IOV TP

B

.

et

]

Va

‘1al 1o vlisigy deola

L ol 53S0 5 A—ranigl)

4 jlaral) g Ainall daigd) 3 il

Wa&'m BYL M g.:b.ﬁ\ﬂ ﬁmﬂ\

dand (3 8
& 3a Jlan taal
il )
S Al
2019 - _ui

pr> ol e

Bk daaf Jals



Lua od gigil) g A udigl) 4 A1S
4y laral) g duiaal) duaigd) 3 il

‘_;.a.miﬂ\ BYL u&.’&h.d @WY‘ M\

Jal 3

<3 a Jlaa daal (b s Jals
écw\aﬁ\;w\cﬁuw\}m}&}w\&uw\ - Algna g e ely

oL 5l L o1 01 5 A wanigh) IS Ay Jlanall g A sinal) il 550 Y 5 o al) 134 i 8

e oISl Aa al 5 ol clilbaiag

B ey ad g el il ot g ol Dota ady

2019 -\l



e\&}([
o e Jie dalay el (e JS )

il 3 s pmaal) G sall (s
slalall aual 5 dinlay jekild
O )lad) dalas dliila o g
Loss e Jaw al 53 o LY gl sial) Jaall 138 (gal

4 yrall g o DY) Card e sl g oY1 g slall 5 et g a5 1agd J

bl ookl o iy 48 5 L el T iale (e S )

ey (S )

sl e Gal ) sl siall Canll 138 saa]
clailly Jsadll any o Jas e

Joax I G )9

aadil) o )

A ogpadl pde 5 Jedrdl aalg ) AR

Sl Joip pa i Sy LeS

ool b Sl ity dralon o asl g dl Judl ALy U



Lo s deisOl y dwaigdl s J]

oy I Lgadlhya oo doylextlg doSall dwaddl 5500 ¢

PR S | ECPSIL I US U SV SR |

& | gLl Cx_z-_x_l||.,\_a‘)L§|%gP_aLmU_,oJ_§_]

Janll (3

£ 5 iad) sadle
99 Adiday " oaaddll | g8 Adlwal Laa dua" ALY avanalll

Ayl Jomdl A e Balall g Jlaal Glag z{_,m‘y\ 58 (5 Jlndl
Sy Gile e ady Al glel) cila el g dpalia)

= GJ\@LM‘JMG_MJYUM,_M\ —S = u_.qujs.«oq_;\jus
10552.94dlaay! &}M\é\;h.uéuu.\;cu_&a‘)‘ﬁ\ (98 (3 ¢k

Leiiat ) g 5 el (oauny (ALY (ol S g g 5 Sl e B
A3 A Gl g e o) dua o Ala) el D) Adtue dals



Al Jlaall aaail o)W oSl aladi ) a s adl SA L paall o
aia i adal B4l aa iy ALY Jdaill Al Ul oY 5 Jlaal apaail
a4 N3 LSV w2V (ACI 318 08)  (—Sae¥) asSll aladi u

AutoCAD (2007+2015), ATIR, ETABS 2015, SAFE 2014 ,SAP 2000
. Microsoft Office XP.

Mae)s yoabiall AL G ave il a5 (4 a g dad giall ddliaall Jlaalyl s 4l Gy
5S3 l) AL Y 5 aalial) psead 2 ad) apeaill e sl Al el laladl
| isall gLy KL
S il g il
by giaal) (g ygd
dadal) o il giaal)
1 O gind) dada
3 sy
4 sl g A
5 g 9 dall padla
6 iy giaall (g
10 Jahaad) (e
10 Jai) AT g JISEN) (i sed
13 List of abbreviations

aadddl g Saadl)




- "

16 dadia 1-1
16 £ 5 ) Cilaf 2.1
17 £ 9 all AlSiia 31
17 £ 9 sial) 3 gaa 4-1
17 Glaloal) 5.1
17 £ 9 al) J o 6-1
18 g 9 rdual) Cile) o) 7-1
19 g 9 rdiall (el J gaad) 8-1

20 g9l (o daal 2-2
21 £ 9 dall 28 5a 3-2
22 £ 9 el JLEA) Gl 4-2
22 485 Bdlall Ciia g 5-2
23 J¥) & gut)) g3l 1-5-2
23 A A gudil) gl 1-5-2
23 @) (k) 2-5-2
24 J¥ Gkl 3-5-2
25 B gl 4-5-2
26 (a5 Gl galall 5-5-2
27 clgal ol ciuag 6-2
27 Alladd) dgal gl 1-6-2
28 A giall dgal gl 2-6-2
28 A dl) dgal sl 3-6-2
29 A ) dgal gl 4-6-2




29

u.g.d\géi\sﬂ\de

29

Ty uaddl 4S 2

32 A aaail) (e Cisgl) 2.3
33 (AL azaall) o sa 33
33 Jlaaly 4-3
34 Al Jlaal) 24-3
35 dal) Jlaal) 34-3
35 auinl) Jlaad 4-4-3
35 cud Jlaal | 1-4-4-3
37 N Jlal | 1443
37 ClaY g aaaill Jlaal 5-4-3
37 Aglenl) i JLaaY) 5-3
38 (ol 45 gSal) Aliay) yualiad) 6-3
39 <) A8at) 1-6-3
39 aa o1l olatiy) il cuanll cilade 1-1-6-3
40 Ay Cld uanl) Cijade 2.1-6-3
40 ) glf sl <l Alaraall cfabelf 1-2-6-3
41 alany) il Adaaal) coladal) 2.2.6-3
42 s 3-6-3
42 sl 4-6-3
43 ] 5-6-3
44 el ¢l 6-6-3
45 EXOIR] 7-6-3
46 saail) Jual g8 7.3




