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Abstract  Previous domestic studies on silos have been carried out in many ways in various fields. On the other
hand, research on the design and construction of the silo itself have not be conducted actively and an economical
approach is rare. The present study provides basic information to determine the scale of the most economical silo,
while satisfying the necessary conditions required by construction companies or design firms. The analysis was carried
out with various parameters for reinforced concrete structures, including four kinds of storage material (flour,
granulated quicklime, sand, and iron ore), five capacity sizes (10,000, 30,000, 50,000, 70,000, 90,000 ton), eight
variants of H/D (0.5~4), and three types of concrete compressive strengths (30, 35, 40 MPa). The findings established
a general rule in that a silo designed between 1 and 3 H/D with a greater concrete strength (40MPa and over)
depending on the type of storage material would be the most cost-effective (more than 50% of quantity and labor

savings).
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Fig. 2. Examples of silo collapse
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Table 2. Material properties
Material Weight Angle of |Coefficient of friction (11 ")
type (kN/m’) D;;Gpo(sz’p) concrete steel
2. A2 FxEY LHE Flour 6.1 20 0.30 0.30
Lime-bumedy ) ) 35 0.50 030
2.1 SAcH 4t couse
Sand | 160~200 | 25~40 | 0.40~0.70 | 0.35~0.50
AAUS AR 942 4A gon &%, F, Iron ore | 24.60 40 0.50 036
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T2 AAsgom ¥ dig M-8 Table 13} Agke A (13} 7).
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Table 1. Analysis Variables q= /i/k [1 € ] )
Quantity(ton) 10000, 30000, 50000, 70000, 90000
Material type | Flour, Lime-burned-coarse burnt lime, Sand, Iron ore Z.lo] Yoﬂ H ‘/l:ré Ho]’ 62]: ]:’_]"(H % 6]7(] L’% ] (2)9’]' % LE]’
H(height)/
Ddiametor) 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 b= gk o
Concrete .
compressive 30, 35, 40 _ 1- sinp
strength (MPa) 1+ sin 14
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Fig. 5. Material load and member force
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Fig. 6. Basic wall section for analysis
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Fig. 7. Analysis results (concrete)
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Fig 73} Fig. 8o+ Awlnwl Alse] Aeg} daigle] A& 5ol HDE ARG 24 B9 45 w7t
H/DY7} 242 Za8e B2} A Bgo] Ay FOrA=6.)AME HD= 10914 71 2A vebste
oz Frkete AL B S gk Wb A vk W ARSI YA = H/D=1(53]), B/D=1.5(6
Aol W7} glovt mal, SPda s, B449l ¢ & 8, HD=2(42), EAFA=18)IM= H/D=1(29)),
o] F7h FAlE HPoR FIMIA e ] Frket H/D=L5 (28]), H/D=2(5%]), H/D=2.5(6%]), HZ~(*
L Z2A2 BolFa Q) o e Hake A Bk w7l 24.6)°14= H/D=1(73]), H/D=1.5 (13]), H/D=2 (2
3 23T E B2 A97) FEsit)h £ 2AE & Table 3. Analysis Result (Minimum Quantity)
FollA Aol 2 A7 5 7NN Fishk= A7 Material | Quantity gf:;zf WD 8?,2:;?:; ratio Qj;;ji‘ty ratio
(AN 15, 2 2, EFA 257 =rhe e & pe | o) 1 vpy | on |

2= ot} Flour | 10,000 30 4.0 1058 100 197 100
S Flour | 10,000 30 1.0 615 58 72 37
Flour | 10,000 30 0.5 677 64 59 30

