a5l Gan ) 4B ey

') g ma dal

Jard) (3 8
daad) daaa (ol AA vy o "ol pali daaa’ P
&) i)

e al

AL £ g pda y i
Lo LS00 5 Aanigh A0S 8 & JLanall  Aiaal) Acasigh 5 5 ) o
WAL TR PP RN
& el cldlia (e g Jag sl
(el Aidid (auadl duntigh) (& (g3 ) SIS A

.“*"_.':': .-" A &

r
[ ki, P
ESEE ¢

Ophald €T gy daala
Oalaald - J1A))

YooV Ol



AU £ 5 e anll Balgd
Cnlacald _ SuAY)

G shal) daaia el dLalgl) Z\.ym.rg\ Jaaldil] g asaliall) Jas
dand) (32 8
Laal) taaa Gl A iy g3l "ol s daaa" M

(Aiatiaal) Adall) pliac] aran 483) gay g £ g pdiall o G pdall LY Cilgra g o sl
%ﬁﬂ\;h@\@kg@)wugm\hms Bila I £ g pdiall 138 aaSS a3
(2 Il Ayl B ilal) by (5 ad) g8 gl

Bl (i ) a8 g5 £ 9 piall i plia a8 g5
@Y#‘ dﬁ.o" ALe a3

ii



KTy

5 alall pgilody 1 glas cpddl Lyl g cplaedd sligd 6 S5 )

ks 4y e B skl doead) Slwdo ¢ g

al o S 3 g gasiT 1y
sl ) Y1 S 3 8 e il sl gl L3 Lo
4 gl sles IS e BYI G a bl
& @ ceddl 3 IS
s s A

ceelond) 1 ‘&;M

11



_aaail) o Sl

W Laaslr L) ¢ ol ST getly SV o 5% i OF ) Ul 1da 3 Law ¥

Waa 588 >l e Lwe 19dB gy 1sPle oddl S b1 dyyleally doul) duwuidl 3154
L) dgrise b oo Gkl T Je Usaad aol gl ol i 1) 3 s il
Gty Ly Jorl e 15Ty QW 1p g ) Wity LT S ey ckesd)
Ui SUL ey JoBY) Lodstal J1y et Jol Dlas JI Ly 2 sy (Lt
Sl § g8 5 J Codl Ma 8aY5 &g Jb el ole aly] e o (el
S Lyl et W add e JST g ¢ Jgb gl Wl gl dmylne g ¢ o5l dadall ilaLa )
B jleall Stlabaselly Uga gy cpdll ¢ qukidl "pmd 1" oS § B3l U1y ¢ Lol 1
G e ¢b Ve @ SU L ST 1y el g S ST e gl g g el

L Wb atly S bT (o 6 518 0 L oS0

...e\ﬁr’ﬂ\&‘\é J ey Lo | ghiadi g

LI (g ¥

v



&JJM‘UASJA
_W\oﬁﬁjﬁww&\#\dﬁa&d&ughﬁjwﬁ

Jaxdl (33 8
Leall dans 33la A& F oy el "ol peals daad™ J3U

e\' vV -OM M&‘ :\Mle
i)
EPSAIY. &

el A 3N Jpaliil) A8S 5 ALY apanalll Jae 3 g g il 138 5 S il
Al A 8 aly oAl 5 Claladin) aaeia (5 jlal
) Lealing Al il (e H5SN e g 58n s (3 gha s (0 ()5S0 g g piall 13
ALY A jlerall okl Giaal o genal) 138 aaa 8 5 dalll Qi g OS pe cad
118 (5ali pe daadd Al Sl acbiadll iy ¢ Yl sdal i Jilu o Ll sial )
S Al
S 5in s oS e Al Al 2SI e g dasaat ol mhia (Sl A S g4 il 124
Dalial) e Lgay 555 a5 488N 5 sl ) ) 553 el ALalSH Jpaaliill e g 5 il
s JalSY aranaill o3 ¢ uaie JSG Aualal) ALy Q) &5 gl )l 48Y) 4505y
o LaS ALy aseliatl) aa (380 65l Ay jlamall Jail A paes Gxal o Cadi 38 5 caiall 3 I
ALK el Jualatl) e 2lisY) cllaladall aies gad



Abstract

Structural Design and Details of a Multi story Building

Project Team

Bilal Moh. Abu-Rajab. Khaled S. Al-Amleh.

Palestine Polytechnic University-200V

Supervisor

Dr. Hitham Aiad.

The main idea of this project is to prepare all structural design and

executive details for a multi story building in Hebron city.
This building consists of nine floors and it contains unlimited activities.

This building is a reinforced concrete structure, and it was designed

according to the ACI-code-02.

The project contains the structural analysis for vertical and horizontal
loads and the structural design and details for each member in the

project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

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

bw = web width, or diameter of circular section.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.

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 supports in other cases.
LL = live loads.

Ld = development length.

M = bending moment.

Mu = factored moment at section.
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Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
Ve = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

We = weight of concrete. (Kg/m?).

W = width of beam or rib.

Wau = factored load per unit area.

® = strength reduction factor.
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Chapter Four

Structural Analysis and Design

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
structural 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 calculations for all structural members would be
made upon the structural system which was chosen in the previous chapter.

So, In This Project, there are Three types of slabs: solid slabs, one-way ribbed
and two-way ribbed slabs . They would be analyzed and designed by using finite
element method of design, 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 "STAADPRO 2004" programs to find the internal forces,
deflections and moments for one & two way-solid 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

ACl-code.
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4.2 Factored Loads:

The factored loads on which the structural analysis and design is based for our

project members, is determined as follows:

¢.=12DL + L.6L

4.3 Determination of thickness:

ACI—318-02 (9.2.1)

4.3.1 Determination of thickness for one way rib slab:-

The structure may be exposed to different loads such as dead and

live loads. The value of the load depends on the structure type and the

intended use.

