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ABSTRACT 

 

Working to the fast pace of development that is to be taken care of by 

professional engineers and globalization of professional services to be rendered, 

it becomes important to appraise them in the area of design for industrial 

structures, which has a wide spectrum to be dealt with. 

 

There has been a rapid change due to industrial advancement requiring different 

type of structures like bunkers and silos. Bunker and silo is one of the storage 

structure required for industrial plants to store various types of materials such as 

coal, grains, cement etc. Hence it is necessary to appraise regarding the design 

procedures for such structures which includes the study of codal provisions 

leading to analysis and design along with detailing of the same. 

 

From last few decades, there is a considerable advancement in manufacturing 

technologies for various industries. With progressive increase in size of raw and 

finished material for manufacturing units there is a corresponding increase in size 

of storage unit also. 

 

Particularly in cement manufacturing industries due to the changed market 

conditions regarding the availability and supply of cement, it is now becoming 

common to produce different types of cement in the same cement factory, so as 

to improve marketability and profitability. This has necessitated introduction of 

multi-section silo, which has the facility of storing different types of cement and 

using the same extraction system.  

 

One of the major problems faced in the cement factory is that of cement getting 

set in the silos, choking the extraction system. As the silo is needed for 

continuous storage and extraction, maintenance becomes problematic. In a 

multi-section silo, same type of cement can be stored in more than one 

compartment, and while storing and extracting operations are done in one 

section, the other sections could be emptied, cleaned and maintained.  
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The study undergone is the step in the direction to give relevant technical 

information about the detailed designing methods using STAAD.Pro.2004 for the 

analysis of 6 compartment silo. 

 

It is difficult to get all necessary information in one compact volume and hence, 

an effort has been made to give relevant technical information, illustrating the 

theoretical background and codal provisions along with detail design procedures, 

normally to be followed. The given information will serve as a first reference to 

deal with design of such structures; however, one should go through various 

other references to have an in-depth understanding to enable to design 

efficiently such structures. 
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FIGURE: 1.5 [A] DEVELOPMENTS OF COMPARTMENT SILOS FROM SINGLE CELL 
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FIGURE: 1.5 [B] DEVELOPMENTS OF COMPARTMENT SILOS FROM RING SILO 
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FIGURE 2.1: A. PRESSURE IN A SILO FILLED WITH A FLUID (IMAGINARY);                      

B. VERTICAL STRESS AFTER FILLING THE SILO WITH A BULK SOLID; C. 

VERTICAL STRESS AFTER THE DISCHARGE OF SOME BULK SOLID 
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FIGURE 2.2: PRESSURES IN FLUIDS AND STRESSES IN BULK SOLIDS (IN PRINCIPLE) 
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 FIGURE: 2.3 (A) NON-UNIFORM AND OVERLAPPING PRESSURE BULBS. 
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FIGURE 2.3(B).  LEANING TWIN SILOS CAUSED BY NON UNIFORM SETTLEMENT IN 

ZONE OF OVERLAPPING PRESSURE BULBS. 
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FIGURE: 4.2 DIMENSION FOR USING AIRY EQUATION FOR BUNKERS AND SILOS 
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FIGURE: 4.4 ARCHING 
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FIGURE: 4.5 (B) CIRCULAR BIN 
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FLOWCHERT: 4.1 TEMPERATURE DROP THROUGH WALL – ACI METHOD 
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TABLE: 5.1 DETAILING PRACTICE – WALL REINFORCEMENT (DEFORMED BAR) 
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FIGURE: 5.3 RING SILO CROSS SECTION 
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FIGURE: 6.1 GEOMETRY OF SLAB 
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FIGURE: 6.2 TRIANGULAR SLAB 
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FIGURE: 6.3 TRAPEZOIDAL SLAB 
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TABLE: 6.1 DIFFERENT PRESSURES DUE TO FILL BY IS APPROACH 

 

Name of pressure Filling condition 

(kN/m2) 

Emptying condition 

(kN/m2) 

