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Abstract

Structural Design and Details of Research center belonging to the Palestine
Polytechnic University.

Project Team
Musab Nofal Bakr Al-Trman

Abdullah Al-Qurna Mohammad Hammash

Palestine Polytechnic University-2014

Supervisor
Eng: Sufian Al-Turk

The main idea of this project is to prepare all structural design and
executive details for The Research center belonging to the Palestine Polytechnic

University. in the center of Hebron city.

This building consists of five Stores and it contains all activities required

for any person.

This building is a reinforced concrete structure, and it was designed
according to the ACI-code-08.

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 = area of non-prestressed compression 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.

» C¢= compression resultant of concrete section.

» Cs = compression resultant of compression steel.

» DL = dead loads.

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

» Ec = modulus of elasticity of concrete.

» fo = compression strength of concrete .

» Fy = specified yield strength of non-prestressed reinforcement.

» h = overall thickness of member.

» Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supports in slabs without beams and face to face of
beam or other supports in other cases.

» LL = live loads.

» Lw = length of wall.

» M = bending moment.

» Mu = factored moment at section.

» Mn =nominal moment.

» Pn =nominal axial load.

» Pu = factored axial load

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

» V¢ =nominal shear strength provided by concrete.

» VN =nominal shear stress.

» Vs = nominal shear strength provided by shear reinforcement.

» VU = factored shear force at section.

X1



»

»

»

»

M

M

M

M

Woc = weight of concrete. (Kg/m3).
W = width of beam or rib.
Wou = factored load per unit area.

@ = strength reduction factor.

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

< = strain of tension steel.

& = strain of compression steel.

p = ratio of steel area .
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Chapter Four

Structural Analysis & Design

-

4.1 Introduction.

4.2 Determination of Slab Thickness.
4.3 Determination of Factored Load of ribs
4.4 Design of topping.

4.5 Design of one way Rib slab.

4.6 Design of two way Rib slab.

4.7 Design of Beam.

4.8 Design of Long Column.

4.9 Design of Footing.

4.10 Design of Stairs.

4.11 Design Basement wall.

4.12 Design shear wall.
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4.1 Introduction:

The project consists of several structural elements that will be designed according to the
ACI code and by using the finite element method using much of computer software
such as "ATIR" to find the internal forces, deflections, Shear and moments for structural

element in order to design them.

4.2 Determination of Slab Thickness:

Figure (4-1): Therd Floor Slab.

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one

way slabs unless deflections are computed as follow:

4 427
hmin.(for one—end continuous) — 18.5 = 18.5 =23.1cm

4 572
hmin.(for both—end continuous) — 21.0 = 18.5 =27.24cm

The controller slab thickness is 27.24 cm.

So Select Slab thickness h = 32 cm with block 24 cm & Topping 8 cm.
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Materials of Properties:

— Compressive strength of concrete f. = 24MPa
— Yield strength of steel f, = 420MPa

4.3 Determination of Loads of Ribs 2(Pos.Ribbed Slab at Roof):

320mm

80mm

320mm

BRSNS AT R

400mm

| 120mm
U

= From the Geometry of T — Section:

b.ss = 520mmb,, = 120mmh; = 80mmh = 320mm
(a)bgss = by, +16hs = 120 + 16 - 80 = 1400 mm

(b) boss < center to center spacing between adjacent beams = 400 + 120 = 520 mm

L 2120
(©)bess = 1= "1 - 530 mm

Take b.s; = 520 mm
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4.3.1 Determination of Dead load for Rib (R2):

Type Yy b-h KN/m
Topping 0.08-0.52-25 1.04
Hollow block 0.4-0.24-10 0.96
Plaster 0.03-0.52-22 0.343
R.Crib 0.12-0.24-25 0.72
Sum 3.063

4.3.1 Determination of live load:-

Nominal Total live load = 5.0- 0.52 = 2.6 KN/m of Rib

4.3.2 Determination of factored dead & live load:

Factored dead load = 1.2 Dead load = 1.2-3.063 = 3.676 KN/m.
Factored Live load = 1.6 Liveload = 1.6-2.6 = 4.16 KN/m.

4.4 Design of Topping:

Determination of dead load of topping

Type Y -b-h KN/m
Topping 0.08-1-25 2.0
Sum 2.0

Live Load = 5 KN/m.

qu. =1.2DL+1.6LL=1.2-2+1.6-5=10.4 KN.m (Total Factored Load)
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" q,* 10.4-0.47
712 12

= 0.1387KN.m/m of strip width

M, =0.42 [f.S,,

_bh* 100-(80%)
6 6

S, = 1066666.67 mm3

M, =0.42-v24 -1066666.67 = 2.2KN.m
OPM, =0.55-2.2=1.2KN.m - @ = 0.55 — for plain concrete.
M, =1.2KN.m >> M, =0.1387KN.m ... ... ... OK

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement

must be provided.
= For the shrinkage and temperature reinforcement:

p=0.0018

As=pbh=0.0018-1000 - 80 = 144 mm?

_Asre_ 14 _ ) 86 3b s=2090 _ 33333
n—AS.bar— s0.27 = % ars ~ 3 bars = §=—5—= .33 mm
= Step (S) is the smallest of:
1.$5=3h=3-80=240mm ... ... ... control
2. $=450mm

280 280
3.S=300X<—)—2.5-CC=300X 5 —2.5-20 =250 mm
fs - X 400
280
SS300<—)=300>< 3 =300 mm
fs 5 % 400

Use the distance S = 200mm < S,,,,, = 240 mm OK
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4.4 Design of RibR2 :-

1 2 3 4 5
1 2 3 4
| 7 A 1 A =YL A Tk A —
0.6 212 0.6, 4.07 0.6 2.83 0.6, 5.12 0.6
I 4.67 T 3.43 S 5.72
T T T T
5 6 7 8 9
5 6 7 8
0.6 4.32 0.6 2.47 0.6 3.52 0.6 3.67 0.6,
s 4.92 C 3.07 C 4.12 C 4.27 L
I 52- T T T 1
5.
32.
12.
A-A

Figure (4-2): Rib R2Geometry.

Dead load - Service Units:kN,meter
3.06 3.06 3.p6 3.06
R R
272 4.67 3.43 1 572
3.06 3.p6 3.06 3.06
4.92 3.07 4.12 4.27
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.60
Y N A
272 4.67 3.43 5.72
2. 2.50 2.60 2.60
4.92 3.07 4.12 4.27 i

Figure (4-3) : loading of Rib R2
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Figure (4-4) : Moment Envelop of rib R2.
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Figure (4-5) : Shear Envelop of rib R2.
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4.5.1 Design of flexure:-
4.5.1.1 Design of Positive Moment of Rib R2:-

Assume bars diameter of 12 mm

d, 12
d = h — cover — dgjpryps — 2 = 320-20-10 - > = 264 mm

= Check if a > hy

_ h 80
M, = 0.85f’cbhf<d—?f> — 0.85-24-520-80(264—7) x 1076 = 190.1 KN.m

=0=090 - for flexure

@M,;=0.9-190.1 = 171.1 KN.m
@M,; = 171.9KN.m > M, = 15.8 KN.m

— The section will be designed as Rectangular section with b= 520 mm.

1)MaximumPositiveMomentsM,, = +15.8KN.m—>Span — 4 —
M, 15.8

M,=—"="2" _17.56 KN.
"T9 T 0.9 m
R — M, _17.56x106_0484MP
"~ bdZ 520 (264%2) @
f, 420
Mm=0.85f. 085 24
_if | zmR)_ 1 2:20.6:0.484\ _
P=m f, | 206 420 -

As=pbd=0.001664"-520"264 = 160.12 mm?
e Check forAgin:

0.25./f. 1.4
smin = fc bw d = _bw d
fy fy
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0.25V24
————— 120264 = 92.381 mm?

