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Abstract

Structural Design and Details of a Researching Center
For Palestine Polytechnic University

Project Team

Shaban Shrouf Murad Turman
Mahmoud Tannineh Mohammad Abu-Aram

Palestine Polytechnic University

Supervisor
Dr. Nafeth Nasser AL-Dien

The main aim of this project is to prepare all of the structural design and executive
details of a Researching Center in the village of Beit Kahil.

This building consists of (5) floors and it contains unlimited activities.
This building is reinforced concrete structure, and it will be designed according to ACI-
code-2008.

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 cancroids 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.

Mn = nominal moment.

Pn = nominal axial load.

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

VN = nominal shear stress.

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

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

WU = factored load per unit area.

® = strength reduction factor.
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CHAPTER

4

Structural Analysis and Design

(4 — 1) Introduction.

(4 — 2) Determination of thickness.

(4 — 3) Load calculation.

(4 — 4) Design of Topping.

(4 — 5) Design of One Way Rib (9).

(4 — 6) Design of Two Way Rib (18).

(4 -7) Design of Beam (23).

(4 -8) Design of Column (C45).

(4 - 9) Design of Spiral column(C20) in Basement Floor
(4 - 10)Design of Stairs(1)

(4 - 11)Design of One-Way Solid Slab (Stair Slab(2)
(4 - 12)Design of Isolated Footing (F9)

(4 - 13)Design of Strip Footing

(4 - 14)Design of Combined Footing(1)

(4 -15)Design of Basement Wall

(4 -16) Design of Shear Wall
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Chapter four 4

(4.1) - Introduction:

The structural design for the Researching Center For Palestine Polytechnic University :

In this chapter we will analysis and design several structural elements that will be designed according to
the ACI code, and by using the finite element method using many computer software such as
"ATIR/ETABS/SAFE" to find the internal forces, deflections and moments for all the structural element
in order to design the elements.

-37-



Chapter four 4

(4.2)- Determination of thickness of ribbed slabs :

According to ACI-Code-318, the minimum thickness of nonprestressed beams or one way slabs unless ,

as follows:
- i L
h.,, for simply support = h

362.2

=22.6cm  (forrib 13)
16

—h .. for one—end continuous = —
18.5

=835 _a43em (for rib 5)

18.5

— h, .. for both —end continuous = 2%

_ 604.2
21

We selected h =35 cm...... For Rib (5) in the Basement floor 35 cm controls

(4.3)- Load Calculations:-

=28.8cm (forrib 3)

Dead load:

Tiles 0.02x0.52x22 =0.229 KN/m /rib
Mortar 0.02x0.52x22 =10.229 kN/m/rib
Sand 0.1x0.52x17 =0.88 KkN/m/rib
Topping 0.08x0.52x25 =1.04 KN/m./rib
Block 0.27x0.40x10 =1.08 KkN/m/rib
Concrete Rib 0.27x0.12x25 =0.81 KN/m/rib
Plaster 0.02x0.52x22 =0.229 kN/m/rib

* Nominal Total Dead Load =
0.229 + 0.229 + 0.229+0.88 +1.08 +1.04+0.81 = 4.5 kN/m / rib
* Nominal Total live load = 5x0.52 = 2.6 kN/m / rib
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(4.4)-Design of topping:

Shrinkage and Temperature Bars

One way rib slab

Toping

Eatonge block

Figure (4.1): section in one way ribbed slab

Mortar = 0.02* 22 = 0.44 KN/m2

Sand=0.1* 17 = 1.7 KN/m2

Tiles = 0.02 * 22 = 0.44 KN/m2

Topping = 0.08 *25 = 2 kN/m2

Total dead load(Topping) = 4.58 KN/m2

Total live load(Topping) = 5 kN/m?

W, =12*DL +1.6*LL

W, =1.2*4.58+1.6*5=13.5kN/m’
_W, xI? _135x(0.4)°

! 12 2

2
M =0.42*\/fc'*%

M =0.18kN .m

Mn = 0.42*\/Z*M = 2.2kN .m

¢pxMn =0.55*%2.2 =1.2kN .m.

¢xMn =1.2kN .m >Mu =0.18kN .m.

No structural reinforcement is needed

Therefore, shrinkage and temperature reinforcement must be provided
£=0.0018........ccviiiinn ACI —-318-02

As,. =pxbxh=0.0018x100x8=1.44cm?/1m

As =1.5cm?/1m > As_. 1.44cm?/1m

Use 108@20 cm, with As =1.50cm?/1m C\C in both directions.
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Chapter four

(4.5)-Design of One Way Ribs (9) at Basement floor:

R(9)/Basement Floor
Span 1

Rib(9)/Basement ¥

Fig. (4-2) Structural Plan

R(9)Basement Floor

Span 1 Span 2

Fig. (4-3) Rib(9) Elevation

Moments: spans 1to 2

-35.4
-24.3 14
‘ 2.561.33 ‘
\ \ \
| ] ] ] —
' | 1.15!1.03 ‘
51 I |
106 7.2
30.7
1.39 257 | 3.49

Fig. (4-4) Envelope Moment Diagram of Rib (R9)
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Chapter four

4.5.1- Design of positive moment for rib (9):
o Span 1

Use Mu max. Positive = 10.6 KN.m

Mn =10.6 /0.9 = 11.78 kN.m

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

®.Mn= @ 0.85.fC . bE.t (d-1/2)

= 0.9*0.85*24*0.52*0.08*(0.306 - 0.08/2)
= 203.166 KN.m

®.Mn > Mu

203.166 KN.m > 11.78 KN.m

Then design as a rectangular with b, =52cm

= fy 412
0.85xfc’  0.85x24

Mn 11.78 — 0.24MPa

R, =
bxd?® .52x(0.306)°

1 2.m.Rn
p=—(1—,/1— )
m fy

=20.2

1 2x20.2x0.24
_ =1 1 (EX2ExDA%y 600059
P =202 \/ )
As= pxbxd

AS,,, =0.00059 x 520 x 306 = 0.94cm’

As. 0253 b xd > 220w XA (ACI ~10.5.1)
fy fy
J24

As . =0.252°"12x30.6 =1.09cm>
412

£12 x30.6 =1.25cm*
412

As_ . =1.09cm?<1.25cm?............. the larger control
As . =1.25cm?
Asreq.=0.94 cm2 < Asmin=1.25cm2 ...............c.oeni ok

(As = forgl2 =1.13cm?)
As =2*1.13= 2.26cmz2,

So select 212
-4] -



Chapter four

Check for yielding

T=C

As xfy =0.85xfc 'xb xa
2.26x412=0.85x24x52%a

a=38.78mm
c=2 878 1033mm.... (fc'< 28.....50 4, = 0.85)
£, 0.85
g = 0=0)u g3 (30671033, 030,085
C

¢, =0.085 > 0.005 = ok

J Span 2
Use Mu. Positive = 30.7 kN.m
Mn =30.7 /0.9 = 34.11 kN.m

®.Mn= @ 0.85.fC , bE.t (d-1/2)
= 0.9*0.85*24*0.52*0.08*(0.306 - 0.08/2)
= 203.166 KN.m
®.Mn > Mu
203.166 KN.m > 34.11 KN.m

M= fy 412
0.85xfc’  0.85x24

Mn _ 311 5oompa

Rn = 2 2
bxd®  .52x(0.306)

1 2.m.Rn
pz—(l—,fl— )
m fy

=20.2

1 2%202x07
o 1222200 0.0017
P=202" \/ )
As= pxbxd

As,, =0.0017 x 520 x 306 = 2.71cm?
v\/fc'

fy
J2

As_ =0.25——x12x30.6 =1.09cm?
412

As,, =025 " pw xd 21'—4bw ST DO (ACI —10.5.1)
y

14 10x30.6=1.25cm?
412

As_. =1.09cm?<1.25cm?............. the larger control
As . =1.25cm?
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Chapter four

Asreq.=2.71 cm2 > Asmin=1.25cm2 ..................... ok

(As = for¢l4 =1.53cm?)
As =2*1.53= 3.06cm?2.