Vertical load transferred to wall 

per unit area due to friction 

 (Pw)   

=W p R 

= 23.96 

=W p R 

= 23.96 

Horizontal pressure on silo Wall 

(Ph)   

= (W p R)/T� 

= 70.59 

= (W p R)/T� 

= 89.43 

Vertical pressure on horizontal 

cross section of wall  

 (Pv)   

= (W p R)/(T�pn�) 

= 141.18 

= (W p R)/(T�pn�) 

= 89.43 
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TABLE: 6.2 PRESSURE CALCULATION BY IS APPROACH 

             

Depth (Z) 

(m) 

Pressure during 

Filling 

(kN/m2) 

Pressure during 

Emptying 

(kN/m2) 

Design pressure 

(kN/m2) 

4 25.09 44.72 44.72 

8 41.26 67.08 67.08 

12 51.69 78.25 78.25 

16 58.40 83.84 83.84 

20 62.74 86.64 86.64 

24 65.53 88.03 88.03 

28 67.33 88.73 88.73 

32 68.49 89.08 89.08 

36 69.23 89.25 87.90 

41.7 69.87 89.36 81.90 

44 70.03 89.38 77.50 

48 70.23 89.41 70.23 
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TABLE: 6.3 PRESSURE CALCULATION BY ACI APPROACH�
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+
+×+×=

34.0466.0
)466.01(466.0

466.06
2

� � � � � �

���Q�J�C%��� � � � � �

�

Depth 

(Z) 

(m) 

Static pressure 

(Pz) 

(kN/m2) 

Overpressure 

factor 

(Cd) 

Design pressure  

 (Pdes = Cd p��C ) 

(kN/m2) 

4 19.90 1.75 34.82 

8 32.09 1.75 56.16 

12 39.56 1.9 75.17 

16 44.14 1.9 83.87 

20 46.95 1.9 89.20 

24 48.67 2 97.33 

28 49.72 2 99.44 

32 50.37 2 100.73 

36 50.76 2 101.52 

41.7 51.08 2 102.15 

44 51.15 1 51.15 

48 51.24 1 51.24 
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TABLE: 6.4 PRESSURE CALCULATION BY AIRY’S METHOD 

�

�

Height from 

top (Z) 

(m) 

Static 

Pressure (Ph) 

(kN/ m2) 

4 21.73 
8 43.13 

12 53.94 
16 61.15 
20 66.40 
24 70.44 
28 73.67 
32 76.34 
36 78.58 

41.7 81.24 
44 82.18 
48 83.65 

�

�
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TABLE: 6.5 COMPARISION OF PRESSURES 

 

Depth 

(Z) 

                 (m)�

Design pressure by 

Janssen’s method 

( IS approach ) 

             (kN/m2)�

Design pressure by 

Janssen’s method   

(ACI approach) 

             (kN/m2) 

Static  pressure by 

Airy’s method 

(kN/m2) 

4 44.72 34.82 21.73 
 

8 67.08 56.16 43.13 
 

12 78.25 75.17 53.94 
 

16 83.84 83.87 61.15 
 

20 86.64 89.20 66.40 
 

24 88.03 97.33 70.44 
 

28 88.73 99.44 73.67 
 

32 89.08 100.73 76.34 
 

36 87.90 101.52 78.58 
 

41.7 81.90 102.15 81.24 
 

44 77.50 51.15 82.18 
 

48 70.23 51.24 83.65 
 

�

�

�

�

�

�

�

�

�
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FIGURE: 6.5 NODES AND ELEMENT NUMBERS 
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TABLE: 6.8 MULTIPLYING FACTOR FOR ALL GROUPS OF NODES FOR DIFFERENT 