1.4
Ag min = 120 120264 = 105.6 mm? ... ... ......Control

Agreq = 160.12 mm? > Ag i, = 105.6 mm?

Asreq  160.12

# b = =
of bars = . T 113.1

- Note: A012 = 113.1 mm?As ,,, = 226.2 mm?
Select 2 @ 12mm ( Bottom).

e Check for Strain :

Tension = Compression

- Asfy _ 226.2°420 — 896 mm
0.85f.b 0.85-520-24
a 8.96
C=E=m=10.54mm
—-C 264 —10.54
£s=0.003><( )=0.003><( 10.54

0K

= 1.42 bars ~ 2 bars

) =0.072 >0.005 OK

2)Positive Moment M, = +12.4 KN.m 2 Span —8 —

M, 12.4

Mn_ :W =13.78 KN.m

)
M, 13.78 x 10°

R, = —n _ = 0.38 MP
"~ hd2” 520 (2642 .
f, 420
Mm=0.85f. 085 24
_if | _zmR\_ 1 2:206:0.38\
P=m f, | 206 420 -

As=pbd=0.00091-520-264 = 124.92 mm?
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e Check for Ag pin:

0.25./f! 1.4
——‘/Ebwd> ——b,d

Ag min = =
Smin fy fy
0.25+V24
smin = o0 120 - 264 = 92.381 mm?
1.4 ,
Ag min = 220 120-264 = 105.6 mm-~ ... ... ...... Control
Agreq = 124.92 mm? > Agpin, = 105.6 mm? 0K

Asreq  124.92

#of bars = A, 785 = 1.6 bars = 2 bars
— Note: As010 = 78.5 mm?*Ag o, = 157.1 mm?
Select 2 @ 10mm(Bottom) .

e Check for Strain :

Tension = Compression

o\ Asfy _ 157.1-420 622 mm
0.85f. b 0.85-520-24
a 6.22
C:E:m:7.32mm
—-C 264 —7.32
£s=0.003><< )=0.003X(T)=0.1052 > 0.005 OK

4.5.1.2 Design of Negative moment of Rib(R2):

1) Maximum Negative MomentM,, = —16.3 KN.m — at support—5 —

M, 16.3
M,=—= =18.11 KN.m

09
M, 18.11 x 10
“bdZ 120 (2642
f, 420
0.85f, 0.85-24

R, =2.16 MPa

m

= 20.6
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p=—|1- [1- 20 = 0.00545

1 2mR,\| 1 2206216
m fy | 20.6

As=pbd=0.00545-120 - 264 = 172.66 mm?

e Check for Ag nin:

0.25./f. 1.4
Smin = f—cbw d= f_bw d
y y

0.25 /24
Asmin = —o0— 120264 = 92.381 mm?

1.4 )
Ag in = 220 120-264 =105.6 mm~ ... ... ...... Control
Agreq = 172.66 mm? > Ag i, = 105.6 mm? 0K

Asreq  172.66
Agpar  113.1

# of bars = = 1.53 bars = 2 bars

— Note: A012 = 113.1 mm?As ,,, = 226.2 mm?

Select 2 @ 12 mm(Top) .

Check for Strain :

Tension = Compression

Lo _Asfy _ 2262420 _
0.85f.b 0.85-120-24
a 38.81
C=E=m=45.66mm
—-C 264 — 45.66
ss:0.003x< >=0.003><< 25 66 )=0.0143>0.005 OK
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2) Negative MomentM, = —13.4 KN.m - at support — 4 —

M M, 134 14.89 KN
" 09 -m
R - M, 14.89x10° 178 MP
" hdz T 120 (264%) @
fy 420
= = =20.6
Mm=0.85f. 085 24
_A( |, 2mR.|_ 1 2:20.6-1.78\ ..
P=m f, | 206 420 -
As=pbd=0.00444-120"-264 = 140.66 mm?*
e Check for Ag nin:
0.25 ./f. 1.4
Smin = —wa d= _bw d
fy y
0.25 /24
smin = 50 120 - 264 = 92.381 mm?
1.4
Ag in = —— 120264 = 105.6 mm? ... ... ... ... Control
420
Agreq = 140.66 mm? > Ag i, = 105.6 mm? 0K

Asreq  140.66
Aspar  78.5

# of bars = = 1.8 bars = 2 bars

— Note: A;010 = 78.5 mm?*Ag ., = 157.1 mm?

Select 2 @ 10mm (Top) .
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e Check for Strain :

Tension = Compression

- Asfy _ 157.1-420 9695 mm
0.85f.b 0.85-120-24
a 26.95
C=E=W=31.7mm

d—c 264 —31.7
& =20.003 X( c >= 0.003 x (T) =0.022 > 0.005 OK

4.5.2 Design of Shear of Rib R2 :

- Vydmax = 19.5KN.m — at distance (d) of support — 2 —
1 1
Ve=(1.1) x A AJfib, d=1.1 X 2 X 1-vV24-120-264 x 1073 = 28.45 KN.m

®=0.75 - for shear
OVe=0.75%x28.45=21.34 KN.m

1 1
5 V¢ =3 x21.34 =10.67KN

1
E Q) VC < Vud.max < Q) VC
— 10.67 KN < 19.5KN < 21.43 KN ........ OK

Minimum shear reinforcement is required except for concrete joist construction.

Use2 —Legs P8 @ 20cm
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4.6 Design of two way rib slab(Rib 27) :

Check Thickness of two way rib slab:

52cm

8 cm

24 cm

~ 40x80x4+32x12x16

Ye 40x8 + 32 x 12 =10.55cm
52 X 10.553 40 x 2.553 12 x 21.453 .
Irib = - + = 59609 cm
3 3 3
40 x 603
Iyeqm = ——— = 720000 cm*
12
40 cm 761 m
/
= &
o ™
=)
3B o0

Beam section
Statically system
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External beam ::

= Short directionL = 761 cm

Ly (5 +by) 59609 x (5= +40)

I — 482030.8 cm*
s b, 52 e

= Long direction L = 820 cm

Liy(5+by) 59609 x (2> +40)

=%, 52

=515847.1 cm*

Interior beam :

In short direction L = 761 cm

Lis(5+5+by,) 59609 x (o + 22+ 40)
= - = 918207.8 cm*
b, 52
Inlong direction L = 820 cm
Ly (5+5+by) 59609 x (22 + 221 40)
I, = - — 985841.2 cm*
b, 52
e = Ecb X Ibeam
! Ecs X Islab
Ecb = Ecs
_ _720000 _
“ = 515847.1
_ 720000
“ = 1820308
_ 720000 _
% = 9g5841.2
_ 720000
“ = 918207.8
Y a; 1.4+ 1.5+0.73+0.78
U = =5 = 1 =11 <2
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ln,long _ 8.2
ln,short 7.61

B = =1.08

ary = 1.1 < 2 the minimum slab thickness will be:

ln(0.8+1i%) 8200( 0.8 + -}

~36+56(am—0.2) 36+5x(11-0.2)

= 220.75mm > h,,;,, = 125mm

The thickness of one way rib slab is smaller than in two way rib slab SO,

Take the slab thickness = 32 cm, 24 cm for concrete block , 8 cm, for topping.

e Load calculations:

Dead load calculations:

Dead load from W(KN) = yxV density <%>
Tiles 0.03 x 23 x 0.52%2 = 0.186 23
Mortar 0.03 x 22 x0.52%2 =0.1784 22
Coarse sand 0.07 X 16 x 0.52% = 0.3028 16
Topping 0.08 x 25 x 0.52% = 0.5408 25
Interior partitions 1.5 x 0.52% = 0.4056
RC Rib 0.24 x25x%x0.12 % (0.52+0.4) = 0.662 25
Hollow Block 0.24x10x0.4x%x0.4=0.384 10
Plaster 0.03 x 22 x 0.522 = 0.1784 22
3 2.839
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Nominal Total Dead Load = 2.839 KN/Rib

2.839
0.52

DL = = 10.50 KN/m?