46

Lgmaladiia) af Al G gulad) gal

8-3

Structural analysisand design

a7 I ntroduction 1-4
47 Factored loads 2-4
48 Slab thickness calculations 3-4
49 L oad calculations 4-4
52 Oneway ribbed dab 1-4-4
52 Design of topping 54
55 Design of rib 6-4
57 Design of flexureof rib 1-6-4
57 Design of positive moment 1-1-6-4
58 Design for shrinkage reinfor cement 2-1-6-4
60 Design of shear of rib 2-6-4
62 Design of beam(37) 7-4
64 Design of flexure 1-7-4
66 Design of positive moment 2-1-7-4
68 Design of beam of shear 2-7-4
64 Design of column(c5) 8-4
68 Design of isolated footing F4 9-4
75 Design of Shear wall #7 10-4
79 Design of stair 11-4
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52 Topping load and moment diagram 1-4
55 L ocation of rib 2-4
56 Rib geometry 3-4
56 Moment envelopeof rib 4-4
59 Design of flexureof rib 5-4
60 shear Envelopeof rib 6-4
61 shear reinforcement 7-4
62 Beam Geometry 8-4
62 L oad of Beam 0-4
63 Moment Envelope for Beam 10-4
67 Shear Envelope for Beam 11-4
69 Shear reinforcement for Beam 12-4
70 Column Section 13-4
75 Critical section of column 14-4
80 Footing reinfor cement details 15-4
81 Section for footing 16-4
82 Shear wall 17-4
83 Shear and moment diagram of shear wall 18-4
88 Stair plan 20-4
89 Stair section 21-4
90 L oad distribution of flight 22-4
91 Shear & moment envelop diagram of flight 23-4
95 Load distribution of middle landing 24-4
95 Shear & moment envelop diagram of middlelanding 25-4




96

Minimum thickness of one way

1-5

96

MAXIMUM PERMISSIBLE COMPUTED
DEFLECTIONS

List of abbreviation:

D.: Dead load.

L.: live load.

W,: factored total load.

L,: clear length of member.

0: thickness of a layer.

y: unit weight of material.

M,: nominal moment.

M,: factored moment at section.

f.- Compression strength of concrete.

f,: specified yield strength of non-pre-stressed reinforcement.

p: ratio of steel area.

& strain of tension steel.

@: strength reduction factor.

V,: nominal shear strength.




V,: factored shear force at section.

V. nominal shear strength provided by concrete.

V;: nominal shear strength provided by shear reinforcement.

A area of steel.
A, area of shear reinforcement.
b: width of compression face of member.

b.: web width.

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

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

S: spacing between bars
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Chapter 4

Structural Analysis & Design

1 Introduction.

2 Factored load.

3 Slabsthickness calculation

4 L oad calculations.

5 Design of Topping.

6 Design of Rib (10).

7 Design of beam (B37).

8 Design of column(cl)

9 Design of footing(type4)

10 Design of shear wall(2)

11 Design of stairs



4.1 Introduction:-

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

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

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

So, in this project, there are one type of slabs : One way ribbed slab, with aid of a computer
program called "ATIR- Software " to find the internal forces, deflections and moments for ribbed
slabs and by using the previous program and Etabs ,Safe ,And programs to find the internal forces,
deflections and moments for both types of slabs, and then handle calculation would be made to find
the required steel for all members.

The design strength provided by a member, its connections to other members, and its cross —
sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in
accordance with the requirements and assumptions of ACI-318-08 code.

Factored loads:

The factored loads on which the structural analysis and design is based for our project members, is
determined as follows:

qu=12D.L+1.6L.L.



Slabsthickness calculation:

Determination of Thicknessfor One Way Ribbed Sab:

According to ACI-Code-318-08:

Minimum thickness | h

simply Jne end Both end

. . . Cantilever
supported continuous continuous

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

salid one way
| il I i
i L/20 L2 L/28 Li10

Beams or ribbad
ane way slabg L/18 Lf1E. L/21 /2

Tahle (4.1); Check of minimum thicknesz of structural members

the minimum thickness of non-pre-stressed beams or one way slabs unless deflections are computed
as follow:

For rib:

hmin for one-end continuous = L/18.5 longest one-end cont. is 6.37 m
hmin =6.37/18.5 = 34.46cm

hmin two-end continuous = L/21 longest two-end cont. is 7.5 m
hmin=7.5/21=35.7cm

hmin simply = L/16  longest simply is 7.5 m

hmin = 7.5/16= 39.88 cm

Select Slab thickness h=35cm with block27 cm & Topping 8cm

For beam

h min for one-end continuous = L/18.5 longest one-end cont. is 6.375m
hmin =6.37/18.5 = 34.46cm

hmin two-end continuous = L/21 longest two-end cont. is 7.5 m

Select beam thickness h= 35cm




L oad calculations:

Oneway ribbed dab:

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

calculated as in the following table:

Parts of Rib Density(K N/m®) Calculation
RC Rib 25 0.14*0.27*25=0.945 KN/m
Top Slab 25 0.08*0.54*25 = 1.08 KN/m.
Plaster 22 0.02*0.54*22 = 0.238 KN/m.
Block 10 0.4%0.27%10 = 1.08 KN/m
Sand Fill 16 0.07*0.54* 16= 0.605 KN/m
Tiles 23 0.03*0.54*23 = 0.373 KN/m
M ortar 22 0.02*0.54*22 = 0.238 KN/m.
partition - 1*0.54 =0.54 KN/m

Table (4 - 2) Calculation of thetotal dead load for oneway rib sab.