So select 214

e Check for yielding

T=C
Asxfy=0.85x f, xbxa
3.06x412=0.85x24x52xa

a=11.88mm

c=d 1188 o grmme (fc'< 28.....50 5, = 0.85)
5, 085

g =820 5032 B=1397) . 503 0.062

S

C
& =0.062 > 0.005 = ok

4.5.2- Design of negative moment for rib (9):

Effective Flange width ( %) ... ACI-318-02 (8.10.2)

be For T- section is the smallest of the following:

be =1 j4=58/4=1.45m =145 cm

be =12 +16t=12+16 (8) = 140 cm

b. < center to center between rib =52 cm
Control .......... 52cm
Maximum negative moment is Mu= 24.3 kN.m
Mn =24.3/0.9= 27 kN.m

d:h—cover—CDS—§:35—3—0.8—%:30.6cm

m=_ 0 - 42 _,,
0.85x fc  0.85x24

R,= M ___ 2T _jyseMPa
bxd?  52x(0.306)°
1 2.m.Rn

p=—(1- J1- )
m fy
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P )) =0.0014

20.2
ASeq. = 0.0014*120*306= 51.41 mm*=0.5141cm?

\/1_ (2 202x0.56
412

f !
As. =025Y" hwxd z%bde ........................ (ACI ~10.5.1)

(fy)
As,. = 0.25@12><30.6 =1.09cm? > %12%0.6 —1.25cm”?

(412)

As_. =1.09%cm? <1.25cm?............. the larger is control

As . =1.250M° .. .o (control)

min

Asreq.=.515 cm2< Asmin=1.25cm2 ..................... ok
(As = for¢l4 =1.53cm?)

As =2*1.53= 3.06cm>.

So select 214

J Check for yielding:
T=C

As x fy = 0.85 xfc'xb xa
3.06x412=0.85x24x12xa
a=>51.omm

c :%:£:60.6mm ............. (fc'<28.....50 3, = 0.85)

g =8=%)w g3 M*ooos: 012
C .
¢, =0.012 > 0.005 = ok
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4.5.3 -Design of shear for Rib (9):

Shear

-30.2

-25.9 224 -25.7

10.8
15.1

32.9
37.2

Fig. (4-5) Envelope Shear Diagram of Rib (R9)
ACI — 318 — Categories for shear design:

Vu =329 kN
Use ©10 with two legs

Av = 2x79 =158 mm?

1. Iteml: ®Vc >Vu

Not Control
2.1tem 2
Not Control
3.1tem 3
dVe <Vu < dVe + DdVs |

DdVs

min —

>9xbw><d
3
®Vs . =0.75 (% )x012x 0.306x10° =9.18kN
1 ;
dVs . ZEX\/Exbde

®Vs,, =0.75 x % x \[24%0.12x0.306x10° =8.43 KN

dVs,,, =9.18KN .........! Control
dVe +dVs, , =22.49+9.18=31.67kN

®dVe <Vu <dVe +dVs,,
Vu=329>dVc+DVs , =3147....... not contol
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ltem4:

dOVe+DVs_. <Vu S@VC+%>< Jic! xbw x d

min —

0.75

31.47kN <32.9< 22.49+ x /24 x120x 306

198.71<281.8<22.49+44.97=67.46

dVs =Vu — dVce
®Vs =32.9-22.49=10.41

Av=4x 7z x(.1) 2/4:314mm
DVs =D x Avx fyxd/s

10.41=.75x 314 x 412 x 306/ Sreq

Sreq =2852mm

but

Sreq<d/2=306/2=153mm < 600mm
o)

Sreq =153mm

selectSreq =150mm =15cm

Select $10/15cm

selectSreq =150mm =15cm
Select ¢ 10/15cm
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(4.6)- Design of Two Way Ribs (18) at Basement floor:

Rib(2)
Rib (1)

Steel Bar's

Steel Bar's

Hollow Block ( 27cm )

Fig. (4-6) section in Two way ribbed slab

Load Calculations:-

Dead load:

Tiles = 0.02x0.52x0.52x22 =0.119 kN
Mortar= 0.02x0.52x0.52x22 =0.119 kN
Sand=0.1x0.52x0.52x17 =0.46 kN
Topping = 0.08x0.520.52x x25 =1.04 kN

Block =0.27x0.40x0.4x10 =.432 kN

Concrete Rib =0.27x0.12x(0.52+0.4)x25 =0.75kN
Plaster= 0.02x0.52x0.52x22 =0.119 kN

* Nominal Total Dead Load = 2.54/(0.52)*=9.39KN/m?
* Nominal Total live load = 5 KN/m?

La/Lb=6.14/6.4=0.95
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Rib(18)/Basement

Fig. (4-7) Structural Plan

4.6.1-Design of Negative Moment:-

According to the coefficients for negative moments in slab :-

In direction of B:-

C(b) neg=0.067
M(b) neg=C(b)neg x quw x (Lb)?
M(b)=0.067 x (1.2x9.39+1.6 x5) x6.4%x0.52=27.5KN/rib

Mu
Mn=——= E = 30.56kN.m
)] 0.9
= fy = 412 =20.2
0.85x fc 0.85x24
R = Mn _ 30.56 _ 2 79MPa

bxd? .12x(0.306)?

1 2mRn
p 25(1_1/1_( y )

\/ _(3x20.2x2.72
412

p=——(1- )) = 0.0071

20 2
As=pxbxd
As=0.0071x120 x 306 = 260.712mm?

Use 2® 14 As=154mm? in direction of (b).
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Check for yielding:
A = 2x154 =308 mn?.

T=C
Asxfy=0.85x f . xbxa

308x412 =0.85x24x120x a
a=>51.84 mm

B 085
. (306 — 61) x.003
) 61
g, =0.012 > 0.005

61 mm

=0.012

= Ok

In direction of A:-

As,., > O.ZSE(bW)(d)

min (fy)
1.4
> F(bw)(ol) .................... (ACI —-10.5.1)
V24 _ .
AS > 0.25m(120)(306) =109mm
1.4

> ="~ (120)(306) = 125mm?IsControl
412

Use 2® 10 As=158 mm?

4.6.2 -Design of Positive Moment:-

According to the coefficients for positive moments in slab:

C,dI=0.031 C,11=0.036

Cpdl=0.031 Cpll=0.032

M,=(0.031 x (1.2 x9.39) x6.14%+0.036(1.6 x5) x6.14%) x0.52=12.5 KN.m
M,=(0.031 x (1.2 x9.39) x6.4%+0.032(1.6 x5) x6.4%) x0.52=12.9 KN.m
We take M=12.9KN.m

Mu
Mn=——= @ =14.33kN.m
() 0.9
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me— Y412 55,
0.85x fc'  0.85x24
R,= M _ 1433 4 294mpa
bxd? .52x(0.306)
1 2mRn
p=—@- 1= ( )
m fy
1 2x20.2x0.294
= (1-,1- =0.00072
P= 202" \/ )
As=pxbxd
As=0.00072x520x 306 =114.57mm?
As.. >0.25%" (bw)d)
(y)
1.4
> F(bw)(ol) .................... (ACI -10.5.1)
As,. > 0.25£(120)(306) =109mm?

min (412)

> %(120)(306) =125mm?IsControl

Use 2® 10 As=158 mm?