Nominal Total live load = 5 KN/m2

Determination of factored dead & live load

Factored dead load = 1.2 x Dead load = 1.2 x10.50 = 12.60 KN/m?
Factored Live load = 1.6 x live load = 1.6 x5 = 8 KN/m?*

W = 12.60 + 8 = 20.6 KN/m?

v" Flexural Design for (R 27) :

Moments calculations: =Case 4

Ma= CaXWXlaZ and Mb= CbXWleZ

The moment calculation will be done for the slab middle strip.

= Negative moments:
ly
Caneg (— = 0.93) = 0.057
Ly
Mgneg = Ca XWX 1;* =0.057 x 20.6 X 7.61% x 0.52 = —35.36 KN.m/Rib
Ly
Chneg (l— = 0. 93) = 0.043
b

My peqg = Cp X w X 1,2 = 0.043 x 20.6 x 8.202 x 0.52 = —30.97 KN.m/Rib
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= Positive moments:
L,
b
M,p, =C,xXDL X lal2 =0.0312%x12.6 Xx7.61%2%x0.52 = +11.838 KN. m/Rib
L,
CaLL (l_ = 0.93> =0.0366
b

M, =CyxLLx1,>=0.0366 x8Xx7.61%2 x 0.52 = +8.817 KN.m/Rib

Mg pos = Moposy + Mg posp = 8.817 + 11.838 = 20. 66KN.m/Rib

CpoL (i—z = 0.93) =0.0232
Myp, =Cp X DL X 1,2 = 0.0232 X 12.6 X 8.2%2 X 0.52 = +10.22 KN.m/Rib
CpLL (i—: = 0.93) =0.0278

My, =Cy,xLLX1,%>=0.0278 X 8 X 8.22 X 0.52 = +7.776 KN.m/Rib

My pos = My post + My posp = 10.22 +7.776 = 17.99KN.m/Rib

1
= Negative moments at Discontinuous edge (5 X positive moments):
1 :
Mg peg = 3 X 20.66 = 6.9 KN.m/Rib

1
Mpneg =5 % 17.99 = 5.99 KN.m/Rib

= Design for Negative and Positive moment:
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e Shortdirection
14
d = 320 - 20—8—7 = 285 mm

= Positive Moment:

Midspan: (Mu = +20.6559 KN.m/Rib)
. - Mu _ 20.6559
g 0.9
M,  22.95x10°
bd? 120 x (2852)

fy 420

= = =20.6
Mm=0.85f. 085 24

=22.95KN.m

R, = 2.3546 Mpa

1 2mR,, 1 2-20.6-2.3546
p=—|1- [1- - 1- = 0.00597

m f, | 206 420

Ag=pXbxd=0.00597 x 120 x 285 = 204.174 mm?
e Check for Ag i -

0.25./f 1.4
Ag min = 0-25fe b,d>—»b,d
[y [y

0.25v24

Asmin = — 40— X 120 x 285 = 99.972 mm’

Ag min = m X 120 x 285 = 114 mm? ... ... ... ... Control

Agreq = 204.174 mm? > Ag i, = 114 mm? . .. .. OK

Asreq  204.174

#of bars =
! Ag par 113.1

= 1.8 bar ~ 2 bars

Select 2 @ 12 mm (Bottom).

S_120—2><20—2><10—2><12
B 1

=36mm>25mm... ... ... OK

-45-



e Check for Strain:

Tension = Compression

L Asfy _ 2262x420
0.85f.b  0.85x 24 x 120
c=i=38'81=45.66mm
B, 0.85
—-C 285 — 45.66
SS=O.OO3X< )=0.003X( 15 66 )=0.016>0.005 ......... OK

=Negative Moment:

Continuous edge : (Mu = —35.36 KN.m/Rib)

35.36

M,
M, =—2=2>"2 _393 KN.
"=% T 7009 m
R — M,  39.3x10° 103 M
"~ pdz_ 120 (2852 - P4
f, 420
- - ~20.6
Mm=0.85f. 085 24
A zmR_ 1 [
P=m f, | 206

2:-20.6-4.03

420

As=pxbxd=0.01097 x 120 x 285 = 369.02 mm?

e Check for Ag pin -

0.25./f. 1.4
Smin = f—cbw d=> f_bw d
y y
0.25+24
Smin — W X 120 X 285 = 99.972 mmz
Ag min = m X 120 x 285 = 114 mm? ... ..

Agreq = 369.02 mm? > Ag i, = 114 mm?

Asreq  369.02
Agpar 201.06

#of bars =

oo ... COntrol

= 1.84 bar =~ 2 bars

=0.01097



— Note: A;016 = 201.06 mm?Ag ., = 402.12 mm?

Select 2 @ 16 mm (Bottom).

S_120—2-20—2-10—2-16

1 =28mm > 25mm ... ... ... OK
e Check for Strain:

Tension = Compression

_ Asfy,  402.12-420 69 82
*=085f.b 085 24-120 =~ oo mm

_a 69.82 _ 8214
=B, T0gs _ooEmm

—-C 285 —82.14
£s=0.003><< )=0.003><< 62 11 )=0.0074>0.005 ......... OK

e Long direction
14
d = 320- 20- 8—7 = 285mm

= Positive Moment:

Midspan: (Mu = +17.997 KN.m/Rib )

M 17997
"T g~ 09 -m
o Ma _19.99x10°
"“bd? 120 (285%) - pa
f, 420
Mm=0.85f. 085 24
_1f, [, _2zmR,)_ 1 2:20.6:2.0515) _
P=m f, | 206 420 -

As=pXxbxd=0.00516 x 120 x 285 = 176.404 mm?
e Check for Ag i -

0.25./f. 1.4
S.min=—\/zbwd2 —bwd
Iy Iy
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0.25V24

Asmin = —p50— % 120 X 285 = 99.972 mm’

1.4
Ag min = 220 % 120 x 285 = 114 mm? ... ... ... ... Control
Agreq = 204.174 mm? > Ag i = 114 mm? ... ... .. OK

Asreq  204.174
AS.bar - 113.1

#of bars = = 1.8 bar = 2 bars

- Note: A012 = 113.1 mm? As,,,, = 226.2 mm?

Select 2 @ 12 mm (Bottom).

S_120—2><20—2><10—2><12

1 =36mm >25mm...... .. OK
e Check for Strain:
Tension = Compression
. Asfy _ 226.2 X 420 _ 38.81 mm
0.85f.b 0.85x%x24x120
c=2 _ 5881 _ 45.66 mm
B1 0.85
£, = 0.003 X ( _ C) = 0.003 x (2854; zz 66) =0.016 > 0.005 ......... OK

Negative Moment :

Continuous edge : (Mu = —30.97 KN.m/Rib )

M —M"—30'97—3441 KN
"T g 09 O -m
R _M,,_34.41><106_353M
" T hdZ  120-(285%) pa
420
m = Iy _ =20.6

~ 0.85f. 0.85-24
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1
p=—|1—- [1-

m f, | 206 420

As=pxbxd=0.0093 x 120 x 285 = 317.9 mm?
e Check for Agin -

0.25./f! 1.4
——\/Ebwdz —b, d

0.25+24
smin = ————— X 120 X 285 = 99.972 mm?
420
1.4
Ag min = 220 % 120 x 285 = 114 mm? ... ... ... ... Control
Agreq = 317.9mm? > Ag i, = 114 mm? ... ... ... OK
A 317.9
#of bars = Sred = 1.58 bar = 2 bars

Agpar 201.06
— Note: As$16 = 201.06 mm?*Ag ., = 402.12 mm?

Select 2 @ 16 mm (Bottom).

S_120—2-20—2-10—2-16
B 1

e Check for Strain:

Tension = Compression

. Asf, _ 402.12-420 — 6982 mm
0.85f.b 0.85-24-120
c=i=69'82=82.14mm
B, 0.85

=28mm > 25mm ... ... ..