The overall depth must satisfy ACI Table (9.5.a):

For rib (R 06) in the fifth floor, as shown in fig (4.1).

s 4.76m oy 4.40m iy 4.00m &5 3.90m &5 390m &5 3.00m &

Fig. (4-1) Rib (06) in the fifth floor

Spans from left to right for one way slab:

L 476

L A0 0057 m =257 em ACL-318-02 (9.5a)
185 185

L _ 44 0209 m =209 em

21 21

LA 0195 m=19.5 em

21 21

L 39 0185 m=18.5 em

21 21

L _39 02im=21cm

21 185

4.3.2 Determination of thickness for two way rib slab:-

> AY
>4

~2x0.2x0.08x0.04+0.15x0.25x0.125  5.967*10"°

~
I

Y, = _
b 2x0.2x0.08+0.15x0.25 69.5%107>

oy

=0.086m =8.6cm



_0.55x(0.086)" (0.55-0.15)x(0.006)° . 0.15x(0.164)’
3 3 3

rib
1,=337x10"m"/b

4
L= 37105 65-2236x107m*
‘ 0.55

I, = Lpnr = Lxog+025=1.04%10"
12 12

1,,=76.1*10""

4
alziz—l'mxm —=0.0465
I 2236x10°
I, 76.1x107*

I, 2236x107%

a, =

o - a ta, _ 0.04+3.4 17
2 2

02<a, =1.72<2

According to ACI-code: Fig. (4-2) two way rib slab

1,(0.8+ £, /1500)
" 36+58(a, —0.2)

ACI-318-02 (Eq: 9-12)

p=te_>T 104
L, 46

5.7(0.8 + 400/1500)

= =0.134m =13.4cm
36 +5x1.24(1.72-0.2)

We select from one & two way rib slab, The Thickness Rib Slab =25 cm

o¢



4.4 Load Calculation:

@ First: One - way ribbed slab.
For the one-way ribbed slabs, the total dead load to be used in the

analysis and design is calculated as follows:

Toping

One way rib slab

Hollow Block ( 17 cm )

Shrinkage & Temperatuer Bar's

Fig. (4-3) one way rib slab

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

the following table:

No. | Parts of Rib Calculation Result Unit

1 Rib 0.2%0.17*1%24.5 0.4998 KN/m Linear
2 Top Slab 0.08%0.52*%1*24.5 1.0192 KN/m Linear
3 Plaster 0.03*0.52*%1%22 0.3422 KN/m Linear
4 Block 0.17*0.4*1*10 0. 68 KN/m Linear
5 Sand Fill 0.15%0. 52*%1*16.4 1.2792 KN/m Linear
6 | Tile & Mortar | 0.05%0.52*1*24 0. 624 KN/m Linear
7 Partitions 1*0. 52 0.52 KN/m Linear

4.965 KN/m Linear

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

0o




Nominal Total Dead Load :

D.L. ot =0.4998 +1.0192 + 0.3422 + 0.68 + 1.2792 + 0.624 + 0.52
=4.965 KN/m of rib

Live load =2.5 * 0.52 = 1.3 KN/m

Factored dead Load =1.2* 4.965 =5.958 kN/m.

Factored live Load =1.6 * 1.3 =2.08 KN/m

@ Second: Two-way ribbed slab.
For the one-way ribbed slabs, the total dead load to be used in the

analysis and design is calculated as follows:

,‘\C.

Rib(2)
Rib (1)

Steel Bar's

Steel Bar's

Hollow Block { 17 cm )

Fig. (4-4) Two way rib slab
Calculation of the total dead load for one way rib slab is shown in

the following table:
(0.52*0.52)units

o1



No. Parts of Rib Calculation Result Unit

1 Rib 0.15%0.17*(0.55+0.4)*24.5 0.84 KN/unit
2 Top Slab 0.08*%0.55*%0.55*24.5 0.59 KN/unit
3 Plaster 0.03%0.55%0.55*22 0.20 KN/unit
4 Block 0.17%0.4*0.4*10 0.272 KN/unit
5 Sand Fill 0.15*%0. 55*0.55*16.4 0.74 KN/unit
6 Tile & Mortar 0.05%0. 55%0.55%24 0.36 KN/unit
7 Partitions 1*0. 55*%0.55 0.30 KN/unit

3.302 KN/unit

Table ( 4 — 2) Calculation of the total dead load for two way rib slab.
Nominal Total Dead Load :

D.L. ot =0.84+0.59+0.20 +0.272+0.74 + 0.36 + 0.30

=3.302 KN/unit

Dead load oy =3.302/(0.55%0.55) = 10.916 KN/ m2.
Live load = 2.5 KN/m2 .

Factored dead Load =1.2* 10.916 = 13.1 KN/m2.
Factored live Load =1.6*25= 4 KN/m2.

Wu=13.1+4
=17.1 KN/m2

oy




4.5 Design of Topping:
4.5.1 Design of Topping for One-Way Rib Slab:

Dead load = total dead load — dead load of one rib

DI = [4.965}_{0.4998

=8.587KN /m*
0.52 0.52

Wu= (1.2 *8.587 )+ (1.6 * 2.5)
— 14.3 KN/m2

- For a one meter strip Wu = 14.3 KN/m2
Assume slab fixed at supported points (ribs):

% 72
Mu:Wu l
12

* 2
My _ 143704
12

=0.191KN.m

Hollow Block ( 17 cm)

£.'=0.8%30=24 1
fir=0.42x ./ f¢'(MPa) ACI-318-02 (22-5.1) Fig (4-5) Toping of slab
fir = 0.42 x\24(MPa) = 2.06 MPa
=2.06x107° x10° = 2060 KN / m*
Mn = fr *s
g b _1.00x(0.08)
6
Mn =2060* 1.06x10~° =2.184 KN.m

® Mn =0.55 *2.184=1.201 KN.m

=1.06x107m?

® Mn=1.201 KNm>Mu=0.191 KN.m

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

For the shrinkage and temperature reinforcement:

p =0.0018 ACI-318-02 (7.12.2)

As = p*b*h=0.0018 * 100 * 8 = 1.44 cm’/Im

oA



2.00 m?>/1m both directions.
2.00 m*/1m both directions.

It is apparent that the topping slab in two-way action is even stronger
temperature reinforcement needs to be provided, with the same design as

than that for one-way ribbed slabs. Therefore, only shrinkage and

4.5.2 Design of Topping Two-Way Rib Slab:

4.6 Design of rib (06 ):

before.

Use 1D 8 /25 cm (408 / 1m), with ASprovidged
 Use 10 8/25 cm (408 / 1m), with ASprovided

DDDDDDDDD

~

7

\\\N\\A\\\\\\l\@\\\

/7
7
i/

),

Fig.(4-6) Rib location
o9

4.40m &= 4.10m &= 3.90m &= 3.90m &= 3.90m &

Fig. (4 - 7) Spans length of rib ( 06 ).

&

4.76m

By using ATIR program we get the envelope moment diagram as the

following values:-



241

Fig. (4 - 9) Shear diagram for rib ( 06 )-(KN).