° Check for vielding:
A =2x78.5=158 mm?.
T=C

Asxfy=0.85x f xbxa

158x 412 =0.85x24x520%xa
a=6.14mm
c :i:%:Y.ZZ mm
p 0.85
. = (306 —7.22) x.003
® 7.22
& =0.124>0.005

=0.124

= Ok
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4.6.3-Design of shear :-
According to Ratio of load W for shear in slab :-
W,=0.33

W,=0.67
In (a)direction:

Vu(@)=Wa/2 x (1.2 xd.L+1.6 xL.L)La xLb x0.52/Lb=
= 0.33/2 x (1.2 x9.39+1.6 x5)6.14 xLb x0.52/Lb=10.15KN

Jic!

xb xd
6

dVe =0

w

N

5 x0.12 x0.306x1000 = 22.49KN

® Ve =0.75

@ Ve =22.49>Vu =10.15KN

No Shear Reinforcement is required .
In (b)direction:

VU(a)=0.67/2 x (1.2 x9.39+1.6 x5)6.14 x0.52 =21.48KN

® .Vc =22.49>Vu =21.48KN

No Shear Reinforcement is required .
** Minimum Reinforcement :-

Use 2® 10 As=158 mm?

Av _ 1lbw 3x2x79%x10°x412
=S =

> req =1.62m
S g 3 fy 12

> X >—
S g 16 fy S g 16 fy
_ 2x79x107° x16x 412

“eq J24x.12

S Sd—SGOO
2
=S :@=15.3cm

max 2

=S =1.77m

Use ®10@ 15cm
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(4.7) -Design of Beam (B23) at Basement floor:

Introduction:
The design of beams must be comply with the ACI-Code requirement for both the strength and the
serviceability. Beams must be designed for flexure and shear.

*For continuous beam (spans are not equal) we used analysis for many loading  patterns & Envelope

for results was taken by using Atir .

* Main positive and negative reinforcement according to the moment values obtained

Fig.(4-8) Structural Plan

1 2 3 4 5
1 2 3 4
A 1 A 1 Al —— A
03 2.96 08 4.4 04 5.78 08 4.69 03
a 3.51 ‘ 5. C 6.38 b 5.24 ‘

Fig. (4-9) Beam(23) Elevation

-52-




Chapter four 4

Moments:
-257.9
-224.9
-167. -181. -182.6 -171.6 -166.7
977 A -87.9
| %&3 | | \1'9 | | \1'86 |
! ! ! ! 1.98! ! ! 2.33l !
[ I Pl I |
0.6l0.75 I " Tod
Nﬁg\/%w o7a BERT. 6
8o.4 121.9
: 148.3
181.3
1.4 211 | 25 25 | 3.19 3.19 | 3.14 21 |

Fig. (4-10) Envelope Moment Diagram of Beam (23)

4.7.1- Design of positive moment for beam (B23):

e Span (1)
d =35—4—.5-1=295cm
Mu=86.4kN .m
Mn=Mu 864 _ocnm
® 09
mo_ 42,
0.85xfc  0.85x 24
Mn 9% _)3gmpa

" “bxd? .8x(0.295)

p==(- - BE)
m fy

\/1_(2><20.2><1.38

1
= —_ 1—
P=202"

As = pxb xd
As,, =0.0035 x800x295 =8.26cm’

Jic! w
( )(b )(d)

el [ R () I—— (ACI —10.5.1)

N

(412)
1.4

= x800x295=8.02cm?
412

=0.0035
412 )

As . =025 x800x 295 =7.02cm?

As . =7.02cm? <8.02cm’............. the larger control
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As,,, =8.02cm?
As,, =8.26cm? >8.02cm’
So As,, =8.26 cm’

# of bars = ﬁ =325 [........ select 4018
254

. Check for yielding:
A =4x254 =1016 mn?.
T=C

Asxfy=0.85x f . xbxa

1016x412=0.85x24x800xa
a=25.65mm
C :i:%=30.18mm
p, 085
o (295-30.18)%x.003

) 30.18
&, =0.0263 > 0.005

=0.0263

= Ok

° Span(2):
d=35-4-5-1=29.5cm
Mu=121.9 kN .m

Mp=MU 1219 ac dakn m
® 09
I AR s
0.85xfc  0.85x24

o Mn 18544 oo,
bxd? .8x(.295)

p==- - BEL)
m fy

1 2%20.2x1.95
_t - ho (220230 60050
P=202" \/( 2 )
As = pxbxd

As,,, =0.0050 x800x 295 =11.80Cm?
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Jie!

As ;. > O.ZSW(bW )(d)
14

zg(bw () ——— (ACI ~10.5.1)
NeT

x800x 295 =7.02¢cm?
(412)
1.4

= ——x800x295=8.02cm?
412

As_ ., =0.25

As . =7.02cm? <8.02cm”..........thelarger control
As . =8.02cm?

As,., =11.80cm? >8.02cm’

So As,, =11.80 cm’

# of bars = @ =376 ....... select 4020
314

A =4x314 =1256 mm?.

. Check for yielding:
A =4x314 =1256 mm?.
T=C

Asxfy=0.85x f_xbxa

1256x412 =0.85x24x800xa
a=31.71mm
c=2 37 oraimm
B, 085
~ (295-37.31)x.003

37.31
&, =0.0207 > 0.005

=0.0207

S

= Ok

Span(3)
d =35-4-.5-1=29.5cm
Mu =148.3kN.m

Mu
Mn=——= % =164.78kN.m
()] 0.9
fy 412

m = - = =20.2
0.85x fc  0.85x24
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R = an __ 16478 _=2.37MPa
bxd? .8x(295)

p=La- - (2IE
m fy

\/1_(2><20.2><2.37

1
- 1-
P=202"

As = pxb xd
As,, =0.006 x800x 295 =14.16Cm’

Jic!

As,;, >0.25——(bw )(d)

(fy)

22 (BW)(d ) (ACI -10.5.1)

N

x800x 295 ="7.02cm”?
(412)
14

=" x800x295=8.02¢cm?
412

=0.006
412 )

As . =0.25

As,. =7.02cm? <8.02cm?............. the larger control
As,. =8.02cm?

As, =14.16cm? >8.02cm?

SoAs,,, =14.16cm’

# of bars = % =45 .......... select 5020
314

A =5x314 =1570 mm?2.

. Check for vielding:
T=C

Asxfy=0.85x f, xbxa

1570x 412 =0.85x24x800x a
a=239.63mm

co @ 3963 eonm
0.85

B
. _ (295-46.62)x.003
S 46.62
&, =0.016 > 0.005

=0.016

= Ok
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Span(4):

d =35—4—.5-1=295cm

Mu=181.3 kN .m

Mp=MU 1813 000 44kN m
® 09

mo_ 42,
0.85xfc  0.85x 24
Mn _ 20144 oo

" “bxd? .8x(0.295)

p==q- - BE)
m fy

\/1_(2><20.2><2.89
412

1
= —_ 1—
P=202"

As = pxb xd
As,, =.0076 =x800x295 =17.94cm’

> \/fc_' W
Asqy 2025 (ow)(d)

)) =.0076

el [ R () F—— (ACI —10.5.1)
N

(412)
1.4

= x800x295=8.02cm?
412

As . =0.25 x800x 295 =7.02cm?

As . =7.02cm? <8.02cm’............. the larger control

As,. =8.02cm?
As,, =17.94cm? >8.02cm?