Flour | 30,000 | 30 |40| 5296 |100| 850 | 100
34 232|E 25H =2t /
IE Z=% =3 Flour | 30,000 | 30 |1.0| 1278 | 24 | 203 | 24
Fig 73} Fig. 8914 Aoy Uz Aae}t &3¢ Flour | 30,000 | 30 |05| 1408 |27 | 145 | 17
ol Ao TIEE Jus} 2% A W 2oglE Be Flour | 50,000 | 30 |40| 11912 |100| 1798 | 100
o BB AR 35S A R e 2 Flour | 50,000 | 30 |05| 1797 | 15| 271 | 15
& FolA= AL & F Ak Flour | 50,000 35 |os| 1979 [17] 236 | 13
;ﬂiﬂx_.l]?l <H)_\_' 765—,% /\E]_E‘i Eq_ %%]:l_ %%94 *]’oa] Flour | 70,000 30 4.0| 21072 100 | 3045 100
: ‘ Flour | 70,000 | 40 |1.0| 2249 | 11| 507 | 17
29 A% Z3¢E 9 A EFE HDY IS 71 Flour | 70,000 | 30 |0.5| 2477 | 12| 316 | 10
wo] Wl o o 2 9lolon] AukA o ® Wprt = Flour | 90,000 | 30 | 40| 33051 |100| 4612 | 100
e e Lo e o wp o o Flour | 90,000 | 40 |05| 2929 | 9 | 420 | o
5 248 EFe Sk AE ¢ sk Lime | 10,000 | 30 |40| 990 |100| 168 | 100
=ZopE 2ol A9 BE A2 H/D=05, 1 & Lime | 10,000 | 30 |1.0| 375 |38 | 52 | 31
T = il = = 9, s
o mate] Sl o) mbo] A Lime | 10,000 | 30 |05| 380 |38 | 38 | 23
12 &l S7ksltt Alne] Aol A5 H/D=2 Lime | 30,000 | 30 |40| 4737 |100] 713 | 100
~3A}o]ol|A] Bako] Zojri= L7kS WA & 99T}, Lime | 30,000 | 40 |05| 865 | 18| 111 | 16
Lime | 50,000 | 30 | 40| 10058 |100| 1460 | 100
ZOgE Ao = E W 21 Zake)| olske ==0) >
=7 ek FAUE B AT S9 9F= T3 Lime | 50,000 40 0.5 1744 17 207 14
o FLrt E4E S0l 2 F g

I 9gic) Lime | 70,000 30 4.0| 16662 |100 | 2367 | 100

T =
ARz ggo] AQ5E HDS ZAUE FE BF e aroor T30 a0l sees 100 305 106
o] AAE AL & 4 gtk Lime | 90000 | 40 |05| 4146 | 17 | 447 | 13
Sand 10,000 30 4.0 884 100 148 100
Sand 10,000 30 0.5 275 31 30 20
Sand 30,000 30 4.0 4148 100 625 100
Sand 30,000 40 0.5 1009 24 110 18
Sand 50,000 30 4.0 8692 100 1260 100
Sand 50,000 40 0.5 2109 24 214 17
Table 3& 7} AlgY fada AuEdy Hra Sand | 70,000 [ 30 [40[ 14321 [100] 2036 [ 100
3

4, BHH A= HAIR QL

[e]
Sand | 70000 | 40 05| 3551 |25 | 330 | 17
© 123 710 Eola =
= A= ghow o9f glo] TSl = HD7} 4 Sand | 90000 | 30 |40] 20840 |100] 2921 | 100

Az} H 2 Beke Uehyglth Sand | 90,000 | 40 |05| 5220 | 25| 479 | 16
Iron | 10,000 | 30 |40| 711 |100| 121 | 100

DRSS ol Q. 2k Ale X = E 71—: 2
qE 5Y £ A=A H/D7} 4, 23ZE ron | 10000 | 35 10| 243 | 34| 34 | 28
7} 30MPaOJ AS-o] FaYES} H EFS 10002 Iron | 10000 [ 30 Jo5| 267 [38| 26 |21
Iron | 30,000 | 30 |40| 3087 |100| 481 | 100

1 Q koA 2V = E 1 Eako 2} xL >
B L G 22 2awEet A F3el 7MY Iron | 30,000 40 |os5| 688 | 22| 76 16
& ZkQl H/DE ol Hlal BA3 gholth BE A FolA Iron | 50,000 | 30 |40| 6420 |100| 957 | 100
Iron | 50,000 | 40 |05| 1413 | 22| 142 | 15

7 Ir= A 7R 2he Bakl =71 9) >
HD7} 0.5 H5= L0 7P & 23 nelFa ol fron | 70000 | 30 [40| 10523 |100| 1527 | 100
t}. Table 49} Table 5+ Table 30 A3ske] Lub4 <l Tron | 70,000 40 |os| 2281 [22| 217 | 14
/\]‘Oéi oT H/D7]' ] O] /\]—?_] 76]_?_7]_ EHI?*TIE“O]EE ZJ" Tron 90,000 30 4.0 15253 100 2180 100

Iron 90,000 40 0.5] 3303 22 302 14
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Table 4. Minimum Quantity (H/D>1, Concrete)

Table 6. Economic analysis-1st (H/D>1)

. . Concrete strength R R Concrete strength
Mf‘yt;:al Q:‘z)rﬁ;ty 30MPa 35MPa 40MPa Mg;:al Q‘;;“;;ty 30MPa 35MPa 40MPa