CONDITION 

�

Multiplying factors from table:6.7 Tables no. Groups of  nodes 

Tension inner face Tension outer face 

  Moment Axial Moment Axial 

6.9 (A) 2,8,14,20,26,32 1.72 4.72 1.50 3.46 

6.9 (B) 3,9,15,21,27,33 1.06 7.54 0.94 3.69 

6.9 (C) 4,10,16,22,28,34 0.2 7.42 0.91 5.04 

6.9 (D) 5,11,17,23,29,35 1.14 3.80 1.25 5.06 

6.9 (E) 6,12,18,24,30,36 0.2 7.35 0.91 5.13 

6.9 (F) 7,13,19,25,31,37 1.18 6.85 0.94 3.69 
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FIGURE: 6.6 DESIGN FORCES (OUTER WALL) 
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TABLE: 6.10 REINFORCEMENT DETAIL AT CONE APEX LVL 

 

                                

Hoop force Moment Tempture Total
Outer face 9.30 16.77 16.9 42.97
Inner face 12.69 19.35 - 32.04
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FIGURE: 6.8 CRACK WIDTH (ACI APPROACH) 
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FIGURE: 6.9 GOVERNIND CASE FOR COMPARTMENT WALL DESIGN 
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FIGURE: 6.10 CONE MODEL WITH NODE AND PLATE NUMBER 

�

�

1 

2 

3 

4 

5 

6 

7 
8 9 10 11 

12 

13 
14 

15 

16 
17 

18 

19 

20 

21 

22 

23 

24 25 
26 27 28 

29 

30 
31 

32 

33 

34 

35 

36 

1 

2 

34 

35 

36 

33 

32 

31 
30 

29 

28 27 
26 

25 

24 

23 

22 

21 

20 

19 

18 
17 

16 

15 14 

13 

11 
12 

10 9 
8 

7 

6 

5 

4 

3 

X 
37 

72 

73 109 145 181 217 

1 

36 37 

73 

109 

145 

181 

217 

253 

72 

108 

144 

180 

216 

252 

288 

254 

218 

182 

146 

110 

74 

38 

2 

3 

39 

75 

111 

147 

183 

219 

255 



 100 

�

�

�

�

�

�

�

�

�

���

�

�

�

�

�

��������������������������������������������������������������������������������������������������

FIGURE: 6.11 CONE DESCRITISATION ALONG HEIGHT 
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TABLE: 6.12 AREAS AT DIFFERENT LEVEL ALONG HEIGHT 

�

Elements Area 

(m2)                          

1 to 36 2.340 

37 to 72 2.10 

73 to 108 1.785 

109 to 144 1.511 

145 to 180 1.237 

181 to 216 0.961 

217 to 252 0.686 

253 to 288 0.375 

Total 10.996 m2 

�

�

2	���������Q�%F�p��!�DD ��

����������������Q�%D �C7���� � � �

8
���#�2	�����
���������Q�u�p��%�DFD�p�,J�DCFO�-��

����������������������������������Q�%D7��%���� �

�

�/55�5,1?7�,0�0,?37�HG30�H155�=4/:2/,0�/7�:,07/?343?��

�

����������������	���

*	��4����������5�%F�,�	��	�������-��

������	��������	��Q���%7H��Q����J����

I�	���	����Q����JH�!�DD �Q���I�

*�����	����	���Q�,%!J�F�p�!���-H%F�Q�D%�CF�����

�

 

 

 

 

 

 

 



 105 

TABLE: 6.13 FILL NODE LOAD WITH WALL FRICTION CASE 

�

Nodes Area 

(m2) 

% of total Fill node load 

(kN) 

1 to 36 1.17 11 93.86 

37 to 72 2.22 20 170.65 

73 to 108 1.94 18 153.58 

109 to 144 1.65 15 127.99 

145 to 180 1.37 12 102.39 

181 to 216 1.10 10 85.33 

217 to 252 0.82 7 59.73 

253 to 288 0.53 5 42.67 

289 to 324 0.19 2 17.07 

Total 10.996 m2 100  

�
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TABLE: 6.14 FILL NODE LOADS WITH NO WALL FRICTION CASE 

 

�

�

�

�
�
�
�
�
�
�
�
�
�
�

                                                                                                           
 
 
 
 

Nodes Fill load (kN) 

1 to 36 458.1 

37 to 72 832.77 

73 to 108 749.47 

109 to 144 624.59 

145 to 180 499.66 

181 to 216 416.41 

217 to 252 291.48 

253 to 288 208.23 

289 to 324 83.30 
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TABLE: 6.15 NODE LOADS WITH BOTH CASES 
�

  No Wall Friction Loads (kN) Wall Friction Loads 

Nodes Fill Wall 
Self-wt. 