So As,, =17.94 cm’

# of bars = @ =571 ....... select 620
314

J Check for yielding:
A =6x314 =1884 mm?.
T=C

Asxfy=0.85x f_xbxa

1884x 412 =0.85x24x800xa
a=47.56 mm
a 4756

C=—=—-=55.95mm
p 0.85
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. _ (295-55.95)x.003

) 55.95
&, =0.0128 > 0.005

=0.0128

= Ok

4.7.2 -Design of negative moment for beam:
Support (1):
Mu=97.7kKN .m

_Mu 977

Mn ——=108.56 kN .m
() 0.9

- fy 412
0.85xfc  0.85x24
R, =0 _ 10836 _) s6pmpa
bxd® .8x(.295)
2mRn
)
y
\/1_ 2x20.2x1.56
412

20.2

p:i(l_ 1—
m

1
-~ (-
P=202"

As = pxb xd
As,,, =.0039 x800x 295 =9.20cm’

N
(fy)

) =.0039

xbw xd

As . >0.25

N

As . =0.25—~———x800x295=7.02cm?
(412)
1.4

= x800x295=8.02cm?
412

As, . =7.02cm*<8.02cm*............. the larger control
As,. =8.02cm?
As,, =9.20cm? >8.02cm?

So As,, =9.20 cm’

# of bars = @ =36 ......... select 4018
254

A =4x254 =1016 mm?.

- 58 -
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° Check for vielding
A =4x254 =1016 mm2.
T=C

Asxfy=0.85x f xbxa

1016x412=0.85x24x800xa
a=25.65mm
C :i:@:30.18mm
p, 085
o (295-30.18)%x.003

) 30.18
&, =0.026 > 0.005

=0.026

= Ok

Support (2):
Mu=182.6kN .m

_Mu 1826 _ .55 g9kN.m
D 9

oo fy a1
 0.85xfc’  0.85x24

R - Mn _ 202.89 _291MPa

" bxd? .8x(.295)
2mRn
: )
y

bt (1_\/1_2><20.2x2.91):.0077
20.2 412

As = pxb xd

As,,, =.0077 x800x 295 =18.17cm?
Jie!
(fy)

e N (ACI —105.1)

N7

As . =0.25~—"_x800x295=7.02cm’
(412)
1.4

= ——x800x295=8.02cm?
412

Mn

=20.2

p:i(l_ 1—
m

As .. >0.25 xbw xd

As . =7.02cm*<8.02cm?............. the larger control
As . =8.02cm®
As,, =18.17cm* >8.02cm?
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So As,, =18.17 cm’

# of bars = 18£ =5.79
314

A =6x314 =1884 mn?.

J Check for yielding
A =6x314 =1884 mm?.
T=C

Asxfy=0.85x f_xbxa

1884 x 412 =0.85x24x800x a
a=47.56 mm

a _47.56 _ 55.95 mm
B 085

. _ (295-55.95)x.003

° 55.95
g, =0.0128 > 0.005

=0.0128

= 0Ok

Support (3):
Mu=171.6kN .m

Mn=MY 1716 19067 kN m
® 09
oo fy 4w
 0.85xfc’  0.85x24
Mn 190.67

R, =—1 = _=2.74MPa
bxd® .8x(.295)

2mRn
v )
y
\/1_ 2x20.2x2.74
12

=20.2

p=—(- fi-
m

1
- (1-
P=202"

As = pxb xd

As,,, =.0072 x800x 295 =17cm*
Jie!
(fy)

) =.0072

As,;, =20.25 xbw xd

......... select 620
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N

(412)
1.4

=" x800x295=8.02¢cm?
412

As_. =0.25 x800x 295 = 7.02cm?

As_ =7.02cm®<8.02cm?............. the larger control
As,_. =8.02cm?
As,, =17cm? >8.02cm’

So As,, =17 cm?

# of bars = @ =541 ......... select 620
314

A =6x314 =1884 mn?.

° Check for vielding
A =6x314 =1884 mn?.
T=C

Asxfy=0.85x f xbxa

1884x412 =0.85x 24x800x a
a=47.56mm
c :i:@:%.%mm
p, 0.85
o (295-55.95)%.003
: 55.95
& =0.0128>0.005

=0.0128

= Ok

4.7.3 -Design of shear for beam (B23):

Shear

-227.8 -230.2
-191. -211.3 -201.4

-158.3 -157.97169.8

118.9 1066

181.4

2141 2179 2046 213.8

242.6

Fig. (4-11) Envelope Shear Diagram of Beam (23)
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design:

Vu =213.8 kN

Use @10 with four legs
Av = 4x79 =316 mm?
Item1:

dVe >Vu

(Dixbw
6
3
6

® Ve = x d

=@ Vc =0.75x% x 800

=144.52 kN
Since ® .Vc <VU..............

ltem 2:
1
E(DVC <Vu < dVe

® Vc =150 kn

%CDVC = @ =72.26 Kn

ltem 3:

dVe <Vu < dVe + DVs |

DdVs

min

ngbde
3

min

x 295

.......... not control

.............. not contol

Vs, =075 (% ) %800 x 295 = 59kN

dVs Z%X\/f_C’XbWXd

min

min

®dVs . =0.75x% % x /24 %800 % 295 = 54.19 kN........... control

DVC+DVs , =144.52+54

dVe <Vu < OVe +DVs
Vu =281.8> dVc + DVs, .
............. not contol

.19 =198.71kN

=198.71
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ltem4:

dOVe+DVs_. <Vu S@VC+%>< Jic! xbw x d

min —

198.71KN <213.8< 144.52 KN + 272 \/24 » 800 295

198.71<213.8<144.52+289.04=433.56

dVs =Vu - dVce
®Vs =213.8-144.52 =69.28

Av =4x 7 x(.1) 2/4 =314mm

DVs =D x Avx fyxd/s

69.28 =.75x 314 x 412 x 295/ Sreq

Sreq =413.14mm

but

Sreq<d/2=295/2=147.5mm < 600mm
o)

Sreq =147.5mm

selectSreq =150mm =15cm

Select $10/15cm

selectSreq =150mm =15cm
Select 19 10/ 15 cm

(4.8)- Design of Column(45) in Basement Floor:

4.8. 1- Design Of Longitudinal Reinforcement:
Select column (C45) for design.

Reaction from beam:

RD=280.36KN RL=378.87 KN
Pul=(280.36+378.87)*5=3296.15 KN

*Self weight :-

= a*b*h*y*1.2*no of floors
=0.8*0.4*4.5*25*1.2*1+0.8*0.4*3.5*25*1.2*3=144KN
Total Pu=144+3296.15=3440.15 KN

Pn =3440.15 /(0.65) =5292.54 KN
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Assume p, =1.5%

Pn =0.8*Ag {0.85*fc '+ pg (fy —0.85fc ")}

Pn =0.8*Ag [0.85*24 +0.015(412 —0.85*24)] =5292.54*10°
Ag =2518cm?

Select Ag =70*40 =2800cm2>Agreq=2518cm2

** Check for slenderness :

Ku g oML ACI —(10.12.2)

r M 2
Lu:Actual unsupported length.
K: effective length factor(K=1 for braced frame).
R:Rdius of gyration
I: Moment of inertia .
A: cross sectional area of the column.
I=b*h3/12=
K=1.
Lu=5.3 m
in direction (40cm)

K—IusB4—12m ............... ACIl —(10.12.2)
r M 2

1*5.3
0.3*0.4

..long Coloumn

=44.167 > 22

E I
El =04—2% ... ACI —(7.12.3)
1+,

£ _ 475024
° 1000

4 _12DL _ 14018 _ .,

Pu  3440.15

| b*h® 0.7*%0.4°

P12 12

|, =3.73*10"°m*

_ 0.4*23270.15*3.73X10°°

=23270.15Mpa

El =24.62MN .m?
1+0.41
2 2 % *103
- T E|2 _ 3.14 24.622 10 _ 8641.63KN .
(KL) (1%5.3)
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cm=06+04I MLl_q
M 2
Cm
So=— M S, ACI (10.12.3)
1-(Pu /0.75P,
5. = L ~213
1-(3440.15/ 0.75*8641.63)
e =1540.030 e ACI (10-12.3.2)
*
o _(5+003%400) oo
1000
e=e_ *5_=0.027*2.13=0.0575
e 00575 ..,

h 0.4
y=700-2%40-2*10-25/700=0.82

From Interaction Diagram
P, 3440.15,145
A, 04*%0.7 10°
Py =0.01

A, =p*A =0.01*70*40=28 cm?