4.6.1 Design for positive moment for Rib ( 06 ):

This design for 4.76 m spans,
Effective Flange width ( »,) ACI-318-02 (8.10.2)
b, For T- section is the smallest of the following:

b, =L/4=476/4=119 cm

b, =12+16t=12+16(8) =140 cm

b, =C/C=52cm.................... Control

» Use M, max positive for all spans = 15.2 kN.m

M, =15.2/0.9 = 16.88 kKN.m = 1.688 ton.m

» Determine whether the rib will act as rectangular or T — section:

For a=t=8cm



C=0.85 fct b,=0.85(0.24) (8) (52) =79.87 ton
d=h-cover-d2=25-2-12/2 =22.4cm
M,=TorC(d-0.52)=79.87(22.4-0.5(8))/ 100 =17.84 ton.m
M avaitable = 17.84 ton.m > M, requirea = 1.688 ton.m

Design as a rectangular with 5, =52 cm

A VI by = 2 b ya ACI-318 (10.5.1
s min = (ﬁ)( )(d) 7 (b,)(d) ( )
A's min= V24 (12)(22.4) > —(12)(22 4)

4(400)
As min= (823 cm2 = 0.941 cm2
AS min=0.941 ¢cm’

_f 400
0.85fc'  0.85(24)

%
Rn:Mn —1688 (10)° =6.47Kg /cm’

bd*>  (52)(22.4)°

* *
oLy fy_2mRa ) 1 1_\/1_2 19.6%6.47 | _ o 1o
m Y 19 .6 4000

Ay =0.002(52)(22.4)=2.33 cm” > As min = 0.823 cm "
#ofbas = A,/ Agper =2.33/1.54=1.5 * Note Agis = 1.54 cm?

Select bottom bars 2d14 mm

Total AS (rovide) =3.08 mm

a3




* Check for yielding:
Tension = Compression

A x fy=085xf.'xbxa

(2x154)x107° x 400 =0.85x24x0.52xa

a=11.61lmm
_ @ L6l o cemm
085 085
€. _ 22471366 003 = 0.046
: 13.66

&, =0.046 > 0.005

Ok.

4.6.2 Design for Negative Moment for Rib ( 06 ):

The maximum negative moment from spans with support is
Mu =19 kN.m

Mn =19/0.9=21.1 kN.m =2.11 ton.m

Design of T-section for negative moment as rectangular section with

(b=by)

r

A's min= (b )(d)>—(bw )d) ACI-318 (10.5.1)

/)

i
4(400)

As min=0.823 cm2 = 0.941 cm?2

A s min=

1.4
(12)(22.4)> £ (12)(22.4)

Asmin=0.941 cm’

m=19.6
5
Rn=Mn/b,. d*>= M—% 04Kg/cm

12x22.4°

* *
oo L[y [y 2mRa)_ 1 1_\/1_2 19.6%35.04 | _ 1 1097
m fr ) 196 4000

1y



As =0.0097 (12) (22.4) = 2.61 cm?
2.61 cm® > AS (pin) = 0.823cm’
#ofbas=A,/ Agpyr =2.61/1.54 = 1.69 = 2 bars

* Note Apsa = 1.45 sz

Select bar 2 ® 14 mm

Total As (provide) =3.83 cm

* Check for yielding:
Tension = Compression

A x fy=0.85x f 'xbxa

(2x154)x107° x 400 =0.85x24x0.12xa
a=50.3mm

x=-2-5917
0.85

L _224-59.17
Y5917
g, =0.0084> 0.005

x0.003

1y




4.6.3 Design shear for Rib (06):

® Ve = CD*@ bw *d

— (0.75 * @ 12%* 22.4)*100/1000

= 16.5 KN
D Vnin =( D % * b * d)* =(o.75%*12*22.4)*100/1000 = 6.72 KN.

22> ® Vg, =6.72 KN .

V,=199 kN (From Shear Envelop)
DOV <V, <(DV,+ DVin)

7.54 <19.9<(16.5+6.72)

~. Category(3) Satisfy :

Minimum shear reinforcement required, so;

S_CDxAvxﬁ/xd
OVs
~0.75x(2x50)x 400 x 224

6.72x10°
S=d/2=22.4/2=11.2cm
S <60 cm
Use S=10cm

=1000mm =100cm

* *F*
¢Vs=¢ AvS y*d

_0.75x(2x0.5)x4x22.4
12

DOVs =56KN

Then use ¢ 8 @ 10cm

¢




4.7 Design of Beam(B04):

Fig (4 — 10 ) Beam location( B04)

&

é_ 180 m_%

=

3.15m

8.20m

3.15m

Fig (4 — 11 ) Span Length

Fig (4 — 12) Beam moment values without self weight load(KN.m)

-308.3

-2938

260,

253

Fig (4 — 13 ) Beam shear Values(KN)

-2

10



4.7.1 Design for positive moment:

bw =40 cm,

bf =80 cm

d = 55-(4+1+1+2.5/2) = 47.75cm "If ® 20

are used " Two Layer

Mu =289.1 KN. m

AS min= %(bw)(d) > %(bw)(d) ACI-318 (10-5.1)

, V24 1.4
A s min = m(40)(48.75) > (40)48.75)

Asmin=597 cm2 = 6.825 cm2
As min=6.825cm’

Isolated T-section
1
b, > 252%40 3 25cm 220 cm

2-bE < 4bw = 80<4x40=» 80cm <160cm

To Determine T-section Or Rectangular

If the entire flanges bE are under compression force;
- for a=t =25 cm.

C =0.85*0.24*80*25= 408ton.

Mn=C *(d -%) — [408*(48.75 -2—25)/1001 = 148.02ton. m

Mn req. = %99'1: 321.22 KN.m = 32.12 ton.m

Mn = 148.02 ton.m > Mn req. = 32.12 ton.m

"



- a<hf,

m = ﬁ/ = 400 = 196
0.85* fc 0.85*24

Mu _ 32.12%10°

n= = =16.89 Kg/ cm’
d*b*d>  80*(48.75)
1 2mRn
=_(1- h-
p=- 5 )

1
— 1 (1- [ 209.6)16.89) y = (0 00441
P 19.6( \/1 4000 )

As(req) =0.0041 * 80*48.75=17.199 cm’
Number of bars = 17.199/2.54 = 6.77 = 7 bars

Select 10 @ 18 in Bottom with As prov. = 25.45cm?.
And 10 ® 16 in Top with As prov. =7.85 cm?.

Because of control deflection {To meet the deflection limit ﬁ 1.

* Check for yielding in bottom:
Tension = Compression

A x fy=085x f.'xbxa

(8><314)><10‘6 x400=0.85x24x0.8xa
a=61.56mm

x=-2% 710
0.85

 487.5-72.42

&, x0.003
72.42

g, =0.0172>0.005

....... Ok

1y




4.7.2 Design for negative moment:
bw=40cm,

bf =80 cm

d=55-(6+1+1)=47cm d'=6cm

Mu =362.2 KN.m

ACI-318 (10-5.1)

e 1.4
AS min= 25 (bw)(d) 2 E(bf)(d)
AS min= 42{‘%)) (40)(47) 2 iT:I) (40)(47)

Asmin=115] cm2 = 6.825 cm2
Asmin=13.16 cm’

Mn (req) =362.2/0.9=402.44 kN.m =40.24 ton.m
m=19.6

40.24*10°
40* 47>

* *
oo Ly |y 2mRn]_ 1 1_\/1_2 19.6%40.54 | _ 0114
m fr) 196 4000

As(req) = 0.0114 (40) (47)=21.432 cm”
# of bars = 21.432/2.01 = 10.66 =11bars

Rn=Mn/(bw.d? = =45.54 Kg/cm’

Select 11 @ 16 with As prov. =22.11 cm?.

