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Abstract

Structural Design and Details for teacher’s neighborhood
buildings

Project Team:
Amjed Salhab Al-Tamimi Anas Khalil AL-Tamimi
Ala’ Hussain Al-Najjar

Supervisor:

Dr. Maher Amro

Supervisor

Dr. Maher Amro

Palestine Polytechnic University-2007

The main idea of this project is to prepare all structural designs and details for

teacher’s neighborhood buildings in Hebron city.

This project consists of 4 models of “villas” that represents 86 villas located on a
two corresponding mountains, in addition to another buildings in a public area like a
mosque, kinder garten and sport club...

All the buildings are designed to satisfy the ACI code 2002.

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the project for each building.
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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.

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.

X1V



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/m3).

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

In This Project, all of the design calculations for all structural members would be

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

So, In This Project, there are two types of slabs: one-way ribbed slabs and one way
solid slab and other type that may be using through the final project. They would be
analyzed and designed by using finite element method of design, with the aid of al -
“ATIR- Software" to find the internal forces, deflections and moments for one way

solid slabs.

The design procedure started from the top to the bottom of structure, so, numbers
were being given to each member to simplifying and classifying these members.
The key plans for each level which show the keys for each member can be shown in
the Figures in appendix "C", and then the calculation started step by step from the

roof to the foundation.

4.2 Design of Rib (Rib R2 in Model B)

The main loads acting on the structure are dead & live loads. Dead Load is

calculated based on the density for each material used in the slab:
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The overall depth must satisfy ACI Table 9.5.a:

Span (1):

hmin=L/18.5 for exterior span

h min =330/18.5 =17.84 cm

Span (2):

hmin=L/21 for interior span
hmin=165/21 =7.86 cm

Span (3):

hmin=L/18.5 for exterior span

hmin=340/18.5 =18.38cm
.. Use an overall depth of 25 cm  (with 17cm blocks).

1. Rib Design:

3.95

Fig. (4-1): Spans Lengths of (R2)

e Live load:

Service Live load = 2 KN/m”
Service Live load per meter rib = 2(0.52) =1.04 KN/m
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o Dead load of the slab:

Coarse Sand Fill = (0.05)(0.52)(16.4) = 0.43 KN/m of the rib.

Tile = (0.03)(0.52)(22) = 0.34 KN/m of the rib.

Concrete Rib =(0.17) (0.12) (25) = 0.51 KN/m of the rib.
Block = (0.17)(0.40)(10) = 0.68 KN/m of the rib.
Topping = (0.08) (0.52)(25) = 1.04 KN/m of the rib.
Plaster = (0.02)(0.52)(22) = 0.23 KN/m of the rib.
Partitions = (1.25) (0.52) = 0.65 KN/m of the rib.

e Total service Dead Load =0.43 + 0.34 + 0.51 + 0.68 + 1.04 + 0.23 + 0.65

e Total Factored load = 1.2(3.88) + 1.6(1.04) = 6.32 KN/m

2. Topping Design:

Live load = 2.0 KN/m?

¢ Dead load = 3.88/0.52 — (0.60/0.52) = 6.31 KN/m?
W, =1.2(6.31) + 1.6 (2.0) =10.77 KN/m*

Assume the slab is fixed at support points (ribs):

Muz WuxI ?
12

2
Mu= (%J =0.144 KN.m for 1 m wide strip

According to ACI (9.5.2.3)

£ =07/t

=0.74/25.5

=3.535 MPa = 3535 KN/m’
Mn=(f,)(s)
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s for a rectangular cross-section =
_bh* 1.0x(0.08)°
6 6
®Mn = 0.65 (3535)(0.00107) =2.46 KN.m

=0.00107 m*

® =0.65 for plain concrete.
®Mn = 2.46 KN.m > Mu = 0.144 KN.m
So reinforcement is not required.

..Provide Shrinkage & Temperature Reinforcement:

For fy =420 Mpa, p = (0.0018)
According to ACI (7.12.2.1):

A,=0.0018(100)(8)=1.44 cm’>/m

e Use ® 8 @ 30 cm on center both ways.
A, Provided = 1.67 cm’ /m

3. Design for Positive Moment:

83 83
57 5.8

Fig (4-2) moment envelope of (R2)
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Effective Flange width (b ) according to ACI 8.10.2:

b, For T- section is the smallest of :

L/4=240/4 =60 cm
b, +16t =12 +16(8)=140cm

C/C spacing = 52 cm
~b=52cm=52 cm.

Use Mu max for all spans = 8.8 KN.m
Mn =Mu/ ® =8.8/0.9 =9.78 KN.m

¢ Check of section behavior: If the section behaves as a rectangular or T — section
(if (a) 1s less or greater than thickness of flange).

For a=t=8cm

C = 0.85xf cxbext

= (.85%25.5%0.52x0.08x1000
=907.68 KN

d=h-Cover-d/2=25-2-12/2=224cm

Mn available =T or C (d - 0.5 a)
=901.68 (22.4 - (8/2)) / 100
=195.18 KN.m
Mn available = 195.18 KN.m > Mn required = 9.78 KN.m

. Design the section as a rectangular section with b,=52 cm.
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o Determination of As max:

= A = 420 =0.0021
Es 200000
Xb 22.4

0.003  0.0051

Xv=13.18cm
a, =P1xXo=0.85x13.18=11.2cm

Co1 = 0.85xfexbexa,
= 0.85%25.5x0.12x0.112x1000=291.3 KN
Cr2= 0.85xfcxbexa,
=0.85%25.5%(0.52-0.12)x0.08x1000=693.6 KN
Tb =291.3 + 693.6 = 984.9 KN
® Asb=984.9/420000 = 23.45 cm?.
So, Asmax = 0.75(23.45) = 17.59 cm?.

As . = Je (bw)(d)zﬁ(bw)(d) ........... (ACI-10.5.1)
4(fy) Sy
= /255 ><12><22.42£><12><22.4
4x420 420

A smin = 0.808 = 0.887

e A =0887cm’

Span (1):
Mu = 8.8 KN.m
m= fy = 420 =19.38
0.85fc' 0.85%x25.5
3
Rn = Mn _ 8.8x10 = 0.375Mpa

~ebd?  0.9%0.52x(0.224)?
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0 =L(l— 1. 2mRn]
fy

_ 1 1_\/1_2><19.38><0.375 0.000901
19.38 420

As =0.000901 (52) (22.40) = 1.06 cm2 > A smin = 0.887 cm?
e Use2 ®10.

Span(2):

There is no positive moment, so minimum reinforcement is required.

As min = 0.887 cm?

e  Use 2 ®10.
Span (3):
Mu = 8.8 KN.m
m= fy = 420 =19.38
0.85fc' 0.85x25.5
3
Rn=-M0__ 8.8x10 ~0.375 Mpa

~ ebd?  0.9%x0.52x(0.224)?

p:l—(l— N 2mRnJ
m fy

_ 1 1_\/1_ 2%x19.38x0.375 0.000901
19.38 420

As =0.000901 (52) (22.40) = 1.06 cm? > Asmin = 0.887 cm?
o Use 2 ®10.

50



4. Design for Negative Moment:

Design of T-section for negative moment done as rectangular section with (b=bw)

The minimum reinforcement is determined according to ACI (10-5.2) as follows:

b=bw =12 cm.

As,, = g ><d><Vf'
26 4fy
s = VIS (19y00 4y < I3
2(420) 4x420

As min= 1.62<3.5

........ (ACI-10.5.2)

(52)(22.4)

e Asmin=1.62cm’
As max:

_p 420 0.0021
Es 200000

X 22.4

0.003  0.0051

X»=13.18cm
a = P1xX»=0.85%13.18 =11.2cm

0.85fc xXb Xa» = A sp Xfy
o = 0.85%25.5%x11.2 —0.026
22.4x420

Pmac =0.750 =0.75x0.026 = 0.0195

A Smax = pmaxwa xXd

®  Asma =0.0195%12x22.4=5.24cm” .

Support (2):
Mu =5.7 KN.m
M =19.38
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-3
Rn= 0 __ 57X10° _y g55Mpa
obd®>  0.9x0.12x(0.224)

p:i(L L 2mRn]
m fy

1 (1\/ | 2x19.38x1.052

~19.38 420

j: 0.00257

As = (0.00257)(12)(22.4) = 0.69 cm? < As min =1.62 cm?.
o Use2d12

Support (3):
Mu = 5.8 KN.m
m = 19.38

-3
Rne MD__ 5.8x10 107 Mpa
ebd> ~ 0.9x0.12x(0.224)

o= i(l- 1. 2mRnJ
m fy

;(1_ Jl_wjzmm

~1938 420

As =(0.00261)(12)(22.4) =0.70 cm? < As min =1.62 cm?
e Use2d12

5. Design of Shear :

Vumax=12.4 KN at face of interior support (3)

oV, =0.75 [@de = 0.75 [%] (0.12)(0.224)(1000) =17KN
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Fig. (4-3): Shear envelope for rib2 (R2)

Category (2):
WNe=17TKN 2V.=124KN 20.5¢/ . =8.5KN
-.No shear reinforced is required according to Category 2 for floor joist

construction.

6. Length of bars: (according to ACI detailing of reinforcement)

e Top bars (Negative moment):

At support (1):

Length of bars = (0.25)(Ln) + width of support — (5 cm)

=0.25(3.3) + 0.45 =1.30m

At Support (2):

Length of bars = (0.3 Ln) (2) + width of support
=(0.3)(3.3)(2) + 0.8 =2.80 m

At support (3):

Length of bars = (0.3 Ln)(2) + width of support
=(0.3)34)(2)+0.7=2.75m

At support (4):

Length of bars = (0.3 Ln)(2) + width of support — (5cm)
=(0.25)(3.4)+035=120m
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e Bottom bars (Positive moment):

Total Length of positive bars in all spans is 10.65 m.

4.3 Design of a Beam (Beam B4 in Model B)

1. Calculation of thickness and dimensions:

o Determination of beam thickness:

Span (1):
hmin=L/18.5 for exterior span

h min=370/18.5 =20 cm.

Span (2):
hmin=L/21 for interior span

h min =480/21 =22.86 cm.
Span (3):
hmin=L/18.5 for exterior span

hmin=400/18.5 =21.62 cm.

.. Use an overall depth of 25 cm.
d =h-Cover-d2=25-4-1-2/2=19cm
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Fig (4-4) Geometry of beam 4

e Determination of beam width:

Assume p = 0.5 pmar

€y _p 420 =0.0021
Es 200000

Xb _ 19
0.003 0.0051

Xp=11.18cm
a, = PixXp=0.85x11.18 =9.50 cm

0.85fcxbxa, =pprxbxdxty

_ 0.85%25.5%9.5
T T 19x420

Doas= 075 = 0.75x0.0258 = 0.01935

Prteced= 0.5%0.01935 = 0.00968

=0.0258

M max = 120.6 KN.m
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fy 420

m= = :1938
0.85f 0.85%x25.5

Rn = p]cv (1 —O.Spm)
=0.00968x420(1-0.5x0.00968%19.38)

=3.68 Mpa
-3
Mn 120.6x10
Rn = —2 =3.68 = —2
bd 0.9xbx0.19
b=1.0 m.
~Useb=1m

2. Design for positive moment:

Fig(4-5): Moment envelope for beam 4

A s min = fe” b)(d)= ﬁ(b)(d) ........ (ACI-10.5.2)
4fy fy
255 1.4
min = 1420) (100)(19) > m(100)(19)
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As min= 5.7lem? >6.33cm?

~Asmin=6.33cm?

As max = 0.01935 x 100 x 19 =36.77cm?.

Span (1):
Mu = 46.6 KN.m
-3
Rn:Mn2 = 46.6x10 ~=1.43Mpa
bd 0.9%x1.0x0.19
m =19.38

p=—l_ 1_\/1_w —0.00352
19.38 420

As =0.00352 x 100 x 19 = 6.69cm?.
o Use 4®16

Span (2):

Mu =55.5 KN.m

-3
R < M 555x10° Ly
bd>  0.9%1.0x0.19
m =19.38
2mR
p=t1= 1= 2™ 0 00425
m fy

As =0.00425x100x19 = 8.1 cm?
o UseS5d16
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Span (3):

Mu = 88.2 KN.m

-3
R M 882x10° L
bd> 0.9x1.0x0.19
m =19.38
1 2mR
p=—|1- 1= - 0.00692
m fy

As=0.00692 x 100 x 19 = 13.15 cm?.

o UseS5®20

The deflection is greater than its limit in the ACI, so the positive reinforcement will
be increased:

o Usel)d20

3. Design for Negative moment:

Support (2):

Mu =72.5 KN.m

-3
Rn=Mn2 = 72.5x10 ~=2.23Mpa
bd 0.9x1.0x0.19

m =19.38

1 2mR
p=—|1- 1= - 000562

m fy
As =0.00562 x 100 x 19 = 10.67 cm?2.
e UseS®d18.
Support (3):
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Mu =96.9 KN.m

-3
Ra=Mn _ 909X10° ;98,4
bd>  0.9x1.0x0.19
m =19.38
2mR
p:i[l— - ”J=0.00766
m §

As =0.00766 x 100 x 19 = 14.55 cm?2.
o Use5d20

4. Design of Shear:

Fig. (4-6): Shear envelope for beam 4

V. ...=105.7 KN at distance d from the face of support.

u max

oV =0.75 [@}bd =0.75 [%j (1.0)(0.19)(1000) =120KN

Category (2):
0.5¢Ve <Vu < ¢Vce
60 KN < 105.7 KN<120 KN
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PV min = O.75><%><(Mpa)><b xd

= O.75><%><(Mpa)x1.0x0.19><1000

=47.5KN
DA fd
S Af,d_ 0.75%4x0.79x42x19 - 39.8 em.
dVs 47.5
S <d/2=95cm ....Control
S<60 cm

e Use2 ® 10 stirrups @ 9.5 cm.
PV =0V +PdV

¢ min

PV, =160+ 53.83 =213.83 KN

5. Length of bars: (according to ACI detailing of reinforcement):

e Top bars (Negative moment):

At support (1):
Length of bars = (0.25) (Ln) + width of support — (5 cm)
=0.253.7)+0.15=1.10m

At Support (2):

Length of bars = (0.3 Ln) (2) + width of support
=(0.3) (4.8) (2)+0.8=3.20m

At support (3):

Length of bars = (0.3 Ln) (2) + width of support
=(03)4.8)(2)+04=330m

At support (4):

Length of bars = (0.25 Ln) + width of support — (5 cm)
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=(0.25) (44)+035=145m

e Bottom bars (Positive moment):

Span (1):

Length of bars = Ln + (Width of first exterior support—Scm) + (15cm) min
=3.70 + 0.20 - 0.05 + 0.15 = 4.00 m (Minimum)

Use L =4.30 m

Span (2):

Length of bars = Ln + (15cm) + (15cm)
=4.80 + 0.30 = 5.10 m (Minimum)

Use L=5.50 m

Span (3):

Length of bars = Ln + (Width of second exterior support — 5cm) + (15c¢m) min
=4.00 + 0.40 - 0.05 + 0.15 =4.50 m (Minimum)

Use L =5.00 m

4.4 Design of One Way Solid Slab (Slab S1 in Model B)

The slab would be analyzed and designed with the aid of "ATIR" software to find
the internal forces, deflections and moments, and then manual calculation will be

made to find the required steel for all members

1. Determination of thickness of one way solid slab :

The minimum thickness of nonprestressed beams or one way solid slabs (unless

deflections are computed) is given in table (9.5-a) in the ACI code.
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For slab (S1 of the well) which have span length 4m

1 2
1

. A ——
L+ [ % | S
R 3.6 04
I I 1 I 1

I I

25.
100.

Fig. (4.7): Geometry of slab1 in model B

Minimum thickness h =

L _36_435m=225em
16 16

According to above value, the 25cm thickness of slab is adequate.

2. Load Calculations:

¢ Dead load:
The thickness of slab =25 cm
Nominal Total Dead Load = 0.25 x 25 = 6.25 KN/m?.
Factored Total Dead Load = 1.2 x 6.25 =7.5 KN/m?2.
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e Live load:
Nominal Total Live Load =2 KN/m?2.
Factored live load = 1.6x2 = 3.4 KN/m?2.

3. Design of Shear:

Thickness of slab (h) must be chosen to satisfy shear requirements based on PV,

working alone.

214 19.3

Fig. (4.8): shear diagram of slab1 in model B

e Max Vu at the support:
Vu = 19.3 KN (At distance (d = 21 cm) from the face of support).

dVce = 0.75[\/];7)%
_ 0.75[_J25-5 }amm(ﬂj
6 100
=132.6 KN.

Vu=74KN< ®Vc =132.6 KN

Thickness of slab is sufficient to satisfy shear requirements.
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4. Design for Moment:

Fig. (4.9): Moment diagram of slab1l in model B

Mu =21.4 KN.m
Mn =21.4/0.9 =23.78 KN.m

Determination of As max :
d=25-4-0.6=20.4cm (If bar with ¢ = 12cm will be used)
Asmax=p_ xXbxd

=0.01935 x 100 x 20.4 = 39.474 cm?.

Determination of As min:

\/fc
A bw )(d >—b d)..c....... ACI 10.5.1
8 min 4(f)( )()f( )d) ( )
/255 1.4

= 4@20) (100)(20.4) = —(100)(20 4)

Asmin=6.13 > 6.8

. As min = 6.8 cm?2.
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m=_ 8
0.85%fc
420

T 0.85%25.5
=194

L Mu___ 34.67x100
¢*b*d®  100x(20.4)*

p= l(l— 1_2mRn)
m \j fy

L \/1_2(19.4)(0.083)

= 0.083 KN/ cm?.

~ 1938 4 )

=0.00202
As req. =0.00202 x 100 x 20.4
=4.12 cm?

Asreq.=4.12cm? <Asmin= 6.8 cm?.

-.Use Asmin = 6.8 cm?2.

e Use @ 14 @ 20 cm with As prov. =7.77 cm?.

4.5 Design of Column (Column C2 in Model B)

1. Design of cross sectional area:

Designing the cross sectional area of the column will give small dimensions which
are not practically executed, so a (30cm x 40cm) cross sectional area column is
suitable for this interior column!

DL =419.13 KN
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LL =114.26 KN
Pu=12DL+ 1.6 LL
=1.2(419.13) + 1.6(114.26)
=685.772 KN
Pnreq =Pu/ ® (where @ =0.65
= 685.772/0.65 = 1055.03 KN
Usep=p, =1%

Pn =0.8 {0.85 fc' (Ag — Ast) + fy Ast}

and Ag = 1200 cm?.

________ ACI9.3.2.2)

ACI Code 10.3.6.2

=0.8 Ag {0.85 fc’+ P g (fy — 0.85(fc’ )}
= 0.8 (1200) {0.85 (2.55) + 0.01 (42.0 — 0.85(2.55))}

Pn available = 2463.2 KN > Pnreq = 1055.03 KN

.. The dimension of the column is sufficient for carrying the loads (as assumed

previously).
2. Design of reinforcement:

Using pmin=0.01
Astreq = (0.01) (1200) = 12 cm?
o Use8P14  with As=12.32 cm?

3. Slenderness effect:

¢  Check of slenderness ratio ’K_lu

r

Klu

M1
(T)5(34'12)(m)

<40

ACI10.12.2
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Where:
Lu: Actual unsupported length.
k: effective length factor (K= 1 for braced frame).

. _ I
r: radius of gyration = \/;

I = bh3/12 =40(30)3/12 = 90000 cm*

A =1200 cm*
r= M = &.66 cm?.
\ 1200
Klu_1>x3m 652
r 0.0866

<. Slenderness effect must be considered

Cm
ol= >1
(1 —(Pu /.75Pc)]

= ! >1
(1— (685.772/.75Pc)]

Determination of Pc:

_ T*XEI
k lu

Pc

ISOVISS 3055 e

1
Est =20000 KN/cm?

_30%x40°

gross

=160000 cm®

Is = 2(8(1.54) (14.6)2) = 5252.26 cm"’
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30

A

Fig. (4.10): strain and stress of column C2 in model B

El larger of:
0.2(Ec Ig) + Es Is = 0.2(2395.3)(160000) + (20000)(5252.26) =181854800 KN.cm?
0.4 Ec Ig = 0.4(2395.3)(160000) = 153299200 KN.cm?

7* x181854800
Pc = 5
300

J= 502.96 o
685.772

=19942.6 KN

733

ol= ! =1.05
1-(685.772/.75(19942 .6)

e min = 15 - 0.03(h) =15 - 0.03(250) = 22.5 mm

e used for the design = 22.5(1.05)=23.625 mm = 2.36 cm

The capacity (Pn) of the column
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Cs = As (fy — 0.85xfc) = 3x1.54(42.0 — 0.85%2.55)
=184 KN

Cc = 0.85xfcxbxa
= 0.85%2.55%30xa
=0.85%2.55x30x0.85X = 55.27X

€s= (32— X)[w

=(32- X)(% x 20000

Fs=(32- X)(% % 20000

=60£32—X}
X

T=AsxFs= 3(1.54)(%)

_(8870.4-277.2X
X

>° M (+ clockwise) =0

17.29+ 55.27X(¥ - 17.64) —184x13.57=0.0

_( 8870.4 - 277.2Xj

By trial and error the value of X =42.8 cm
Then:

Cs =184 KN

Cc =55.27(42.8) =2365.56 KN

- (8870.4— 277.2x42.8

=—T70KN
42.8
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.. The tension force is in the opposite direction
Pn=Cs +Cs + T =184 +2365.56 + 70 = 2619.56 KN
Pn =2619.56 KN > Pn =1055.03 KN

.. The column is sufficient for the applied load.

4. Lateral Ties Selection:
For @ 10 mm ties: according ACI 7.10.5.2

S<16d,=(16x1.4) =22.5cm ...use
<48d,= (48x1.0) = 48cm

<smaller dimension of the column = 30cm

o Use®10tie @ 25 cm.

4.6 Design of Isolated Footing (Footing F3 in Model B)

e Total factored load = 710.0 KN.
e Soil weighting = 17 KN/m3.
¢ Allowable soil pressure = 500 KN/m?

e (Column dimensions = 40 cm x 30 cm.

1. Bearing pressure design:

Estimate footing to be about 40 cm thick in addition to about 10 cm of blinding

concrete and let the base elevation to be 80 cm.

¢ Footing Weight = 0.5 m (25 KN/m3) = 12.5 KN/m2.
¢ Overburden Weight = 0.3 m (17 KN/m3) = 5.1 KN/m?2.
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P net=500-12.5 - 5.1 =482.4 KN/m3.

Required area (A) = Total Weight / Net Soil Pressure
=710 KN/ 1.4 (482.4) KN/m?

=105m’
Use ...... L=1.10mB=1.10m, A=121m?

2. Thickness of the footing design:

Pu=710.0 KN.
P net (factored) = 710 KN / 1.21 m2 = 586.78 KN/m?2.

¢ One way shear:

(V. =c1>%\/§ bod) >V,

0.75(é)(\/25.5 x10)(110)(d) = 5.87(110)(40 - d)

694.3d =25828 -645.7d
.. d=19.3cm

Total depth h =19.3 cm + 8 cm (cover) + 2 cm ( @ of reinforcing bars) = 29.3 cm
Minimum h (practically executed) = 40.0 cm.

. d=40.0-8-2=30.0cm

e Two way shear:

V, =P, x[(B)x(A) - (a+d)(b+d)]

71



V, =5.87 [(110><110) - (70><60)]10/1000

V, =463.73

The punching shear strength is the smallest of:

:é[ng%j\/fj,b"d
T {b /d er ¢

Where:

B =

long side of the column

short side of the column

=40/30=1.33

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

=2 [(40+30) + (30+30)]
=260.0 cm.

a, =40 (for interior column)

1(, 2)\[.7
V.=—|1+— W bd ;
‘ 6( /;’J I b, _04174f. b d

( a ,
i :E{bj[/d +2J‘/Zb"d _0551f, hd
V. =§\/f7c,bnd :0.33\/fTbod
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V.=0.33(+/25.5)(2600)(300)/1000 =1299.8 KN
DV, =0.75%x1299.8 =974.85 KN

DV, =974.85> V, = 463.73

.. Use 40 cm as a total depth in addition to 10 cm as a blinding concrete

3. Dowels design:

®Pn=d(0.85fc")Ag > Pu

25.5

®Pn=0.65(0.85x
10

)(40x30) = 1690.65 KN > 710 KN

Dowels are not required for load transfer.
.. Use the minimum dowels area,

As min = 0.005 x (40 x 30) = 6.0 cm2
Use 4 ® 14 dowels with A_ =6.16cm’

The ® 14 dowels must be developed above and below the base of the column (to

face of footing), as below:

¢ Development Length (L ):

Ld for @ 14:
L, 420 420
- xd, = x1.4 =29.11 cm > 0.044 (db) (fy) = 25.87 cm
4255 " 4255 Y

“ Ly =29.1cm = 30 cm

Available embedment = 80 — 8(cover) — 2(1.4) (footing bars) = 29.2 cm = 30 cm
* OK
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4. Design of Bending Moment:

The critical section for moment is at the face of the column, the design of the
bending moment will depend on the larger value of 40 cm (since the column is not

square, the other value is less; 35 cm).

=| 5.87x110x M—ﬁ x0.5 110_30 /10000
2 2 2

{(5.87x1 10><40)><0 5(40)} /10000

=51.66 KN.m
Mn = &_w_57_4 KN.m
® 09
4
Required Rn = MI; = 57'4X102 =5.80 Kg/cm®
bd®  110x30
0.85f;
__ 40 933
0.85(25.5)
Required p = 1 [1 - 1- 2mRnJ
m f,
o \/ 1. 2(19.38)(5.80)
19.38 4200
=0.0014

Required A =0.0014x110x40
=6.16 cm?
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1.3 (Required Ag) = 1.3(6.16)

= 8.01 cm?
.. f! 1.4
Minimum A = -—b,d =2 — b, d
af, f,
Minimum Ag = 25:5 (110)(30) = 14 (110)(30)
4(420) 420

Minimum Ag =9.92 cm? > 11.0cm?2
. minimum Ag = 11.0cm?
1.3 (Required Ag) = 8.01cm? < minimum Ag = 11.0cm?

AS for shrinkage and temperature = 0002(1 10)(40)
= 8.80 cm?

s Ag = 8.80cm?

o Use6® 14 A, =920cm” (Ineach way)

Development Length (L, ):
Category (A), item 2 applies,

Ld for @ 14:
420 420
c= afArAd =——xIx1xIx1.4=58.22cm > 30cm
23255 p2d, 24255
-~ L, =5822 cm.

Available embedment =40 — 8 =32 cm < 58.22cm

..extend the bar using a 90° standard hook

Required length of the hook = 58.22 — 32 = 26.22 cm = 30 cm.
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_100d, _ 100

w255

L, =L,, x modification factor

L (1.4) =27.72 cm

Modification factor:
o (Concrete cover =0.7

Ly, =27.72x 0.7 =19.40 cm
>28d,=814)=112cm

> 15cm
Ly =19.40 cm
~ Ly, =30.0cm

Available length =40 - 6 — 2(1.4) = 28 cm.

4.7 Design of Strip Footing (wall footing)

1. Calculation of load:
e Dead load:
Service Dead load = 97.5 KN/m

e Live load:

Service Live load = 7.8 KN/m

Total Service load =97.5 + 7.8 =105.3 KN/m
Total Factored load = 1.2(97.5) + 1.6(7.8) =129.5 KN/m

2. Design of footing width:

Pn
§ball = X
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For 1- meter width of footing.

Pn
ball — w
Pn
Sball = T
b= Pn
Oy
b=10>3 _ 21 m
500

The required width is small, select a width of 40.0cm.
w =40 cm
So, the bearing pressure is:

Pu
Bbulzx

_ 1295 =323.75KN/m?
0.40x1

and it is uniformly distributed beneath the footing, since there is no eccentricity.
3. Design of footing thickness:

By assuming the thickness of the footing = 30.0 cm.
h=30cm

For @ 12 bars

d=30-7.5-12=21.3cm

* one way shear

The shear strength of concrete,

Ve =0.75xé>< fexbxd
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Ve = 0.75xé><\/25.5 x1000x213
=134.45KN
¢ Vc must be greater than the actual ultimate shear of footing at distance d from

the face of wall.
Since the distance between the face of wall and the edge of footing is smaller than
the required d, the value of shear will be taken from face of wall.
Vu(at the face) = 0.05(323.75)(1)
=16.2 KN
®Vce>Vu ... 0K

4. Design of Bending:

® Design in plain concrete:

Mu = (323.75)(0.05)(0.05/2)

=0.4 KN.m
8y = 0.42x/fC
=0.42x~/25.5
=212
mXcC
L
O x1
1’nall = c ZBT ><Sm

I
where, — =S
C

S - 0.4x0.3*

m

=6x10°m’
®dMn = 0.55x2.12x6x10°x10°
=7x10° Nnmm = 7.0 KN.m > Mu =04KN.m

® So, the plain concrete is adequate and no reinforcement is required.
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5. Design of dowels:

®Pn = ®(0.85xf cxAg)
= 0.7x0.85%25.5%x1000x250
= 3570KN

@®Pn =3570KN = Pu=129.5KN

Dowels are not required for load transfer.
.. Use the minimum dowels area,
As =0.0012x Ag

=0.0012x100x30 =3.6cm’

e Use ®12 @ 25 cm......... Asprov. =4.52 cm? /m

4.8 Design of Basement Wall

Case A: design against Earth load

You =18 KN/m3 (Unit weight of the soil)
0 =30° (Assumption)

H=3m (Height of retaining wall)

K, =05

1. Calculation of loads:

e Deal load calculation

e,=YxXxHXK,
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= 18X3x0.5 =27 KN/m2
E,=05xHxe,
=0.5x3 x27=27 KN/m
¢ Live load calculation
ep=P XK,
= 2x0.5 = 1.0 KN/m2
E, = Hxe,

=3 x 1=3.0 KN/m (for 1m strip)

2. Thickness of the retaining wall:

z Mb (positive clockwise)

Axx3-405x1+3x15=0.0

Ax =15.0 KN
Bx =28.5 KN

Determination of zero shear point: Fig. (4.11): loads on a basement

wall

2Tk

1
Ax! Bx

Shear
27

x=1.M 1.29

15

Fig. (4-12): Zero Shear point of the wall
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2z
3 X

15=0.5xxx9x+x

=7 =9x

15=4.5x"+x
45x*+x-15=0.0

x_—BJ_r\/BZ—4><A><C

2X A

x_—li«/12—4><4.5><—15
2x4.5

~Z=9x1.71 =15.39 KN/m?

=1.71m

Z Mx (positive clockwise)
15x1.71-0.5x15.39%x1.71 x 1.71 x % -1x1.71 x 1.71 x 0.5 =16.89 KN.m

Mu=1.6 xMx=1.6x16.89=27.02 KN.m
Use,

p = 0.5(pmax)

p=0.01935

p = pmax = 0.0097

Use p = 0.01

m = 19.38

Mu =27.02 KN.m

Mn = 30.02 KN.m

Rn=p (f,(1- 0.5 p m)=3.79 MPa

Mn 30.02x10°
d,.= = =89 mm
d Rnxb 3.79%x1000

If @20 bars are used:
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h = (89+20+70) = 179 mm
<. Use h =250 mm.

3. Wall Reinforcement:

e Main reinforcement

d =250- (20 +70) = 160 mm

__Mn__30.02x10°
b*d>  1000%160°

p:l[l— 1_2mRnJ

=1.17 N/ mm?*

m

p L 1_\/1_2><19.38><1.17 —0.00287
19.38 420

A =0.00287x100x16=4.6cm*/m

sreq

Jixbxd _ 1.4xbxd

As min = >
4><fy fy
_ +/25.5x1000x160 S 1.4x1000x160
4x420 B 420

=481.0mm? >5.33mm?

- As min = 5.33¢cm?*/m

Asreq=13%x4.6 cm®/m > Asmin =5.33cm” /m

As selected =5.33cm* I m

Check shrinkage and temperature reinforcement,

As shrinkage = 0.0018 x 100 x 25 =4.5 cm? /m
Asreq=5.33cm’ /m > As shrinkage = 4.5cm” I m

Asselected = 5.33 cm?/m
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e Use ®12 @ 20 cm......... As prov. = 5.65 cm? /m

e Secondary Reinforcement

The required secondary reinforcement is equal to shrinkage and temperature
reinforcement.

Asshrinkage = 0.0018 x 100 x 25 =4.5 cm? /m.
Use ®12 @ 25 cm......... As prov. =4.52 cm? /m

Case B: design against Water load:

=10 KN/m?3 (Unit weight of water)

ywaler

H=3m (Height of retaining wall)

1. Calculation of loads:

¢ Deal load calculation
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w=yxH
=10x3
=30 KN/m2
W=05xHxw
=0.5%3x%x30

=45 KN/m

2. Thickness of the retaining wall:
Z Mb (positive clockwise)

Axx3-40.5x1=0.0

Ax =15.0 KN
Bx =28.5 KN

Determination of zero shear point:

£=£:>Z=10x
3 X

15=0.5xxx10x

15=5x"

x=1.73m

~Z=10x1.73 =17.3 KN/m?

Z Mx (positive clockwise)

15><1.73—0.5X17.3><1.73><1.73><% =17.32KN.m

Mu=1.6xMx=1.6x17.32=27.68 KN.m
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Use,

p = 0.5(pmax)

p =0.01935

p = pmax = 0.0097

Use p=0.01

m= 19.38

Mu = 27.68 KN.m

Mn =30.76 KN.m
Rn=p(fy1-0.5pm)= 3.79 MPa

[ Mn /30.76><106

dreq = = =90 mm
Rnxb 3.79x1000

If @20 bars are used:

h=(89 + 20 +70) = 179 mm
<. Use h =250 mm.

3. Wall Reinforcement:
e Main reinforcement
D =250 - ( 20 + 70) = 160 mm

Mn _ 30.76x10°

n=—_—= ~=1.2N/mm’
bxd®>  1000x160

po L 1_\/1_2><19.38><1.2 —0.00294
19.38 420

Asteq=0.00294x100x16 =4.7cm” / m
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JExbxd _ 1.4xbxd

As min = >
4><fy fy
_ 1/25.5x1000x160 S 1.4x1000x160
4x420 B 420

=481.0mm?> >5.33mm*

- As min = 5.33cm?*/m

Asreq=1.3x4.7 cm*/m> Asmin =5.33cm’ /m

As selected =5.33cm?*/m

Check shrinkage and temperature reinforcement

Asshrinkage = 0.0018 x 100 x 25 =4.5 cm? /m
Asreq=5.33cm’ /m > As shrinkage =4.5cm’> I m
Asselected = 5.33 cm*/m

e Use @12 @ 20 cm......... As prov. = 5.65 cm? /m

e Secondary

Reinforcement BASEMENY FLOOR-Leve) _Q\}\_

The required secondary

reinforcement is equal to

0,25

shrinkage and temperature

reinforcement. @12 /20-V Imi #12/20-V
e Use®12@ 25 cm J

5.00

dfem Slsh T

0,3

Rock Laver | fud Jod fed &

Fig. (4.13): Reinforcement of the Basement Wall
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4.9 Design of Stairs

T A T YT

Fig. (4.14): Section in stair
1. calculation of load:

e Dead load:

h=£=@=l9cm »use 15cm.
20 20
f=tan" (E)=28.80
30

(DL) H - plate =0.03 x 22 x % =0.726 KN/m2.
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(DL) V —plate =0.03 x 22 x % =0.352 KN/m2.

(0.15m)(25kN/m?)
c0s28.8

(DL) Concret plat= =4.565kN/m*

0.16m

(DL) Steps = ( ) X 25kN/m’=2.0kN/m”

(DL) H —mortar =0.02 x 22 = 0.44 KN/m2
(DL) V —mortar = 0.02 x (0.16/0.3) x 22 = 0.235 KN/m2
(DL) Sand =0.06x 16.4 = 0.984KN/m?2

3
(DL) Plaster = X0ZM@2ZKNMT) 4 565 N/

c0s28.8

Total dead load = 9.8 KN/m?
Factored dead load = 1.4(9.8) = 11.76 KN/m2.

e Live load:
Live load = 2 KN/m2.
Factored live load = 1.6(2) = 3.2 KN/m2.

Wu = Factored dead load + Factored live load.....for 1-m of the stair slab.
Wu=11.76 + 3.2
Wu = 14.96 KN/m.

2. Design for positive moment:

e Main reinforcement:

Support reaction in stair:

Ay = Wu x L2_s: 14.96 x 3 =22.44 KN.
2
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Using © 14 bars
d=15-2-0.7=12.3 cm.

Max. Moment by using the shear diagram:
Mu =22.44%0.4+0.5%1.5%22.44=25.8 KN.m
Mn =25.8/0.9 = 28.67 KN.m

Mn _ 28.67x10°

n = > = 5 = 8
bd (1000)(123)

7 Mpa

f 420

y

M= 0.85xf,  0.85%25.5

m=19.38

1 \/ 2x19.38x1.87
p=—|1- 122220000
19.38 420

0 =0.0047

A =pbd

P min = Vi 514 _0.003>0.0033
4(ty) fty

P min = 0.0033

0.0033 < 0.0065 < 0.0306

As = 0.0047(100)(12.3) = 5.7 cm”’
o Use®12 @ 20 cm

¢ Secondary reinforcement:

As =0.0018(15)(100) = 2.7 cm”
e Use ®8 @ 15 cm.
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3. Design of shear:

f/
PV, = 0.75%bd = 0.75%x\/ 25.5x1000x123 =

®V.=77.6 KN >Vu = 22.44 KN (0.k.)

The depth is satisfied for shear requirements.

4. Development length of the bars:

f
Ld=——u0.p.vy.d,

2 i
For ®12 bars:
420

T oxV25.5

Ld Ix1x1x1.2

Ld=50 cm

5. Landing Design:
(DL) mortar = 0.02x 22 = 0.44 KN/m?

(DL) Plate = 0.03x 22 = 0.66 KN/mZ.
(DL) Concrete plat=(0.22m)(25 KN/m*)=5.50 KN/m*

(DL) Plaster =(0.02m)(22 KN/m*)=0.44 KN/m*

Total dead load per 1- m = 7.04 KN/m

90



Live load = 2 KN/m.

Factored dead load = 1.2(7.1) = 8.52 KN/m
Factored live load = 1.6(2) = 3.2 KN/m2.

Reaction of the step's slab = 22.44 KN/m

Wu = Factored dead load + Factored live load+ Reaction of the step's slab (for 1-m
of the stair slab)

Wu=2852+32+2244

Wu =34.16 KN/m.

W, xL’
Mu = 2

2
Mu = 34.16x(2.2)

=20.7 KN.m

Mn =20.7/0.9 = 22.96 KN.m

6
n = MI; = 22.96 x 102 =1.52 kg/cm?
bd (1000)(123)

m=19.38
1 \/ 2x19.38%1.52
p=——1-[1-
19.38 420
p =0.00376
A =pbd

P min= Y€ 514 _0.00320.0033
4dy) fy

0.0033 < 0.00376 < 0.0309
As =0.00376(100) (12.3) = 4.62 cm’
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o Use®12@ 20 cm.

6. Shrinkage and Temperature Reinforcement:

As =0.0018 (100) (15)=2.7 cm"
o Use®8 @ 15cm

2] EEZ0,/100 cm

[ R e RO O T

40;549.-":!?
] |

412®E6 B !
L=500 e¢m o) i e

$12620,/130 cm

#12@20,/100 cm

#12E20/130 cm

Fig. (4.15): Reinforcement of the stair
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4.10 Shear wall Design:

1. General definitions:

The base shear force:

C,xI
= X
RxT

\% W (30-4)

The total design base shear need not exceed the following:
2.5xC xI
= X
R

\Y%

% (30-5)

The total design base shear shall not be less the following:
V=0.11xC XIXW-------- (30-6)

Where:

V = the total design lateral force or shear at the base.

W = Total seismic dead load of the building, including the weight of all permanent
structural and nonstructural components, such as walls, floors, roofs.

R = Numerical coefficient depends on the structural system = 5.5.

7. = Seismic zone factor = 0.3 for zone 3.

Cv = seismic coefficient = 0.3.

R = Numerical coefficient = 5.5.

I = Importance coefficients = 1.0.

Ca = seismic coefficient = 0.3.

T = elastic fundamental period of vibration, in seconds , of the structure in the

direction under the consideration .
T=C,(h )"
Ct = Numerical coefficient = 0.0488.

h = Height of the structure above the base level.
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The total design base shear V is distributed over the height of the structure

according to equation:
V=F1+Z Fi
i=1
Where:
I, = The concentrated force applied at the top of the structure.

E=0.07TV <0.25V .

The remaining portion of the base shear is distributed over the height of the

structure including the top level n, according to the expression:
FX= (V_ Ft ) thx / zi=1 Wihi
Where W, = Portion of W at x , 1 level.

hx > hi = Height to x , i level.

The design shear at any story, \/ , equals the sum of the forces , | and F_

above that story.
Horizontal shear reinforcement spacing shall not exceed:

_AvxFyxd
Vs

S

Where: Vs=Vn-Vc

g (ﬂ}
5
S <3h
S <18" = 450mm

Note: S minimum value controls
Ph(min) = 0.0025

Vertical shear reinforcement spacing shall not exceed:

(%)
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S <3h
S <18" =500mm
Note: S minimum value controls

pn of vertical shear reinforcement shall not be less than:

pn(min) = 0.0025 + 0.5(2.5 - 7—wj(ph —0.0025)
w

ph(min) = 0.0025

2. Calculation of loads:

e Basement Floor:

Weight of the Slab = 353KN.
Weight of Columns = 65 KN.
Weight of walls = 868 KN.

Total weight of the Basement Floor = 1286 KN.

Total factored weight of the Basement Floor = 1.2x1286
= 1543 KN

¢ Ground Floor:
Weight of the Slab = 1170 KN.
Weight of Columns =106 KN.

Weight of walls = 2736 KN.

Total weight of the Ground Floor = 4012 KN.
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Total factored weight of the Ground Floor = 1.2x4012
=4814 KN

e First Floor:

Weight of the Slab = 1170 KN.

Weight of Columns =106 KN.

Weight of walls = 2736 KN.

Total weight of the First Floor = 4012 KN.

Total factored weight of the First Floor = 1.2x4012
=4814 KN

e Roof Floor:

Weight of the Slab = 750 KN.

Weight of Columns = 54 KN.

Weight of walls = 1024 KN.

Total weight of the Roof Floor = 1828 KN.

Total factored weight of the Roof Floor = 1.2x1828

=2194 KN

Total factored weight of the Building Floors = 13565 KN.
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3. Calculation of shear force on shear walls:

T =0.0488%(13)"" =0.33 second

The base shear force:

V= M><13565 = 2242KN
5.5x0.33

The total design base shear need not exceed the following:

_2.5%0.3x1

\Y% x13565=1850KN

The total design base shear shall not be less the following:
V=0.11x0.3x1x13565=447.6KN

Select V=1850 KN

Fx = (V - Fr)th.x/Z:l:l wihi
F, =0.07TV.

F._ 0.07 x 0.14 x 1850 = 18.13 KN < 0.25V=463 KN
ZLWahi: 3.25x 1543 +6.5x4814 +9.75 x 4814 + 13 x 5800.3
=111764.25KN.

F._ [(1850 -18.13) x 4814 x 3.25] / 111764.25 = 256.4 KN Shear force at

basement floor.

F._ [(1850-18.13) x 4814x6.5]/ 1111764.25 = 512 KN Shear force at ground

floor.
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Fx3= [(1850-18.13)x 4814x9.75]/ 1111764.25 = 769.3 KN Shear force at first
floor.

F .. = [(1850-18.13)x 2194x9.75]/ 111764.25 =351 KN Shear force at roof floor.

Ratio calculation for wall No.No.1 in x direction:
F . 256.4x0.2 = 51.28 KN at basement floor.

F 2_ 512x0.2 = 102.4 KN at ground floor.

F 227693x0.2 = 153.8 KN at the first floor.

Fx4 =351x0.2 =70.2 KN at the roof floor.

DKM S1.28KN S1.28HN

IBE.&EKMN.M 15268KN

102 4+ =

BEEIZKNM

307 48KN

153.8KN ————=

16654 3K M GFEEEN

F0EKN ————=
CEFEPKNM L 3??68KNL

Moment Diagram

Shear Diagram

Fig. (4.16) Moment and Shear Diagram of the Shear Wall
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4. Design of shear:

Vu =377.68 KN.
d=0.8xLw =0.8x4.5=3.6 m.

[ VC=O.75X%X\/ 25.5x3600x200=454.5KN.

0.5x ¢ Ve = 227 KN> Vu = 377.68 KN > ¢Vc=454.5KN

.. Minimum shear reinforcement is required.
Vs min = %xbxd=éx3600x200=237.6KN

Assume @ 10 for shear Reinforcement.

DX Avxfyxd 2x0.79x420x3600

3 100 cm
D Vsreq 237.6x10

Sreq=

The required spacing is the smaller of the following:

S =L—W=@=750m
6

or, S =3xh =75m

or S =45¢m

select S =45cm

AV eq > (AY 1min=0.0025%h) ... (ACI 11.8.4)
S S

2X0.79 5 0.0025% 25 = 0.035¢1m < 006071 o OK.

So, use ®10@25cm.

2x0.79 =>0.0025%25 = 0.063cm = 0.063cm...........cc.cce...... O.K.
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5. Design of Vertical Reinforcement:

Minimum Vertical Reinforcement:
P i =0.0025+0.5(2.5—]}i—w)(ph—0.00ZS) verieee. (ACI11.10.9.9).
A

ph=Horizontal reinforcement ratio.

(2x(0.79)x 190y
ph = 25 —25%107
100%25

P in=0.0025+0.5(2.5 —%50)(2.&(10_3 —0.0025) =0.0025 .

As req = 0.0025 x 3600 x 25 = 225 cm? (For Both Faces).

e Use®12@35 Asprovided=226cm2>Asreq .............. OK.
AV o> (A min=0.0025Xh)..or (ACI 11.8.4)
S S
2x1.13 > 0.0025%25 = 0.065 = 0.0063..................... OK

6. Design of Moment:

¢ Design as light loaded shear wall.
So the Vertical reinforcement of (012 @35), will not be considered.
Mu = 2892.9 KN.m

Mn _ 2892.9x10°

Rn = > = >
b xd 0.9x250x3600

=1.0Mpa
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p=—L_ 1_\/1_w = 0.0024
19.38 420

Asreq = 0.0024x25%360 = 21.9 cm®

\/ft’ xbxd 5, L4xbxd

As min = >
4xf, £
_ 4/25.5%250%3600 . 1.4x250%3600
B 4x 420 - 420

=27.1em* >30cm?

- As min = 30cm’?

As req =1.3%x21.9cm> > As min =30cm”

Asreq =285 cm’

As selected =28.5 cm?

o Use 6025, As provided = 29.5 cm?.

\@m:z,»’zﬁ

450 c11

Fig. (4.17) Reinforcement of the Shear Wall
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4.11 Design of the Dome (Related to the mosque in the

Public area)

By using the membrane theory of shell revolution:
Assume the height of dome = 3m

Distance from center to center =8 + 0.1 + 0.1 =8.2 m
4.)*+(R -3)*=R"

(4.1’ =R*-(R-3)

(4.)=R*—R*+6R -9

16.8=6R -9

6R =25.8

R =43m

cos¢=R—_3=ﬁ=0 3
R 4.3

¢=72.4°>51.8°

.. The shell is subjected to tensile hoop stress.
1. Calculation of load:

Dead load:

Assume the thickness of the dome to be h = 15cm

Self weight = (0.15).(25) = 3.75 KN/m?

Live load:

Service Live load = 2.6 KN/m?

Total Service load = 3.75 + 2.6 = 6.35 KN/m?
Total Factored load = 1.2(3.75) + 1.6(2.6) = 8.7 KN/m?
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2. Stresses calculation:

The total vertical load for part of the dome making a with the vertical
=W x 21 x R? x (1 - cosa)

=8.7x27wx4.3*x(1-cos &)

The meridian force:

=27 XWXR*X(1-cosq)

- 27X RXsin® &

_ —WxR -87x43 -3741
_(1+cosa)_(1+cosa')_(1+cosa')

N¢

The hoop force:
NO=W xR x( - cos o)
l+cosa
=37.41x( -Ccos a)
l1+cosa

Determining the meridian and hoop stresses when o = 0 and o = 72.4

When a = 0:
= i‘“ =—18.71KN
(I+cos0)
NGO =37.41x( —cos0)=-18.71KN

1+cosO

When o =72.4:

103



-37.41

=—————=-2872KN
(I+cos72.4)

NO=37.41x (; —co0s72.4)=17.4KN
1+cos72.4

The maximum value of meridian force N® = -28.72 KN (compression force occurs
at the base).
The maximum value of hoop force NO= 17.4 KN (tension force occurs at the base).

The maximum compressive hoop force NO = -18.71 KN

3. Design of reinforcement:

The maximum compressive stress due to meridian force N® :

Z3TAI000 _ ) 35100 < & = 10Mpa
(150 x1000)

The maximum compressive stress due to hoop force NO :

~18TIX1000 _ 4 1 5501pa < & = 10Mpa
(150x1000)

The maximum tensile stress due to hoop force NO:

17.4x1000

—————— =0.12Mpa < & = 5Mpa
(150%1000)

The maximum compressive stress and the maximum tensile stress are less than the
compressive and tensile strength of concrete, so no reinforcement is required but

minimum reinforcement will be applied.
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Minimum reinforcement:

\/ﬁ xbxd = ﬁ><b xd
4xfy Iy
3.77cm* > 3.85cm”*
As, . =3.85cm’
¢12@25 cm (forhoop and meridian)

4. Design of the ring beam:

The maximum compressive force is due to meridian stress:
N® =-28.72 KN

The force transfer from dome to the ring beam

F=128.72 x cos 72.4 =8.7 KN/m of ring beam from the dome

The total load on the beam equals the load of dome in addition to the load slab

1 2 3 4
1 2 3 4
A , A , q , A
B - B - A - B
6.15 6.15

1o
i

=
TITe
i

-1
4=
i

6.3 6.3 6.3 6.3

Fig. (4.18) Geometry of the Ring Beam
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(4.a) Calculation of thickness:

Span (1):

hmin=L/18.5 for exterior span
h min =630/ 18.5 =34 cm

Span (2):

hmin=L/21 for interior span

hmin=630/21 =30cm
. Use an overall depth of 35 cm
d=h-Cover-d2=35-4-1-2/2=29 cm.
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-259.8

711
-148.4
-120.9 -141.3 1574
951 1104 “136.8 1198 443
1.4 | M | 30 |
1 I T 1
% Hp i " =
143 | 1235 54l 0.8, 22
o.6al b 2500 1 0.95 26.3 0241
1347 15
| 346 284 | 345 3.15 3.15 315 | 3.78 252 |

Fig.(4.19) moment envelope for the Beam

(4.b) Beam width:

Assume p =0.5pPmax

A 420

E. 200000
Xy 29

0.003  0.0051

X»=17.1cm
a» = ixXp» =0.85x17.1=14.5cm

021

0.85fc xb Xa» = ppr Xb Xd Xfy
_ 0.85x25.5x14.5

29x420
Pmac =0.75p6 =0.75x0.0258 = 0.01935

Prseleced = 0.5x0.01935 = 0.00968

=0.0258

Max. Moment = 259.8 KN.m
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L 420
0.85f. 0.85%25.5

19.38

Ry=pfi(1-0.50m)
=0.00968x420(1-0.5%0.00968x19.38)
=3.68Mpa

3
poMno_ o 259.8x10

" bd? ' 0.9%bx0.29>
b= 0.93m

Useb=14m.

(4.c) Design for positive moment:

Vi
i D@2

255
4(420)

=12.2cm” >13.5cm?

14

As min = 4 (b)(d)
fy

1.4
(140)(29) = 0 (140)(29)

- As min = 13.5¢m?

As max = 0.01935 x 140 x 29 = 78.6 cm "

Span (1):
Mu = 134.7 KN.m

-3
Rn:Mn2= 134.7x10 = 1.27Mpa
bd 0.9%x1.4%x0.29

m =19.38
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y

1 [1_\/1_ 2x19.38x1.27

P

= =0.0031
19.38 420

As =0.0031x140x29 = 12.59 cm?
As min = 13.5cm?

o Use 7®16

Span (2):

There is no positive moment,

So minimum reinforcement is required.
As min=13.5cm’

o Use7 @16

Span (3):
Mu = 161.5KN.m
_Mn 161.5x107°

Rn = -~ = ~=1.52Mpa
bd 0.9%x1.4%x0.29
m =19.38
2mR
p=t1= 12 1200038
m Iy
As =0.0038x140x29 = 15.43 cm?
e Use7d16
Span(4):
Mu = 26.3KN.m
-3
Ro=Mn _ 203X10 550154
bd 0.9x1.4%x0.29
m =19.38
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2mR
p:i[l— - "J=o.0006
m

y
So minimum reinforcement is required,
As min =13.5cm’

o Use7 @16

(4.d) Design for Negative moment:

Support (1):
Mu = 259.8 KN.m
m =19.38
-3
Rn = an _ 259.8x10 _=2.45Mpa
bd 0.9%x1.4%x0.29
m =19.38
2mR
p=i[1— - "Jzo.oo&
m ,
y
As =0.0062x140x29 = 25.2 cm?
e Use9 d20
Support (2):
Mu = 120.1 KN.m
m =19.38
-3
R Mn_ _120.0x10°
bd 0.9%x1.4%x0.29
m =19.38
2mR
p=t 1= 1=2 1200028
m Iy

As =0.0028x140x29 = 11.4 cm?
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As min=13.5cm?

o Use7 @16

Support(3):
Mu = 148.4 KN.m
m =19.38

-3
:M712: 148.4x10 2=1.4Mpa
bd 0.9%x1.4%x0.29

m =19.38

p=i[1— - 2’;R" J: 0.0035

m

Rn

y
As =0.0035x140x29 = 14.2 cm?
o Use7 @16

Support (4):
Mu =171.1 KN.m
m =19.38

-3
:an: 171.1x10 = 1.6Mpa
bd 0.9x1.4%x0.29

m =19.38

p=i[1— | 2R, J:o.oo4
m f

Rn

y
As =0.004x140x29 = 16.2 cm?
o Use 6 ®20

Support (5):

Mu =44.3 KN.m
m =19.38
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_Mn 44.3%x107°

Rn = - = —=0.42M pa
bd> 0.9x1.4x0.29
m =19.38
1 2mR
p:—(l— 1= "J:o.om
m y

As =0.001x140x29 = 4.1 cm?
As min = 13.5cm?

o Use7 ®16.

(4.e) Design of Shear of edge beam:

1673 1767 1941 2033
-76. -79.3 -55.8
I‘I t t |

717 684 927 894
185.9
2224 195.3
Fig. (4.20): Shear envelope for Beam B2
V, mae = 222.4 KN at d from face of support
PV, =0.75x% (—“f6“)b d= (075)(%} (1.4)(0.29)(1000) = 256.3KN

Category (2):
0.5¢Vce <Vu <¢Vc
128.15 KN < 222.4 KN <256.3 KN
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(DVSmin=0.75X%X(Mpa)XbXd
=0.75x%x(Mpa)x1.4><O.29><1000=101 SKN

DA, f,d 0.75%4x0.79x42x29

s= PVs = 101.5 =28.44 cm
S<dR2=95cm ..o Control
S <£60 cm

e Use2 ® 10 stirrups @ 9.5 cm
Wn = (DVC + (Dvgmin

@V =256.3 +101.5=357.8 KN.............. OK.
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4.12 Pool Design

1. Design of Retaining Wall:

Yoi =18 KN/m3 (Unit weight of the soil)

0 =30° (Assumption for granular soil)
H=2.5m (Height of the retaining wall)
Ka =.33

Kp =3.33

Case A: Static System against earth pressure:

F 3

»

»

2.5

»

»

i
.

R
ey

T %14.85|'<N/|"'I ‘_]KNXN

.

1233 K MM

EEEEEE

Fig. (4.21): Static System against earth pressure

E.L. calculation
ea=YyXHXKa
= 18x2.5%.33 = 14.85 KN/m’
Ea=0.5xH xea
=0.5%2.5%14.85=18.56 KN/m
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L.L. calculation
eap = px Ka

= 3x0.33 = 1 KN/m”
Eap = H X eap

=2.5x1=2.5 KN/m

Z Ma (positive clockwise)
-18.56x0.83-1.25%2.5= -18.53 KN.m

Case B: Static System against water pressure:

Sl
e

EE}KNKP”]}* LK #.-;/f-.-'f/.-'

N

2o 94K N .M

Fig. (4.22): Static System against water pressure

w=yxH
= 10x2.5 =25 KN/m*
W=05xHxXw
=0.5x2.5%25=31.25 KN/m
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Z Ma (positive clockwise)
31.25%0.83=25.94 KN.m

(for 1m strip)

(1.a)Determination of thickness of the retaining wall:

For wall thickness determination we use the water pressure because its pressure is
more than earth pressure, so that the design moment is M= 25.94 KN.m.
Use,

p = 0.5(Pmax)

p=0.01935

p = pmax =0.0097

Use p=0.01

m= 19.38

M =25.94 KN.m

Mu =41.5 KN.m

Mn =46.11 KN.m

Rn = p(Fy(1-0.5pm)

Rn =0.01(420(1-0.5x0.01x19.38)

= 3.79 MPa

Mn 46.11x10°
d req = =, ——=110.3
TV Raxb N 3.79x1000 mm
If @20 bars are used:

h = (110.3+20+70) = 200.3 mm
.. Use h=250 mm.
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(1.b)Wall Reinforcement:

A: design against earth pressure:

M =18.53 KN.m
Mu =29.65 KN.m

6
Rne— M0 _ 29.65x10 137 N
0.9xbxd>  0.9x1000x155
p—l[l— 1_ZmRHJ
m Fy
po 1 1_\/1_2><19.38><1.37 00034
19.38 420

A's reg= 0.0034x100x15.5=5.27cm’* I m

. xbxd >1.4><b><d

A's min= >
4x fy fy
A . _ A25.5%x1000x155 _ 1.4x1000x155
S min = >
4x420 420

A's min= 465mm’ 25.16mm*
As min= 5.16cm” /m
Asreq=5.27cm’ /m > Asmin =5.16cm” / m

As selected =5.27cm* I m

Check shrinkage and temperature reinforcement
Ass shrinkage=0.0018 x 100x 25 = 4.5 cm” /m
Asreq=5.27cm* | m=> As shrinkage = 4.5cm” | m
As required =5.27 cm* I m

o Use®12 @20 cm......... ASprov. = 5.65 cm? /m
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Secondary Reinforcement
The required secondary reinforcement is equal to shrinkage and temperature
reinforcement

Ass shrinkage=0.0018 x 100x 25 = 4.5 cm” /m
e Use d12 @ 25 cm......... ASprov. =4.52 cm? /m

B: design against water pressure:
M =25.94 KN.m
Mu =41.5 KN.m

Mn 41.5%10°

Rn= ~= -=1.92N/mm’
0.9xbxd®  0.9x1000x155

p—l[1— 1_2mRnJ
m Fy

o 1_\/1_2><19.38><1.92 00048
19.38 420

As reg= 0.0048x100x15.5="7.44cm’> | m

NS xbxd >1.4><b><d

AS min= >
4xf, fy
A . A/25.5%1000x155 _ 1.4x1000x155
S min = >
4x420 420

A's min = 465mm* >5.16 mm’
As min= 5.16cm’ Im
Asreq="T744cm* Im > Asmin =5.16¢cm> /m

As selected =7.44cm’ | m
Check shrinkage and temperature reinforcement

As shrinkage=0.0018 x 100x 25 = 4.5 cm® /m
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Asreq="1.44cm” | m=> As shrinkage = 4.5cm” | m
Asrequired=7.44 cm’/m

o Use®14 @ 20 cm......... ASprov. = 7.7 cm? /m

Secondary Reinforcement
The required secondary reinforcement is equal to shrinkage and temperature
reinforcement

As shrinkage=0.0018 x 100x 25 = 4.5 cm® /m
o Use ®12 @ 25 cm......... ASprov. = 4.52 cm? /m

2. Design of the Base of the Pool

Taking a one meter strip in the short direction to design this strip, then use the steel

result for all the slab in both direction.

Load calculation:

Take the strip for maximum height of the pool:
Case A: Earth pressure and wall weight:

Load due to wall weight:
P =0.25x2.5x25 = 15.625 KN
Pu=1.2x15.625 = 18.75 KN

Load due to earth weight:
E.L. calculation

ea=yXHXKa
= 18%2.5%.33 = 14.85 KN/m?
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Ea=0.5xH Xea
=0.5%2.5%14.85=18.56 KN/m
L.L. calculation
eap = px Ka
=3x0.33 = | KN/m’
Eap = H Xeap
=2.5%1=2.5 KN/m

Z Ma (positive clockwise)
—18.56x0.83-1.25%2.5=—-18.53KN .m

D Mu=1.6x18.53

=29.65KN.m
29 65KN .M 20E5KNM

] ]
O 0 A

ATE]

] 1 I
| |

Fig. (4.23): Static System against water pressure
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Moment design take at the face of wall (Mu= 27.73 KN.m), So that the bottom

reinforcement are required ,

6
Rn= Mn - 27.73%10 2=0.7N/mm2
0.9xbxd” 0.9x1000x210

po L 1_\/1_M —0.0017
19.38 420

As reg= 0.0017x100x21=3.57cm* I'm

V. xbxd >1.4><b><d

A's min= >
4xf, f,
A . A25.5%1000%210 _ 1.4x1000x 210
S min = >
4x420 420

A's min= 631mm* =700 mm’
Asmin=Tcm’ Im
Asreq=8.19cm” /m > Asmin =7 cm” [ m

As selected =7 cm* I m

Check shrinkage and temperature reinforcement

Ass shrinkage=0.0018 x 100x 30 = 5.4 cm” /m

Asreq="Tcm” | m=> As shrinkage =5.4cm” | m
Aequired =7 cm® I m

o Use ®14 @ 20 cm......... ASprov. =7.7 cm? /m
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Secondary Reinforcement

The required secondary reinforcement is equal to shrinkage and temperature

reinforcement

A's shrinkage=0.0018 x 100x 30 =5.4 cm’ /m
e Use®12 @ 20 cm......... ASprov. = 5.65 cm? /m

Case B: Water pressure and Wall aweight:

Load due to wall weight:
P =0.25x2.5x25 = 15.625 KN
Pu =1.2x15.625 = 18.75 KN

Load due to Water weight:
w=yxH

=10x2.5 = 25 KN/m?
W =05xHXw

=0.5%2.5%25_ 31 25 KN/m

z Ma (positive clockwise)
31.25%0.83=25.94 KN.m

D Mu=1.6x25.94
=41.5KN.m
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Fig. (4.24): Static System against water pressure

Moment design take at the face of wall (Mu= -38.87 KN.m) , So that the top

reinforcement required

Mn 38.87x10°
Rn = =
0.9%b*d>  0.9*%1000%210>

p:l(l— 1_2mRnJ

=0.98 N/ mm*

m
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" 19.38

1 J 2x19.38x0.98
p=——|1-|1-
420

j =0.0039

As reqg= 0.0039x100x21= 8.19¢cm* Im

NS xbxd >1.4><b><d

AS min = >
4xf, f,
A . A/25.5%1000x210 _ 1.4x1000%x210
S min = >
4x 420 420

A's min= 631mm* >700mm’
As min= 7em® Im
Asreq=819cm’ /m > Asmin =T cm’ Im

As selected =8.19cm* I m

Check shrinkage and temperature reinforcement

A's shrinkage=0.0018 x 100x 30 =5.4 cm’ /m

Asreq =8.19cm® I m > As shrinkage = 5.1cm* I m
Aequired =8.19 cm” /' m
Use @16 @ 20 cm......... ASprov. = 10.05 cm? /m

Secondary Reinforcement
The required secondary reinforcement is equal to shrinkage and temperature
reinforcement

A's shrinkage=0.0018 x 100x 30 =5.4 cm’ /m
e Use®12 @ 20 cm......... ASprov. = 5.65 cm? /m

Design of dowels:

oPn = ¢(0.85X fcx Ag)
=0.7%0.85x25.5x1000x 250
=3570 KN

~.@Pn=3570 KN > Pu =18.75 KN
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No dowels required, use minimum reinforcement dowels:

As =0.0012x Ag
=0.0012x100%30 =3.6 cm’

e Use®12 @25 cm......... As prov. =4.52 cm? /m

Check for one way shear

Vu=17.05 KN (at face)

PV, =0.75 (—“?de = 0.75[ 265’5J><1000>< 210

= 132556 N = 132.556 KN
- ®V_=132556KN 2V, =17.0KN ....0 K.

yﬂ?;’?ﬂ—\f j)ﬂ?f!ﬂ—\f

@14,’?9:-' #17 /304 #14 /30y #12,/30-
>
o

1?,."?5—H mj?s- lE;"E'ﬁ—H
#12/75H
12;20 /@ﬂﬁf’?ﬂ
- " T
- il AR R B R A AR e

2 AR A A

0.250,25 10.0 (L35.0,25

Fig. (4.25): Reinforcement of the Pool
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Chapter Four

Structural Analysis and Design

4-1 Introduction

4-2 Design of Rib

4-3 Design of Beam

4-4 Design of One Way Solid Slab
4-5 Design of Column

4-6 Design of Isolated Footing
4-7 Design of a Strip Footing
4-8 Design of a Basement Wall
4-9 Design of Stair

4-10 Design of Shear wall

4-11 Design of Dome

4-12 Design of Pool
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project



Appendix (B)

Structural Drawings

This appendix is an attachment with this project



Appendix (C)



Yield Without drop panels ___ With drop panels
strength Exterior panels | Interior Exterior panels | Interior
Fr panels i | panels
MPa Without With Without With
edge edge edge edge
beam beam beam beam
300 L,/33 Ln/36 Ly/36 L./36 L,/40 L./40
400 L/ 30 L/ 33 L,/33 L/ 33 L,/36 L./36
For values of reinforcement yield strength between the values given in the table ,minimum  thickness

shall be determined by linear interpolation .

Table (4-1) Minimum thickness for two way slab without interior beams

Minimum thickness, h

Simply

Supported

One
end continuous

Both
ends continuous

Cantilever

Member

Member not supported or attach

ed to partitions or other construction

likely to be damaged by large deflection
Solid One —-Way
L/20 L /24 L /28 L/10
slab
Beams or ribbed
one — v shibs L/16 L/18.5 L/21 L/8

For F, other than 400 Mpa the values shall be multiplied by (0.4+ F,./700)

Table (4-2) Minimum thickness of one slab




Table 3.6.1 Maximum Reinforcement Ratio p for S'i;igly. Reinforced Rectangular
[ieams (Corresponding to 0.75p,).

Jo= 3000 psi S = 3500 psi S = 4000 psl = SO00 psi g7 = 6000 psi

/ Iy = 085 fi, = 085 a1, = 0.85 8, = 0.60 B, =075
40,000 psi 0.0278 0.0525 0.0371 0.0437 0.0491
50,000 psi 0.0206 0.0241 0.0275 0.0324 0.0364
60,000 psi 0.0160 00187 0.0214 0.0252 0.0283

Jo=20MPa £ =25MPa 7= 30MPa =35 0MPa ) = 40 MPa

b B, =085 B, = 0.85 B, = 085 8, = 081 g, =077

300 Mba 0.0241 0.0301 0.0361, . 00402 0.0436
350 MPa 0.0196 0.0244 0.0293 0.0326 0.0354
400 MPa 00163 00203 0.0244. 0.0271 0.0295
S 200 kgtom®  f7 w240 kffem®  f) m 280 kegfem? 7 = 320 kglem® ff = 360 keffom?
£ A, = 0.85 B, = 085 fi, = 0.85 8, = 0.82 By =079
2890 kgffem®  0.0266 (0.0319 00572 0.0410 0.0444
3500 kpflem® 00197 0.0256 0.0276 0.0304 0.0330
4200 kpl/em? 0.0153 0.0184 0.0214 0.0236 0.0256

Table (A2) maximum reinforcement ratio
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