Total Dead load= 5.16 KN/m of rib (service load)

Total liveload=3 KN/m of rib

Design of Topping:

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of
hollowblock length with both end fixed in the ribs.




w, = 1.2D + 1.6L

40 cm

Fig(4-1):Topping load and moment diagram

The calculation of the total dead load for the topping is shown below:

Dead load from & % Y X 1 KN/m
Topping 0.08 * 25 2 KN/m
Tiles 0.03 * 23 0.69 KN/m
Mortar 0.02 * 22 0.44 KN/m
Sand 0.07 * 16 1.12 KN/m
Partitions 1*1 1 KN/m
> 5.25 KN/m

Table (4 - 3) Calculation of thetotal dead load for topping



Dead Load =5.25K N/m.
Live Load calculations: 3 KN/m.
Total Factored Load:W,=1.2DL+16LL

=12*525+16*3=11.1 KN/m.

M, = Mol = BT 0.148KN. m/m of strip width

- M, = M, Strength condition, where for ¢p = 0.55 - plain concrete.

My = 042 [ %Smereeceereaenen, (ACI 22.5.1, Equation 22-2)

Where Sy, for rectangular section of the slab:

_ bk? _ 10004807
'-.I - -

Sim = 1066666.67 mm®

M, = 042 f+ ’% = 0.42 V24 +1066666.67 + 10™° = 2.19 KN.m

hM,, = 0.55 + 2.19 = 1.2045 KN.m

M, = 12045 KN.m = M,, = 0148 KN.m

~NO Reinforcement is required by analysis. According to ACI 10.5.4., provide As;y, for slabs

as shrinkage and temperature reinforcement.
According to ACI 7.12.2.1, Psprinkge = 0.0018
A, = p+ b+t =0.0018 + 1000 + 80 = 144 mm*/m strip

Try bars @ 8 with4,=50.27 mm*

A 144
= —— =287
Argy 5027

Bar numbers n=

Take3 @ 8/m with A,=150.8 mm*/m strip or @8 @ 300 mm in both directions.



Step (S) is the smallest of :

1. 3*h=3*80=240mm........... Controlled.
2. 450 mm

2810 280

3. $=380(7;)-25%C,=380* (5, ) -25%20=330mm but

280 280

s < 380 (W) =380 (;E) =300 mm
Take @ 8 @ 200 mm in both direction. S = 200 mm <Sy;.,y = 240 mm - OK

From practical consideration, the secondary reinforcement parallel to the ribs shall be placed
in the slab and spaced at distances not more than half of the spacing’s between ribs (usually two bars
upon each 40 cm width block)

Shrinkage and temper atur e reinfor cement must be provided.

Design of Rib (10) :

Fig. (4-2): Location of rib(10)



Material :-
concrete  B300 fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Section :-
b =14cm b; =54 cm

h=35cm T;=8cm

Geometry  Units:meter,cm

1 2
1
E: : ::]
A
03 4.47 0.3
‘ | ‘ 4.77 |
[ 1
54.
35. I
14,
A-A

Fig. (4-3): Rib geometry

Moments: spans 1to 1

2.38 311

2.38

Fig. (4-4): Moment Envelope of rib



Design of flexure:-

1) Design of Positive moment of rib (Rib'+):

1.1) Maximum positive moment Mu ) =¥ =31.1 KN.m.

Assume bar diameter@ 16 for main positive reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
= 350 - 20 - 10 — = 312 mm.
Check ifa=h;

M, ;= 0.85*fc™b *hy (d % ) = 0.85*24 *540 *80 (312 — )10™° = 24059 KN.m

Mu 31.1
M, ;= 240.59 KN.m >>——= ——= 34,55 KN.m
/ 2 09

The section will be designed as rectangular section with b = 540 mm.

_ My _ 311e10f
H.’i T @ehed? T 08540 3122 0.66 MPa
_ b _ 420 _
T 0B85 0.85.24 =20.59
=l g ZRemy TR
p=ml- 1-77) “me 1- 1-—73x =00016

A= p *b*d=0.0016 * 540 *312 = 269.6 mm>.

[ ;
Vi4
ASIT.IH'I — m*bw*d —

44 20)

+ 140+ 312 = 127.78 mm?

1.4 1.4
ASpin =T*bnv*d__
¥

= 155 * 140 + 312 = 146.42mm* -Control.



A=269.6mm*>As, i, = 146.42 mm* -OK

Use 20 14 with A,= 3.08 cm’> As,,= 2.69 cm* -OK

Check for strain:

Assl, 3084420

4= o ffeh I'J.HH-2-1--54¢|:11'74 mm

fi =24 MPa <28 MPa— f5; = 0.85

_om_ 1174
c= I[‘!_L_ oEs =13.82 mm

£, =0.003+ (=) = 0.003+ (- ) = 0.0649> 0.005 -OK
~h=09 -OK
Note: no negative moment for therib......... simplerib

1.2) Design for shrinkage raiforcement of rib (Rib\ +):
Agshrinkagey = 0.0018xbxh
= 0.0018x1000x80
= 144 mnt

Use 2@10 with As=157.08 mn?



Fig.(4-5): Design of flexure of rib

Design for shear :

Shear

-21.

-26.

21.
26.

Fig. (4-6): shear Envelope of rib

The maximum shear force at the distance from the faceof supportV, = %—" =21KN.

Shear strength, V., provided by concrete for the ribs may be taken 10% greater than that for

beams. This is mainly due to the interaction between the slab and the closely spaced ribs




(ACI Code, Section 8.13.8).
f -
(LD)Ve = (1.1) *—*b,*d =(L1) *%' * 140 * 313* 10°=39.36 KN.
¢ V.=0.75*39.36 = 29.52 KN.
V=21 KN <¢p V.=29.52 KN............ OK

Minimum shear reinforcement is required except for concrete joist construction. So, No

shear reinforcement is provided.

thinuseminimum shear reinforcement

Stirrups

Fig. (4-7): shear reinforcement

Design of Beam (37) :

Load calculation for the beam:

Dead Load calculations:
No reaction (service ) from Dead Loads for rib upon beam because itis parallel with ribs

The distributed Dead Load from the Rib 3 on Beam 1a=0.0:

only dead load the weight over beam = 425+ 3+ 25 = 31.88 kn/m

-No Live Load on beam .