TA



* Check for yielding:
Tension = Compression

A x fy=085xf.'xbxa

(7x314)x107° x400 = 0.85x24x0.4xa
a=107.Tmm

x=-2-1267
0.85

g = 071267 4 003
: 126.7

&, =0.008> 0.005
Ok.......

4.7.3 Design shear of Beam:

OVe= @ * Wepyeg

V2,

= (0.75 * =2 40% 48.75)*10/1000

=11.94 ton.

D Vi =( D % * b * d) =(0.75§ *40%48.75)%10/1000 = 4.875 ton.

2> O Vg, =4.875 KN .

V,=293.8 kN =29.38 ton (From Shear Envelope)

OVe+DVsmin =16.82 ton <
So .. Category (4) Satisfy :
Req. ¢Vs =Vu—¢Vc

Req. ¢Vs =29.38—11.94

Req. ¢Vs =17.44 ton

¢VS_¢xAv><Fy><d
S

V. =2938ton < 3®Vc =35.82ton

14



2*%0.79%4*48.75*0.75

S
S =13.25cm ..Control

)] S£=M=24.37 cm
2 2

17.44 =

(S) <60 cm
UseS=10cm.

Then use ¢ 10 @ 10cm
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4.8 Design of One Way Solid Slab:

4.8.1 Determination if thickness:

L —ﬂ:26 cm ~Take it 25cm

T20 20

4.8.2 Design for positive moment:
d=25-2-12=21.8 cm.

Mu = 59.6 KN.m

Mn = 59.6/0.9 = 66.22 kN.m

6
Mn _ 66.22 x10 _1.39 MPa

Rn = 2 2
bd2  (1000)218 )

m:L: 400
0.85x f.  0.85x24
m=19.61

1 2mR,
A

1 \/ 2x19.61x1.39
p=——,1- I- 2727
19.61 400

p =0.00324
A =pbd

As = 0.00324 X (100) X (21.8) = 7.06 cm®

A_. =0.0018xbxh
Asrequired = 706 > Asmin = 4.50m2

®12@ 12.5 em.  Ag provided, = 9.05 cm® > Aspy =4.5 cm’

Use ®12 @ 10 cm.  Ag provided, = 9.08 cm’

\Al



4.8.3 Check for yielding:
Tension = Compression

A x fy=0.85x f.xbxa

A, x fy =10.18x400 = 40.72x10°°

(40.72)x107° =0.85%x24x1.00x a

a=1.996mm ~2cm

_ 4 _ 2 5353
0.85 0.85
¢ _21.8-2.353 403
2.353
£ =0.024> 0.005

Ok....

4.8.4 Development length of the bars:

/s
2y f.
For @12 bars:

400

2x\/ﬁ

Ld =48.99 cm
Use:
Ld =50cm

Ld =

a.f.y.d,

Ld = Ix1x1x1.2

4.8.5 Shrinkage & Temperature Reinforcement

As =0.0018(100) (25) = 4.5 cm”>

Use @12 @ 25 ecm.  Ag provided, = 4.5 cm’

vy




4.9 Design of Column:

4.9.1 Design of Short Column(C29/A):

4.9.1.1 Design Of longitudinal Reinforcement:
Select column (C29) for design Basement floor [floor A].
Pu =4589 KN

Pn geq = 4589 /(0.65) = 7060 ton

Use p =pg=15%

Pn=0.8 Ag {0.85 f' + p g (fy—0.85( "))}

7060 *10° = 0.8 Ag [0.85%24(1-0.015)+0.015%400]
Ag=0.338 m?

Use 60cm x60 cm => Ag=3600cm?

7060 *10° =0.8(0.36) [(0.85)*24(1- pg)+ pg *400]

,g=0.0109 > pmin=0.01
A req = (0.0109)(3600) = 39.24 cm?

Use 14920 A  provide = 43.96 cm?

()< 22,

r

<40 ACI 10-12-2
Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration=0.3 h= ./ é

A&



ﬁ<34—12%

r M,
K=1,lu=2.8m
r=03*0.6=0.18 , %:1

M2

*

1728 =15.56 <34-12*1
15.56<22

~.Short....Column.

4.9.1.2 Design Of The Tie Reinforcement:

Spacing < 16*d,, (Longitudinal bar diameter)=16*2.0=32cm
< 48%*d, (tie bar diameter) = 48*1.0=48cm.

< Least dimension=60cm

Use O 10 ties @ 30cm spacing.

The design column is shown in Fig.(4-)°).

Fig.(4-15).

Detail column




4.9.2 Design of Long Column (C29/D)

4.9.2.1 Design Of longitudinal Reinforcement:
Select column (C29) for design [floor D].

Pu=3456 KN

Pn=Pu /(0.65) = 3456/(0.65)=5316.9

Use p,=1.5%

Pn=0.8 Ag {0.85 &' + pg(fy—0.85( 1))}

5316.9 *10° = 0.8* Ag [0.85%24(1-0.015)+0.015%400]
Ag=0.25468 m?

Try 60cm*60cm.= 3600 cm’

lu=5.5m
M &M, =1
K=1
Chick.. for..Slenderness
ﬁ<34—12%

r M,

KL 1x5.5
r 0.8
30.55>22

.. Long Column.

=30.55  ACI-318-02 (10.12.2)

EI
E[=04—<% ACI-318-02 (7.12.3)
1+ 5,

o AT50Jfe 4750424
©7 1000 1000
5 - 1.2DL _12(1728) _
Pu 345.6

=23.27t/ cm*

C04E1,

T 148,
_0.4(23.27)(0.0108)
1+0.6

EI = 6.28 MN.m>

y1



P _7’El 7' *6.28 5 84 MM
“ (KLY (0.85*5.5) '

cm=0.6+ 0.4(%J=1
M

2

5 - _¢m ST o, ACI(10.12.3)
1-(P,/0.75P))
0.6

= 3ase O

0.75%2.84
e, =15+0.03h oo ACI(10-12.3.2)

%k
. - (15+0.03*600) _ 0.033
1000

e. =e*s, =0.033*1.6=0.053
€209 088

h 0.6
From ..Interaction.. Diagram

¢P, _3456*107 , 145

A 0606 1000
p,=0.011

Ag =p*g*h=0011%60*60 = 39.6cm”
use.....p18

#..of ...bars = 39.6 =15.59 = use..16..bars
2.54

check ¢ P, > P,
Try 16418= A, ,....0s = 40.64cm’
$P,=0.65{0.8%[0.85 f.'(4, — 4, )+ 1, 4, ]}
=0.65{0.8*[0.85%24(0.36 — 4064 *10°* )+ 400* 4064 10}
—4.621KN >3.456 OK

Use 160 18 As provided =40.64cm’

4.9.2.2 Design Of The Tie Reinforcement:

Spacing < 16 X d, (Longitudinal bar diameter)=16 X 1.8=28.8cm
<48 X d; (tie bar diameter) =48 X 1.0=48cm.

