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Abstract

Objective of the project can be summarized in the structural design
of al structural elements contained in the project, slabs, beams, columns
and foundations, walls and other structural elements.

This project was selected because of the need residents of the area where
construction is proposed to establish a mosque to perform prayers without
the overcrowding and profitably, leading to the distribution of the
population to more than a mosque.

The project consists of main parts:

The prayer hall has a capacity of 407 serum and an area of 304 square
meters.

The areaisfor ladies and expands to 50 worshipers and the areais
estimated at 81 square meters.

The space in front of the muezzin and the area of 169 square meters, and
this part contain Apartment mainly divided into the bedroom and living
room, kitchen and bathroom private Imam, and the islands other private
for moazen contain a bedroom, sitting room, kitchen and bathroom as
well.

And place a custom to wash the area of 70 square meters.

And thetotal area of the project is estimated at 700 square meters.

It is worth mentioning the code has been used to determine the
Jordanian live loads, seismic loads and to determine the use of UBC-97)),
Asfor the structural analysis and design of sections has been the use of
the U.S. Code

(ACI_318-02), It must be pointed out that he was relying on some

VIl



computer programs such as. Autocad2007, STAAD Pro2007, Office2007,
Sap2000, Atir and, safe, and others.

We hope after the completion of the project to be able to provide
structural design for all structural elements of the building is complete.

After designing this project and the work of what has been said is
expected to conclude a number of results and projectionsisto link the
information that has been studied in the courses different, and the analysis
and design of al structural elements and the statement of the impact of
each of the elements on the other, and then the work of structural plans of
the Executive are Full and detailed for each.

God grants success.
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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 adistance (S).

At = area of oneleg of aclosed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.
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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.

fc = 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 supportsin other cases.

LL =liveloads.

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 in direction paralel to longitudina 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.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€: = compression strain of concrete = 0.003.

&€ = strain of tension stedl.

€= strain of compression stedl.

p =ratio of steel area.
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(KN /m?)(Snow Loads) (m) (h)

1 0

250>h

2 | (h-250) /1000

500 > h > 250

3 | (h-400) / 400

1500 > h > 500

4 | (h-812.5)/250

2500 > h > 1500
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Snow Load =(h-400) /400

= (910 — 400 ) /400
= 1.225 KN /m2
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_n
97 1600
ol G
oY) b G sasia (ge 23ne gl ) e 2l )l Saaliall Laall (Wind Vel ocity Pressure) : g
L (KN/M?) s2a 5 5 ddaadll

(m/sec) Ll apaaill de i 1y

Table (3 - 3) : Wind Velocity Pressure (q) According To The German
Code (DIN 1055-5).

Height Above the surface . [m] 0To8 | >8To20 | >20To 100 | >100
Wind Speed . [ m/sec] 28.3 35.8 42 45.6
Wind Velocity Pressure (q). [KN/m?] | 0.50 0.80 1.1 1.30
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20, tm R
2.00m §=0.8 kNl o
#0 00= §=0.5 I/t |od

Wind velocity pressure q[’i*.?k',/nigj

il e ad) ol iall Aad e 7l A g i (- )

L= 87
- Wind Resultant :- f | mﬂ [ 'i
W =Cp *q [KN/m?] 3 E TGE_M
] 1|
W_Cp *q *A [KN] Wind Direction Cr=08 3 E h
Cp : External Pressure Coefficient . = - -
1 1
A: Exposure Area ] )

el = ti'l\,]llﬁ..g]lg.jd_b b ,@iﬁ{!_r) R
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External Pressure Coefficient (Cp):-

Cp =+ 0.8 (pressure , Wind Ward)

Cp =-0.5(section, Lee Ward)

Cp =-0.7 (section, Sideward ) , for ....... h/a>0.5
Cp =- 0.5 (section Sideward ) , for ....... h/a<0.5
h : building height above the ground level.
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4 -1 Introduction:-

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

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

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

So, in this project, there are Three types of slabs. one way ribbed slab, one way solid
dlab, and two way solid slab. They would be analyzed and designed by using finite element
method of design, with aid of a computer program called "ATIR- Soft ware " to find the internal
forces, deflections and moments for ribbed slabs and by using the previous program and
"STAAD PRO 2006", Etabs, and Safe programs to find the internal forces, deflections and
moments for One way solid slab, and then handle cal culation would be made to find the required
steel for all members.

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

NOTE:
*B300. . fc'=30N/ mm?(MPa) For circular section

but for rectangular section ( fc'=30* 0.8 = 24MPa) .
* The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}

4 -2 Factored Loads
0u=12DL +1.6L ACI - 318-02(9.2.1)

4 -3 Slabs Thickness calculation:-
The overall depth must satisfy ACI Table (9.5.8):
For rib (R11) in Wadoo Block, as shown infig.

| ! e ¢

e L
08 2.75 . 0B 2.75
B 3.39

Fig.(4-1): Spans Length of Rib (R11).

The spans are one end continuous ribbed slab
= from  ACI-318-02 table (9.5a)

L 360
185 185

For Rib11 in Wadoo Block will use thickness of slab 25cm

0.2 m =20cm

o vy ik b — Shrirkages b Tempesamer Dads 5
= -

/.
Halow Bladod 17 an ) =

Fig. (4-2) Oneway ribbed dab [Rib 11]
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4 -4 Load Calculation:

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

« 4.1.1 Calculation of Dead load :-
(R11) istheroof slab of wadoo block so the material used is:

Table (4-1) calculation of the total load for (R11)

Material Unit weight Thickness
(KN/m?) (cm)

Rib 24.5 17
Topping slab 24.5 8
Hollow block 16 17
Plastering 22 2
Weight Of Rib =0.12*0.17*24.5= 0.5 kN/m
Weight Of Topping =0.52*0.08*24.5= 1.02 kKN /m

Weight Of Block
Weight Of Plastering

=0.4*0.17*16 = 0.612 kN /m
= 0.52*0.02*22=0.2288 kN /m

=> Total dead load = 0.5 +1.02+0.612+0.2288= 2.36 KN/m/rib

< 4.4.2 Calculation of Liveload:-

From Jordanian live loads table live load of the Roof is 4 kN/m?2
=>» Total liveload =4*0.52=2.08 kN/m/rib

4 -5 Design of Topping:-

The slab reinforcement normal to the ribsis often located at mid-depth of the dlab, to
resist both positive and negative moments.

% Calculation of Dead load
Weight Of Topping = 1*1*0.08*24.5= 1.96 kN /m

D.L iota = 1.96 kN/m
«» Cadculation of live load
L .L total = 4kN/m
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= Wu=12D.L +1.6L.L=12*196+ 1.6*4=8.75kN/m
For aone meter strip Wu = 8.75 kN/m

Check dMn > Mu
w,*1?  8.75*0.4%
12

Mu = =0.1167kN.m

fr =0.42x,/fc’(MPa)  ACI-318-02 (22-5.1)

2
Mn = 0.42./fc' * %

* 2
=0.42+/24* 1 OéOS *10° = 2.194kN.m

f * Mn=0.55* 2.37 =1.205kN.m.
f *Mn=1.207 > Mu=0.1167KN.m

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

For the shrinkage and temperature reinforcement:
r =0.0018 ACI-318-02 (7.12.2)
As =r *b* h=0.0018* 1000* 80=144mnT /1Im
Thenuse 1® 8 @ 25cm in both directions

Check spacing between bars S:
S>4/3 MAS ==> (4/3)* 20=26mm

S25 mm
S>db =8mm
Sdect S=25cm
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4 -6 Design of Rib (11):

% Materias:-
Concrete B300, Fc' = 0.8%30 = 24 N/mm?=24M pa
Reinforcement Steel , fy = 420 N/mm? =420 Mpa

+ Design constant :-

* . For T- section is the smallest of the following:
b =L/4=37/4=0.90m=90cm
b, =bw + 16 tf = 12 + 16 (8) = 140 cm

b. = cl/c spacing =52 cm

*Requirements For Slab Floor Accordingto  ACI- (318-02) .

d<75cm .o e, Select 0 d=40cm

bw=10cm ..o, select: bw=12cm.

h<35*bw=35*12=42cm.................... select : h=25cm

tf>1/12*d =1/12*40=3.33cm ........... for permanent fillers between ribs (Hollow block).
>1.5inch=3.81cm 40Mm Lo select tf = 8cm.

s System :-

One -way ribbed slab :-

GCeometry Unita:mater.cm

Ut 1% W 2 , Uk
' .35 335 '

Faii s

Fig.(4.3): Spans Length of Rib (R11).
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« Loading:-

By using ATIR program we get the envelope moment and shear diagram as the follows:-
D.L tota = 2.36 kKN/m/rib L.L tota =2.08 kKN/m/rib

Moments: spans 1io 2

-Bhi
i {__.ﬁ---w.\x. g
7 1.33I1 B ,
b—t = T —
M T TN o
18~ T Tl 1
LB o
1.4 | 2.0 | 2N | 131
I T T T 1
Shetin
1.
BT
g U T
AT
10
Eeatljnﬂs
— :
Oeadf 319 1142 11
vl 328 4 36 11
MR 646 19,43 i 46
MoR 111 153 1N

Fig.(4.4): Develop shear and moment(factored) diagram of rib (R11).
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Elexural Design : -
+» Design for positive Moment for Rib (R11):-

>> use Mu max. Positive for span = Mu=5.8 KN.m .
>> determine whether the rib will act as rectangular or T-section:
For a=t=8cm
d = h - cover—dia. of stirrups-— db/2

=250-20-8-12/2 = 216 mm.
@ .Mnf=09*0.85 f_ * t;* b, *(d- i/2)

=0.9* 0.85 (24) (0.08) (0.52)(0.216-0.08/2)* 10°

= ¢ .Mnf =134.42kN.m

OMnf =134.42 kN.m > Mu =5.8 KN.m
=>.". Rectangle section

>>>Design as arectangular with b, = 52cm

As =p.be .d
m = fy - = 420 =20.58
0.85* fc 0.85* 24
* -3
Rn = Mu/f _ 5.8*10°/0.9 — 0210

" b*d?2  052*(0.216)>

* *
r:i(1— | 2mRnJ 1 [1_\/1_2 20 .58 * 0.210 ]:0.0005

m fy | 20.58 420
A's = p.be .d = (0.0005)* (520)* (216) = 56.45 mm?.

'" Check Minimum Reinforcement A s min.........(ACI- 318 - 10.5.1)

ASmin=\/f_d(bw)(d) = V24 (120)(216) = 75.58mm’
4( fy) 4(420)

Lo L4 _14 6.4t
As mm_(fy) (bw)(d) 420 (120)(216) = 86.4mm (control)

43



AS=78.6mm2< AS min= 86.4 mm?
> Agreq= 86.4 mm®
#of bars= A ASpy =86.4/79=1.0 * Note Agpig= 79 mm?

Select bottom bars2 ® 10 mm. Total As= 158mm?.

""""""Check for Tension stedl yielding:-

Tension = compression

As*fy=0.85* f.*b* a

2*79*10°°* 420 = 0.85* 24 * 0.52* a

a=16.25mm < 8mL — — — Design rib as rectangula r

c= a - —6'25 = 7.35mm
b, 0.8

B=0.85..... f_<28MPa ....... ACI (10.2.7.3)

e, =(d-c)/cx0.003= %x 0.003=0.085

e, =0.085>0.005

+ Design for Negative Moment for Rib (R11):
*Design of support No. 2

>> use Mu max. negative for support = Mu=5KkN.m
Design as arectangular with b= 12 cm

m = fy = 420 =20.58
0.85* fc' 0.85 * 24

Rn= Mu/f _ 4.4%10°° /09
b*d? 012*(0216)

= —(1- 1- 2TR )

p= 2058(1\/ w) 0.002

As=0.002 (120) (216) = 54.88 mm?.
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""" Check Minimum Reinforcement As min......... (ACI- 318-10.5.1)

__4Jfe _ 24 ~ )
Asmin= 1S (GW(A) =00 - (120)(216) = 75.58mm

14 _ﬂ _ 2
A'S min —m(bw)(d) =120 (120)(216) = 86.4mm (control)

A s min= 86.4 mm? > A s=54.88 mm?
D> Agreq= 86.4 mm?

#of bars= A ASpy =86.4/79=1.1 * Note Apio =79 mm?

Select Top bars2 @ 10 mm. Total As= 158mm?.

Check for Tension stedl yielding:-
Tension = compression

As*fy=085* f_*b*a

2*79*10 °* 420 =0.85*24*0.12* a

a=27mm = 2.7cm < 8cm — — — — — Design rib as rectangula r
_a_ 2 31.76 mm
b, 0.8
B=0.85..... ACI (10.2.7.3)
216-31.76

e, =(d-c)/cx0.003=——>"'2,0,003=0.017
31.76
e, =0.017>0.005=f =0.9
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Design shear for Rib (R11):-
*At support No 2:
Factored shear forces at d=0.216 m from support
Vu =8.7 kN (From Shear Envelop)
Determine shear strength provided by concrete (® Vc).

dVe= d* V' pw*d

6

= 0.75* @ 0.12* 0.216*10° = 15.87 kN

® Ve =15.87 kN >Vu=8.7 kN
No Shear Required ............ Select @8 @ 10cm .

Check spacing between stirrups S.
S<600

S<d/2 ==> 21.6/2=10.8cm =>» Select 10cm
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4 -7 Design of Beam (B 30):-

< Material :-
= concrete B300 Fc' = 24 N/mm?
=  Reinforcement Steel fy = 420 N/mm?

% System : -

0.2 2.0 0.6 1.1

I HY ' 44
Fig.(4.5): System of Spans Length of beam (B30).

« Section :-

B =60 cm

h=25cm
h= L/185.......... for exterior span ACI-318-02 (9.5.9)
h=1/18.5=3.65/18.5=0.19 m
h=1/185=45/185=0.24m......... (Contral)

= Sdlect h = 25cm.

IJ.E AN (N1 1.1
2.HD 4.0

Fig.(4.6): Section of Spans Length of beam (B30).
+ Loading:-

Reaction fromrib(11) ,
D.L =10.62/0.52 =20.42 kN/m
L.L =9.36/0.52 =18 KN/m
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Using "Atir" software for the following values of moment and shear:-

_Momenks: span: 1t 2
1113
LR RS B!
. z.-f \
i - E.DD 1 .34 .'-\ |
. == : — -
T R e | 0.7E 0 7R | ‘x_ﬂh 0y
b4 K T T
024
1.4H : 2.19 L : 1.4
Shear
1286
MR- 033
,»-"f_ -4
- —
- —_~
_a-"-. J_,.-"
- -
—_— f-’- .-"'-(--- W
L1 - ] 1 - ]
\l --H_.- T T -___J_.'-'— T |
.-"’- .d"H
J"a .d"H
- - .-'-"F
_’_.-"
?T -|r1 'II' H-'-____.-'
-
Rl i B
453
Heactions
Factared
1 |
[ T
Upadk 3.3 124 42 434k
Liwell 4E.ED 147919 55 DB
MR 7N 7am ne a3z
Min B 11 1A1 13 WFA
Suryice
Deadd 2627 104.93 36,22
Lreek ECR T Y ay 41
Maz Rk 44h 14/ 42 .13
Min 1 1000 144 44 J1M

Fig.(4.7): Envelope shear and moment (factor ed) diagram of beam (B30).

+» Design of beam (30):-

+ Design of Positive Moment for Beam (B30):- .....(max Mu)
b=60cm.....h=25cm

d =250-40-12-10=188mm

48



Mu=924KkN.m ......... from Envelope shear diagram

Mn:M—u:%:mZ.G?kN.m
® 0.9

0.003 _ 0.003 + 0.004

c d
c =123 .4mm
a=Db,xc
a=0.8 x123 .4 =104 .89 mm
Crax = 123 .4mm
a =104 .89 mm

max

$=0.65+ 250_*(0.004-0.002) = 0.816
3

OMnc=® *0.85 f, * b* anax * (d- @max /2)

= 0.816* 0.85 (24) (0.6) (0.10489)(0.188-0.10489/2)* 10°
=142 KN.m

= ®Mnc =142 kN.m > Mu=92.4 kN.m

= The section must be singly reinforced section:

m=__¥ - 40 _555g
0.85% fc _ 0.85* 24

Rn = Mu /f
b*d?

-3
Rn=92:4710 "/0.9 _ 4 g4 N/mm?® (Mpa)
0.6* (0.188 )

p=—(- hoZTR
m fy

0= 1 1. \/1_ 2(20.58)(4.84) ) = 00111
20.58 420
Asreq=p * b* d = 0.0111 * 600 * 188 = 1252 mm?
"" Check Minimum Reinforcement As min......... (ACI- 318-10.5.1)
f !
Asmin=L""_(b)(d) = V24 (600)(188) = 329.0mm?
4( fy) 4(420)
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14 _14 B )
A'S min —W(b)(d) =120 (600)(188) = 376mm (control)

Asreq=1252 mm? > A smin =376 mm?2

# of bars= AY AS g = 1252/314=3.9 sdlect 4bars
= Note Apzo =314mm2

Sdlect bottom bars 4 ® 20 mm. Total As= 1256mm?2

Check for Tension sted yielding:-
Tension = compression
As*fy=0.85* f.*b* a
4*113*10°°* 420 = 0.85* 24* 0.6* a
a=15.5mm
_a 155
= b_1 =08t
188-18.2

° 18.2
e, =0.027>0.005=f =0.9

=18.2mm

X0.003=0.027

>>> Design of Positive Moment for Beam (B30):- .....(min Mu)
Mu=55.6 KN.m ......... from Envelope shear diagram
Mn :M_u :i'6
) 0.9
0.003  0.003 + 0.004
c d
c =123 .4mm
a=b,xc
a=0.8 x123 .4 =104 .89 mm
Coox = 123 .4mm
a,, =104 .89 mm

$=0.65+ 250_*(0.004-0.002) = 0.816
3

= 61.77KN.m

OMNC =P *0.85 f, * b* Anax * (0 A /2)
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= 0.816* 0.85 (24) (0.6) (0.10489)(0.188-0.10489/2)* 10°
=142 kN.m

= ®Mnc =142 kN.m > Mu=55.6 kN.m

= The section must be singly reinforced section:

fy 420

= _ = =20.58
0.85* fc 0.85* 24
Rn = Mu /f
b*d?
* -3

0.6* (0.188 )2

p=(- [ ZmE)
m fy

0= 1 1- \/1_ 2(20.58)(2.9) ) = 00071
20.58 420

Aseq=p * b* d=0.0071* 600 * 188 = 800.8mn?

"" Check Minimum Reinforcement As min......... (ACI- 318-10.5.1)
f !
Asmin=C_b)(d) =—Y22_(600)(188) = 329.0mn?
4( fy) 4(420)

Lo l4 _14 376y
As mm_(fy) (b)(d) 420 (600)(188) = 376mm (contral)

A sreq = 800.8 mm2 > A smin =376 mm?2

# of bars= As/ As gy = 800.8/201 =3.9..... select 4 bars
= Note Agp1s =201mm?2

Select bottom bars4 ® 16 mm. Total As= 804 mm?2
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< Design of Negative M oment of (B30):

b =60 cm h=25cm d=188mm
Mu=78.1 kN.m
Mu 781
Mn=——=——=86.78kN.m
() 0.9

~ Mn _ 86.78*(10)° _
bd®  (600)(188)

m=__¥ =_ 40 _—955g
085* fc 0.85* 24

* *
r _ 1 1o o 2mRn | 1 1—\/1— 2*20.58 * 4.09 _ 0.0109
m fy 20 .58 420

As=p.b.d
= 0.0109 (600) (188) = 1229.52 mm?

"" Check Minimum Reinforcement As min......... (ACI- 318-10.5.1)
A smin= fe (b)(d) :E(GOO)(BS) = 329.0mm’
4( fy) 4(420)

14 _ 14 B 2
A'S min _@(b)(d) 120 (600)(188) = 376mm (control)

A s=1229.52 mm2> A S min = 376 mm?

# of bars = A9 As 3 = 1229.52/314 = 3.9 =»select 4 bars
= Note Apg =314 mm?2
Select Top bars4® 20 mm. Total As= 1256.0mm’.
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%+ Design of Shear for Beam (B 30):
V,=129.3 KN (Max. value of Vu).....from shear envelope dig.

Check for Items:

1- Vu < lQDVC
2
fc'
dPVec= o* XL __*p*d
6
=0.75* g* 0.6 *0.188 *102 = 69.08 kN
Vu=129.3kN >05d Vc=345kN ....... Not control
1
2- E(DVC <Vu £ ®dVc
Vu=129.3> ® Vc=69.08  ....... not control

3- dVec <Vu < dVc + dVs
Determine shear strength provided by steel (P Vs).

DVs . - cp(%)* Jic * bw x d
1
>t (2y* bw * d
3
DVs,, 0.75(%)* J24*0.6*0.188*10° = 25.9
>0.75 (%)* 0.6* 0.188*10° = 28.2

<1>Vsmin = 28.2...... .control

dVc + dVs,,, =69.08 + 28.2 = 97.28 kN
Vu =129.3 kKN > ®Vc + dVs,,, =97.28kN ............ not control

4/ fc!
4- ®Ve + dVs <VUS®VC+(I)*T*bW*d

min  —

o 24
©*= 3C *bw*d = 0.75*—54 *0.6*0.188 *10° = 138.15 Kn
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Ve +g+ @* bw * d = 69.08+138.15=207

VU=129.3 < P VC + o + —V;C bw * d =207.......control

So Item (4) satisfy:
Av Vs

s fy,*d
Ve VU_\,._1293_6908
f 075 075

=80.3KN

Use 2010
2*79*10° 80.3*10°
s 42070188
Check spacing between stirrups
S <600
Smax< d/2
= 0.188/2 = 0.094 m = 94mm

== 5=0.155m

= Thenuse® 10 @ 10cm

>>> Design of Shear for Beam (B 30) (min. shear)
V=717 KN (Min. value of Vu).....from shear envelope dig.

Check for Items;

1- Vu < iCI)VC
2
fc'
dVc= o* X —*p*d
6
=0.75* g* 0.6 *0.188 *103% = 69.08 kN
Vu=717kN >05b Vc=345kN ....... Not control
1

2- ECIDVc <Vu < ®dVc

Vu=717> ® Vc=69.08  ....... not control
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3 dVe <Vu < dVec + dVs .
Determine shear strength provided by steel (® V5s).

DVs . - cp(%)* Jic * bw x d
1
>t (2y* bw * d
3
DVs,, 0.75(%)* J24*0.6*0.188*10° = 25.9
>0.75 (%)* 0.6*0.188*10° = 28.2

<1>Vsmin = 28.2...... .control

dVec +dVs,,, =69.08 +28.2 = 97.28 kN
Vu =717 KN <®dVc + ®Vs_;, =97.28kN ......... control

So Item (3) satisfy:

(A, _Lbw_ 1708 _, 26iq04
31y, 3420
_ 1w e 1706 mr_43+10
16 fy, 16* 420
( Av )., =4.76*107 control
Use2leg 910
2*50*10°

=4.76*10"* =>= S=0.2m

Check spacing between stirrups
S<600
Smax <d/2

=0.188/2 =0.094 m =94mm

= Thenuse @10 @ 10cm
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4-8 Design of Two way solid dab :-

< Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
+» Section :-

2 & - -:
I¥ | 2 1F

]
e ; 5 |
e ;s =
it |
S i
, g \’N‘ i !
ﬁ/’ g E_“J

e 50

‘ ‘ ‘ A A 1

Fig.(4.8): Twoway solid slab of Mosque.

++» Some calculation:
Ly=38m
Lx=4.6m
Lx= 46 =12<2
Ly 38

=  Twoway
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¢ Minimum thickness of the two way solid dlab:
From code (ACI-318-2002):

T-section: -

(85* 20* 10) + (35* 25* 32.5)

=17.646cm
(85* 20) + (35* 25)

y=

Lz = % * 85% 20° 1 (85* 20) * (7.646)° + 1—12 * 35% 25% | (35* 25) * (14.854)2 = 304684.97cm’

lg = R 5.9* 0.2° =393333.33cm*
12

a _I_b_w_loog
Y1y 39333333

ls, = 1. 5.5* 0.2° = 366666.67cm*
12

l, _304684.97 ,
|, 366666.67

a, =
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L -Section:

I (=]

350 |

. (60* 20*10) + (35* 25* 32.5)
(60* 20) + (35* 25)

=19.5cm

s _Lugsegsy (35* 45)* 3? + L wosx 0074 (25* 20) * (9.5)* = 341747.92cm*
SR 12

I, = —*2.7%0.2° =180000cm’*
12

|, _341747.92_,

a.,= =
° g 180000

lg, = 1«55+ 0.2° - 166666.67cm’
12

l, 341747.92
Iy, 166666.67

_a,+a,+a;+a, 6.029
m = 4 -

2.05

4

=151
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a, =151<2

fy
08+ )

"~ 36+ 5b(a, —0.2)

4.6(0.8+ 729
1400

h. =
min. 36+ 5* 12(151— 02)

= h

=11.5cm

= Sedlect h = 20cm

« Loading:-

v LivelLoad :-
L.L =1.5 KN/m?

v' Dead Load :-
Weight Of Solidslab = 0.2*24.5 = 4.9 kN /m?
Weight Of Plastering = 0.02¥22 =0.44 kN /m?

Weight Of Screed =0.05* 22 = 1.1kN /m?
Weight Of Bitumen  =0.1*13.7= 0.137 kN/m?
Weight Of Mechanical = 0.5kN/m2

D.L(Total) = 7.1 kN/m?

Wu=12DL +1.6LL
=12*71+16* 1.5=10.9 Kn/m?

+» Design :-

a) Design of shear:-
d = 200-20-12 =168 mm

Vu=[25-0.35/2-0.168] * 10.9 =23.51 kN

dVe= d* Vi pw*d
6

59



= 075* g 1% 0168 * 10° = 102.88 kN

® Vc=102.88 kN > Vu= 23.51 kN

=>No shear reinforcementsis required.

b) Design of positive moment:

From table(12-4)& (12-5) Coefficient of load:
Case4,m=LalLb=0.8

From table(12-4):
Ca(D.L)=0.039
Cb(D.L)=0.016

From table(12-5):
Ca(L.L) =0.048
Cb(L.L) =0.020

Wu(D.L) = 1.2* 7.1 = 852 kN/m"
Wu(L.L) = 1.6* 1.5= 2.4 kN/m’

Mua= Ca(D.L)* Wu(D.L) * La® + Ca(L.L)* Wu(L.L) * L&
=0.039* 8.52* 3.8° +0.048* 2.4* 3.8* =6.46 KN.m

Mub = Cb(D.L)* Wu(D.L) * Lb? &+ Cb(L.L)* Wu(L.L) * Lb?
=0.016* 852* 4.6°+0.02* 2.4* 46° =3.9KN.m
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In short direction:

oty 40
0.85* fc'  0.85* 24

=20.58

Mu/f  6.46/0.9
Rn: =
b*d?® 1*0.168°

= 0.254Mpa

2mRn
fy
* *
L . \/1_2 20.58* 0.254

[ = ——
20.58 420

r :i(l— 1- )
m

) =6+10"*

As =6*10"**1000*168 =102.24mm? /m

ne _025fC, | 025/24%1000*168

min = 490mm2
fy 420
But not lessthan :
* * A2 * *
As,. - 1.4* bw* d _ 1.4*1000* 168 _ 560mm2 / m
fy 420

ASqyinvage = 0-0018* 1000* 100=180m? / m

Sdlect ff 12@20cm=> AS,, e :%’: 5.65cm’ /m
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In long dir ection:
fy 420

m= -= =20.58
0.85* fc'  0.85* 24
R — Mu/f2 _ 3.9/0.92 _ 0.153Mpa)
b*d* 1*0.168
" =1(1_ 1- 2mRn)
m fy
* *
Lo 1 *(1_\/1_2 20.58* 0.183) _ 5 590«
20.58 420

As =3.66*10**1000* 168 = 61.49mm* / m
_ 0.25 fc' b*d = 0.25v24*1000* 168

As... = 490mm?
fy 420
But not less than
* * A2 * *
As.. — 1.4*bw*d _ 1.4*1000* 168 _ 560mme /m
fy 420

ASqyinyage = 0.0018* 1000* 100=180m? / m

Sdlect I 12@20cm=> ASy, o, :%’: 5.65cm’ /m

¢) Design of negative moment:-

From table(12-3) Coefficient of load:
Case4,m=LalLb=0.8

Ca(neg.) = 0.071
Cb(neg.) = 0.029

Mua= Ca(neg.)* Wu* L&’

=0.071* 10.9* 3.8° =11.2 KN.m
Mub = Cb(neg.)* Wu * L&’

=0.029* 10.9 * 4.6* =6.7 KN.m
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In short direction:

o fy 4

0.85* fc 0.85* 24
_ Mu/f  11.2/0.9
“b*d? 1*0.168°

=20.58

Rn =0.441Mpa)

2mRn

fy

* *

Lo 1 *(1_\/1_2 20.58* 0.441
20.58 420

As =1.06*10"°*1000* 168 =178.1mm’ / m

r =£(1— 1- )
m

)=1.06*10"°

_025fc, , ,_ 0.25/24*1000*168

As = 490mm’
fy 420
But not less than
* * A2 * *
As.. = 1.4*bw*d _ 1.4*1000* 168 _ 560mme /m
fy 420
ASqyinkage = 0-0018* 1000* 100= 180m? / m

Sdlect I 12@20cm=> AS,, i 216_123 =5.65cm’ /m
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In long dir ection:
fy 420

0.85* fc'  0.85* 24
_ |v|u/f2 _ 6.7/0.92 _ 0.264Mpa
b*d? 1*0.168
" :i(l— 1- 2mRn)
m fy
* *
o1 (1 \/1_2 20.58 0.264):6_33* 10-
20.58 420

As =6.33*10"**1000* 168 = 106.34mm* / m

As - 0.25/fc'*b* de 0.25./24*1000* 168
min fy 420

But not less than

As . = 1.4* bw* d? _1.4*1000* 168

in =560mm?*/m
fy 420

ASqyinvage = 0-0018* 1000* 100=180m? / m

Sdlect I 12@20cm=> AS,, e 113 5 esem? /m

0.20
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4-9 Design of Oneway solid slab :-
< Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

% Section :-

i : i
@
| ¥ -
T
s
E__
1

Fig.(4.9):Oneway solid slab of Mosgue.

+«»+» Some calculation:
Ly=122m
Lx=5.8m
Ly=122 =21>2
Lx 5.8
=>One way.

¢ Minimum thickness of the one way solid slab:
From code (ACI-318-2002), Table 9.5(a)

v L/20 , for simply supported span.
L/20=5.8/20=0.31 m

= Select h =32cm
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Mamants:

+«» Loading :-

v' LiveLoad :-
L.L =1.5 kN/m?

v Dead Load :-
Weight Of Solidslab = 0.32*24.5 = 7.68 kN /m?
Weight Of Plastering ~ =0.02* 22 =0.44 kN /m?

Weight Of Screed =1.1kN /m?
Weight Of Bitumen =0.1*13.7= 0.137 KN/m2
Weight Of Mechanical Insulation = 0.5kN/m2

Dead Load(Total) = 10.0 kN/m2

+ Design :-
d=320-20-16 =284 mm

Memenit/Shear Envelope (Foctored) Units:kN,meter

gpan: 1o 1

Shear

44 8

2.8

A0S

128

Fig.(4.10): Envelope moment /shear Diagram of Solid Slab (S1)
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a) Design of shear:-

Vu =40.5 kN

dVe= d* V€ pyw*d
6

= 0.75* g 1* 0.284*10° = 174 KN

® Ve=174 > \/y=405
No shear reinforcementsis required

b) Design of positive moment:-

Mu=69.6 kKN.m

m = fy =_ 40 =2058
0.85 * fc' 0.85* 24

*10-3
Rn = Mu/f = 696"10°/0.9_ g g5gN/mm?
b* d? 1* (0.284)*

p=21(1- |;_2mRn)
m

p=_1 (1- \/1_2(2&58)(095&) = 0.00233
20.58 420

p=0.00233
ASeq = 0.00233 (1000) (284) = 663.75 mn?*/m.

#of bars= AY ASpy =663.75/154=43=> 5
= Note Ap14 = 154 mm?

=  Sedlect bottom bars ® 14@20 cm

Shrinkage & temperature reinforcement
As = 0.0018 (1000) (250) = 450 mm? /m.

= use @ 12@25cm.

check:
e 1.13/0.25=4.52 cm?/m
e 1.53/0.20= 7.65cm#m
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4-10 Design of columns:-

By using ATIR program (column) , we get thisresultsfor reinforceall columnsin the

project:
Table(4-2): Column table.
Loads (kN) “ Factored”
Columns Coal. D.L L.L Total Load from Section Rienf.
location

Cl 28.44 5.3 33.74 | Beamland 16 | Rect. (20*60) 814
C2 28.44 5.3 3374 | Beeamland 14 | Rect. (20*60) 814
C3 25.38 | 5.57 30.95 | Beam2and 11 | Rect. (30*35) 6016
C4 7894 | 17.68 | 96.62 | Beam2and12 | Rect. (30*35) 6d16
C5 75.66 | 16.95 | 9261 | Beam2and 13 | Rect. (30*35) 69016
C6 22.74 | 5.00 27.74 | Beam2and14 | Rect. (30*35) 6016
C7 96.62 | 21.1 | 117.72 | Beam4and 11 | Rect. (30*35) 6d16
C8 365.8 | 66.82 | 432.62 | Beam4 and 12 Circ.(D=35) 6016
C9 356.2 | 64.7 420.9 | Beam4 and 13 Circ.(D=35) 6d16
C10 87.6 | 19.28 | 106.88 | Beam4and 14 | Rect. (30*35) 6016
C11 | 15279 | 2257 | 150.06 | Beam3and 15 | Rect. (30*60) 10016
Cl12 | 1088 | 23.78 | 13258 | Beam5and 11 | Rect. (30*35) 6016
C13 98.9 | 21.76 | 120.66 | Beam5and 14 | Rect. (30*35) 6016
Cl4 | 407.47 | 57.85 | 465.33 Beam 15 Rect. (30*60) | 10916
C15 | 39750 | 73.85 | 471.35 | Beam5and 12 Circ.(D=35) 6016
Columns C16 | 386.25 | 71.37 | 457.62 | Beam5and 13 Circ.(D=35) 6d16
Mosque Cl17 | 36.23 | 7.80 4400 | Beam9and 11 | Rect. (30*35) 6016
C18 | 109.37 | 2383 | 1332 | Beam9and12 | Rect. (30*35) 6d16
C19 | 105.00 | 2288 | 127.88 | Beam9and 13 | Rect. (30*35) 616
C20 | 130.76 | 7.00 | 137.76 | Beam9and 14 | Rect. (30*35) 6016
C21 | 22377 | 22.78 | 246,55 | Beam6and 15 | Rect. (30*60) 10016
C22 | 1099 | 1.27 12.26 | Beam9and 17 Circ.(D=35) 6016
C23 | 1099 | 1.27 12.26 | Beam9and 18 Circ.(D=35) 6d16
C24 | 3361 | 514 38.75 | Beam10and 17 | Circ.(D=35) 6016
C25 97.78 | 14.09 | 111.87 Beam 10 Circ.(D=35) 6d16
C26 | 7945 | 1317 | 92.62 Beam 10 Circ.(D=35) 6016
C27 | 97.78 | 14.09 | 111.87 Beam 10 Circ.(D=35) 6016
C28 | 3361 | 514 38.75 |Beam 10 and 18 | Circ.(D=35) 6d16
C29 | 16.728 | 3.534 | 20.262 Beam 7 Circ.(D=25) 4014
C30 | 16.728 | 3.534 | 20.262 | Beam 7 and 16 Circ.(D=25) 4014
C31 | 16.728 | 3.534 | 20.262 Beam 8 Circ.(D=25) 4014
C32 | 16.728 | 3534 | 20.262 | Beam 8 and 16 Circ.(D=25) 4014
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C33 | 2457 | 2506 | 50.00 | Beam 19and 22 | Rect. (30"35) | 6016

C34 | 11375 | 90.79 | 204.45 | Beam 19and 23 | Rect. (30"35) | 6016

C35 | 2892 | 29.34 | 5826 | Beam 19and 24 | Rect. (30"35) | 6016

C36 | 336 | 47.72 | 8L32 Beam 22 Rect. (3035) | 6016

C37 | 136.15 | 173.10 | 309.25 Beam 23 Rect. (30*35) | 6016

C38 | 5396 | 5557 | 109.53 Beam 24 Rect. (30"35) | 6016

Imam C39 | 52.34 | 6220 | 11454 Beam 22 Rect. (30*35) | 6016
Columns [ "C40 | 200.60 | 218.29 | 418.89 Beam 23 Rect. (30"35) | 6016
C41l | 50.00 | 6157 | 11157 Beam 24 Rect. (30*35) | 6016

C42 | 32.38 | 31.08 | 6346 | Beam20ad22 | Rect (3035 | 6016

C43 | 14051 | 109.03 | 249.54 | Beam 20 and 23 | Rect. (30"35) | 6016

C44 | 99.76 | 56.60 | 156.36 | Beam 24 and 20 | Rect. (3035) | 6016

C45 | 39.66 | 1355 | 53.21 Beam 25 Rect. (30"35) | 6016

C46 | 57.14 | 153 | 7597 | Beam25and21 | Rect (3035) | 6016

CA7 | 4434 | 1671 | 60.75 | Beam24and 21 | Rect. (30"35) | 6016

C48 | 26.64 | 2157 | 4821 | Beam28and 26 | Rect. (30°35) | 6016

C49 | 4891 | 4720 | 96.11 Beam 26 Rect. (30*35) | 6016

C50 | 21.27 | 1849 | 39.76 | Beam 26 and 29 | Rect. (30"35) | 6016

C51 | 80.81 | 64.30 | 14511 | Beam28and 30 | Rect. (30"35) | 6016

Wadoo C52 | 139.15 | 141.71 | 280.92 Beam 30 Rect. (30"35) | 6016
Columns | C53 | 80.81 | 64.30 | 121.12 | Beam29and 30 | Rect. (30*35) | 6016
C54 | 26.64 | 2157 | 4821 | Beam27 and 28 | Rect. (30"35) | 6016

C55 | 4891 | 47.20 | 96.11 Beam 27 Rect. (3035) | 6016

C56 | 21.27 | 1849 | 39.76 | Beam27and29 | Rect. (3035) | 6016
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Chapter Four — Structural Analysisand Design

4.10.1 Design of Column(C52) in Wadoo Block:
% Material: reinforcement concrete.

Concrete (B300) = fc'=30* 0.8 = 24MPa

+ Section: The Columnisan internal one.
From B30
D.L =104.93KN
L.L =92.49 KN

% Loading:
Pu=12D.L+16L.L
=12* 104.93+ 1.6 * 92.49
=273.9KN =0.2739 MN

_p, 02739

Pomag = = = = 0.4214MN.
065 0.65

4.8.2 Design of column 52 :
Determination of ( Ag)
Assumer , =0.01

P, mag = 0.8xAg{0.85 fc'+r ,(f, —0.85f,)}

0.4214 = 0.8x Ag{0.85x 24 + 0.01(420 — 0.85 x 24)}
Ag = 0.0216 m?

Select 30*35 cm Ag=0.105m2> Agreq = 0.0216 m?
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+» Check Slender ness Effect :
[K_Iu] < (34—12(m) S0, ACI| 10-12-2
r M 2

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

I
R: radius of gyration=0.3 h = \/;

I: Moment of inertia
A: Cross sectiona area of the column

= b*h"3 ...... for rectangular section

Lu=3.55m

In 35 cm Direction (about y-y axis):-

Ku_ 34—12% ............... ACI - (10.12.2)

fy

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration=0.3 h= \/;

Lu=3.55m

M1&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.
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klu M1

MU _gq oML ACI - (10.12.2)
r, M2

1785 38152

0.3*0.35

. long Coloumn

E.l
El =04— [ACI 318-2002 (Eg. 10-15)]
1+Db,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL  1.2(104.93)

b, = 0.46
Pu 273.9
* h3 * 3
= b*h® 03*035" _ 0.0011m
12 12
* * 106 *
£l - 0.4* 23270.15* 10 0'0011=7.01MN.m2
1+ 0.46
p ’El
P = e, ACI 318 2002(Eg. 10-13)
(KLu)
2 %
= —3'14 7'02' = 5.48MN.
(1.0* 3.55)
M1
Cm=0.6+0.4 IVED ACI 318 — 2002 (Eq.10 —-16)
Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
d,= cm >1.0 e e ACI 318 — 2002 (Eq. 10 -12)
1-(Pu/0.75R,

1

dp = —=1.00007 >1
1-(273.9/0.75* 5.48*10°)

e =15+0.03* h=15+ 0.03* 350 = 25.5mm = 0.0255 m

min, z

e, = €,, xd,, = 0.0255 *1.00007 = 0.0255
& 0025 _ 4 o729
h~ 035
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In 30 cm Direction (about z-z axis):-

Ku 34—12% ............... ACI - (10.12.2)

r

z

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration=0.3 h= \/g

Lu=3.55m

M1&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

MU g oML ACl —(10.12.2)

r, M 2
1* 3.55
0.3*0.3

. long Coloumn

=39.44 > 22

E.|
El =04 °b9 ................ [ACI 318— 2002 (Eq. 10-15)]
+

d

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL _ 1.2(104.93)

b, = 0.46
Pu 273.9
* |3 * 3
l, = b*h™ _035"03" _, 00078 m*
12
* * 6 x
El - 0.4* 23270.15* 10 0'00078:4.97MN.m2
1+0.46
p ’El
R e — ACI 318 2002(Eq. 10-13)
(KLu)
2 %
P _ 3.14°*4.97 3.89MN.

° (1.0*355)%
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Cm = 0.6+ o.4(%j ............ ACI 318 — 2002 (Eq.10 — 16)

Cm=1.... According to ACI 318 — 2002 (10.10.6.4)

d_= cm >1.0 e ACI 318 - 2002 (Eq. 10 —12)
1- (Pu/0.75P,
d, = L _=1.0001 >1
1-(273.9/0.75* 3.89*10°)
€, =15+ 0.03* h =15+ 0.03* 300 = 24mm = 0.024m
e, = e, xd,, =0.024*1.0001 = 0.024
e
S 0028 _ 408
h 03
¢ Try 30*35
p=0.01
Long direction:

e/h = 0.0255/0.35 = 0.0728

y=350-2*40-2*10-25=0.64

350
y=0.6 ®Pn/Ag=2.0ks
y=0.64 ®Pn/Ag=2.0ks
y=0.75 ®Pn/Ag=2.0ks

= O®Pn/Ag=2.0Kks

Pn=2* 1000* 0.35* 0.3 =2.23
145 0.65

Short direction:

e/h =0.024/0.30 = 0.08

y=300-2¥40-2*10-25=0.6

> ®P/Ag=2.0ks

Pn=2*1000* 0.35* 0.3 =2.23
145 0.65
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Using Bresler equation:

1 =1+_1- 1
z Pny Pno

Pn Pn

Pno=0.8Ag (0.85fc' ( 1-pg) + pg *fy)

Pno = 0.8*0.3*0.35*(0.85* 24(1-0.01)+0.01* 420)
=2.05

i =1+_1 -_1

Pn 223 223 205

Ph =244MN > Pu=0.2739 MN

Use 6025 with As= 27.3 cn?

Design of the Tie Reinfor cement :

S <16 db (longitudonal bar diameter).............c......... ACl -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

Spacing <16x d, (Longitudinal bar.diameter) =16x 2.5 = 40cm
Sacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension = 30cm

. Use If 10@30cm
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4-11 Design of Foundation:-

4.11.1 Design of | solated footing (F1) (wadoo block):
% Material :-

= concrete B300 Fc' = 24 N/mm?

=  Reinforcement Steel fy = 420 N/mm?

«» Section detail :-

’53@15'r-_h1 -—-—-—-—-.rw 1
Fiiq:i‘!'ﬁ: Mﬁr
- {__ ,‘-.___,-. 1 .-"I{ [ &
‘-:f-:" .__..;: ~S .q' ‘-—..-:l.-“—':":[:
W ool mamma ¥ LN ey W
8812 | :
\-\\L | : =
Be12 i g _— |
0, s 1 azg 10
r!@‘_ 1060 1]
13)

Fig.(4.11): Isolated Footing Detail

+ Load Calculation:-

Factored load Pu = 273.9 KN, D.L = 104.93 KN, L.L =92.49 KN (Load from column C52)

Soil weight = 18 KN/m?

Column geometry 0.35*.3 m?

Allowable soil pressure = 400 KN/m?

Allowable soil pressure(net) = 400 — 0.5*18 — 0.4*24 — 5 = 376.4 KN/m
+ Design of Footing Area:-
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Allowable soil pressure = 400 KN/m?

Area(A) = Total Weight / Soil Pressure(net)
=(D.L +L.L) / Soil Pressure(net)
=(104.93 + 92.49)/ 376.4

=0524m°
Try Im* 1m Area=1m?
Select Foot Geometry 1*1 m?

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

Pu=2739 KN

Pnet (factored) = Pu/ Area= 273.9 /1 =273.9 KN/m?

% Determinethe Depth of Footing Based on Shear Strength:-

Assumeh=40cm ..... d = 400-75-20 = 305 mm

*Check for one way shear strength

Critical Section at g+d

g+ d :0'—5’5 +0.305=0.48m

L )
VU =5 * Foundation (E-I- d) * B
2 2

Foundation

Vu=273.9* (1—20 —0.48)*1.0=5.478KN

f Ve =f .(%*W*bw*d)

f Vc=0.75* %* 24*1000* 305=186.77Kn

f Vc=186.77KN >Vu =5.478KN
Safe
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*Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

fV, =f.%(1+b—ij\/f7; b,d
fv, =f —(b - ]rbd
fv, =f —\/7bd

Where:

Column Length (a) 35
~ Column Width (b) 30

=117

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

b, =2(d + a) + 2(d + a) = 2(30.5+ 35) + 2(30.5+ 30) = 252cm

As = 40 for interior column

FV, =f %[1+ bij,/ t'bd = o.gs* [1+ 1;} J24* 2520* 305 =1275.23Kn

FV =f (b T J\/ b d_olf (40 0305) V24 * 2520* 305=1104.26Kn

2.6

fV, =f —w/ bd—%*ﬁ*2520*305 941.34Kn

f V. =941.34Kn ..... Control
Vu. =Pu-FR;

FR, =s,, *area of critical section
Vu, = 273.9-[273.9* (0.35+ 0.305) * (0.3+ 0.305)| = 256.21KN

f Vc=941.34Kn >Vu. = 256.21Kn........ satisfied
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+» Design for Bending M oment
Mu=273.9* 0.325* 0.325/2 = 14.47 KN.m

42
m=_ M - 40 _,5eg
0.85* fc  0.85* 24
Mu/f A47*107°/0.
RN= = 1447710 /29=o.173 N/mm?
b*d 1.0* (0.305)
2mRn
p=—@1- 1-——)
fy
1 58)(0.
N \/1_ 2(20.58)(0.173) ) = 0,0004
20.58 420

ASreq = 0.0004 (1000) (305) = 122 mn?
ASeq =122 mn? control
r . =00018

A, min = 0.0018 (1000) (400) = 720 mm?

# of bars= A9 AS g = 720/113 = 6.37
= Note Agp12 = 113 mm?
Use 80 12 Asprovided =904 mm? (in both direction)

% Check for yielding:-
Tension = Compression
As* fy=0.85* fc*b* a
904 *10°* 420 =0.85*24*1.0* a

a=0.019m
~a_ D 5 35mm
b, 0.85
e, = 3052235, 603 - 0.038
2235
e.=0.038>0.005 ... oK
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% Development Length (L, ):-

Category (A), item 2 applies,

Ld:[ia x b xgxdb]
2,/ fc'

Ld= 420 . 1.1, =51.44 cm
(2@ 1x1x1 1.2}
420

Ld= 0.24l dbx0.7=0.24—1.2x0.7 =17.28cm
Jic 22

Available Ld = 400-75=325mm

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

®Pn = 0.65(0.85)(24)(35* 30) *10° =1392.3kN > Pu = 273.9KN.
Since ®Pn>Pu.

.. Dowelsarenot required for load transfer.
But use the minimum reinforcement of dowels:
As= 0.005* 350*300 = 525 cm?
# of bars= As/ Aspy = 525/79 = 6.65

* Note Ap1po = 79 mm?

Use6® 16 dowels s Provided = 402 mm2
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Chapter Four — Structural Analysisand Design

4-12 Design of Strip Footing:

4.12.1 Load Calculation :

Weight of wall (D.L.) = (height) Thickness * 1m wide * y.
D.L tota = 0.35¥24*6.2* 1=52 KN

Factored dead load = pu = 1.4* D.L=1.4*52=72.8 KN

Let h=20 cm

Effective depth = d=200-75-20=105 mm

Fig (4-12) Strip Footing M odel

Allowable soil pressure = 400 KN/m?2
Qallowblenet = 400 - 0.2*24= 395.2 KN

4.12.3Deter mine the Footing Width:

DL 52
allowablesoil pressurenet  395.2

Areaof foundation = =0.13m

Assume area= 50cm
Areaof foundation=1* b=0.5m

Sdlect b= 50 cm?

_ pu 728

= = =145.6 KN/m2
areaof fondation 0.5*1
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4.12.4 Design of shear (one way shear):
Vu=1*(0.075-0.105)* 145.6=4.37 KN

1
oV, = f Eﬁb”d

DV, =0.75* %@ *1* 0,105 = 64.3KN

DV, >Vu ok
4.12.5 Determine Reinforcement for Moment Strength:

_ 1456x 0.075°

Mu =0.41KN.m

= Mu=0.41KN.m

Mn .41/0.9x10°°
Kn= > = >
bd 1x0.105

=0.04

. fy 400
0.85* fc  0.85* 24

, :l 1- 1_2xm><Rn
m fy

Fo 1 (1—\/1—M]=0.000095

19.6

T 196 420
ASg., =T *b*d =0.000095* 1000 * 105 = 9.975mm?’
ASgyinage = 0.0018* b* h = 0.0018* 1000 * 200 = 360mm*
. As = 360mm?

#of bars =@ =24
154

3D14...As, iy = 462mm* > 360mm?.....0k

space = % =33cm

Select ®14@30cm
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Check of strain

Tension = Compression

As* fy =0.85* fc*b* a

462* 420 = 0.85* 24*1000* a

a=951mm
x:izﬁzll.me
bl 0.85
e, = M* 0.003 =0.025
11.2
e,=0.025>0.005 ... OK

4.12.6 Design of Secondary Bottom Reinfor cement
Asqin for shrinkage & temperature

Asnin=0.0018* b* h

Asnmin=0.0018 * 1000* 200

As=462mm?

Select ®14 @ 30 With A, oy, = 4.62 M.

4.12.7 Development length of main reinforcement:
For ®14 barsdb=1.4 cm :

1
Jic

So astandard hook of (25 cm ) must be used to provide Ld.

0.24* fy*1.4*0.7* =19.2cm

4.12.8 Design of dowelsbars:
As min =0.0012 * 1000 * 105= 126mm?
Use longitudinal shear wall bars

Use f 12@35cm
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Ld = fy abg.d,

2/fc'

For f14 bars
Ld = ﬂl* 1*1*1.2
224

Ld =51.44>15cm

AvailableLd=35-7 = 28cm < 51.44cm

0.24* fy*1.4*0.7* 1 =19.2cm

Tic

So astandard hook of (25 cm ) must be used to provide Ld.

4.12.9 Strip Footing Detail :-

section ( A-A )

1 A Lo
H-w e
| B \’ﬁq S

#EQ15
' $14030 1290
14
d —a——id
al o

15em S0.6.
ﬂwlslr:“ﬂ'n!l 500 micron Trlck

Cornpacled Bese cosrse
Compactad Seléctad I

-c-i_"'i

Fig.(4.13): Strip footing detail.
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4-13 Design of Mehrab foundation
Mat foundation
System :

e

Fig.(4.14): Mat foundation of mehrab.

4.14.1 Load calculations:
(mehrab) self weight =P* D.L
P: parameter of circle
P=2nr=2n* 1.5=9.42m.
D.L =0.30*25*4.7= 35.25 KN/m.
(mehrab) self weight = 35.25* 9.42 = 332.06 KN/m.
Load from columns:
Table(4-3): load of mehrab foundation.

420

Column name Dead load Liveload Total load
C1 28.44 5.3 33.74
Cc2 28.44 5.3 33.74
C4 78.94 17.68 96.62
C5 75.66 16.95 92.61

Assuming areaof mat foundation (8.5m * 4.2m)
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Chapter Four — Structural Analysisand Design

4.14.3 Design of bending moment

By using the SAFE software to analyze the foundation, the reinforcement result isasin the
following chart:

Top Bar (envelope) direction 1

175
150,

125

T,
L.

(1%

25

Fig.(4.15): Top bar reinforcement of mehrab in direction(1)

Bottom Bar (envelope) direction 1

2TF5:

250

200
178
150.
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Chapter Four — Structural Analysisand Design

Fig.(4.16): Bottom bar reinforcement of mehrab in direction(1)

Top Bar (envelope) direction 2

Fig.(4.17): Top bar reinforcement of mehrab in direction(2)

Bottom Bar (envelope) direction 2

520,
HA0.
A4,
400,
20
az0. 0
IR

2490,

i

160,

q20.

Fig.(4.18): Bottom bar reinforcement of mehrab in direction(2)
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According to chart reinforcement:

Direction 1 bottom ®12@20 cm c/C.

Direction 2 bottom ®12@15 cm c/c.
Direction 1 top ®12@20 cm c/c.

Direction 2 top ®10@20 cm c/c.
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4-14 Design of The Dome:

e Anaysis:
Assumed h=15cm.
R=3.25m
By using “Membrane theory of shell”:-

< Sdf weight:

ga,/ 2

ga/ B

Fig.(4.19): Analysis self weight of shell element.

Dead load:
Self weight=0.15*24.5=3.675 kN/m2
Plaster=0.02* 22=0.44 kN/m2
> Dead load (g) = 4.115 kN/m2
N, =—— 2
cosa +1

g9

Nb =a(—gcosa +
cosa +1

89
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+ Pressure(Snow):

ga/2 ge

E8
| R=825m | &R Ny Na

A A

Fig.(4.20): Analysis snow load of shell element.

+« Determine the reaction support on the foot of the shell:
A, =N, (D.L,a =90)=g.a=4.115*3.25 =13.37kN /m
A, . =N,(LLa=90)=0q,.a=1.225*3.25=4kN /m

% Reaction on the dab:

D.Ly,, =13.37 +0.2*2.75* 24 5= 26 .8kN /m
L.l =4kN /m
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++ Point load on beams(A,B,C,D):

iy =
E H
L] m
] B o
o g D Heamd
-/.- .1..:',,
& @@f}‘ 3,
i & |
A= b =
| !
'|. .II
x"\. ('J
3 g
e o e Dasms
D

Fig.(4.21): Distributed dome load on beams.

Resultant force from load on beams = load* Perimeter
Perimeter = 2pr = 2p *3.25 = 20.41m
D.L = 26.85* 20.41 = 548 kN
L.L=4*20.41 =81.64kN

Load o (A, B, C, D):
D.L =548 /4 =137 kN

L.L=81.64/4 = 20.41kN
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e Design of the Dome:-

N, o = 9.8 = 4.115* 3.25 = 13.37kN

N % =1.225*3.25=1.99

Tension band at the foot of the dome:
Tu=12D.L +1.6L.L

Tu=1.2*13.37+1.6*1.99=19.229k

ps, - Tu _ 19229
% f fy 0.9*42
As,, = 0.51cm?

Selected:
e 4 ® 12/15cm at base of dome (Top & Bottom).

e ®12/30cm at rest of the dome (Top & Bottom).
o ®12/30cm for meridional reinforcement (Top & Bottom)
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4-15 Design of Minaret:-

IS TV

=Eald

120
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Fig.(4.22): System and load of minaret.
s Loading :-

e Wind load according to German-Code DIN 1055,74(8.86)

O<h <8m =2 g=05kN/m2
8<h <20m = q=0.8kN/mz
20<h<100m=>» g=1.1 kN/m2

Hx
Cp 113. - H P?l
Hy <& | &
240
MINARET

Fig.(4.23): Distributed wind load on minaret.

Cf=05+08=1.30

Windload = W=Ci*
W1=13*0.5=0.65
W2=13*0.8=1.04
W3=1311=1.43

+* Horizontal Load and Moment on the wall-foot

= Horizontal load.
Hx =Hy = Cf *d*g*L
=(1.3*2.4*0.5*8) + (1.3*2.4*0.8*12) + (1.3*2.4*1.1*6.3)
=64.05 kN

Hu(x)=Hu(y) = 1.6* 64.05 = 102.5 kN
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= Moment load:
Mx=My = (1.3*2.4*0.5*8)(1+8/2) + (1.3*2.4*0.8* 12)(9+12/2)
+(1.3*2.4*1.1*6.3)(9+12+6.3/2) = 1033.86 KN.m

Mu(x)=Mu(y) = 1.6 * 1033.86 = 1654.176 kN.m
2 walls must take the Mu = 1654.176 kN.m

= every wall take Mu/2 = 1654.176/2 = 827.0 KN.m
e Self weight of the construction

Nu (vertical load)

N =t.h.by

Area=h.b

Total area of minaret = 180.85 m2

Areaof spacing = 27.6

Areaof reinf. wall =180.85-27.6 = 153.25 m2
N =0.3* 153.25*24.5 = 1126.38 kN

Nu =1.2¥1126.38 = 1351.656 kN
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4-16 Design of the minaret walls:

= Material :-
concrete  B300 fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

= Section :-
b=30 cm . wall thickness
h=24m.wall width
d= 2400-20-10-20/2= 2360mm = 2.36m
hw=26.3m height

m=_ ¥ - 40 _55g
0.85* fc  0.85%24

Mu /f

b*d?

_ 827 10°/0.9
2.4% (2.36)

p=l@- f_2mn)
m fy

0= 1 1- \/1_ 2(20.58)(6.87) ) = 0,0208
20.58 420

Rn =

Rn = 6.87 N/mm? (Mpa)

As=p* b* d=0.0208 * 300 *2360 = 14726.4 mm?

"" Check Minimum Reinforcement Asmin......... (ACI- 318-10.5.1)
f /
Asmin=Y" b)d) =—Y2% (300)(2360) = 2064.57mm?
4( fy) 4(420)

A'S min :%(b)(d) :%(300)(2360) = 2360mm?  (control)

A sreq =14726.4 mm? > A smin =2360 mm?

= Note Apzo =314mm2
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Select bars ® 20 @15cm
= Usestirrups ® 12 @15cm
4-17 Design of mat foundation of minar et

% System

52.00

MINARET

50

j— b

Fig.(4.24): Mat foundation of minar et.

4.14.2 Load calculations:
Moment Mu = 1654.176 KN.m
Load from columns:
Table(4-4): Load of minaret foundation.

Column name Dead load Liveload Total load

Cl7 36.23 7.80 44.00

Soil subgrade modulus = 48000 kN/m3
Assuming areaof mat foundation (5.0m * 5.50m)

4.14.3 Design of bending moment
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By using the SAFE software to analyze the foundation, the reinforcement result isasin the
following chart:

Top Bar (envelope) direction 1

Fig.(4.25): Top bar reinforcement of minaret in direction(1)

Bottom bar (envelope) direction 1
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Fig.(4.26): Bottom bar reinforcement of minaret in direction(1)

Tob bar (envelope) direction 2:

520,
450
440,
S0

JME0

AzZ0n
280
240.

Fig.(4.27): Top bar reinforcement of minaret in direction(2)
Bottom bar (envelope) direction 2:
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o.70°

0.6

Fig.(4.28): Bottom bar reinforcement of minaret in direction(2)

According to chart reinfor cement:

e Direction 1 bottom ®16@20 cm c/C.

e Direction 2 bottom ® 20@20 cm c/c.
e Direction 1 top ® 20@20 cm c/c.

e Direction 2top ® 12@20 cm c/c.
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. American Concrete Institute (A.C.1.) , Building Code Requirement for structural
concrete (ACI - 318M - 02).
. Uniform Building Code (UBC-97).
. Germanic Building Code.
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