Total Fill Friction 
loads 

Total 

1,7,13,19,25,31 458.1 458.4 916.5 93.87 1390.1 1942.37 

37,43,49,55,61,67 832.97 458.4 1291.37 170.67 1390.1 2019.17 

73,79,85,91,97,103 749.57 458.4 1207.97 153.6 1390.1 2002.1 

109,115,121,127,133,139 624.64 458.4 1083.04 128 1390.1 1976.5 

145,151,157,163,169,175 499.71 458.4 958.11 102.4 1390.1 1950.9 

181,187,193,199,205,211 416.41 458.4 874.81 85.33 1390.1 1933.83 

217,223,229,235,241,247 291.48 458.4 749.88 59.73 1390.1 1908.23 

253,259,265,271,277,283 208.23 458.4 666.63 42.67 1390.1 1891.17 

289,295,301,307,313,319 83.30 458.4 541.7 17.07 1390.1 1865.57 

2 - 6, 8 -12, 14 -18,                   
20 -24,26 - 30, 32 - 36 

458.1  458.1 93.87  93.87 

38 - 42, 44 - 48,50- 54,                   
56 - 60, 62 -66, 68 - 72 

832.97  832.97 170.67  170.67 

74 - 78, 80 - 84, 86 - 90,             
92 - 96, 98 -102,104 - 108 

749.57  749.57 153.6  153.6 

110 - 114,116 - 120,               
122 -126,128 – 132,                
134 – 138,140 – 144 

624.64  624.64 128  128 

146 – 150, 152 – 156,              
158 – 162,164 – 168,               
170 – 174,176 – 180 

499.71  499.71 102.4  102.4 

182 – 186, 188 – 192, 194 – 198, 
200 – 204, 206 – 210, 212 – 216 

416.41  416.41 85.33  85.33 

218 – 222, 224 – 228,             
230 – 234,236 – 240,               
242 – 246, 248 – 252 

291.48  291.48 59.73  59.73 

254 – 258,260 – 264,               
266 – 270,272 – 276,                 
278 – 282,284 – 288 

208.23  208.23 42.67  42.67 

290 – 294,296 – 300, 302 – 306, 
308 – 312, 314 – 318,320 - 324. 

83.30  83.30 17.07  17.07 

�
:���	�����CD�5�%�7������#��	����	�����������
�������������Q�D!�DJ���H�	����
�
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TABLE: 6.16 CHECK ON TOTAL LOAD (KN) OF TABLE 6.15 

�

 Wall Friction No wall Friction 
Wall self 54 × 458.4 = 24753.6 24753.6 
Wall Friction (Comp. walls) 54 × 1390.1 = 75065.4 Nil 
Fill 30720 4.88 × 30720 = 149913.6 
Central shaft 3275.11 3275.11 
Total (kN) 133814.11 177942.31 

�
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So, Meridional steel = 0.25 × 1000 × 750 / 100 

                                 = 1825 mm2  

 

Hoop steel = 0.2 × 1000 × 750 / 100 

                  = 1500 mm2 
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FIGURE: 6.13 SECTION OF THE CONE RING BEAM 
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6.8 Design of bottom ring beam 
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FIGURE: 6.15 PLAN VIEW OF BOTTOM RING BEAM 
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FIGURE: 6.16 SECTION OF BOTTOM RING BEAM 
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TABLE: 6.17 FORCES AND MOMENTS DUE TO WIND�
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0.93 30.69 565.13 10 189 74.76 5 373.83 

10-15 

 

0.97 32.01 614.78 5 94.5 40.66 12.5 508.34 

15-20 
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20-30 
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TABLE: 6.18 SEISMIC FORCES AND MOMENT 