< Least dimension=60cm

Use O 10 ties @ 25cm spacing.

A%




The design column is shown in Fig.(4-16).

Fig.(4-16)

.Detail column

YA



4.10 Design of Stairs:

]

Fig. (4-17): Stair Detail

4.10.1 Dead load:

=£:@: 23.25 cm = Takeitas 25cm
20 20

fO=tan” (£)=29.54°
30

(0.25m)(2.5ton / m* )(1m)
€0s29.59

(DL) Concret plat= =0.719ton/m

1
(DL) Steps = 5 *(0.3m*0.17m) * (2.5ton/ m’) * (Im) = 0.064ton / m

03m+0.17m

(DL) Mortar = (T) *0.2m*2.5ton/m’ *1m = 0.078/m = 0.44 KN/m
(DL) Sand = 0.1* 1.64*1=0.164 ton/m’
3
(DL) Plaster = (0.03m)2S kN [ )(m) =0.086ton/m
co0s29.54

Total dead load = 1.11 ton/m

Factored dead load = 1.2(11.1) = 1.332 ton/m

Live load =0.5 ton/m.

va



Factored live load = 1.6(5) = 0.8 ton/m.

Wu = Factored dead load + Factored live load .for 1 m of the stair slab

Wu=1.332+0.8
Wu = 2.132 ton/m.

4.10.2 Design for positive moment:

Calculate the magnitude of support reaction in stair:

using ® 12 bars

5.55 5.50
1.1 | 2.7 0.85
5.00
I lospl [ c I ok |
1.1 | 27 0.85

Fig. (4-18): Distribution Load of Stair .

Moments Diagram:

2.33

Fig. (4-19): moment diagram of Stair .




Shear Diagram:

-42.1 435

426
Fig. (4-20):Shear diagram of Stair

d=25-2-12=21.8 cm.

Calculate the magnitude of the max. Moment by using the shear diagram:
Mu = 54.4 KN.m

Mn = 54.4/0.9 = 60.44 kN.m

% 6
Mn _ 60.44 *10 _1.572 MPa

Rn = 2 2
bd (1000)(218 )

S 400
m = —-—-——————————
0.85* £,  0.85%24

m=19.61

1 2mR,
5

1 \/ 2%19.61%1.572
p=——1-1—-
19.61 400

p =0.00409

A =pbd
As = 0.00409*(100)*(21.8) = 8.916 cm’
Use D12 @ 10 cm.  Ag providea, = 9.04 cm’

AN



ASpin = 0.0018%(100)*(21.8) = 3.924 cm?
@12 @10 cm.  Ag poviged. = 10.18 cm® > Asyy, =7.14 cm’

4.10.3 Check for yielding:
Tension = Compression

A x fy=0.85x f.xbxa
A, x fy=10.18*400=40.72*10"°

(40.72) x 107° x400=0.85x24%x1.00x a
a=1.996mm =~ 2cm

a 2

=——=——-=2353
0.85 0.85

20.4-2.353

2.353
g, =0.023>0.005

Ok....

x0.003

N

4.10.4 Development length of the bars:

/)
2\/]70:0(.[))'7/'01]7

For @12 bars:
400

Ld = 7]
Ld =48.99 cm
Use:

Ld =50cm

Ld =

IxIx1x1.2

AY



4.10.5 Shrinkage & Temperature Reinforcement

As = 0.0018(100) (25) = 4.5 cm

Use @12 @ 20 cm.

_ 2
AS provided. — 3.95 cm

4.10.6 Detail of Stair:

270cm

170cm

210@20

12@10
[ 7 X o
20
1L 212@10
N
Q\’//CJ
A
o
@12@20 L=365
C
C 212@10 L=345

@12@10 L=200

@1L@10

10@20

@12@20 L=180
7 012@101L=200 4

il

Fig. (4.-21):Detail of Stair

AY




4.11 Design of Shear wall:

4.11.1 Calculation of loads :

W o toor = DI Area+ LI* Area™®0.25
_ {4'97 *535.5}[2.5*535.5*0.25]+1904
Sor fifthtoone floor 0.52
_ =7355.81 KN .
for fifthtoone floor
497, * *
W toor = 05 475.4 |+[2.5%475.4%0.25]+1904 = 6744.85 KN
14.97, 1 e 15
We toor = 052 162.1 |+[2.5%162.1¥0.25]+ 630 = 2341.4 KN

4.97

Wy toor = 052*450}+[2.5*450*o.25]+2100 =6851 KN
1497, . rics
W poor =) 57+ 415 +[2.5%415%0.25]+1904 =62855 KN

W, .=59001.75 KN

total
4.11.2 Calculation of shear force on '"shear walls" :
From Uniform Building Code 1997(UBC):

7=0.3 zone'"3"
R=5.5

I=1

Ca=0.3

Cv=0.3

hn=27.6
Ct=0.02

Where:

Z = seismic zone factor as given in Table 16-1.

R = numerical coefficient representative of the inherent overstrength and global
ductility capacity of lateralforce resisting systems, as set forth in Table 16-N or
16-P.

I = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to Level i, n or x, respectively.

At



T=C.(h)"  Eq.308 (UBC)

T =0.0488(27.6)"'* =0.587

y 2Oy 03Xl b 66.0920W  control

RT ~ 55x0587
- 2.5Cal ,, 2.5%03x1,, oo
R 55

V,=0.11CalW =0.11x03x1xW =0.033W

22V =0.0929" =0.0929x59001.75 =5481.26 control

Ft=0.07xTxV =0.07x0.587x5481.26 =225.2

W (KN) [V H (m) | Ft (V-Ft) | (W*h) | Fx
(KN) (KN)

floor

Floor(S) | 7355.81 | 5481.26 | 27.6 225.2 | 5256.1 | 203020.4 | 1119.5+Ft

Floor(4) | 7355.81 | 5481.26 | 24.5 225.2 | 5256.1 | 180217.3 933.8

Floor(3) | 7355.81 | 5481.26 | 21.35 | 225.2 | 5256.1 | 157046.5 866

Floor(2) | 7355.81 | 5481.26 | 18.25 | 225.2 | 5256.1 | 134243.5 740.3

Floor(1) | 7355.81 | 5481.26 | 15.15 | 225.2 | 5256.1 | 111440.5 614.5

Floor(D) | 6744.8 | 5481.26 12 225.2 | 5256.1 | 80937.6 446.31

Floor(C) | 23414 | 5481.26 9.5 225.2 | 5256.1 | 22243.3 122.66

Floor(B) 6851 5481.26 6.5 225.2 | 5256.1 | 44531.5 245.6

Floor(A) | 6285.5 | 5481.26 3.1 225.2 | 5256.1 | 19485.1 107.45

59001.75 953165.2

Table ( 4 — 3) Calculation of the total Fx.