# of bars =28/4.9=10¢25

in direction (70cm)

S <3412 ACI —(10.12.2)
r M 2
*
1753 _o524-22
0.3*0.7
.. long Coloumn
E.l
El =0.4—9% ... ACI —(7.12.3)
1+ 4,
E, = 41024 _ 53570.15Mpa
1000
2 _12DL _ 14018 _, .
Pu 3440.15
*hK3 * 3
I, = b*h” _0.4%0.7" 11 43%10°m*
12 12
* * -3
£y _ 04%23270.15*11.43X10° _ __ o\ o
1+0.41
2 2 % * 3
T El2 _314 75.45; 10° _ 56482 98KN .
(KL) (1*5.3)
cm=06+04/MLl_;
M 2
S.—— M o ACI (10.12.3)
1—(Pu /0.75P,,
1
Ops = =2.13
1—(3440.15/0.75*8641.63)
€, =15+0.03" ..o ACI (10-12.3.2)
*
o (15+0.03*700) _ 1 1o6
1000
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e=e.,, 0, =0.036*2.13=0.077
e 0.077

=——=0.11
h 07

y=400-2*70-2*10-25/400 =0.54

From Interaction Diagram
PP, _ 3440.15*14§ 178
A 0.4*0.7 10

g

p, =0.01
A, =p*A =0.01*70*40=28 cm”’

# of bars =28/4.9=10¢25

4.8.2-Design of The Tie Reinforcement:

Spacing <16xd, (Longitudinal bar diameter) =16x2.5=40cm.

Spacing < 48xd, (tie bar diameter) =48x1.0 =48cm.
Spacing < Least.dimension =40cm

Use @ 10 ties@40cm spacing.

40.00

70.00

22.00

Fig.(4.12): Detail Of Column(45)
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(4.9 )- Design of Spiral column(C20) in Basement Floor:

4.9.1- Design Of Longitudinal Reinforcement:
Select column (C20) / Basement Floor for design.

P, =3188.85KN | ¢=0.7

P, =P,/¢ =3188.85/0.7 = 4555.5 KN

Assume.....(pg = 3.5%)

P,=0.8*A, {0.85*fc+p, (fy-0.85fc)}
P,=0.8*A, [0.85*24(1-0.035)+0.035*414]
A,=1669.9cm*

Try h=50cm with Ag = 1963.19 cm2
Lu=5.3m

M1&M2 =1

K=1

r =D/4=0.5/4=0.125 (For spiral)

To check is the column short or long

KU g2 MLy ACI-(10.12.2)
r M2

1*5.3
0.125
\long Coloumn

E,|
EI=0.4—% ACI-(7.12.3)
1+B,

c - 4750/fc'*10°
° 1000
Bd:l.ZDL _1.2(1489)
Pu  3188.85
| 2T m4(0.25)°
g 4
,=3.06X10°m"

=42.2>22

=23270.15Mpa
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_0.4*23270.15*3.06X1 0°

El =18.25MN.m?
1+0.56
2 2% *103
= mBL_(@P8.25410° o000 o,
(KL) (1+(5.3))
Cm=o.6+o.4{ﬂ}=1
M2
5. =—CM sy ACI(10.12.3)
1-(Pu/0.75P,)
5, — 1 —1.84°1.6......0K
1-(3188.85/0.75%9925.82)
e, =15+0.03h .....cco....... ACI(10-12.3.2)
x>
_(15+0.03*500) _ o
1000
e.. =e*5_—0.03%1.84—0.0552
£ 0055241104
h 05

v=500-2%40-2*10-25/500=0.75

From Interaction Diagram
#P, _ 0.7*4555.5 145

= =2.35 Ksi
A, 1963.19 10°
py=0.02
2
AS,eq:p*A=0.02*@=3926.9 mm?

#of bars=3926.9/490=9¢25
As__ =9%490 = 4410mm? > As, = 3926.9mm’

prov

Use 9¢ 25

4.9.2- Design the Spirals of the column:

A 1
. =045x| 2o _q[xf¢
A, fy
A, =2 D’
4
D, =h—2xC

D, =50—2x4=42cm

A, = %x 522 =1385.44cm 2

P, =0.45x 1963.19 -1|x 24 =0.0109
1385.44 412

_4xa, x(D, -d,)
- o, xD.?

_ 4x0.785x (42 -1)
X 0.0109 x (42)?

S

max

=6.69cm

Select S, =5cm
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Ny
»o0,00 \
/

Fig.(4.13): Detail Of Spiral Column(C20)

(4.10)- Design of Stairs(1) :

Fig.(4-14) Structural Plan

4.10.1- Determination of Slab Thickness:
-L=0.4+3.92 +0.9 =5.22m.

- hreq = L/ 20.

-Neg=522/20=26cm ............. take (h=25cm)..
-9 = tan™(17 / 30) = 29.6°

-Cos 6=70.8

- 69 -



Chapter four

Fig.(4-15) Top view of the Stair
4.10.2- Load Calculations at section(A-A) :

Flight Dead Load Computation :
Tiles = (0. 3+0.13)/0.3*0.02*22 = 0.69 KN/ m?.

mortar =( 0. 3+0.17)/0.3*0.02*22= 0.69 KN/ m?.

Plaster = (0.02*22)/ (Cos 29.6) = 0.51 KN/ m.

Steps = (0.17*0.3/2) * 25/0.3=2.13 KN/ m?.

Slab = 0.25 *25/ Cos 29.6 =7.18 KN/ m?,

Total dead load = 0.69 + 0.69+ 0.51+ 2.13+ 7.18= 11.2 KN/ m?

Live load:
Live load for stairs =5 KN/ m>.

landing Dead Load Computation :-

=  Tiles=0.02*22=0.44 KN/m2

= Mortar = 0.02*22=0.44 KN/m2

» Slab =0.25*25=6.25 KN/m2,

= Plaster =0.02*22 = 0.44 KN/mz2,

= Sand =0.07*17=0.012 KN/m2,

Total dead load = 0.44 + 0.44 + 0.44 +6.25+0.012 = 7.58 KN/m?2.

Live load:
Live load for stairs =5 KN/ m?>.
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Dead load - Service

11.2
L 380
4.32 0.9
Live load - Service
5.00
| o&n |
4.32 0.9

Fig.(4-16) Structural system of stairs at section (A-A)

4.10.3- Design of Shear :

an 1 -45.4
-37.7 44.1

50.7

55.

Fig.(4-17) Shear diagram of stairs at section (A-A)

= Assume @ 16 for main reinforcement:-
So, d =25-2-0.8 =22.2 cm..

Take d=22 cm

Vu=55 KN

svon i,
' 6

* *9% *1N03
V= 0.75*24 2 0.222*10° _ . v,

Vu=55 KN < ¢.Vc =271 KN

>>>>No shear Reinforcement is required...... ( So the depth of the stair is OK)
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4.10.4 -Design of Bending Moment Section (A-A) :

2.59 70.4 1.73 | 0.9

Fig.(4-18) Moment diagram of stairs at section (A-A)
Mu =70.4 KN.m.
Mnreqg=Mu/0.9=70.4/0.9 =78.22 KN.m.
d=22.2cm.
Mn
" b-d?
_ 78.22*10°°
" 1%(0.222)°

412
0.85x24

2 R * *
PR P LA B 1_\/1_M — 0.004.
m f, | 202 412

As req = 0.004*1000*222 = 888 mm*/m

As (10 16 ) =201 mm?