Geometry  Units:meter,cm

1
[:: : ::]
A
‘ 0.25 ‘ 4.47 \ 0.25 ‘
I I 472 I |
} }
35,
50.
A-A
Fig. (4-8) : Beam Geometry
load group no. 1
Dead load - Service Units:kN,metel
31.8
475
Live load - Service Load factors: 1.20,1.20/1.60,0.0C
4.72 P

Fig.(4-9) : Load of Beam



Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

2.36 121.2

2.36

Fig.(4-10) :Moment Envelope for Beam

Design of flexure:-

1) Design of positive moment:-

—For positive moment Mu ® =121.2 KN.m.

Assume bar diameter @ 20 for main positive reinforcement.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350-40-8->" =292 mm

b,=50Cm. , h=35Cm.

Check whether the section will be act as singly or doubly reinforced section:

Maximum nominal moment strength from strainconditione, = 0.004

Assume bar diameter @ 20 for main positive reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
20
=350-40-8-—=292mm

by =50Cm. , h=35Cm.




C=Z*dt=2*292 125 mm.

fi! = 24 MPa < 28 MPa - fi; = 0.85

a = fi;* C=0.85 * 125= 106.25 mm.
Mumax =0.85* f!*b*a*(d-3)

= 0.85 * 24 * 500* 106.25 * (202 ~ = ) * 10°

=258.88 KN.m.
£, = 0.004
$=0.65+ % *(0.004-0.002) = 0.816
— Mnpa = 0.82* 258.88 = 212.28 KN.m.

- (OMnNpy = 212,28 KN.m > Mu =121.2 KN.m .

~Design the section as Singly reinforced concr ete section.

== - 2059

m=—== =
085 f DES5«24

R = My _ 121.2+10° - 3.15 MPa

7 Gupyesd? | 004500 2022

. ZeRypem :l

L -
p_mlzl 1 fy

=1 - 1 Z205%E15 500819

20.549 G210

~As=p* by, *d=0.00819 * 500 * 292 = 1196 mm®.

r

Ic 57
— ASpn = b, *d =-2 <500 %292= 425.7 mm?

_—
4(fy) 444200



. }—“ 2h, =d= ;TT. +700 = 443 =486.67 Mm% ............. Control
¥

— ASpeq = 1196 mm?> Asymin =486.66 mm?

= As = 1196 mm?.

.-lh”,-‘, 1196

#0f@ 20 = —==3.8 > # of bars = 4 bars.

Abar 'TE[I

~ Take 4@ 20in one layer with As =1256 mm?> As,1196mm? - OK.

— Check for bar spacing :

S=ge 2= Fe F=ga 20

Sh = — =108mm > 25 mm -OK

3

— Check for strain:- (g, = 0.005)

Asel 1256 +420
= Yy = =51.7 mm
085: [.sh  0.85+ 24+500
f!'= 24 MPa < 28 MPa 8, = 0.85
51.7
C=—=2"=60.84 mm.
B, 085
d=350~40_8_% =292
292—60.84

g, =0.003+ (—)-.ooos (F2) =0.0113> 0.005 -OK

~ Use4 @20



Shear

-84.6

84.6
102.7

Fig. (4-11) : Shear Envelope for Beam

Design of Beam () for shear:-

Critical section at distanced = 292 mm from the face of support . Vumax=84.6 KN

¢

fe
VC:*T*bW*d

= Y2 w500 %292 * 10% = 119.2 KN,

B
— Check For dimensions:-

Vs,max:%* ! *b,*d

= 2%v24 * 500 * 292* 10° =447 KN

D(Ve + VS min )= 0.75(119.2+447)=  424.6>84.6

— Check For Cases:-

1- Case 1:V, < q“:L.

0751192

84.6< =44.7......Not satisfy.

2- Case 2 :qw‘

2<Vus bV,

44.7< 84.6< 894 ....... satisfy

- The section islarge enough

To find spacing , and with using 4 legs @ 10(4, = 314.2 mm?)




("1I.,i‘l.'!I|)> bw >i T‘
5 TEfy e TRy,

f,

w500 _
&y, =7.a25-0-396........control

1 — by

= T iw—p36
16 - ¥

_U3 e HAG min)
- Ly

S

S=198mm

(=

292
Smax < ] :T =146 mm.

< 600 mm.

“+Use4Leg?d10 @ 10cm .

Fig. (4-12) : Shear reinforcement for Beam



4-8 Design of Column

< Material :-
b  concrete B350 Fc' = 28 N/mm?

P Reinforcement Steel Fy = 420 N/mm?

L oad Calculation:- (From Column Group E)
ServiceLoad:-

Dead Load =2512KN
Live Load =1476 KN

Factored L oad:-

Pu=1.2 x2512+ 1.6x1476 =5376 KN

Dimensions of Column:-

Assume rg =0.02
f *Pn=0.65x0.8" Ag{0.85fc (1- rg)+rg*Fy}
5376 *10"3 = 0.65 x 0.8" Ag{0.85*28 (1- 0.02) +0.02 * 420}

Ag= 218495 mm2
Assume square Section
a=467mm

Select a = 500 mm



11 -
r —— 1

%

\g’l{]@EDI — 54

Fig (4-13): Column section

f *Pn=0.65x0.8" Ag{0.85fc (1- rg)+rg*Fy}

v Check Slenderness Parameter : -

Ku o4 o Mlcyg
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor
k, shall be permitted to be taken as 1.0.