F.=V-F)w.h/Z wh
F . =[(5256.1)x 7355.81x 27.6]/ 953165.2
=1119.5
Fx—
27.6m 5 1344.73
24 .5m 4 |
21.35m 3|
18.25m 2 |
15.15m 1| Fig. (4-22):Fx-Diagram
12.0m D |
9.5m c |
6.5m B |
3.1m A |
00.0m 00

Ao



By using the software (Staad pro.) to Analysis the shear wall it was
get result as the following :
"it was effect 100 KN to building from the front side"

NO.plate Sxy KN/m2 dimension
1444 10.5 0.31%0.25
1443 7.9 0.60%0.25
1442 6.3 0.61%0.25
1441 6.4 0.66%0.25
1440 8.7 0.56%0.25
1439 8.5 0.45%0.25
1438 10 0.52*%0.25
1437 11 0.52*%0.25
1436 11.6 0.53%0.25
1435 14 0.88%0.25
1434 15 0.58%0.25
1433 16.56 0.51%0.25
1432 19.42 0.53%0.25
1431 35 1.08 *0.25

Table ( 4 — 4) Calculation "Sxy" from STADD Program.

D (Sxy x dim) =30 %
Vu=Fx*30%
Vu5=1344.73*30%=403.40

Vud=2278.53*30%=683.60

Vu3=3144.53*30%=943.40

Vu2=3884.83*30%=1165.50
Vu1=4499.33*30%=1349.80
VuD=4945.64*30%=1483.70
VuC=5068.30*30%=1520.50
VuB=5313.90*30%=1594.17
VuA=5421.85*%30%=1626.40

Mu-

1250.54 KN.m 3.1m
3369.70 KN.m 3.1m
6294.24 KN.m 3.1m
9907.30 KN.m 3.1

14091.68 KN.m
17800.93 KN.m
22362.43 KN.m

3.1m
2.5m
3.0m

N o

27782.61 KN.m
32824.45 KN.m

=3
o

3.1m

4034 KN 5
2802 KN | 4
2598 KN | 3
2221 KN | 2
1843 KN | 1
1339 KN | D
368 KN | C
7367 KN | B
1626.4 3223 KN | A
00

Fig. (4-23):Moment & Shear-Diagram

AT

3.1m
3.1m
3.1m
3.1m
3.1m
2.5m
3.0m
3.4m
3.1m



4.11.3 design of shear wall:
Fc =24 MPa

Fy =400 MPa. f

h=20 cm. Shear wall thickness.
Lw=8.8 m. shear wall width
hw=27.6 m. Story height.

4.11.3 .1 Design of the Horizontal reinforcement:
Vu=1520.5 KN
Vn=1520.5 /0.75=2027.33KN

d=0.8*Lw=0.8*8.8=7.04 m.

VCI = fC X h X d

6
VC1 = \/§_4 x200mm x 7040mm =1149.63 kN
Vs :Vn - Vcl

=2027.33-1149.63=877.7 kN.

An_ Vs _ 877'27kN ~0.00031 m.=0.031 cm.
s, JSv*d 400N /mm* *7040mm

@=0.0025*h=0.0025*20cm=0.0005 m =0.05 cm.
S-

S, =Lw/5=8.8m/5=1760 mm.
S2 =3*h=3*20cm=600 mm.
S2 =500 mm controls.

Use 2 ®10=1.57 cm>.
S,=1.57/0.05=31.4 < 50 cm
Use S2=30 cm
Ay _1.57x107

s, 030
0.0523 > 0.05

=0.0523

Use 2010 @ 30cm C/C for the reinforcement in two layer.

AY




4.11.3.2 Design of the Vertical reinforcement:

- Chw An .
A, =[0.0025+0.5(2.5 Lw)(—S 2= 0.0025)] S, *

2

M 276 314505
L, 88

>> 4, =0.0025 S, h.
S1 = 8.8 m /3=2933.3 mm.
S1 =3*0.20 m=600 mm.

S 1 =450 mm. controls

-6
o An_  0025%0.20 s 2XTIX107
S S

S1=0.316 cm

=0.0025%*0.20

Use 2010 @ 30cm C/C for the reinforcement in two layer.

4.11.3.3 Design of moment:

At Mu=22362.43 KN.m
As=( Ly /S1)*2*113
As—(8.8m/0.4m)*2%113=0.0049725m”.
Z 1
Lw L OS B f v
As* fy

= L =0.0576
, 0-85%0.85% 24N / mm® *8.8m*0.20m

0.004972m?* *400N / mm*

Mn= ®(0.5*As*ty*Lw(1- Z )
Lw

Mn=0.9*0.5*0.004972 m**400N/mm?*8.8m(1-0.0576)=7.419 N.m.
Mu=22362.43-7419=14943 .43 kN.m.

_ Mu /D _ 14.943/0.9
S(Lw—Cw) 400N / mm* (8.8m —0.6m)

=50.61cm?>.

Use 12P25.

At Mu=14091.68KN.m

AA



Mu=14091.68-7419=6672.68 kN.m

Mu /D 6.673/0.9
Ast= = 5 =22.6.
SH(Lw—-Cw) 400N/ mm~(8.8m—0.6m)

Use 6D25.

Mw@zo
\/
£
g
9
o y
¢10©20/ M@zo/ ;{
60cnm #98@25
£|
U
9
&
#10@15
#10015
b
boa
boo
3 l.
b o $10015
boo
boo
#10@15
b odq
10cm S.0.G.
Polyethylena Sheets 500 micron Thick
150m Compacted Bese coarse b e
Compacted Selected Fill
P oA \/
/// /// ////”7 77 / MM
#210@20 F A 49100820
boa
\/
b oa
| ]
boo
Section (S9-S9) ‘ B
boa
SCQI/@ (720) ......... n-—-—‘-—r "o v % ¢ « « & i & ¢ & & @

Fig. (4-24):Detail of shear wall
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4.12 Design of Basement wall:

5 KN/ m
L h N N
6.023K
3.65
37.4KN T\T
F 1.88
127 l

[ ]
Fig. (4-25): Basment wall-Diagram
4.12.1 load Calculation:
e, =y*h *K,
6 =30°
_I-sinf 1-sin30
I+sind 1+sin30
e,=17*3.65%0.33=20.5