# of bars =888/201=5/m

Use 10 16 @ 20 cm

As provided = 5*201=1005 mm? > Asreq =888 mm’ ....... ........ OK.

R

=1.6MPa .

20.2

Secondary reinforcement

N 1.4
As min = (%) (bw)(d) > E(bW)(d)

As min = ﬂ*(1000)*(222) > 14w (1000)* (222)
4(412) 412
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As min=660mm’m < 754 mm*m

As (1 14) =154 mm?

# of bars =754/154 =5 /m

Use 19 14 @ 20 cm.

Check for strain:

T=C

A, *fy =0.85*fc' *b *a
1005*412 = 0.85*24*1000*a

a=20.3mm
a 203

X =—=——=23.9mm
B 0.85
6 - 222—23.9*0.003
23.9

& =0.025>0.005——0k

Development length of the bars:
f
L, =—F=xaxfBxyxd,
2\f

400

c

L, = x1x1x1x1.2 =48.99cm.

N

Lq available > Lg req=48.99

Fig.(4-19) Stairs details at section (A-A)
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4.10.5 -Design of Bending Moment Section (B-B) :

0.9 3]1'1 0.48 33.4 0.72

0.75

Fig.(4-20) Moment diagram of stairs at section (B-B)

Mu = 33.4 KN.m.
Mnreq=Mu/0.9=33.4/0.9=37.1 KN.m
= Assume @ 12 for main reinforcement:-
So,d =25-2-0.6 =22.4 cm..
d=22.4cm.
_ Mn
n b . d 2
_37.1*10°
" 1%(0.224)°

W
0.85x fc'

412
0.85x 24

* *
pzl 1- 11— 2mR, | 1 1_\/1_M —0.002.
m f 20.2 412

y

=0.74MPa .

=20.2

As req = 0.002*1000*224 = 448 mm?/m
As (10 12) =113 mm?

# of bars =448/113= 4/m

Use 1® 12 @ 25 cm

As provided = 4*113=452 mm? > Asreq =448 mm* ....... .....

Secondary reinforcement
fc'

4(fy)

As min =

(bw)(d) > %(bw)(d)
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As min :%*(1000)*(222) > %*(1000)*(222)
As min=660mm*’m < 754 mm?m

As (1® 14) =154 mm?

# of bars =754/154 =5 /m

Use 10 14 @ 20 cm.

Check for strain:

T=C

A, *fy =0.85*fc' *b *a

452*412 =0.85*24*1000*a

a=9.13mm
_2 213 _10.74mm
B, 085
g = 2247107446 03
10.74

&, =0.059 > 0.005——>0k

Development length of the bars:

f
L, =—F*—=xaxfBxyxd,
2\f .
L, = 400 x1Ix1x1x1.2 =48.99cm.
2\24
Lq available > Lgeq=48.99............ Useiivinennnnen L, =50cm

©16/20
p— <
=S =
214/20 'rrﬁ A s
S16/20 prm—" ==
—
7= — __,s"x_ngiﬁ
e i
\_D16/2
4
-
o12/25
I i L=130
N
S12/25
o B L=160 " IL=15
o12/25 =2 A‘\;,“:
& L=160 < T L=100
B . L= - L=15
= AD
- T L=210 >N (T
=15 @12/25 <> ©12/28
L=15 B L=180

Fig.(4-21) Stairs details at section (B-B)
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(4.11)- Design of One-Way Solid Slab (Stair Slab(2)):

4.11.1- Check if it's one way

L_y - 5'_73 =1.6>1.5...0ne way
Lx 3.6

4.11.2- Determination of thickness and load calculation:

= L — @ — 18cm
20 20
Select h =20cm

Load Calculation

Dead Load:

slab=25*0.2=5KN/m?
plastering=0.03*22=0.66 KN/m?
load of tank=10 KN/m?
DL=5+0.66+10=15.66KN/m’

snow load=1KN/m?

qu=1.2*15.66+1.6*1.0=20.4KN/m?

u*L _ 20.4%(3.6)°
8

4.11.3- Design for positive moment:

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

Mu=3 =33KN.m

n=MU_33 _a667kNm
09 09
n=Mn___3067 4 51mpa
bd?  (1000)(174)
m=_ 42 5,
0.85* fc'  0.85*24
1 2mRn
p=—(@1-[1- )
m fy
o — 1 a _\/1_ 2(20.2)(1.2) - 0.003
20.2 412

Asreq =p *b *d =0.003* 1000*174= 522 mm%/m
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_1.4%b*d _1.4%1000*174
™ Ry 412
Not Less than
_0.25*%fc*b*d _ 0.25*/24*1000*174
- Fy - 412
As,;, =591mm?*/m > As . =522mm*/m

As =591 mm?/m

As =517 mm?/m

min.

select 1p14@20cm

As__ =4*154=616 mm*/m>As_ =591mm?*/m ....OK

prov
Check for Strain:

T=C

A, *fy =0.85*fc'*b *a
616*412 =0.85*24*1000*a

a=12.44mm

X =i=%:14.63mm
p 085
. _174-14.63
° 14.63

& =0.032>0.005 ........ ok

*0.003=0.032

4.11.4-Shrinkage & Temperature Reinforcement in top layer:

As =0.0018*b *h
As =0.0018*1000*200 = 360mm?/ m
Select 1912 @ 20cm

= ASpoiges =452MMZ /M ... OK

Fig.(4-22) Solid Slab (Stair Slab(2)) Details
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(4.12)- Design of Isolated Footing (F9):

From Column (C 43):
Factored load = 2528.1 KN

Assume Allowable soil pressure = 450 KN/m?2

Column= 70 cm x 30 cm

4.12.1- Footing Area:

Factored Load = 2528.1 KN

P net = 350 KN/m?

Area (A) = Total Weight /( Soil Pressure*1.4)

=2528.1 KN/ 350*1.4 KN/m?

=4 m?

Use L=2.4m,B=24m, A=576 m?

4.12.2- Determination the depth based on shear strength:

P
Oy, = —— =2528.1/5.76 = 439 KN/ m'
Area

Assume (h min ) =50 cm
d =50-7.5-2=40.5cm
DV, 2V,

DV, = @%\/ fb,d = O'—g5*ﬂ*2*0.4o5*1ooo — 496 KN

Vu :qultX(L;a_deB

24-0.7

Vu =439><( —0.405j><2.4=469KN

DV, =496 >V, =469...........0K

4.12.3- Check the depth for two way shear action (punching):
Vu =q,, x((BxL)—(a+d)(b+d))

VU =439 ((2.4x2.4) - (0.7 +0.405)(0.3+0.405)) = 2528KN
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The punching shear strength is the smallest of:

)V, =%[1+ﬂ£]\/1?bod = 0.33y f, b,d
2V, =é[b“/ﬁd +2]\/be0| = 056y f, b,d

3V, :%\/fjbod 20.33\/?0’b0d .............. Control

Where:
p.=alb=70/30=1.75

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(0.7+0.405) + (0.3+0.405)} =3.62 m

a, =40 ... for interior column

@/, =0.75x 0.33\/24 x3.62x 0.405x1000 =1778KN

OV, =1778<V, =2528........... not .ok

the depth (h =50cm) is not valid

So we select h =70 cm

Check (h=70cm)

d =70-7.5-2 =60.5 cm

Vu =q,, x((BxL)—(a+d)(b+d))

VU = 476.2x((2.4x 2.4) — (0.7 +0.505)(0.3+0.505)) = 2528KN

=033y f.bd.............. Control

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(0.7+0.505) + (0.3+0.505)} =4.02 cm

@V, =0.75x0.33/24 x 402 0.505x 1000 = 3242.34KN

OV, >V, =  3242.34>2528 KN ......OK

4.12.4 -Check transfer of load at base of column:

In column:
®Pn = d(0.85fc'Ag)
®Pn =0.65(0.85x24x0.3x0.7 x1000) = 2784.6KN
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®Pn =2784.6 > P, = 2528

Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As = 0.005 *(300 x 700) = 1050 mm?