R: radius of gyration :\/; ~0.3h...................For rectangular section

Lu=3.90m
M1/M2 =1
K=1 for braced frame.



about y-axis (b= 0.50 m)

Ku 34 1o ML 240
r M 2
{i:zwzz
0.3” 0.50

Column Is long About Y-axis

about X-axis (h= 0.50m)

MU _gq. oML ACI - (10.12.2)
r M2

1" 3.9

—————=26>22 Then Column Is long About X-axis
0.3” 0.50

Minimum Eccentricity:-

=ex =0

min ey =15 +0.03" h=15+0.03" 500 =300 mm
ey =0.030 m
ex=0.030m

v" Magnification Factor:-

d_=—M s 10and £1.4
1- Pu
0.75 P,
cm =0.6+0.48M 105 g4
eM 2g
Cm =0.6+0.4%1=13 0.4



E.l
El =04—2
1+by,

E, = 4700,/ fc’' = 4700 * /28 = 24870 .6Mpa
_1.2DL _ 1.2*(2512)

b, = 0.560 <1
Pu 5376
s 13 . 3
| b h® 0507 050° (oo
12 12
El = 0.4" 24870 ° 0.00521 — 33 224 MN m?
1+0.560
? %33.224
=P 2222 51 56MN
(1%3.9)
d, = ! =1.498 3 1.0
=, 5376 o '
0.75 * 21560

v" Interaction Diagram:-
—e .’ d.= 0.030" 1.498 =0.0449m

min

ey 0.0449

=0.089

=0.75

h

g _500- 2*40- 2*10- 25
h 500

From the interaction diagram chart

from chart A9-b for% =0.75® rg=0.02

Select reinforcement

Ast=rg” Ag =0.02" 500*500 = 5500mm*
Select18f 20 with As =5654mm? > Ast = 5500mm?

Design of the Stirrups:-
The spacing of ties shall not exceed the smallest of :

spacing £16° d, =16" 2.0=32cm
spacing £48° d, =48" 1.0=48cm
gpacing £ least dim =50 cm

Usef 10 @ 20 cm



4-9 Design of Footing

v Material :-

b  concrete B350 Fc' = 28 N/mm?

P Reinforcement Steel Fy = 420 N/mm?
v' Load Calculations:- (From Column C5)
, Live Load = 600 KN Dead Load = 1200KN
Total services load = 1200 + 600 = 1800 KN
Total Factored load = 1.2*1200 + 1.6*600 = 2400 KN
Column Dimensions (a*b) = 25*50 cm
Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2

Assume h = 60cm

Assume surcharge = 5 KN/m2
Oher. attow = 400 — (25%0.6) — (18*1.0) — 5 = 362 KN/ m?

v reaof Footing :-

Pt
Jq: =

qnet— allow

Assume Square Footing
B required =2.3m
SelectB=2.3m



Bearing Pressure:-

KN/m? g, = 2400/2.3*2.3 = 453.7

Design of One Way Shear Strength :-

™ 5 KN/

2

Inclimed erack

Critical section lor _ )
ont-way shear -—-l Trébulary area for

/" ohe-way shear
%

7
v

i i

~

N

DI'I-E-wn:.r shaar,

Figure (4-14)

(Critical Section at Distance d From The Face of Column)

Assume h = 60cm , bar diameter ¢ 14 for main reinforcement

d =600 -75-14 =511 mm

B
2

f—d =]

Vu:qu*

23=-03

Vu = 453.7« —0.511 *2.3=510.3Kn

and 7.5 cm Cover



f Ve =f %* fo*b, *d

fVc= 0.75*%*\/28 *2300 *511 =777 .4Kn
f Vc =777.4KN >Vu =510.3Kn

\ Sofe
Design of Two Way Shear Strength :-

Vu=Pu- FR

FR, =q, *area of critical section

VU = 2400 - 453.7[(0.5+0.511) *(0.25 + 0.511)| = 2050Kn

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

fV-f—? \/7%d

fv, = 1823 1500t G g

©T 128, /d g

fV—f—r%d

Where:-

_ Column Length (a)
€ Column Width (b)

=500/250 =2

b, _ Perimeter of critical section taken at (d/2) from the loaded area

b, = 2*(51.1+50) + 2* (51.1+25) = 3.54m

as - 40 for interior column

20
fV, =f —g w/ o,d = 075 §+2°* 28 *3544*511 = 2395.7KN
2g



* i
fV,=f.— +2 \/ % d —075 8640 511+29* 28 *3544*511 = 4652.16 KN
12 b /d o 3544 o

f\V, =f —wl ¢Dd —% 28*3544*511=2395Kn

Vu=2050KN>dVc =2395.7Kn

\ Safe
Design of Bending Moment :-

Critical Section at the Face of Column

=548.16 KN.m/2Mu = 453.7*2.3* 1.025*1.025

My _ S4816x10°

Rn= BBdZ  09%Z3D0XEIE 1.01 Mpa
T 420
m=-—22 = =17.65
nasg T neseas
1 Z2mR 1 Zx1T.65x1.01
p=— 1- 1--"1 =— 11— 1-—"""""" =000246
m 420 176 420

Asreq = p.b.d = 0.00246%x2300x511 = 2891 mm?

As min = 0.0018*2300*600 = 2484 mm?

Asreq = 2891mm? ......... is control

Check for Spacing :-

S =3h =3*60 =180cm
S=45cm ......... is control

Use 19914 in Both Direction, As provided= 2925mm>>As required= 2891 mm?... Ok

mm<450mm ok S=(2300-(75* 2)-(19* 14))/18=104.67

Check for strain:-



_ Aspy 0 2025:420
nash Y DB5x2300x28

= 22.44 mimn

Design of Dowels :-

Load Transfer In Footing :-

FPnb=F(0.85fc® ~ /%)
A; =0.50 * 0.25 = 0.125 m?

A, = 2.30* 2.30 = 5.29 m?