2mR, 1 j 2:20.6-3.53

= 0.0093

d—c 285 —-82.14
£S=0.003><( p )=0.003><( )=0.0074>0.005 .........

62.11

-49-



Shear Design for (R 27):

l
w, (l—“ = 0.93) =0.57
b

The total load on the panel being (7.61 X 8.2 X 20.6 = 1285.48 KN)

The load per rib at face of the long beam is

2
) = 23.233 KN

|57 x 1285.4
(05 85.48 X

Vg = 23.233-20.6x0.52 % 0.285 = 20.20 KN
1 1
VC=(1.1)><gambwd=1.1xgx1x«/24-120-285-10—3=30.7KN

$=0.75 - for shear

dVe=0.75x30.7 = 23.03 KN

1 1
> oV, =3 x23.03 =11.51 KN

1
E ¢ VC < Vud.max < ¢ VC
- 11.51 KN < 20.2 KN < 23.025 KN ......... OK

Minimum shear reinforcement is required except for concrefe joist construction.

Use2 —Legs 10 @ 20cm

284
= > = 142 mm — Control.

N| &

d
Smax < 5 < 600 mm

s _3><A,,><fyt_3><157><420
req b,, B 120

=1648.5mm > S,

take S = S,,,, = 142 mm

16 A,f,; 16 x 157 x 420
b,Jf: 12024

=1794.659 mm > S,,,,

req
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take S = S,,,, = 142 mm
Use2—-Legp10 @ 125 mm.

and 2 — Leg ¢ 10 @ 200 mm in the middle space.

-51-



4.7 Design of Beam 6 (Th):

Determination of Dead load of beam:

Type ¥bh KN/m
Reinforcement Concrete | ([0.8-0.32] +[0.5:0.3]) X 25 10.15
Plaster (0.34+0.3+0.5)x 0.03-22 0.726
Sum 10.876
Dead and Live load From Ribs(Service) :
Rib(R2) :
Reactions
Factored peam ©
Lt L Ly L Ll Ll [N Ll |
L T T T T L T T m
DeadR 2.76 16.1 13.84  17.09 2113 141 1.1 18.13 6.14
LiveR 54 19.16 1994 23.02 25.05 208  18.56 117 1.8
MaxR 817 35.26 378 4011 46.18 49 3027 39.3 13.94
MinR 049 21.67 1741 21.05 31.16 16.24 1333 26.36 5.28
Service
DeadR 2.3 13.42 153 144 17.61 1".75  9.76 151 511
LiveR 338 11.97 1246 1439 15.66 13. 116 13.23 4.88
MaxR 568 25.39 4. 2863 33.21 1475 2.3 28.34 9.99
MinR 088 169 13.77  16.72 23.88 13.09 10.77 20.25 4.58
Dead R = — 5—22 6 KN
ead R =5 =22.6 KN/m
LiveR = 13.00 _ 25 KN
R =052 ~ /m
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Rib (R3):

Reactions

Beam 6
Factored

[ i 1 i
Il IfT T[T L 1T T 1T

T |
T T

DeadR 2.76 16.1 13.84 17.08 21.16 1391 1234 1609 1528 1859 6.4
LiveR 54 1916  19.95 23.01 25.06 2049 18.82 2064 206 2232 8.4
MaxR  8.17 3526  33.79 40.1 46.22 M4 316 3673 3588 4091  14.68
MinR 049 21.67 1742 21.03 Nn.23 1596 14.96 2348 21.76 21.23 55
Service
DeadR 2.3 1342 1154 14.24 17.63 1159 10.28 1341 1274 1549 537
LiveR  3.38 11.97 1247 14.38 15.66 1281 11.76 129 1287 1395 515
MaxR  5.68 25.39 24, 28.62 3.9 244 2204 2631 2561 2944  10.52
MinR  0.88 16.9 13.77 16.7 23.93 1287 11.92 18.03 1678 2089  4.78
Dead R 11.59 22.3 KN/
ea == . m
0.52
Live R 12.81 24.63 KN/
Lve = = . m
0.52
Rib (R4):
Reactions
Beam 6
Factored
[ [ (RN Ll 1y L Ly |
[T T T T T T T M
DeadR  8.36 23.39 13.06  12.66 16.03 15.3 18.59 6.44
LiveR  10.25 26.93 2054 193 20.59 20.6 2.3 8.24
MaxR  18.61 50.32 336  31.96 36.62 35.89 40.9 14.68
MinR  7.58 33.4 13.85 15.26 23.33 21.79 21.23 55
Service
DeadR 6.97 19.49 10.88  10.55 13.36 12.75 15.49 531
LiveR 6.4 16.83 12.84  12.06 12.87 12.87 13.95 515
MaxR  13.37 36.32 2372 2261 26.23 25.62 29.43 10.52
MinR  6.48 25.71 11.38 1218 17.92 16.8 20.89 478
Dead R .88 20.92 KN/
ea = = . m
0.52
Dead R 12.84 24.7 KN
ea = = . m
0.52 /
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Determination ofFactored Dead &L.ive Load:-

Geometry Units:meter,cm
1 2 3
1 2
[ - - i ]
D ﬁ
0.5 8.47 0.5 9.06 0.5
|l , T 8.97 T I T 9.56 T I 1
I 80. T 1
32.
62.
50.
A-A
Figure (4-6) : Beam Geometry
Dead load - Service Units:kN,meter
22.6 22.3 22.3 20.9
531 | 3.66 2.84 ; 6.72
1 |
Live load - Service Load factors: 1.20,1.20/1.60,0.00
25.0 24.6 24.6 24.7
5.31 | 3.66 2.84 ; 6.72
I 1
Figure (4-7) : Load of beam
Moments: spans 1fo 2
-848.5
-738.1  -735.
; 3.653.34 1
I I 1
[ 1 L ol
T
70. f 1 3.4
R 592.4
| 3.59 | 5.38 | 574 | 3.82
I | 1 I 1

Figure (4-8): Moment Envelop for Beam
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Shear

-451.4
-387.2

-303.4
-240.5

225.3
290.2

463.8

399.6

Figure (4-9) : Shear Envelop for Beam
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4.6.1 Design of flexure:- 80cm

Assume bars of 20 mm

32cin

besr = 80 cm b, =50cm hf =32 cm h=62cm

3F0cim |

d, 20
d = h — cover — dgjpryps — 2 = 620 —-40—-10 — - = 560 mm

a) Positive Moment :

1. Check T — Section or Rectangular Section: Slem
Beame Section

na ! hf

_ 320
M,;=0.85-24-800-320 (560 — T) X 1076 = 2088.96 KN.m

1) I_VInf =0.9 x2088.96 = 1880.064 KN.m

@ M,; = 1880.064 KN.m > M, = 592.4 KN.m

— The section will be designed as Rectangular section with b = 80 cm.

2. Check Singly or Doubly Section:
3 3
c = d = X 560 0 mm

a=,¢c=0.85-240 = 204 mm

Mymax = 0.85 fL bya(d— g)

204
M, 0 = 0.85 - 24 - 800 - 204 (560 - T) x 1076 = 1524.81 KN.m

Use® =0.82

DM, max = 0.82 x1524.81 = 1250.35 KN.m

® M, max = 1250.34 KN.-m > M, = 592.4 KN.m

— Design the section as singly reinforced concrete section.
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b)Negative Moment:

Check Singly or Doubly Section:

3 3
c-;d—; X 560 = 240 mm

a=f,¢c=0.85-240 =204 mm

M max = 0.85 f bwa(d _g)

204
M, max = 0.85 - 24 - 500 - 204 <560 — T) x 10¢ = 953.01 KN.m

Use® =0.82

D M, max =0.82%x953.01 =781.5KN.m

O M,max=781L.5KNm>M,=738.1KN.m

— Design the section as singly reinforced concrete section.
4.6.1.1 Design of Negative Moment:-

Assume bars of § 20 mm

b; =80 cm b, =50 cm h; =32 cm h =62cm

d, 20
d = h — cover — dgjyryps — > = 620 —40—-10 — > = 560 mm

—>The Maximum Negative Moment M,, = —738.1 KN.m

M, 738.1
M,=—"= 09 — 820.11KN.m

3
M, 820.11 x 10°

"~ bd? 500 (5602) a
f, 420
Mm=0.85f. 085 24
1 2mR, 1 2-20.6-5.23
p=—[1- [1- - 1- [1-
m f, 20.6 420
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As=px bxd=0.01467 X 500 X 560 = 4107. 6 mm?

e Check for Agin -

0.25
Smin — f\/ﬁb d> f_b d
Yy y

0.25+24
Asmin = 70 500560 = 816.5 mm?

1.4 )
Ag min = 220 500-560 =933.33 mm-~ ... ....... ... Control
Agreq = 4107.6 mm? > Ag i, = 933.33 mm? OK

Asreq 4107.6
Agpar 314.16

#of bars = =13.1 bars = 14 bars

— Note: A;020 = 314.16 mm?*Ag ., = 4398.24 mm?

Select 14 @ 20 mm (Top).

e Check for bars Placement:
_800—-2-40-2-10—-14-20
a 13

=32.31mm > 25mm

>d, =20 mm OK
e Check for Strain:

Tension = Compression
Asf,, _4398.24-420

~085f.b 085 24-500 1ol1mm
c= a m—213.1mm
B, 0.85
£, = 0.003 X ( — ) = 0.003 x (5602;3213'1) =0.0049 ~ 0.005 OK
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4.6.1.2 Design of Positive Moment :

b, =80cm b, =50 cm h;=32cm h=62cm

d, 20
d = h — cover — dgjyryps — 2 = 620 —-40—-10— > = 560 mm

1) Positive Moment M, = +525.2 KN.m - Span —1-—

M _ My, _ 5252 =583.56 KN

""" g " 0.9 %7 -m

o _ M. _58356x10°

"= hdZ_ 800-(5602) - a

f, 420

Mm=0.85f. 085 24

A [, zmR.\_ 1 [ 2:20.6-2.33\ _
P=m f, | 206 420 -

As = pxbxd=0.00591 X 800 x 560 = 2647.68 mm?

e Check forAgin:

0.25

AS.min= f\/_b d> f_b d
y y

0.25+24

Asmin = —50— 500560 = 816.5 mm?
4 )

Ag min = 220 500-560 =933.33 mm-~ ... ...... ... Control
Agreq = 2647.68 mm? > Ag pin = 933.33 mm? OK

Asreq  2647.68

H# b = =
of bars = 4 = 31416

= 8.43 bars =~ 9 bars

— Note: As020 = 314.16 mm?Ag ., = 2827.44 mm?

Select 9@ 20 mm (Bottom).
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e Check for bars Placement:
5_500—2-40—2-10—9-20
a 8

=27.5mm > 25mm

>d,=20mm........ OK
e Check for Strain:

Tension = Compression
. Asf, _2827.44-420
0.85f.b 0.85-24-800
a 72.76
~ B, 085

=72.76 mm

c = 85.61 mm

560 — 85.61
85.61
2) Positive Moment M, = +592.4 KN.m - Span —2 —
M, 592.4
9 0.9
M, 658.22 x 10°
“bd?>  800-(5602)
fy 420
0.85f. 0.85-24

c
£s=0.003><< )=0.003><( )=0.0166>0.005 ......... OK

M, = = 658.22 KN.m

R, = 2.624 MPa

m = 20.6

=0.00671

1
p=—

m f, | 206

1 2mR, 1 2-20.6-2.624
420

As=pxbxd=0.00671x 800 x 560 = 3006.1 mm?

e Check for Agin -

0.25 ./f 1.4
—*/Ebwd > —b,d

0.25 V24
Smin = T 507 500560 = 816.5 mm?
1.4
Ag in = —— 500560 = 933.33 mm? ... ... ... ... Control
420
Agreq = 3006.1 mm? > Ag i = 933.33mm? ... 0K
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Asreq  3006.1

H# b = =
of bars = 4~ = 31216

=9.57 bars ~ 10 bars

— Note: A;020 = 314.16 mm? Ag,,,, = 3141.6 mm?

Select 10 @ 20 mm (Bottom).

e Check for bars Placement:
S_500—2-40—2-10—10-20

9

=22.22mm<25mm...... ...

Use Two Layer 8®20 — Layer(1)

e Check for Strain:

Tension = Compression

Asf,  3141.6-420

@=085f.b 0.85 24-800

c=£=%=95.12mm
B, 0.85

2920 — Layer(2)

= 80.85 mm

d—c 560 —95.12
£s=0.003><< p )=0.003><( )=0.015>0.005

95.12
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4.6.2 Design of shear

The Maximum Shear force at the distance (d):

Vua = 399.6KN -2 support—2 —

1 1
Ve=2x A\/ﬁbwd=gx1x\/24x500x560><10‘3=228.62KN

®=0.75 - for shear

OVe=0.75%x228.62=171.46 KN

1 1
2 PV, = EX171.46=85.73KN

= Check for section dimension:

|4 399.6
vy = (

Ve = —= —
s 0.75

2 )— 228.62 = 304.2 KN

2 2
Vsmax = 3 X Jfib, d = 3% V24 x 500 x 560 x 1073 = 914.5 KN.m

Vs =304.2 KN <Vgar =914.47 KN OK
— The section dimension is enough.

Check For Items:

1
S OVe<V, 20V, = 8573KN<399.6KN 217146 KN

1 1
Vg min = 3 X b, d= 3 X 500 X 560 x 10~3 = 93.92 KN

1 1
Vsmin = 7¢ X Jfib,, d = T X V24X 500 x 560 x 1073 =85.73 KN - control
Ve= 2V, = 2-228.61 = 457.24 KN

OWVe +Vsamin) <Vy <0 V¢ + V)
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OWV¢ + Vgmin) = 0.75 % (228.61 + 93.33) = 241.5 KN

O Ve +Vs') =0.75 % (228.61 + 457.22) = 514.37 KN

OWe +Vsmin) <Vu<0 WV +Vy)

253.03 KN < 399.6 KN <514.37KN ........... OK Case —4 —

= Use stirrups Two Legs @10 with A, = 2-78.5 = 157.1 mm?

G Ayfyed 157.1- 420-560 x 1073 1214 1214
= v, = 3042 = Amm=12.14cm

560

Smax = = T =280 mm

N| &

Simax = 600 mm

Use Two Legs 10 @ 10 cmc/c
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4.8 Design of Long Column (Column 47 B)

P, =1.2DL+1.6LL=1.2x1157.7+ 1.6 x 588 = 2330.04 KN

P, 2330.04 .
P, = E =065 3584.67 KN = ¢ =0.65— for tied column

Assume rectangular section with:

- Usep = 2.5%

P, =0.8xA4,(0.85% f.+p,[f, —0.85x fi])

— Use 0.8 for tied column

3584.67 x 103 = 0.8 x A,(0.85 x 24 + 0.025 x [420 — 0.85 x 24])
A, = 0.147 m?

— Use 0.40 X 0.60 m* with Ay = 0.24 m? > Ay, equirea = 0.197 m?
1) Check for Slenderness :

K x 1, 1

<34 12(M ><40
< ) S
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M
(M_l) =1 — for braced frame with M,,;,.
2

l,: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section = 0.3 h
l, = 3.68m

K = 1.0 — for columns in nonsway frame. y ‘

a) In 60 cm - Dirction:

KXxl,

- <34-12x%x1.0=22<40

Kxl, 1x3.68 —20.44 <22 60 cm
r, 0.3x0.60

y

~ short Column for bending about y — axis.

b) In 40 cm - Dirction:

K x 1,

<34-12x1.0=22<40

Kxl, 1x3.68

= =30.7 > 22
r, 0.3x0.40

~ long Column for bending about x — axis.