=0.33

e,=P*K,
=5*0.33=1.65
>M.at.A=0

(37.4 *1.22)-(6.0231 * 1.825)=56.62
Mu=1.6* 56.62=90.6

4.12.2 Thickness Calculation:
Assume p =0.01



i fy _ 400 _
0.85x fc¢' 0.85x24

Rn = px fy(1-0.5mp)

Rn=0.01x400(1-0.5%x19.6x0.01) =3.61

19.6

Mu 90.6x10°
Rn:—2:>3.6 = 5
g 09xbxd 0.9x1000x d
d =166.98mm

H =16698+70+20=256.98
Select....H =30cm

4.12.3 Wall Design:
Mu=90.6 KN.m

Mu 90.6x10°

Rn = T = >
09xbxd 0.9x1000x210

oo L [ 2xRnxm)_ 1 1_\/1_2><19.6><2.28 6.06x10
m Vi 19.6 400

As =6.06x107° x100x21=12.73

Select ®16@14cm

AS min =0.0018 * b* d
=0.0018 * 100 * 21
=3.78 cm’

As =12.73>As 1i;=3.78 cm’

4.12.4 Check for Shear:

Vu=21.7KN.

Nen

2 X100x100% (305 1)
@Ve =0.85

1000

@Ve =192.9KN > Vu =21.7KN.

1)




4.13 Design of Strip Footing:

4.13.1 load Calculation
Weight of wall (D.L.) =(height) Thickness * 1m wide * vy,
=28.6 * 0.3 *24.5=210.21 KN/m
From beam D = 27.8+3 =30.8
L =26.6+21=47.6
Wu=1.2(241)+1.6(47.6)=365.4 KN/m

4.13.2 Determine the footing width :

Allowable soil pressure = 500 KN/m?

Assume footing thickness is 0.3 m.

Net soil presser = 500 KN/m? -6.25 KN/m? = 493.75 KN/m?.

= % =333KN/m’®

net

(DL +LL) 210.21+30.8+47.6
j/all.net 333

Footing width = =0.87 m

So select 100 cm width of strip footing.

Determined of the contact pressure:

P
net: u _ 3654:365'4 kN/m2
Area 1x1
1
V:’l :I/c = ﬁrbwd
6
oV =V
6 100 1 P
(d)=0.13m
(d)=13cm

Total thicness=13+8+1.6=22.6cm

So select strip thickness as 30 cm.

Y




4.13.3 Determine reinforcement for moment strength :

Mu = (Pnet) ( footing widtz —wall width ) ( footing widtZ —wall width )
=354.4*0.35 * (0.175)

Mu= 22.36KN/m

. M *10°
Required Rn =—*—+
d*bh*d
6
Required Rn = 22.36x10 ~=0.
0.9x1000x 204
m=_ S 400 _ g
0.85% fc'  0.85%24
1 2mRn
=_(1- 1-
p=— 5 )
p=—(1- \/l—w)=0.00153 < pmin = 0.0018 .
19.6 400

Areq=p Xb X d=0.0018 X 100 X 20.4 =4.03 cm?

Use @12 @ 25 cmA,,,, = 4.52 cm’

4.13.4 Development length of main reinforcement:

Ld = /s a.B.y.d,

21
For ®12 bars:

400

ZXM
Ld =4899 ecm >30cm

Availble Ld =30cm < Re quiered Ld =48.99 cm

Ld = IxIx1x1.2 >30cm

So a standard hook of (20 cm) must be used to provide Ld

Y



4.13.5 design of dowels bars:
As min,,q = 0.0012 * 100 * 20.4 =2.448 cm >

Use @ 10 @ 52 cm......... Ayrov. = 3.14 cm2

Ld= & db =(4°° IxixI 1]=20.4.cm.
(4 f'caxﬂxyx J 4mxxx><

Ld available =30 -8 -1.2 =20.8 cm > 20.4 cm .....0k.

4.13.6 design of Secondary Reinforcement:
As ming, =0.0018 * 100 * 30 =5.4 cm >
Use4 @ 12

Q¢




4.14 Design of Isolated Footing:
Once the ultimate column or load is determined, the proper footing can

be designed. The following subsections describe the analysis and design

of footing (F29). e

4.14.1 Load Calculation:
Factored load =4622 KN e
Soil weight = 17 KN/m”
Column geometry 60 * 60 cm
Pu=4622 KN
Service load =2870.12 + 736.16
=3606.28
The allowable soil pressure = Pu/ F.S. =500/ 1.5 = 333 KN/m’

1. The footing will carry about 0.3m of overburden soil weighting about
17 KN/m’.
2. Estimate footing to be about 60cm.thick in addition to about 10cm of
blinding concrete.

0.7*24.5=17.15ton/m’.

(0.3)*17=6ton/m".

4.14.2 Design of footing:
1. Po= 333 -17.15 - 6=309.8 KN/m®.

Required(Area) = DL+LL 360628 ) 4
Pnet 309.8

Try 3.5 X 3.5 Area=12.25m’.

Select Foot Geometry 3.5 * 3.5

For the design of the reinforced concrete member factored load must be
used:

Pu=4622 KN.




P,.(factored)= Pu / Area = 4622/12.25=377.31 KN/m".
4.14.3 Determine depth based on shear strength.

Using critical section for one-way shear action and letting Vn=Vc

Vu=gVe =0.75x W: xbxd=o.75x*/2_0x10x350xd

Vu=(P,,)(one..way..shear..area)
Vu=377.1x3.5x(1.45-d)
Vu=1913.8-1320.55d

Vu=¢Ve

1914.8 -1320.55d = 2143.3d

d =55cm

Total..depth = 55+8+2 = 65cm
let..h = 65cm

Select Height of foot = 65 cm

Check this depth for two way shear action (punching), using critical
section with d = 55cm.