H/D % H/D % H/D % ‘ H/D % H/D % H/D %
Flour 10,000 1 58 1 58 1 58 Flour 10,000 1 46 1 50 1 53
Flour 30,000 1 24 1 24 1 24 Flour 30,000 1 24 1 26 1 27
Flour 50,000 1 19 1 15 1 15 Flour 50,000 1 20 1 18 1 19
Flour 70,000 1 17 1 13 1 11 Flour 70,000 1 18 1 16 1 15
Flour 90,000 1 15 1 11 1 9 Flour 90,000 1 16 1 14 1 13
Lime 10,000 1 38 1 38 1 38 Lime 10,000 1 34 1 37 1 39
Lime 30,000 1 31 1.5 24 1.5 19 Lime 30,000 1 29 1 27 1 26
Lime 50,000 1.5 33 1.5 23 1.5 18 Lime 50,000 1 31 1.5 28 1.5 25
Lime 70,000 1 38 2 30 1.5 23 Lime 70,000 1 33 1 31 1 29
Lime 90,000 2 39 2 29 2 23 Lime 90,000 1 35 1 32 1 30
Sand 10,000 1.5 34 1.5 34 1 32 Sand 10,000 1 33 1 35 1 35
Sand 30,000 2 44 2 34 2 27 Sand 30,000 1 43 1 40 2 36
Sand 50,000 2.5 56 2 42 2 28 Sand 50,000 1 47 1 44 2 36
Sand 70,000 2.5 55 2.5 41 2.5 32 Sand 70,000 1 50 2.5 46 2.5 41
Sand 90,000 1 64 2.5 47 2.5 32 Sand 90,000 1 52 1 49 2.5 41
Iron 10,000 1.5 38 1 34 1 34 Iron 10,000 1 34 1 33 1 35
Iron 30,000 1 48 2 34 2 28 Iron 30,000 1 40 1 38 1 36
Iron 50,000 1 54 2.5 42 2.5 34 Tron 50,000 1 44 1 41 1 39
Iron 70,000 1 58 1 49 2.5 35 Tron 70,000 1 47 1 44 1 42
Iron 90,000 1 61 3 50 3 40 Tron 90,000 1 49 1 46 1 43

Table 5. Minimum Quantity (H/D>1, Steel) Table 7. Economic analysis-2nd (H/D>1)

. . Concrete strength . . Concrete strength

Material | Quantity =507 35MPa 40MPa Material | Quantity =550 35MPa 40MPa
type (ton) type (ton)

H/D % H/D % H/D % ‘ H/D % H/D % H/D %
Flour 10,000 1 37 1 38 1 39 Flour 10,000 1.5 53 1.5 57 1.5 60
Flour 30,000 1 24 1 24 1 25 Flour 30,000 1.5 31 1.5 30 1.5 31
Flour 50,000 1 21 1 19 1 20 Flour 50,000 1.5 28 1.5 25 1.5 22
Flour 70,000 1 19 1 17 1 17 Flour 70,000 1.5 26 1.5 22 1.5 20
Flour 90,000 1 17 1 16 1 15 Flour 90,000 1.5 24 1.5 20 1.5 18
Lime 10,000 1 31 1 32 1 33 Lime 10,000 1.5 40 1.5 42 1.5 45
Lime 30,000 1 27 1 26 1 25 Lime 30,000 1.5 32 1.5 29 1.5 27
Lime 50,000 1 28 1 26 1 25 Lime 50,000 1.5 33 1 29 1 27
Lime 70,000 1 29 1 27 1 25 Lime 70,000 1.5 38 1.5 33 1.5 29
Lime 90,000 1 29 1 27 1 25 Lime 90,000 2 40 2 34 2 30
Sand 10,000 1 31 1 31 1 31 Sand 10,000 1.5 36 1.5 38 1.5 40
Sand 30,000 1 35 1 33 1 31 Sand 30,000 2 45 2 40 1 38
Sand 50,000 1 37 1 35 1 33 Sand 50,000 2 55 2 45 1 42
Sand 70,000 1 38 1 36 1 34 Sand 70,000 2.5 55 1 47 1 44
Sand 90,000 1 40 1 37 1 34 Sand 90,000 2.5 66 2.5 52 1 46
Iron 10,000 1 29 1 28 1 29 Iron 10,000 1.5 36 1.5 38 1.5 40
Iron 30,000 1 32 1 30 1 29 Tron 30,000 2 48 2 39 2 36
Iron 50,000 1 34 1 32 1 30 Iron 50,000 2.5 56 2.5 48 2.5 43
Iron 70,000 1 35 1 33 1 31 Iron 70,000 1.5 64 3 57 2.5 44
Iron 90,000 1 36 1 34 1 32 Iron 90,000 1.5 68 3 56 3 50
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