Use 10® 12 dowels with A, =1130 mm?

In footing :

®Pn = d(0.85 fc'A, x \/%)

A1:03*07:021m2
24*2.4=576m

f57 =523>2
0.21

AR
A

®Pn =0.65x(0.85x 24 x0.21x 2) x1000 = 5969.2KN
®Pn =5969.2 > Pu =2528........... ok

Use 10® 12 dowels with A, =1130 mm?

Development Length ("d ):
Ld for ® 12:

L, = N g = 42 .12 - 252.3mm
affc 424

L, =0.04 xdbx fy=0.04*12*412 = 197.8 mm

oLy =252.3mm
Available embedment = 700 — 75 — (2 x 14) — 12 = 585 mm > 252 mm
4.12.5- Design for Bending Moment:

Mu= [ g, xWx| S8 )]xog L_2
2 2 2 2
= | 439x2.4x] 2207 ) 05[22 071 ~ 3306 KNm
2 2 2 2

Mn = 380.6/0.9 = 422.9 KN.m
Rn =Mn/ b.d?= 0.84 Mpa
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me_ Y _ 412 o,
0.85fc'  0.85(24)

p:i 1_ 1_2mRn _ 1 1_\/1_
m fy 20.2

As = 0.0021*2100*505 = 3049.2 mm?....... control
Aqmin = 0.0018*2400*700 = 3024 mm?
Use 16® 16 (In tow direction)

Development Length ('-d ):
Category (A), item 2 applies,
Ld for @ 16:

L, = —x

2x20.2x0.84

9 fy Xax,b’xyx/lxdb_Q 412 1x1x0.8x1

10" Jic! (ktr%j "0y
db

2.5

412

x1.6 =40cm

j: 0.0021

Fig.(4-23) Isolated Footing Details
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(4.13) -Design of Strip Footing:

4.13.1- Load Calculation :

Weight of wall (D.L.) = (height)* Thickness * 1m wide * vy,
=20 * 0.3* 25=150 KN/m

L.L partiatly from slab = 5*5= 25 KN/m

W total =150+25=175 KN/m

4.13.2- Determination the Footing Width:
Allowable soil pressure = 450 KN/m?

Allowable net soil pressure =450-(18*0.5) =441 KN/m2

W 175
allowable net soil pressure 441

** Select (b =60cm)
4.13.3 -Determination of footing depth :

Footing width = =04m

Assume h footing = 50 cm

4.13.4- Design of shear :

qu= 1.2*D.I+1.6*L

qu= 1.2*150+1.6*25= 220 KN/m

pu =220 *1 =220 KN

h footing =50 cm =» d =50-7.5-1=415cm.
Bearing pressure:

., =P — 220 66 67kKN \m?
Area 1*0.6

DV, :q)x%x«/fc' xb, xd :O.75x%\/ﬂx(600)x(d):367.4d

w —bw
2

0.6-0.3

VU= (P) x(

)

=366.67 x =55 kN.

DV, =V,
367.4 d=55
d=15cm .... Then h=(15+7.5+2)=245cm .... So select h =30 cm .
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4.13.5- Determination Reinforcement for Moment Strength:

footing width - wall width footing width - wall width
MU = (Per) (— )* (e )

2 4

— 366.67 (0.6;0.3)(0.6—0.3)

4
= Mu =4.12 KN.m
d= 30-7.5-2=25.5cm

Mn = ﬁ =4.6KN.m
0.9

6
Rn = an __46x10 ~=0.118Mpa
b*d?  600x (255)
fy 412

m = = =20.2
0.85*fc  0.85*24

p=— (1—\/1— 2x 20'2’(0'118] =0.0002 < p.. = 0.0018....controls .

" 202

controls)

412
ASgey = Prin0*d = 0.0018*600* 255 = 275.4 mm?
# Of bar = 2154 =3.5..... select (5 ® 10)/m.
78.5
As,,, =5*78.5=392.5mm’ > As, . = 275.4mm’
***Check As,,, :
0.25*/fc ' *b *d _14*b*d
Fy I =
* * * * *
0.25* /24 *600* 255 _ (454mm2)1.4 600* 255 _ (519mm’
412 412
Usel ® 14=154mm?
519

# Of bar = — =3.37..... select (4 @ 14)/m
154

space = 67? =15cm

Usel ® 14@15cm
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* Check of strain:

T=C

As *fy =0.85*fc *b *a
519*412=0.85*24*600*a

a=17.46mm
X :i:%: 20.54mm
£l 0.85
& = M*o.oos =0.034
20.54
g =0.034>0.005 ... OK

Development length of main reinforcement:
For ®14 bars db=1.4 cm :
Ld =Y _apyd,

24/fc"
Ld = £1*1*1*1.4

224

Ld =59>30cm
Available Ld =30-7.5=22.5cm <84cm

0.24*412*1.4"‘0.6"‘L =17cm

V24

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

4.13.6- Design of Dowels :

pxP. =px(0.85xfc'xAg) > pu

=0.65x0.85x 24 x (300x 600) = 2386.8KN > Pu =366.67KN .....satisfied
= minimum reinforcement is required

= As min =0.0018*Ag =0.0018x300x 600 = 324mm?

Usel ® 12=113mm?

# Of bar = % =2.86..... select 3 @ 12)/m

= Select ® 12/35cm ...... for the two faces
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0.50

PLAN CONGC. WALL ,

| 101 2mm,/35cm
1910mm/20cm  |. 030 1971 4mm/15cm
DAMPROOFING
(BITUMIN) |
181 4mm,/15cm
167 4mm,/T5cm

0.1 0.15  0.30 0.15 ?1?
¥ ¥ —y

0.10 060 0.10
A f—y

Fig.(4-24)Strip Footing Details
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(4.14)- Design of Combined Footing(1):-

T

i ot R RS G

o

A D TSR AT e T A PR D LA RTIRACAO M
N R, DR RIS X IR AR D AR A S

A R TR PO NTE
2t A T b I Gt LA L

g10

Fig.(4.25): Structural Section

4.14.1- Determination the Dimension's of footing:
oo (1125+2700)x2.44 _ oo

560+405+2700+1125
length=2x(0.7+.15+1.95)=5.6m
Ps=560+405+2700+1125=4790KN

Pu=1.2x(560+2700)+1.6x(405+1125)=6360KN
6360

1.9x5.6

col(53)load=1.2x560+1.6x405=1320KN
col(52)load=1.2x2700+1.6x1125=5040KN
assume h=1000mm
d=1000-75-20=905mm

=597.74KN/m?