\/E: £:6.5>2 ...............
A Vo.125

FPnb=0.65" (0.85" 28" 500 "~ 250 "~ 2) = 3868 KN
F Pn =3868 > Pu = 2400.......... ok
No Need For Dowels

Load Transfer In Column :-

FPnb=0.65" (0.85" 28 500" 250) =1934 Kn
FPn =1934 < Pu = 2400 kN ......... ok

Need For Dowels
Pu—@Pnb -
. —— # > 0.0054,

=2400-1934/0.65(420)=1706mm

As,min =0.005 * Ac = 0.005 * 500 * 250 = 625 mm2

Use 10 @ 16=2010mm?2

Check100% L ap Splice=Ast/Acon=(10*1.6+10*1.8)/(50*25)=2.7% < 8%

Use 10816, A provided= 2010MmM>>As; equired= 1706 mm?>... Ok




Development Length In Footing

Tension Development Length In Footing :-

300mm >Ldy yoq = — * ;‘}_i Vevshe . dh
i
300mm>Ldy oy = 2 o #0 L 1OB L 14 = 320mm
10 1s/28 25

LdT available = ERI'IH!]2 500 _75: 825 mm
Ldr avaitabte = 825 mm >ld,.., = 320 mm........ OK
Compression Development Length In Footing :

.24«FyédB
200mm> 0.043*Fy*dB >Ldcreq= —— =
200mm> 0.043%420%14 = 253>Ldcreq= e 12 = 266.7

a V28

LdCreq: 267 mm
Ld Creq: 253 mm ........ Ok>LdCa\/ai|ab|e: 600 - 75 - 14 - 14 = 497mm

Lap Splice of DowelsIn Column :-

Lsc =0.071" fy  db =0.071" 420 " 18 = 477 mm > 300 mm

Select Lsc =500 mm

ktr +ch

Ktr =0 lu

14
h=75+—
C 5 >

krr+cb_0

I

dhb

—or
T~
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= -
1
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Figure (4-15): Footing Reinforcement Details.
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Figure (4-16) : Section from Footing



4-10 Design of Shear Wall

FIE=EL
ELIMEE

RN N
EFLIHMR

l2.&

FIRAT
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TT.O0MR
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Figure (4-17): Shear Wall.

112.33
24125
- & m'ﬁa o 725 &

Figure (4-18): Shear Diagram moment of Shear Wall.




v' Material and Sections:- (From Shear Wall 7)

P concrete B350

P Reinforcement Steel
P Shear Wall Thickness  h=25cm
P Shear Wall Width

Lw=3.0m

P Shear Wall Height

Design of Horizontal Reinfor cement:

a Fx=Vu=690.5 KN

The critical Section is the smaller of:

M = E =1.50m.....Control
2 2

h_ = —12'95 =6.475m
2 2

storyheigh(Hw) = 4.25m

d=0.8" Lw=0.8" 3=24m

K is the smallest of :

F¢' = 28 N/mm?

Fy = 420 N/mm?

Hw =12.95m

5
Ve = 0=

ﬁ nmax ﬁ6
=0.7F

2 — V. =027



Vc=148.64KN

@ = vs=vu-0 = vc
Vs=vu/@ — vc
Vs=117.5/0.75-148.64= 8kn need reainforcement

- Maximum spacing istheleast of :

=600 mm....... Control
5 5

3*h = 3*250 = 750mm

450 mm

Select @10 ,tow layers

Sh=157/0.75=209.33

Sh=251

Select Sh=200mm=Smax= 251 mm.

3- ¥ = 00

3— 1 = 00
M, = 243.25

M, 1, 6
¥V, 2 11

O =ve + 0vs:




4-10-2 Design of Vertical Reinfor cement:-

'*— =0.0025 +05 25—

Sy Lw

p: —0.0025 =0.0025

for this wall with = =2.5,p, = 0.0025

- Maximum spacing istheleast of :

ﬂ\/—@)—4833mm
3 3

3*h = 3*300 = 900mm
450 mm ....... Control

Use ¢ 10/200 mm for two layers

4-10-3 Design of Bending M oment:-

Not OK
Try ¢ 14/150 mm for two layers

h, 755
Lw 145
1450
5200

_Ag f

w = =

L,h f

S

RS

[ = w5

l, 2w+0.8

oM, =0 0.5

=0905



4-11 Design of Stair (2)

AASSASAANANAANS »Kg
1K _ %
8 A 2

| § :
[ == ==
5 : \H"Za(bu,sbj:t1 §

Fig (4-20): Stair Plan.

Fal

} Stair 2

Ase = 759
= Ase |
leh Jfli
=ty F“ =

LR
[ - w4
l, 2w+0.8
oM, =0 05
=0



< Material :-

P  concrete B300

P  Reinforcement Steel

Design of Flight :-

hmin = L/20

hmin = 3.30/20 = 16.5 cm

Take h=25cm

F¢' = 24 N/mm?

Fy = 420 N/mm?

v Determination of Thickness:-

The Stair Slope by 6 = tan™(16.3 / 30) = 28.6°

v" Load Calculation:

[
o o .-""-.
<A .-:'-I'[ . ]
s Pl
_ﬁ"“ _*_._..15
o8 el
o T
s H__F,-.c*"
o e
el
it ,.,-=>“f}-
SR R
o Pre
.- *_ﬁ:-""'
e _\__m"’
i AT
I
T

Fig (4.21):Stair Section.



Dead Load for Flight for 1m Strip:-

23+0.03* 1*((0.35+0.163)/0.3 ) = 1.18Kn/m

22+0.03* 1*((0.3+0.163)/0.3 ) = 1.02Kn/m

25*0.5*0.163*1 = 2.04Kn/m

25%0.25%1 / c0s28.6 ° = 7.11Kn/m

22%0.02* 1/ c0s28.6° = 0.51Kn/m

Table (4-5): Dead Load Calculation of Flight.
LiveLoad For Landing For 1m Strip =5*1=5Kn/m
Factored Load For Flight :-

Wy = 1.2 x11.90 + 1.6%5 =19.9Kn/m

v' System of Flight:-
Eeerwiee: Live: Lowacd — 'y FanAo

S R N R S 0 O 50 B S PSR Y 50 G 5 P R P I 2

Service Crerac] |oceawc] =119 KR/

(T L

e
e Do =T19.F KR
,-ﬂ"'_f-f L.L=82% KN
=
_—
i -
=0 . E— 19.F KM
S E;;I.E_N =214 LT e

(Fig 4.22): Statically System and Loads Distribution of Flight.