2) Calculate the minimum eccentricity e,,;, and the minimum moment M,,;,:
€nin = 15+ 0.03 xh = 15 + 0.03 X400 = 27 mm

P, =1.2DL+1.6LL=1.2x1157.7+ 1.6 x 588 = 2330.04 KN

M, = P, X €pin = 2330.04 X 27 = 62.91 KN.m
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3)Compute EI:

Ec x1,

ElI =0.4 ——
1+ﬂdns

E.=4700 X ,/f. =4700 x V24 = 23025.2 MPa

1.2 xDL 1.2 x1157.7

P, 2330028 090

ﬁdns =

_bxh*® 600 x400°

I =3.2x10° 4

97 12 12 mm

EI = 0.4 X 23025.2x3.2 _ 18420.16 KN.m?>
= 1+060 ' m

4) Determine the Euler buckling load, P, :

p m? X EI % x 18420.16
T (Kx1)?2  (1x3.68)2

= 13424.48 KN
5) Calculate the moment magnifier factor §,; :

M
Cm=0.6+0.4><M—1=0.6+0.4><1=1.0
2

Cn 1
Ons = Py 233008 — 1.3>1
0.75%P, 0.75x13424.48

— The magnifid eccentricity and moment:
e = epin X0, =27%X1.3=35.1mm
M,=6,, XM, =1.3%x62.91=280.85KN.m

= whereM, = M,,;, = 62.91 KN.m
The magnifid moment are less than (1.4 X 62.91 = 88.1),are required
by — ACI — Code Section 10.10.2.1 .
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6) Select the column reinforcement from Interaction Diagram :

a) Compute the ratio e/h:

_3 1—0088
400

| ®

b) Compute the ratio y:

d—d 400-2x40-2x10-25

= = 0.688
h 400

Assume @25 for bars=y =

¢) Use interaction diagram A — 9a and A — 9b to determine p, for the

selected dimention: h = 400 mm ,b = 600 mm.

OP, _P,_2330.04x10° .
4. A, 600x400 Ao = LALAST

) )

— Diagram A — 9a (for y = 0.60), p, = 0.027
— Diagram A —9b (for y = 0.75), p, = 0.029

0.029 - 0.027
0.75-0.6

py(y =0.688) = 0.027 — < ) (0.688—0.6) = 0.026

- Ppg=0.026 > pp;, = 0.01 — OK
d) Select the reinforcement:

Age = pg XAy =0.026 X 600 x 400 = 6240 mm? ... ... Use 10 @ 25
= Design of the Tie Reinforcement :

S <16d, (longitudonal bar diameter) - 16 X 25 = 400 mm

S < 48d, (tie bar diameter) - 48 X 10 = 480 mm

S < Least dimension.— Least dim.= 40 mm

Use 310 @ 20 cm.
_67_



T10 @20 cm

L=162 cm T10 @20 cm
L=146 cm T10 @20 cm
L=212 cm
52 cm 12 12
12 142 em
12
17 cm Q 42 Cm
12
19 cm
52 cm
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4.9 Design of Isolated Footing :
In this section we will design the foundation 24 for the building :

Determination the service loads on the footing :

e Serviceliveload LL = 604.91 KN
e Servicedeadload DL = 1779.72 KN

e Service surcharge 5 KN/m?

e Permissible (Allowable) Soil pressure in Palestine q, = 400 KN /m?

e Soil density y,,; = 18.2 KN/m3

The depth of the footing = 1 munder the natural soil surface.

Section A-A
‘Q
A A
s iy —Tm
surcharge [

5 KN/m2

I m

h-Footing

Section in isolated footing
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1) Calculating the weight of the footing, soil,and the surcharge floor load:

e weight of the footing (assume hsyoiny = 80 cm) :
Weooting = 0.8 X 25 = 20 KN /m?
e weight of the footing :
Weou = 1x18.2 = 18.2 KN/m?
total surcharge load on foundation :

w =20+ 18.2+5 = 43.2 KN/m?
2) Net soil pressure,q, .. = 400 - 43.2 = 356.8 KN/m?

3) Required size of footing:
P, 604.9+1779.72

= 7 m?
qa.net 356'8
A=1% ... L=+vA= 6.6 = 2.58m.
takelL = 2.6 m ........ A=2.6%x2.6 =6.76 m* > 6.6 m? ... OK

4) Depth of footing and shear design :

P,=1.2DL+1.6LL=1.2x1779.72 + 1.6 Xx604.9 = 3103.52 KN

P, 3103.52

qu = —

— — 2
1 -26x26 459.1 KN/m
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Critical section for

one- way shear \

|

Tributary area for

one- way shear \

2.6 m

—
45cm

A

- I G Y

A
74

Vertical view of isolated footing

= 0ne — way shear (Beam shear):

V, at distance — d — from the face of support:

v, = b(l 2 d)—4591><2 6(2'6 0.45 d)
u= Q373 TS XA T T
LetV, = ¢V, —¢=0.75 - forshear

1 1
PV, = O.75><gl\/f_’cbwd:0.75><g><1><\/24><2600><d:1592.2KN

2.6 0.45 1
4591)(26(7—7—61) IEX‘V24X26OOXd

1283.2 — 1193.7d = 1592.2d

d = 0.461m
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Assume cover 75 mm, and steel bars of ?25.

Generally the thickness of a spread footing is governed by tow way shear. The shear will be
checked on the critical perimeter at d/2 from the face of the column and, if necessary, the
thickness will be increased or decreased. Because there is reinforcement in both directions,

the average d will be used:
h =461+ 75+ 25 = 561 mm,
take h = 570 mm
thend = h—cover —d, = 570- 75- 25 = 470 mm.
= Two way shear ( punching shear )
letV,=¢V, —¢$=0.75 - for shear
V,=459.1(2.6 X 2.6 — (0.45 + d)(0.45 + d))
=459.1(6.76 — (0.45 + 0.47)(0.45 + 0.47)) = 2714.93 KN

450

= = 1
450

B
b. = 2(0.45 + 0.47) + 2(0.45+ 0.47) = 3.68m

a, =40 — interior column.

1 2\ — 1 2
Vc=gx<1+ﬁ)ﬁbod —>wheregx<1+1)=0.5

1 jad 1 /40 x 0.47
Vc=—><( +2)\/Ebod %where—X(W

12~ \b. 12 + 2) =0.59

1 1
V.= 3 X mbod — where 3= 0.33333 ..... control

1 1
Take V. =2 X Jfibd = 3% V24 x 3680 x 470 x 1073 = 2824.4 KN
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V.= 0.75x%x2824.42 = 2118.32 KN < Vu =2714.93 KN — Not OK
= Retry with another thickness :
Take the depth of footing equals to 80 cm :
d = h—cover —d, = 800- 75- 25 = 700 mm.
letV,= ¢V, —¢=0.75 - for shear
V,=459.1(2.6 X 2.6 — (0.45 + d)(0.45 + d))
=459.1(6.76 — (0.45 + 0.7)(0.45 + 0.7)) = 2496.4 KN

450

=— =1
450

B

b. = 2(0.45+0.7)+ 2(0.454+0.7) = 4.6 m

a;, =40 — interior column.