Pnu=
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4.14.2- Determination the thickness

1) Check one way shear:

col(53):
Vu=1320-597.74x1.9%(0.7+0.3+0.905)=-843.52 KN

0.75

#xVe== x[24x1.9x905=1052.97 KN

gpxVe>Vu

col(57):

Vu=5040-597.74x1.9%(2.01+0.6+0.905)=1048 KN

gxVc>Vu

2) Check Two way shear:

col(53):

bo=2x(0.7+0.3+0.905/2)+(0.4+0.905)=4.21m
Vu=1320-597.74x(0.7+0.3+0.905/2)%(0.4+0.905)=186.98 KN

Ve=(2+4/(0.4/0.3)) Vlfzc xb, xd=0.42x+/Fc’xboxd
Ve=( 30202'305 +2) "IZC xb, xd=0.704x/Fc’xboxd

Vc=0.333x+/f'c’xb_xd
Vc=0.333x+/24x4.21x0.905x10°=6215.56 KN
#x\Vc=0.75x6215.56=4661.67 KN>Vu=186.98 KN

4.14.3- Design of bending moment :

Mu=3030.1KN.m

(3030.% 9)x10‘3

1.9%0.9052
412

0.85%x24

NN Y \/1_2><20.2><2.16 ~0.0056
412

Rn =2.16

20.2

As=0.0056x1900x1000=10640mm>
select 22¢425@85mm %

As_. =0.0018x1000x1900=3420mm>
select 35¢12@150mm %
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*** Check of strain:
22x491x412=0.85%x24x1900xa

a=114.82mm
c:wzl%.lmm
0.85
52%5_—B51XO.00320.017>0.0050K
135.1
5.50
a.70 287 2.44 0.85 .70
0.10 5.60 0.10
S 0.50
S Py 0.80
8l ls (& 1) S s
a 11 \'.l'\u ‘/'./ 3 ik
0 9.70 2.01 0.60 | 1.99 0.30, o070 9.10

Fig.(4-26) Combined footing(1) detail
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(4.15)- Design of Basement Wall:
4.15.1- Determination of load:

4 =30

Soil density = 17 Kg/cm3

ko= 1-sin ¢
ko=1-sin30=0.5

Whin= 0.5*5 = 2.5 kN/m

Whax= 0.5*5+17*5.65*0.5 = 50.53 KN/m
Whninfactored) =1.6%2.5= 4KN/m
Wmax(factored) = 1.6*48= 76.80kN/m

-5.65

|

5.30

Fig.(4-27) Load's on Basement Wall
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Moments

155

3.11 183.3 2.54

Shear

-150.9

-165.7

gg.g 87.9

Fig.(4-28) : Shear & Moment envelope for basement wall

4.15.2- Determination of thickness:
Assume h 350 mm

d =235 —20 - 14/2 = 323 mm
Vud =150.9 KN

® xVc =0.75x% xd xb

i
6
2
6

d xVc =0.75x x0.323 x1

=197.8 kN

® xVe>Vud.....OK
*** For Horizontal Reinforcement, Use Asmin

ASmin=0.002 *b * h

ASmin= 0.002 * 1000 * 350 = 700mm?
Use ¢ 8 (two layer)
Use ¢8 @ 140mm c/c
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4.15.3- Design for Bending Moment:
Mu,_, =1833kN/m

1833

Mn = 203.67KN .m
Rn oM _ 20367 ;oo
bd? 1*0.323
fy 42,0,

m= T = =
0.85*fc  0.85*24

p:i(l— 1_2xmenJ
m \} fy

po L 1_\/1_2><2o.2><1.95 _0.0049
20.6 412

ASq, = p*b*d =0.0049*323*1000 =1582.7 mm’
ASgrimage = 0.0012*b *h =0.0012*350*1000 = 420 mm?
As. =1582.7>As =300 mm?

Req. Shrinkage

Use ¢ 20
No. = 1582.7/314 =5.04  , Use 6 bars
Use ¢20at 170mm c/c

1/2 * 1582.7 = 791.35 mm?
Use ¢ 14

No. =791.35/154 =5.14 , Use 6 Bars
Use ¢ 14@ 170mm cl/c
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BASMENT FLOOR S|
A0cm Asfalt
_15¢m Compacted Bese coarse

Compacted Selected Fill

40714 //

pE@ 71 0cm /

1814mm,/17cm

8.65
-5.30-

188mm,/T4cm

1020mm/17cm/|| |/

\

168mmm,/T4cm

Bl

: ‘ Ln —1612mm,/35cm
g|1910m y/20C 030 144 dmam, /1 5o
°| DaMPROOFING | 1

{BITUMIN) i —18710mm.

wT - Tl _—1e14mm/15¢cm
9 4
g 7 H—#4mm/15cm
eJr TR
=l S SR PR o

0.10 0.15 0.3¢ €15 0.10
pigee, 0% awLn
pig oew | ai

Fig.(4-29) : Basement wall detail
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(4.16)- Design of Shear wall :
4.16.1- Load Calculation:

Fig.(4-30) : Shear & Moment envelope for Shear wall
4.16.2- Shear Wall Design Parameters:
fc' =24 Mpa
fy =412 Mpa
h =30cm shear wall thickness
lw =5m shear wall width
hw = 20.3m building height

4.16.3- Design of Horizontal Reinforcement:

** Critical Section

M = § =2.5Mm.......... control

2 2
W _203 _10.15m

2 2
d =0.8xLw=0.8x5=4m
V, =346.7 KN

M, =2704.31+346.7(5.3—-2.5) =3675.07 KN ..m

fc’
\/ Cl:TXb Xd
V., = \/é_4><0.30><4 =979.8 KN
v, - Jfc' xb xd N N, xd
4 4xL,
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Assume N, =0.0

g _N24x030x4 N, xd
o ‘. 4xL,

LW \/fC_’+2XNu
thd

fc’ l, xh

+
2 M, |, 10
v, 2

~ \/ﬁ+5><(~/ﬂ+0) 0:30x4
10

2 g4p7-°
2

=1469.7 KN

=455.02KN ..........! CONTROL

V, :V—U—vc _3887_ 455,00 = 7.25KN
¢ 0.75
A, 7.25x10°
g, 412x4

=4.4*10"m

M =0.0025xb =0.0025x0.3=0.00075m
S

S, s%:gzlm =1000mm

S,<3xh =3x300=0.9m =900mm

_ 2xA,,  2x79x10°

, = = =0.20m =20cm
0.00075 0.00075

- Usegl0@20cm c/c  For the reinforcement in two layers (horizantal )

4.16.4- Design of Vertical reinforcement:

A =|0.0025+05[ 25- M || _An__00025 | x5, xh
ve L, /\S,xh

20.3)( 2x79
5 20x300

A, = 0.0025+o.5(2.5—

- 0.0025}} xS, xh

2.5—% =-1.56....neglect

—A,, =0.0025xS, xh

B 2x79x107°
' 0.0025%0.3

sls%zgzl.mm /8, <3x0.3=90cm

=0.20m =20cm ... control

. Use@plO@20cm c/c  For the reinforcement in two layers (Vertical )
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4.16.5- Design of Boundary element:

S Lw
- Su
600( AW)

Su _
Assume ( AW)—O.OO7
5
C>——=1.19
600(0.007)
Boundary element length
=C -0.1*Lw =1.19-0.1*5=0.69m
> c_ 0.595
2
Select The Boundary element length =0.70m

Ast = =W 2% 79— 2 4 2x79 = 2633 mm?
03 03

Z 1

Lw - 2+O.85xﬂ1><fc'x Lw xh
As xfy

Z 1

Lw 5 085x0.85x24x5x0.3 =0.038

2633x107° x 412

Mu =0.9[0.5><Ast xfy x Lw x(l—(Li*Z))}
w

Mu =0.9[ 0.5x 2633x10° x412x5x (1-(0.038/2)) | =2.39 MN .m
Mu = 4541.82— 2390 = 2151.82 KN .m
Mu
Ast = 4
400x (Lw —0.70)

2151.82x10+7

Ast = 0.9 _1390mm?
400 (5-0.7)

As =1390+4*79 =1706mm?
-.Use 12414 =1848mm? >~ 1706mm?
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4. Building Code Requirements for Structural Concrete(ACI 318M-08)and
Commentary, USA, 2002.

- 100 -



	الصفحات الابتدائية.pdf
	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf

