Design Silos
D = Internal Diameter of silos
(Density of Material) = 0.85 t/m3
 (internal friction angle) = 28o
filling = 0.75  = 21, Empty = 0.6 = 16o 48'
filling(coefficient of friction) = tan filling = tan 21 = 0.384

Empty(coefficient of friction) = tan Empty = tan 16o  48' = 0.302

r =A / O 

  = Net cross section area of silo (m2) / internal parameter of silo (m)
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Xo filling = r / filling . filling

Xo Empty = r / Empty . Empty

P1 =K . (P1Max) = K ( r/ 
P2 = K . (P2Max) = K .r/  (P1Max) ; = P2 / P1
filling = 0.5 , Empty = 1

P3 = =K .  r = K. (P3Max) =  (P2Max)
	depth
	X/Xo
	Kfilling
	P1filling
	P2 filling
	P3 filling

	0
	0
	0
	0
	0
	0

	depth
	X/Xo
	KEmpty
	P1Empty
	P2Empty
	P3Empty

	0
	0
	0
	0
	0
	0


The height of silos divided into slices each one height 2m and the calculation start from top of silos
· Max. case of loading P1 at Filling
· Max. case of loading P2 at Empty

· Max. case of loading P3 at Empty

The wall of silos is designed to resist ring force, friction force and normal force.

Rang force:
Tx max.= P2 max.* D/2 (t/m')

As x = Tx / fs = Tx / 1.4 (cm2/m')

Check max. tensile stress fct = N / Ac+nAs 

                                                = Tx max. / 100twall silos+10As (in both direction)
	Depth (m)
	P2 x Empty
t/m2
	Tx max.
t/m'
	As x
Cm2/m'
	Reinf. / m'
	notes

	0
	0
	0
	0
	0
	0


Axial Force:

N = o. wt of wall + friction force 

    = 2.5 twall x  D +  D2 / 4 ( X – P1x)

Bending moment at depth X m from top of silo due to wind load 
Wind load distributed on area of building with respect to height (W)

W = 100 kg/m2
Mx = W * D * X2 / 2 (m.t.)
max. comp. = Nmax/A + Mx . y / I ≤ 0.2 fc all ≤ 40 kg/cm2
max. tension = - Nmin / A + Mx . y / I ≤  fc all ≤ 18 kg/cm2;

 Nmin = o.wt. of wall only
A =  D twall
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	X (m)
	P1x Filling (t/m2)
	x (t/m2)
	Fx (t)
	W = Nmin (t)
	Nmax (t)
	Mx (m.t.)
	Fmax. comp. (t/m2)
	Fmin (t/m2)

	0
	0
	0
	0
	0
	0
	0
	0
	0


Bending moment between floor and wall 
M = P2max * R2 / 6

Shear force between floor and wall

Q = P2max * R / 6

Normal force between floor and wall 
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e = M/N, es = e/t – t/2 + cover
Ms = es . N

As = Ms'/K2.d – N / fs , As' = Ms'/K2.d

As act. = (As + As') /2

Design of hopper:

Total load acting on hopper level (w)
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Meridian force 
T (maridian force t/m')
T = w /  D sin );  angle of inclination of hopper

As (Meridian direction reinf.)  = T / f s = T / 1.4 cm2
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Ring force on hopper (Tr) = Pn * R2 , Pn = intensity of pressure ┴ to surface t/m2
Pn = P1 cos2 + P2 sin2G cos
Where P1 & P2 are the vertical and horizontal intensity of pressure in case of filling at hopper level.

G = O.Wt of strip of 1 m height x 1.0 width of thickness (tw)

R2 = T2 / Pn → As=T2/1.4
Get P1 max =  XXo = r / f . f & r = A/O = D/4=2r1/4
P1 at height from top silo to mid height of hopper 

Total vertical force at level mid height of cone (hopper) (w1)

W1 = P1 r12 + wt of grins in hopper below this level + o.wt of concrete below this level + o.wt of gate……etc.

Wt. of grains = grain h/(2*3)[r2/4+r22+(r2/4 * r22/4)0.5];

r = القطر المتوسط للمخروط, r2=  القطرالصغير للمخروط

 Wt of concrete cone = concrete h/(2*3)[(r+2tw) 2-(r2+tw)2)/4+( (r2+tw)2-r22)+(((r+2tw) 2-(r2)2)((r2+tw)2-r22)/4)0.5] 
Meridian force = w1/.r.sin
Meridian reinf. = Maridian force / 1.4 cm2/m'

Design of Rig Beam (Junction Beam)
ترتكز على الاعمدة و تحمل حائط الصومعة

 تتعرض هذه الكمرة الى احمال راسية من وزن الصومعة طن/م والتى تنتج عزوم وعزوم لى 
تتعرض هذه الكمرة الى احمال شد نتيجة المركبة الافقية من قوى جذب المخروط
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Case of loading     
1) silo is full                             2) Stored material level at ring beam level

(Silo is full) T1=w/.D. sin
P2 Empty at ring beam level =Ke  r / e; r=A/O = D / 4
Horizontal force = T1 cos 
Horizontal force due to P2 = P2 . D/2

Total horizontal force = T1 cos P2 . D/2
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T1 = W1/.D.sin, W1 (wt of stored material in hopper + owt of rc hopper + gate)
Horizontal force =T1.cos
Ring beam dimension 40x40cm
Horizontal force (T1.cos) = fco Ac (1+ n),  = 0.80%
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Elements subject to torsion
Shear stress due to torsional moment in homogenous materials

1- Circular section
max = Mt . R / Ip = 16Mt/D3 = 4Mt / A D
(twist angle) = Mt l / G Ip, l (length of element), G (Shear Modules) 
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 (angle of twist per unit length of member) = Mt / G Ip
2- Rectangular section

b = 1 max
max=2 Mt / G Ip
 = Mt / G Ip = 3 Mt / G b3 t

Values of 3 for different t/b ratios
	t/b
	1
	1.5
	2
	3
	4
	6
	8
	10
	∞

	1
	1
	0.858
	0.796
	0.753
	0.745
	.0743
	0.743
	0.743
	0.743

	2
	4.81
	4.33
	4.07
	3.74
	3.55
	3.4
	3.25
	3.2
	3

	3
	7.15
	5.1
	4.37
	3.81
	3.56
	3.4
	3.26
	3.2
	3


3-T, I and L-section
max=3Mt. bw / ∑b3. t

bw width of web
b smaller width of each component rectangular of sec.

t longer dimension of each component rectangle of sec.

∑b3. t sum of ( b3 . t ) terms of rectangles.

· يمكن مقاومة عزوم اللى بحديد كانات حلزونية توضع فى منتصف القطاع الخرسانى او كانات صندوقية (مستطيلة بحيث تمتد داخل البلاطة فى القطاعات T كما يوضع حدد تسليح طولى على جانبى الكمرة المستطيلة بحيث تكون نسبتة 0.25% من حديد التسليح الرئيسى للقطاع

· مقاومة الخرسانة (بدون حديد تسليح) للقطاعات التى تتعرض الى عزوم لى و قص لاتزيد عن 15-17 كجم/سم2

· مقاومة الخرسانة (بحديد تسليح) للقطاعات التى تتعرض الى عزوم لى و قص لاتزيد عن 4-5 كجم/سم2

· لحساب حديد التسليح الطولى المقاوم للى تستخدم المعادلة

Asl=Mts * 100 / 2 Ak * fs  cm2/m'
· مساحة حديد تسليح الكانات التى تقاوم اللى لوحدة الطول (كانات صندوقية)

Ast= Mts * 100 / 2 Ak * fs  cm2/m'

· مساحة حديد التسليح للكانات الحلزونية
As spiral = Mts * 100 / 2√2  Ac * fs  cm2/m'

; Mts (torsional moment resisted by longitudinal reinforcement) = Mt – Mtc 

Mtc torsional moment resisted by concrete core only

Ak area of concrete core

fs allowable stress in steel

Ac area of concrete section

Values of Mtc in different cross sections

Rectangular section (Mtc) = qc . b2 . t /2
T and I section (Mtc) = qc . ∑b3 . t / 3bw

________________________________________________________________________
Ex.1:  If Mt = 4 m.t, C180, st37, t/b = 3→1 =0.753,  2 = 3.74. Find b,t, Ast
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max = 2 Mt / b2 . t =17kg/cm2 (sec. with reinforcements)

17=3.74*4000*100/b2 * 3b  → b = 28.74 cm
Let b = 30cm and t = 3b = 3*30 = 90cm
Assume b=b', t=t'

Mtc = qc . b2 .t / 2 = 4 * 302 * 90 / 3.74 = 86631.016 cm..kg
Mts = Mt – Mtc = 400000-86631.016 = 313369 cm.kg

Ast = Mts * 100 / 2 Ak . fs = 313369 * 100 / 2 * 30 * 90 * 1400 = 4.15cm2/m'

Use 6ø10/m' of beam.
Ex.1:  If Mt = 5 m.t, C180, st37, t/b = 3→1 =0.753,  2 = 3.74. Find b,t, Ast
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qmax = 3Mt.bw / ∑b3.t = 3*500000*30/(303*90+103*100) = 17.8kg/cm2 ≈ shear stress resisted by a reinforced concrete section.
Mtc = qc . ∑b3 .t / 3bw = 4 * (303 * 90+103*100) / 3*30 =1.124m.t
Mts = Mt – Mtc = 5 – 1.12444 = 4.98876m.t
Ast = 4.98876*100000*100/2*1400*(90*30+10*100) = 4.83cm2/m'

Use 7ø10mm/m'

________________________________________________________________________
Distance between columns = D/n(number of columns)
Transverse load on ring beam /m' = T1 sin +owt of wall (h*tw*2.5) +0.4
W= (T1 sin +owt of wall (h*tw*2.5) +0.4)*D
M-ve= 0.03415WD/2→ (rec. sec.) d=k1√M/b, As = M/K2d
M+ve= 0.01765WD/2→ (rec. sec.) "Assume d known" d=k1√M/b, As = M/K2d
Mt = 0.0053WD/2 (check the dimension of the previous sec.) 
Get Ast = Mt / 2 Ak fs and Long. Rein. AsL= □ * Mt / 2 Ak fs
Redesign the sec. of beam on the new dimension in M-ve and M+ve.
Design of columns
These columns subject to normal force and bending moment.
Normal force (N) = O. wt. of silo walls + filling material + o. wt. hopper + ring beam + owt of columns + wt of gate

Load/column = N / no. of columns

Wind affect on silo in side as pressure and the other by section by half value of the pressure one so, the pressure value will multiply by 1.5 times.

Horizontal force on each column due to wind load (H) = 1.5*0.1*h*D / no. of columns t
; h = height of silos from junction beam level.

Bending Moment due to wind load (Mwind) = H * half height of column
e = M /N, check e/t to know big or small eccentricity
Small eccentricity → N / fc bt

Reinforcement ratio  = 2.3%

As = As' =  * b*t
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