfooting =25* 0.55 = 13.75KN/m?

-Weight of soil :

Wsoil = 1.2 * 18 = 21.6 KN/m?

Tota surcharge load on foundation :

W= 13.75 + 21.6 + 5 = 40.35K N/m?

-Net soil pressure ,ga,net :

Qa,net = 400 — 40.35 = 359.65KN/m”

Required sizes of footing :

A= pn/ga.net = 2209 + 414 / 359.65 = 7.29m?
A=1?

L=27m

Determinateq, = 1000/1.6* 1.6 =390.6 KN/m?
->Determination the depth of footing based on shear strength:
Pu=1.2* 2209+ 1.6 * 414 =3313.2KN .

Qu=3313.2/2.7* 2.7 = 454.5 KN/m?

**Check for one way shear strength
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1]

|

Vu=300.6% (2290 _gy07 | %
2 Inchnad cragk o

f Vc=f .(%*ch'*bw*d)

1

f Vc=0.75* g* 24* 2700* d

f Vc=Vu
d = 447.3mm, h = 536.3mm
h = 600mm

->Check for two way shear action
Two way shear (punching shear )
LetVu=1fV,

Critleal sec i far
orE-way ghbar

-—..I Tributary aram for
- oma-way shear

Dne-way shaan,

Figure (43): one way shear

Vu=4545(2.7* 2.7 - (0.6 +0.511) * (0.6 + 0.511)) = 2752.31 KN .
The punching shear strength is the smallest value of the following equations:

tv =t 2102 |t b
6 b,
fV =f .i(ba;d n 2}/ f'b,d

12
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Tributary area for
two-way shear

Critical seciion
for two-way shear

fv, =f .%Hbod

Two-wav sheaar.

Figure (44): Two way shear

Where:-

_ Column Length (a) 60 _1
¢ Column Width (b) 60

b, _ Perimeter of critical section taken at (d/2) from the loaded area
b, =2(d +al) + 2(d + a2) = 2(600+ 511) + 2(600+ 511) = 4444mm

s =40 for interior column

f\ =f %(H bij\/ £ b,d = %* [H%j* \24* 4444* 511 = 4171.9KN

1(a,*d ' 0.75, ( 40* 511
fN=f 2| =2y f, bd =—""* +2 |*v/24* 4444* 511 = 4588.7KN
¢ 12( b, j 12 [4.444 j

f\ =f %\/? b,d :O'—f* 24* 4444* 511 = 2781.3KN
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f M, =2781.3KN .... Control
Wu <f Mc.....ok

@Design of flexural for isolated footing :-

Mu = 454.5* 2.70*1.05?/ 2 = 676.5kN.m
Mu =676.5KN.m

_ Mn _0.6765/0.9
bd®> 2.7x0.512?

oty 40
0.85* fc  0.85* 24

, :i 1- 1_2xm><Rn
m fy

Lo 1 1_\/1_ 2x206x1.07 | _ (oo
20.6 420

ASeeq = *b*d = 0.00261* 2700* 511 = 3598.83mm?
ASqiage = 0.0018* b* h = 0.0018* 2700* 550 = 2673mm?

Rn =1.07Mpa

20.6

useAs = 3598.83mm?
Select f 14

3598.83 = 23.37 — use25bars.

S ies = 3846.5mm? > 3598.83mm?......0k

->Check for strain :-
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A*fy=085*%fc'*b*a
3846 .5* 420 = 0.85* 24* 2700 * a

a = 29.3mm
C :izﬁzm.ﬁmm
b, 0.85
e, = S =34.51, 5 003 = 0414
34.51

e, = 0.0414 > 0.005 —— ok

->Development Length of main Reinforcement for M, :
*
0.24fydb: 0.24* 420

Ldayres= T T2
Ld(greg = 0.043xfyxdb = 0.043x420 x 1.4 = 25.28cm
Ldgreq = 25.28cm <L d(1)req=28.8 cm=>control
Available Ld = (600 — 75— 2* 14) =497 mm.

14=28.8cm.

Using hook >16*f
Required length of hook >16*f >16*1.6 = 25.6 cm use 30 cm

Total Length =497.... use 50 cm >Ldeq= 28.8cm ... ok

9 F.'.-" l'|Jt'l'|Jh:l'|Jl *

HHI:EE)\\{EE I-;'l;[rl:

9 420 1=1=+=0.8
10 1+ v24 25
Ldavailable: 975 -75= 900 mm
L dayaitanie= 900mm >|d[-[_.q = 345.67mm ok

Id db

Idpeq = £14 = 345.67 mm
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2949
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2=
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L
o =

->Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)
f .Pn = 0.65*[0.85* 24* (600* 600)] / 3313.2 = 1440.8KN
But Pu =1440.8<f .Pn = 2360.7KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
As_. =0.005* Ag = 0.005* 600* 600 = 1800cm?
Use the column barsasa dowels

Select 6020

AsProvided = 1884 mm2 >AsReg. = 1800 mm2

4.16 Design of wall footing

- load calculation :
The total serviceloads :-
D.| = 22.5kN/m.

L.l =0.0 KN/m.
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>For 0.6 meter dide:-
Usewidth=1.5m.

Assume h = 300mm

.0 =(1.2*22.5+1.6%0.0)/1.5= 18KN/m*
.d=300-75-12 =213 mm.
Vu=(G—5-drq

Vus (2 -2 — 213 )*18= 6.97KN/m

2

dVc= 0.7 (b w)(d)

0. 75\/_

®dVce=

(1000)(213) = 130.44KN / m

130.44 > 6.97KN/m
So the Depth enough

BDesign for flexure:-
Mu = 18*(0.60)%2 = 3.24KN.m/m

Mn  3.24*(10)°°
bd 2 (0.9)(1)(0.213)2

r=i£1— | _ 2mRn J: 1 (1_\/1_2 20 .6 * .080 j:o.oooz

Rn =

= 0.080 Mpa

m fy 20 .6 420

As =0.0002* 1000* 213 = 40.7 mm?

AS min = 0.0018* 1000* 213= 383.4 MM*>AS¢
Use ® 12 with As=113.04 mm?

50 12 ® 12@ 20 cm c/c.

Transverse direction=>» (0.0018* 1500* 300)= 810mm?2 .........
~Use 16@ 20
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4.17Results Of Mat Foundation

Mmax = 157.175 kn.m/m
Mmin = -24.39 kn.m/m
Vumax = 298.67 kn/m
Vumin =0.21 kn/m
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Figure (45): Mat foundation plan.
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Figure (46): Bottom reinforcement plane for mat foundation.
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Figure (47): Top reinforcement plane for mat foundation.
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Figure (48): Section A-A for mat foundation
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64 Calculation of the total dead load for -A
solid slab of stair roof 2.
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flight of stair roof 1.

71 Calculation of the total dead load for R

flight of stair roof 2.
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Chapter Four : Structural Analysis & Design
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Slab Thickness Calculations

Load Calculations
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of one leg of aclosed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

fc = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supportsin 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 paralel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nomina shear stress.
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Vs =nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

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

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

€ = strain of tension steel.
€s= strain of compression stee.

p =ratioof steel area.
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