Moments: spanltol

2.15 51.5 2.15

Shear

-37

37

Fig (4-23): Shear and Moment Envelope Diagram of Flight.

Design of Shear for Flight :- (Vu=37.0 Kn)

Assume bar diameter ¢ 14 for main reinforcement

d =h- cover *E;" =250 — 20 +g =223 mm
Ve=: fc'b, d == -v24+1000 =223 = 182.1Kn

® V:-0.75* 182.1 = 136.6 KN>Vu = 37Kn...... No shear reinforcement are required




Design of Bending Moment for Flight :- (Mu=51.5 Kn.m)

My _ 51LEx10°

R=—== - =1.15 Mpa
"™ ppd? T noxi000x223E P
Fii 420
m=——; = =206
085S~ 085x24
1 2m.R 1 D3 0.6%1.15
p=— 1—- 1-=—"2" =— 1—- 1-="—"— =0.00282
- 420 20.6 420

Asreq = p.b.d = 0.00282 x1000%223 = 630 mm*/m

As min= 0.0018*1000*250 = 450mm?/m
ASreq = 630 MM?>A min=450mm?/m

Check for Spacing :-

S =3h =3*300 =900 mm

_ *(2 280 N 5 rwon =
S =380 (-,_;_ 42“) 2.5*20 =330
S =450 mm
S =330mm ......... is control

Use @12 @ 150 MM ,Asprovided=_770 MM>>Asequired= 630mm?>... Ok

Check for strain:-

Ag f TTOx420
=—L = = 15.85 mm
DESH f 0.85= 1000 =24
a 15.85
c=—= =18.65mm
By 085

[



1- Lateral or Secondary Reinforcement For Flight :-

Asreq= Asmin =0.0018*1000*250 = 450mm?

Use g10@ 150mm ,Asprovided= 523 MM>>Asrequired= 360mm>... Ok

Design of Middle Landing :-

v Determination of Thickness:-

hmin = L/20
hmin =3.30/20 = 16.5 cm
Take h=25cm

v" Load Calculation:-

Dead Load For Solid 7 Landing For 1m Strip:-

23*0.03* 1= 0.69K n/m

22*0.03* 1= 0.66K n/m

25*0.25* 1= 6.25Kn/m

22*0.02* 1= 0.44Kn/m




Table (4-6): Dead Load Calculation of Middle Landing.
LiveLoad For Landing=5*1=5Kn/m

Reaction From Flight:-

DL =19.7Kn/m

LL =8.25Kn/m

Total Dead Load = 8.04 + 19.7 = 27.74Kn/m
Total LiveLoad =5+ 8.25=13.25Kn/m
Factored Load For Landing :-

Wy = 1.2 x27.74 + 1.6x13.25 =54.50Kn/m

v" System of L anding:-

Senrlce Live Load = .25 KN/M

LLLLLILLILLILLLLILL ) LRI L]
Service Dead Load = 19.7 KN/M o
HHL_JH |

Ll

il

il

Service Lnra Load =5 Kl'wh"M

LLIIILLIITLIIILLL] l['l['l II’

+++++

19 0.1M 15M

Fig (4-24): Statically System and Loads Distribution of Middle Landing.

Moment/Shear Envelope (Factored) Units:kN,meter




1Moments: snan 1to 1l

Shear

45 4.8

Fig (4-25): Shear and Moment Envelope Diagram of Middle Landing.

Design of Shear:- (Vu=64.8Kn)

Assume bar diameter ¢ 14 for main reinforcement

d =h- cover =2 =250 — 20 = X = 223 mm

2 2

Ve=< fc'b, d == 2v24 %1000 =223 = 182.1Kn
G L4

&5

®* V.-0.75* 182.1 = 136.6Kn> Vu = 64.8Kn...... No shear reinforcement are required

Design of Bending Moment :- (Mu=65.5Kn.m)

Assume bar diameter ¢ 14 for main reinforcement

d =h- cover &52‘—' =250 — 20 4% =223 mm

M 65.5x100
Ry= “z = 7 = 1.46 Mpa
@hd 0.9x1000=223
f 420
m= = =20.6

T ossg’ T oesxz4e



1 ZmR 1 Zx20.6x 146
p=2 1= 1= - 1 g _ g _ZXEOOXIAG

m 4210 206 4240

= 0.0036

Asreq = p.b.d = 0.0036x1000x223 = 807.12 mm?

As min =0.0018*1000*250 = 450mm?

Asreq = 807.12 mm-......... is control

Check for Spacing :-
S =3h =3*300 =900 mm

280

= * _ *90) =
S =380 (2‘42“) 2.5*20 =330

S =450 mm

S=330mm ......... is control

Use g14@ 15mm A provided= 1026 MM>*>As . equired= 807.12 mm?... Ok

Check for strain:-

_ Asfy 1026x420
Tossh T DBSx1000%24

=21.14 mm

lateral or Secondary Reinforcement For Landing :-

Asreq= Asmin =0.0018*1000*250 = 450 mm®

Use 210 @ 150 MM _Asprovided= 523 MM>>As equirea=450 mm>... Ok

Design of Main Landing :-



v' Determination of Thickness:-

hmin = L/20

hmin=3.20/20 =16 cm

Take h=25cm

v" Load Calculation:-

Dead L oad For middle Landing For 1m Strip:-

23*0.03* 1= 0.69K n/m

22*0.03* 1= 0.66K n/m

25*0.25*1=8.75 Kn/m

22*0.02* 1= 0.44Kn/m

Table (4-7): Dead Load Calculation of Main Landing.