 

Name Horizontal 

Force 

(kN) 

C.G. From 

-3.5 m LVL 

(m) 

Moment @ Top of 

Foundation 

(kNm) 

H1 77.74 64.17 4988.6 

H2 465.20 35.92 16710.0 

H3 38.92 4.9 190.7 

H4 (a) 54.83 12.81 702.4 

H4 (b) 52.07 9.026 470.0 

H5 (a) 1434.65 43.02 61718.6 

H5 (b) 125.34 17.96 2251.1 

H6 (a) 295.19 43.02 12699.1 

H6 (b) 42.47 17.96 762.8 

H7 54.83 7.05 386.6 
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TABLE: 6.19 GOVERNING MOMENT OF SOLID RAFT FOUNDATION 

�

�

Radial Diameter f
Distance

d1 d1/D1 Mr Mt Mr Mt Mr Mt
(m) (m) (kN.m) (kN.m) (kN.m) (kN.m) (kN.m) (kN.m)

13.00 26.00 1.000 -0.15 -247.19 -0.03 -68.75 0.17 315.94
12.65 25.29 0.973 -27.87 -259.12 1.62 -72.76 29.49 331.88
12.29 24.58 0.945 -127.00 -280.46 -3.81 -78.17 130.82 358.63
11.94 23.87 0.918 -301.64 -309.56 -16.50 -84.84 318.14 394.40
11.58 23.16 0.891 -556.41 -344.44 -36.68 -92.60 593.09 437.04
11.23 22.45 0.863 -896.62 -382.70 -64.62 -101.25 961.24 483.95
10.87 21.74 0.836 -1328.33 -421.46 -100.70 -110.55 1429.03 532.01
10.52 21.03 0.809 -1858.56 -457.22 -145.36 -120.20 2003.92 577.42
10.16 20.32 0.782 -2495.41 -485.71 -199.18 -129.85 2694.60 615.56
9.81 19.61 0.754 -3248.36 -501.76 -262.87 -139.04 3511.23 640.80
9.45 18.90 0.727 -4128.49 -499.01 -337.31 -147.21 4465.80 646.22
9.08 18.15 0.698 -5210.89 -467.02 -428.86 -153.95 5639.74 620.97
8.70 17.40 0.669 -4499.44 -139.53 -383.15 -138.08 4882.60 277.61
7.83 15.66 0.602 -2964.50 567.03 -290.50 -105.81 3255.00 672.84
6.96 13.92 0.535 -1591.13 1199.22 -215.01 -79.37 1806.14 1278.59
6.09 12.18 0.468 -379.33 1757.03 -154.78 -58.11 534.10 1815.14
5.22 10.44 0.402 670.90 2240.47 -107.88 -41.39 778.78 2281.85
4.35 8.70 0.335 1559.55 2649.53 -72.43 -28.55 1631.98 2678.08
3.48 6.96 0.268 2286.63 2984.22 -46.50 -18.95 2333.13 3003.17
2.61 5.22 0.201 2852.14 3244.53 -28.20 -11.95 2880.34 3256.48
1.74 3.48 0.134 3256.07 3430.47 -15.63 -6.89 3271.69 3437.35
0.87 1.74 0.067 3498.43 3542.03 -6.86 -3.12 3505.29 3545.15
0.00 0.00 0.000 3579.11 3556.00 0.00 0.00 3579.11 3556.00

Combined Moment
external loads external moments

Moment due to Moment due to 
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�
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CHART: 7.1 STATIC PRESSURE COMPARISION BY JANSSENS METHOD  

(IS APPROACH) 
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CHART: 7.2 STATIC PRESSURE COMPARISION BY JANSSENS METHOD  

(ACI APPROACH) 
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CHART: 7.3 STATIC PRESSURE COMPARISION BY AIRYS METHOD 
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CHART: 7.4 DESIGN PRESSURES COMPARISION BY JANSSEN’S METHOD  
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