1 2 1 2
VC:—x<1+E)\/Ebod —>where—><(1+—)=0.5

6 6 1
174 1><(0‘Sd+2)./ ' b.d h 1><(40X0'7+2) 0.67
= —_— ° - —_— — = .
=127 Ub. fe where 12 4.6
1 1
V.= 3 X/ feb-d — where 3= 0.33333...... control

1 1
Take V. =3 Jfibd = 3% V24 x 4600 x 700 x 1073 = 5258.24 KN

V.= 0.75x%x5258.23 = 3943.7 KN > Vu =2496.4 KN — OK
Design for flexure in both directions (equals) :

Take steel bars of @ 25
B = 2600 mm h = 800 mm

d, 25
d=h—cover—7= 800 - 75—7 = 712.5mm
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i ///
Critical section for
one- way shear ‘\\\\\
\O B
'\ N
45cm
Tributary area for
one- way shear \“a\\\
.
q 0TI m
N ™
Critical section for moment
.075
M, = 459.1x2.6x1.075 X =689.7KN.m
M _ M. _689.7 766.34 KN
" g 09 7 -m
R — M,  766.34x10° — 0.581 MP
"“hd? 2600x(712.52) a
fy 420
= = = 20.6
M= 0.85f.  0.85x24
_A( | _%mR.\_ 1 [ | 2x206x0581)
P =m f, | 206 420 -

As=pXbxd=0.0014 X 2600 X 712.5 = 2598.43 mm?*

Agmin = 0.0018 X b x h = 0.0018 x 2600 X 800 = 3744 mm?
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Ag = 2598.43 mm? < A,,,,, = 3744 mm?
Take AS = As.min

As 3744
As.bar B 490.9

n= =7.63 bar =~ 8 bars.

Take 8 3 25 with Ag = 3927 mm? > A,,, = 3744mm? — 0K

S_Z600—75><2—8><25
- 7
o Step (S) is the smallest of :

= 321.43 mm

1)3xh = 3x800 = 24000 mm .
2)450 mm ... ...... control

S =321.43mm < S,,,, = 450mm - OK
e Design the column — footing joint :

P,=1.2DL+1.6LL=1.2x%x1779.72 + 1.6 X604.9 = 3103.52 KN

A;
.85f, —
¢(0 8 chl) Al

A,
where |— <2
Ay

A;:is the area of the contact surface between the column and the footing .
A,: is the area of the lower base of aright .
¢ =0.65 — for bering.
e The allowable bearing on the base of the column is :
¢ P, = ¢(0.85f,A;) = 0.65 X 0.85 x 24 X 450 X 450 X 1073 = 2685.15 KN

e The maximum bearing load on the footing is:

/A
$(0.85f.4,) A—Z = 2685.15 X 2 = 5370.3KN
1

= Note: f. here for column

P,=1.2DL+1.6LL=1.2x%x1779.72 + 1.6 X604.9 = 3103.52 KN
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P, = 3103.52 KN > ¢ Py, = 2685.15 KN
-~ Dowels are needed

_P,—¢P,, (3103.52-2685.15) x 10°

— 2
As.dowels - ¢fy 0.65 x 420 =1532.4 mm

A mindowets = 0.005 X A, = 0.005 x 450 x 450 = 1012.5 mm?

— As.dowels — 1532.4
As.bar 490.9

~Use4 @25

= 3.12 bars = 4 bars
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4.10 Design of Stairs:

LAl

B54(G)

1 e
C % é‘l I
s L1 | Ll L21

i

R e oo

~ Dss@

B59(G)

10 10 17 1 ‘

= Flight Dead Load computation :

0 =tan! <rise) = tan~! (175> =30.26
B run) 300/

h —L—4'90—0245
mn=20~ 20 oo

ml|. - 250 mm
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— Take h,,;,, = 250 mm

qKN/m

w KN /m
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Quality Densit
Material Yy X hx1(KN/m)
KN/m3
, 0.175+0.35
Tiles 27 27><( 0.3 )x0.03><1=1.418
0.175+0.30
Mortar 22 22 X ( 03 ) X 0.02x1=0.697
25 0.175+0.30
Stair Steps 25 X ( ) Xx1=2.188
P 0.3 0.3
Reinforced Concrete 25 % 0.25 x 1
25 —=17.23
solid slab cos 30.26
22x0.03x1
Plaster 22 — =0.764
cos 30.26
Total Dead Load, KN/m 12.3
= Landing Dead Load computation :
Quality Densit
Material Yy Xhx1(KN/m)
KN/m3
Tiles 22 22x0.03x1=0.66
Mortar 22 22x0.02x1=0.44
Reinforced Concrete solid slab 25 25x0.25x1=6.25
Plaster 22 22x0.03x1=0.66
Total Dead Load, KN/m 8.01

= Live Load (LL) = 5 KN /m?

= Total factored load(w) =1.2 x DL+ 1.6 X LL

- for flight

— for landing :

w=12x%x12.3+1.6 Xx5=22.76 KN/m

w=12x801+1.6%x5=17.61KN/m
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2276 KN/m

oo d e

0.5m 3.9m 0.5m

Load on Flight

= Check for shear strenght:

Assume bar diameter $14 for main reinforcement.
d, 14

d= h—cover—7= 250—20—7= 223 mm

Assume width support =50 cm

& Design of flight:

Moments: spans 1to 1

245 85.5 245
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Shear

444

Vymax = 44.4 KN

1 1
Ve = gl\/ﬁbwd=gx1><\/24><1000><223><10‘3 = 182.1 KN
®=0.75 - for Shear

OVe=0.75x182.1 =136.6 KN

1 1
Vimax =444 KN <-0V;=>x136.6 = 68.3 KN

= The thickness of the slab is adequate enough.

= Calculate the maximum bending moment and steel reinforcement:

M max = 65.5 KN.m

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

M _M,_655 =72.8 KN
R M,  72.8x10° _146M

"“hd? 1000 x (2232)  ope

f, 420

- - ~20.6
M= 0.85f.  0.85x24

_af | zmR_ 1 (L 2:20.6:1.46\
P=m f, | 206 420 -

Ag=pxbxd=0.0036 x 1000 x 223 = 805.13 mm?
Agin=0.0018 X b x h = 0.0018 X 1000 X 250 = 450 mm?
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Ag = 805.13 mm? > A, i = 450 mm?/m - OK

Take 6 @ 14 with A; = 923.64 mm?/m > Ag,., = 1035.3 mm?/m - OK

11000

- = _-191.2
$=n"%523 mm

Step (S) is the smallest of :

1)3xh = 3x320 = 960 mm.

2) 450 mm
280 280
3)S=300x<—)—2.5-€c=300>< 5 —2.5%X20 =250 mm — control
fs S X 420
280 280
$<300 (—) =300 x| 5 =300 mm
fs S X 420

S =191.2mm < S,,,, = 250mm - OK
Take ® 14 @ 180 mm
= Temperature and shrinkage reinforcement:

A;=0.0018 X b X h = 0.0018 x 1000 x 250 = 450 mm?/m

s=1_1000 .01
TnT 2,92  Cr4mm

Step (S — for Temperature and shrinkage reinforcement)
is the smallest of:

1)5xh = 5x250 = 1250 mm.
2)450 mm ... ... Control

S =342.1mm < §,,,, = 450mm - OK

Take ¢ 14 @ 250 mm
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QO Design of landing:

35.5 KN/m

[ITTITIITI1]

34m

Load on Landing

Moments: spans 1fo 1

'i\ /
| 1.7 e 1.7 |

Shear

-80.3
-64.2

64.2

80.3
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M ,ax = 68.2 KN.m
d, 14
d=h—cover—db—7=250—20—14—7=209mm

Assume bar diameter 914 for mainreinforcement.d = 209 mm

M, 68.2
M, = “=0—9 =75.78 KN.m

)
M, 75.78 x 10°

R — n _ ~1.73M
"“pdZ 1000 x (2092) pa
f, 420
- - ~20.6
M =0.85f. 0.85x24
1 [, zmR.\_ 1 [ 2:206-1.73\
P=m f, | 206 420 -

As=pxbx d=0.0043 x 1000 x 209 = 900.88 mm?
Agmin = 0.0018 x b x h = 0.0018 x 1000 X 250 = 450 mm?