LiveLoad For Landing For 1m Strip =5*1=5Kn/m
Reaction From Flight:-
DL =19.7 Kn/m

LL =8.25 Kn/m

Total Dead Load = 10.54 + 19.7 = 30.24 Kn/m




Total LiveLoad =5+ 8.25=13.25Kn/m

Factored Load For Landing :-

Wy = 1.2 x30.24 + 1.6x13.25 = 57.48 Kn/m

v System of L anding:-

Sarvies Live | oac = 335 KM

[gi&;gﬂlﬂi}}l ?[HlN;M[ll[ 0 A O O O O
L U] LU L
CCLTTLTILL 1?’ |:|'TFM'L Eﬂmr m ||_|""I"
LI L L LI LTI L] Hl

Fig (4-26): Statically System and Loads Distribution of Main Landing.

\Moment/Shear Envelope (Factored) Units: kN, meter

Moments: span 1to

=-\//a

| 18 69,16 15 |

Fig (4-27): Shear and Moment Envelope Diagram of Main Landing

Shear

-62.789.1-

89.1862.76




Design of Shear:- (Vu=62.7 Kn)
Assume bar diameter ¢ 14 for main reinforcement

14

d =h- cover *52‘—' =350-20 - ; =323 mm
\VA =£ FEW == éx/ﬂ #1000 =323 = 263.7 Kn

®* V-0.75* 263.7 = 19.8Kn> Vu = 62.7Kn...... No shear reinforcement are required

Design of Bending Moment :- (Mu=69.1Kn.m)
Assume bar diameter ¢ 14 for main reinforcement

d 14
d =h- cover *—2*—' =350 —20 —— = 323 mm
My . B91x108
Rn= pbdE | Dox1000x323% 0.74 Mpa
_ & _ 420 _
m= 0855~ 085x24 206
1 ZmR 1 2% 20.6%0.74
p=— 1—- 1= - 11— 12277 —0,0018
m 420 20.6 420

Asreq = p.b.d = 0.0018x1000x323 = 576.6 mm*

As min =0.0018*1000*350 = 630mm?
As,req:576.6mm2<As,min630.O mm-......... is control
A min630.0 mm-......... is control

Check for Spacing :-
S =3h =3*300 =900 mm

280

- * _ *90) =
S =380 (g-uu) 2.5*20 =330
S =450 mm
S=330mm ......... is control

Use g12@ 15 mm _As provided=_753 MM>>As roquired= 630mm>... Ok

Check for strain:-

_ Asfy  _ 7E3EM420
nE5h 7 DB51000x24

=155 mm




i 21.14

By 085

=18.23mm

C—

lateral or Secondary Reinforcement For Landing :-

As req= Asmin =0.0018*1000*350 = 630 mm?

Use 212 @ 150 MM _Asporovided= 785 MM>>As equirea= 630 mm>... Ok
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Fig (4-28): Stair Reinforcement Details
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPHESTHESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, k

Simply Cne end Both ends
supported | continuous | continuous | Cantllever

Members nol supporiing or attached o pariitions or
other construction likely 1o be damaged by large

Member dellections.,
Solid ona-

wary slabs £r20 £/24 £/28 £M0
Heams or

ribbed cne-

way slabs fieg EMBS £i21 fm
Mo as:

Values given shall be uu;d directly for members with normalwsight concrele
{densty w_ = 2320 kg:lm y and Grade 420 rainforcemant. For other condi-
ticno, the values shall bo modifiod as follows:

a) For structural lightweight concrete h.u.'.lmaaunii density, w,, In e rangs
Lm- 1820 kp'm®, tha values shall be multipbad by (1.65 - n.ﬂm“rcj bt nok
aa than 1,08,

b For £, other than 420 MPa, the values shall bs multislisd by (0.8 + £, (T00L

MINIMUM THICKNESS OF NONPRESTRESSED BEAMSO
-ONE WAY SLABSUNLESSDEFLECTIONSARE CALCULATED)



TABLE 9.5(b)— MAXIMUN PERMISSIBLE COMPUTED DEFLECTIONS

Thpe ol member Diefecton to be considered Digfietion limitation

Fial mofs rot supporting o sfiached to mon- | Immedizte deflaction due o b foad
afnchul elements ey b be damaged by 1As
e detiections
Floars ot supporting or aftached tononstneg- | Immediste deflection due b fve load L
fural glements [y lnbe damaged by Large LD
deflactions
Bioot or floor corstnicion suppering of Thiat par o the total deflection occurm 2%
attchsed to nonstuctual sisments lkely o 5e | attachment of nomstructura) elements (sum of £ 48
hmaned by lange deflactions er&mm&m mﬁ:fmwéﬁsﬁamn

- e E
Ficod or flogr corstiieton supperfing of | i_emm
aftachad Iy nomsirucie) samens gty fo| 22000081 ey 20
be gamaged by fange deflactions

* Limdt vl omdlad] i salegpiand againsl posding. mwmmmmmmamﬂwmwmmdmhm
waler, e copsidening ioeg-om shect of o sustaired lads, camber, constucion tnlermnces, and reliabiity of provisons lor crirage

1Lﬁmmmrﬁmmmmm:mms.ﬁ.smm.tulmmmwamudﬁwmnﬁmmwﬂa itk
miank el nonstructural okerants. This amount shal bo detarmingd onbass of accapled onginsering dats rolafing fo Sme-dofackion chanicterisbes of mimbers tin-
far fo hoese besing e cered

il may e eveede  adquale massures ase daban % prawen] darmage by sugpartad o aftached dements

¥ Liowt shail o b qrectr than fokoranca prowkdon for nersvucturet sksmamta. Linik may b ammadlad f cember s provicid s the ok Sfechion s camb
oo ot eucoed i,

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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