Vu=P*[(B*L)-(atd)(b+d)]

Vu =3.7731[(350*350)-115*115]/1000=4123.1 KN.

b=115*4=460

The Punching shear strength is the smallest of:

v :%(Hﬂij flbd  =05(f bd

c

vl % ol hd =05 s bd
12\, /d
v =§\/ rbd —033Y/ bd v Control

Where:

p.=a/b=60/60=1
b, = Perimeter of critical section taken at (d/2) from the loaded area
a, =40 for interior column

V.= 0.33@(4600)(550) =4090.15 KN

DV, =0.75x4090.15=3067.61 KN

an




OV <V, 3067.61 <4123.1  itsnot OK

- —2>Re-calculate Requird (d) to satisfy punching shear :
Let h=75

d=75-7-16=664

vV, =377.31x[3.57 —1.264%]

= 4019.22 KN
b, = 505.6
V. =0.334/24 x 5056 x 664
= 5427.4 KN
@V, =0.75x5427.4 = 4070.57 KN
V. > V... its OK

4.14.4 Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)

®Pn = 0.65(0.85)(24)(60 x 60) = 4773.6KN > 4622

-.Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As =0.005 *(60 x 60) = 18 cm”

Use 6 ® 20 dowels with 4, =18.85 cm*

4.14.5 Development Length (L, ):

Ld for @ 20:
Ld :Lxdb
4, fc'
I, = 400 = 290 90 =40.82 cm > 0.044 (dy) (fy) = 35.2

= ——X
424 " 424
Available embedment = 65 -8 —2 =55 cm > 40.82 cm
. OK.

v




4.14.6 Design for Bending Moment:

=P xWx __3 <05 L_2
2 2 2

(377 31x3.5x %—0—;}} x 0. 5(%—%)/100000 =1388.26KN

Mn= M 138820 150 sk
®
6
_ Mn_ 18256107 01021#10% Kg /em?
bd” 35006500
1 2mRn
o=t [1-2mRe
m A4
214.6x1.04
=" (1. 2t uT
P 146( \/ w00

p =0.00267> p,. =0.002

Req. 4, =0.00267 (350) (65) =60.74 cm >

Use31® 16 A4 =78.5cm’ (Ineach way)

4.14.7 Development Length (L, ):
Category (A), item 2 applies,
Ld for @ 16:

—F=XxaxpfxAxd,= 400 ——=x1Ix1x1x2 =40.82 cm

L
‘ 21/ 224
Available embedment = ((350-60)/2) — 8 = 137cm > 40.82 cm
. OK.

4.14.8 Shrinkage and Temperature Reinforcement:
As=0.0018 * 350 *65
=40.45 cm® > 20 ® 16

aA




4.14.9 Check for yielding:
Tension = Compression

A x fy=0.85x f.'xbxa

(31x201)x107° x400 = 0.85x24x3.5xa
a=349mm

x=-2"-4012
0.85

L _664-40.12
4012
&, =0.045>0.005

x0.003

e NG S A Y

2770000007 N

1)) i

Fig (4-25): Footing (29) Detail.
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4.15 Design of Combined Footing

The allowable soil pressure = Pu / F.S. =500/ 1.5 = 333 KN/m’
Column C 26 (80 cm * 80 cm )

D.L =4568.4 KN

L.L =823.09 KN

Total Load = 6799 KN (factored)

Column C27 (70 cm * 70 cm )
D.L =3273.27 KN

L.L =822.55 KN

Total Load = 5244 KN (factored)

4.15.1 Determine dimension ( length & width ) of combined footing :

c26 c27
1.55 : 08 : 382 .7 11 :
T
1.08 ' ; ' 437 ' : 148
. .

Fig (4-26): combined Footing Dimension.

Distance between the two column = 3.62 m

DL + LL . 1645 .64
Area Footing =( i )= 7841.67 +1645.6 =28.49 m

yall.net 333
Select L=7 , W=4 ,=»Area=28 m2

Moment at the center Col.26=
(5391.49+4095.82)*d — 4095.82 * 3.62 =0
d=1.563m

35-1.563-04=1.55m
35-2.06-035=1.1m

_ (DL + LL)ﬁlctared _ 6799 + 5244
Area 28

=430 KN /m?

9.

q, =430x3=1720 KN /m
4.15.2 Determine the Required depth for one way shear :



A35+d) | 3354 4107 :0%«/2“4“’

d=0.64 cm

Assume H= 75cm
d=750-75-20 =655 mm

Vu =6799 —430 x (0.8 — 0.655)>
= 5888 .6 KN .
@Ve =0.75(0.33 x [ fe' x b, x d)
0.75(0.33 x /24 x (0.8 + 0.655) x 4 x 0.655 x 10°

4622 .2
@Ve < Vu Its not OK .

Assume H= 85cm
d=850-75-20=755 mm

Vu =6799 —430 x (0.8 —0.755)>
= 5759 .3 KN .
@Ve =0.75(0.33 x A/ fe'b,d)
=0.75(0.33 x /24 x (0.8 + 0.755)x 4% 0.755 x10°

=5694 KN
@Ve < Vu Its not OK .

Assume H=90cm
d =900 - 75 -20 =805 mm

Vu =6799 — 430 x (0.8 — 0.805)>
=5691.3 KN .

¢Ve =0.75(0.33 x [ fc'b,d)
=0.75(0.33 x /24 x (0.8 + 0.805) x 4 x 0.805 x 10°
=6266.3 KN

oVe>Vu Its OK.



155 : 08 : 362 : 07 : 11
1 T 1
148

1.08 ;

Fig (4-27): combined Footing Geometry.

40828

Fig (4-29):Shear Diagram to combined Footing

4.15.3 Design of Main longitudinal reinforcement at middle of span
(Top Reinforcement) :

M, =1598.7KN.m
o f 400
085  0.85%24

R - Mu2 __ 1598.7x106 068
¢bd~  0.9%x4000x 805

2mR
p=|1- [1-2mK,
m fy

! (1—\/1 —MJ ~0.00173

=19.6

P 196 400

prequird= 0.00173 < p min = 0.0018
ASpin = 0.0018 * 400 * 90 =64.8 cm?
No . of ®20 bars = 21 bars




4.15.4 Main longitudinal reinforcement at face of column 26.

M, =2061.1KN.m

o f 400
085/  0.85%24

=19.6

6
R - Mu2 _ 2066.1x10 - 0.89
gbd”~  0.9%x4000 x 805

- 1_\/1_2><19.6><0.89 — 0.00227
19.6 400

prequird= 0.00227 > p min = 0.0018
ASreq = 0.00227 * 400 * 80.5 = 73.1 cm®

No . of @20 bars= 23.28 bars =24 bars

4.15.5 Main longitudinal reinforcement at face of column 26.

M, =1040.6 KN.m

/y 400

m= = =19.6
085/  0.85%24

6
R oo M. _ 1040.6x10°
dbd> 0.9 x 4000 x 805>

1 2mR
p=—1- [1-"5%

N [1_\/1_2x19.6x0.45]:0.00114

19.6 400

prequird= 0.00114 < p min = 0.0018
ASpmin = 0.0018 * 400 * 90 =64.8 cm”

No . of @20 bars =21 bars

AL




4.15.6 Check for yielding:
Tension = Compression

A x fy=085xf.'xbxa

(24x314)x107° x400 = 0.85x24x4x a
a=3T7Tmm

x=-2 _—435

0.85
= MX 0.003
43.53
g, =0.052>0.005
Ok.......
/ =50, s,
| | |

DETAIL OF (F22&23,C22&C26)
DETAIL OF (FR6&27,C26&C27)
ScALE 1:20

CALE

Fig (4-30): combined Footing Detail.
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