As = 900.88 mm? > A, ,;, = 450 mm? — OK

s=1_1000_ -8
“n 585 oemm

Step (S) is the smallest of :
1)3xh = 3x250=750mm.

2) 450 mm

5 —2.5%Xx20 =250 mm — control

280
3) s=300x<—)—2.5-cc =300 x
f 5 X 420

S

280 280
SS300<—>:300>< > =300 mm
fs S X 420

S =170.8mm < S,,,, =250mm - 0K
Take ©¢14 @ 150 mm
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4.11 Design Basement wall

load calculation:
Yo = 18.2 KN/m3 — q,; =400 KN/m*? — ¢ =30’
Surcharge =5 KN/m? — Wall Thickness = 25 cm

5 KN/m2

Lil] l

£
) +
v
o |
=
fos =
w —
[“‘: o
on N
b~
I
£
Qo
v
v

Fig.(4-14) basement wall

k=1-sing =1-sin30" = 0.5
W,=kxhxy=0.5x%x4.2x18.2 =38.22 KN/m?
W, =kXP=0.5x5=2.5KN/m?
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p

(]

TTTTT]

(O]

38.22 KN/m2

From Atir we have moment and shear envelop :

Moments: spans 1fo 1
! 1 I |
I T T
1.1 153
2.31 68 1.89 |
I 1 1
Shear
-82.3
-62.4
t t
44.3 42.3

Fig.(4-16) shear and moment diagram
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Design of Bending Moment
Use ® 16

d, 16
d=h—cover—7=250— 75 — 7=167mm

M _M, 68 =75.56 KN

"~ "09 ' -m
R = M,  75.56 x 10° 1M

nThdZ 1000 x (1672) =/ MP4

f, 420

- - —20.6
Mm=0.85f 085 24

_1f | _zmR\_ 1 2:206:2.71\ _
P=m f, | 206 420 -

As=px bx d=0.0069 x 1000 X 167 = 1160.63 mm?

p=0.0069 > pmin = 0.0015 ... ... OK

_ Ag 1160.63
~ Agpar 201.06

Slected 316 @ 15 cm

= 5.8 bar ~ 6 bars.

n

with A; = 1340 mm?*/m > A,., = 1160.63 mm?/m inside layers.
e Check for spacing
1)3x h=3x%x300=900mm
2) 450 — control
S =172.41mm < S§,,,, =450mm - 0K
Take 916 @ 150 mm

For horizontal bars use the half of the min.in each side:
0.5 X Ag pmin = 0.5 X 0.0025 X 250 x 1000 = 312.5 mm?/m
Use ® 10
Use for horizontal bare ¢ 10 @ 20 cm in each side.

Use p10 @ 20 cm for vertical in outer side to hold the horizontal bars.
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e Check for Strain:

Tension = Compression

. Asf, _1206.4x420 _ 24.84 mm
0.85f.b 0.85x 24 x 1000
c=— 24.84 _ 29.22 mm
B, 0.85
—c 167 — 29.22
es=0.003x< )=0.003><( 922 )=0.0141
> 0.005 ........ OK

e Check for shear

1 1
qbVC=¢xg\/ﬁxbxd=0.75><€><\/24><1000><167><10‘3=102.3KN

1 1
> ®Ve =5 x102.3 =51.13 KN

1
E ¢ VC < Vud.max < ¢VC
51.13 KN < 62.4<102.3 ........0K

~. The thickness is enough
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4.12 Design of shear wall:

78.8 KN
- &
' 66.7 KN
| 3152KNm
l',
| =)
1" o
| } 241 8 KN
8972 KNm
=
24472 KN.m 230.7KN
618 KN -
|3 N 49192 KN.m 418 8 KN
. 8842.5KNm 1036.8 KN <
Bending Moment Shear Force 70m

Wall thickness = 30 cm

1) Check maximum shear strength permitted:
5
¢Vn=¢><g><\/f_’c><h><d=
5
=0.75 X 3 X V24 x 300 X 5600 X 1073 = 5143.93 KN

¢ =0.75 — for shear,
¢V,=5143.93 KN > V naxr = 1036.88 KN — OK

2) Calculate shear strength provided by concrete V.

— Critical section for shear:

by _ =3.5 control
a) =—=3.5m - contro
bh) X=—"—=10.05m
)2 2 '

c) Story height =4m
-88-
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Ve

Ve

Ve

1 1 3
==y/fchd=—x24x300 x 5600 x 10* = 1371.7 KN — control

N,d
=0.27\/f. hd +—— = 0.27 x V24 X 300 X 5600 x 1073 + 0 = 2222.2 KN

41,
Ny
L, (0.1/f; +0.2.%)
= [0.05/F; + | hd
Vu 2

M, =4919.2 +1036.8 x (4.1 —3.5) = 5541.28 KN.m

My L _SS4L28 7.0 o0 e
v, 2 10368 2 vevatue

7 x (0.1 x V24 +0)
1.84

V.=10.05X%xVv24 + 300 X 5600 x 1073 = 3542.6 KN

3) Determine requierd horizontal shear reinforcement:

1 1
Vu=1036.8KN>E><¢VC=E><0.75><1371.7=514-.4KN

~ Needs reinforcement.
shear reinforcement must be provided

Vy<¢V,= ¢(Vc + Vs)

14 _ 14 _1036.8 1371.7 = 10.7 KN
ST ¢ ¢ 0.75 LT
Ay Vs 10.7

= = = 4.55 m?
Sz fyd 420x5.6x103 m” /m
A, 4.55x1107°

= vk = 0.000023 < 0.0025
Pt =%, 0.2

Take p, = 0.0025

L, _7000
5 = 5 = mm

3h=3x%x300=900mm
450 — control

Maximum spacing is the least of =
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=Try 0 12 (Ag = 113.1 mm?) for two layers

_ A, 2x113.1
~hS, 300xS,

p: =0.0025, S,=301.6mm, 012 @ 300 mm

or

=Try 0 10 (Ag = 78.5 mm?) for two layers

A, 2X%x78.5
Pt = =

- = =0.0025, S,=209.33mm, ©10@ 200
hS, 300xS, 2 mm, 010 @200 mm

4) Determine vertical reinforcement:

h, 20.1
=" =287
1, 7

h,,
p; = 0.0025+ 0.5 (2. 5— l—) (p; — 0.0025) > 0.0025
w

p;=0.0025+0.5(2.5—-2.87)(0.0025 — 0.0025) = 0.0025

h,,
For this wall T >2.5 p;=0.0025.
w

[, 7000
—=——=2333.33mm
Maximum spacing is the least of = ?3’, h = gx 300 = 900 mm
450 — control

Use 10 @ 200 mm.

-90-



5) Design of bending moment:
(Uniformly distribution flexural reinforcement)
Check moment strength based on required vertical reinforcement for shear:

The Uniformly distribution vertical reinforcement @ 12 @ 200 mm

7000 )
Age = S0 2 X 113.1 = 7917 mm
ASt) fy < 7917 ) 420
_(Ase N Ty _ X —— = 0.066
W (lwxh f. = \7000x 300/~ 22
P,
=—=90
L Xhx S,
C w+a 0.066 + 0

=0.077

I, 2w+0.858, (2x0.066)+ (0.85 x 0.85)

0.5Ag.f,f:L, |1+ Pu (1—3)
. St) yJ ctw AStfy lw

=0.9[0.5%x 7917 X 420 x 24 X 7000(1 + 0)(1 — 0.077)] = 9875.73 KN.m

oM, =¢

¢M,> M, = 9875.73KN.m >8842.5KN.m — OK

~ Sellect P 12 @ 20 cm for vertical reinforcement

0 12 @ 200 mm c/c

/ 0 10 @ 200 mm c/c

e} ——

USCUD‘O'OD.D"O’U.‘ODUUU@“O.Ul'

7.0m
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