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solution to the Problem of Cleaning

Out of Silo Floors

H.J. Iselin, South Africa

Summary

The author describes the problems associated with the
unloading of silos, in particular those for grain storage. The
“Matscrew’” Silo Unloader is described and significant cost
savings are claimed over other unloading methods.

1. Introduction

In South Africa’s major grain producing areas, every ‘dorpie’
or village has got one or more grain silos. Besides these
there are numerous silos in the manufacturing industry in
the industrial areas. Civil engineering-wise, the simplest
solution for the construction of a silo is to cast a floor slab
with the necessary cast-in frames and then slide the side
walls up and cover the silo wall with a conical hat of either
concrete or sheet metal.

o

Shape A

Fig. 1: Material tormation in silos

2. Calculation of Cleaning Costs

Commonly used diameters are: 8.9m (29 ft); 15.211m (50 ft)
and 18.3m (60 ft), with larger silos being more popular in
more recent times and the trend to larger silos continuing.

We have based all our calculations on a wide range of silo
diameters: 10; 12.5; 16; 20; 25; 31.5 and 40 m, to include indus-
trial silos for material other than grain products.

Table 1 indicates the volumes of grain which cannot be dis-
charged by gravity for ‘Shape A’ and ‘Shape B’ as in Fig.1
with one, respectively three outlets. It has to be noted, how-
ever, that the three outlet version ‘Shape B’ is structurally not
as safe as ‘Shape A’, since the structure is laid out normally
for symmetrical loads, which will not be the case when an
operator decides to open one of the side gates before the
silo is empty. Table2 estimates the required man hours to
empty manually the two types of silos. Interesting to note is
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Table 1: Grain retained on a flat silo floor (m3)
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Table 2: Estimated manhours required to move grain
manually (h)
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1906
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2315
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2983
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3224
3349
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3742
1879
4021
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36
4471
4630
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1472
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1633
1716
1800
1883
1972
2060
2150
2245
2334
2429
2526
2626
2721
2831
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359
3274
3392
3514
3640
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3904
4043

40.0

3739
3943
4150
4360
4573
4790
5010
523
3462
3694
3930
6172
6418
6670
6928
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7463
1740
8025
8318
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8929
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9578
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10272

50,0
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4075
42689
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4726
4950
177
5409
5644
5884
6129
6378
8633
6894
7160
7433
7712
7999
8293
8596
8907
9228
955
9899
10251
10615
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Table 3: Required filling on silo floor (m?9)
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Table 4: Minimum cost for filling on silo floor (Rand)
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SILO DIAMETER (a) SHAFE A

10.0

400
L)
500
500
500
500
600
600
600
600
700
700
700
800
800
800
900
900
900
1000
1000
1000
1100
10
1200
1200

1.5

900

300
1000
1000
1100
1100
1200
1200
1300
1400
1400
1500
1500
1600
1700
1700
1800
1900
1900
2000
2100
2200
200
2300
00
2500

16.0

2000
2100
2200
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2500
210
2000
2900
3000
3200
3300
3400
3600
370
3900
4000
4100
4700
4500
L)
4800
5000
5100
5300
5500

2.0 5.0
4100 8300
4300 8800
4500 9200
4800 9700
5000 10200
5200 10700
S0 11200
5700 11700
6000 12200
6200 12700
8500 13200
6800 13800
7000 14300
7300 14500
7600 15500
W06 1slo0
800 15700
8500 17300
8800 17500
3100 18500
9500 17200
9800 19900
10200 10700
16500  2140%
0900 I3
11300 22900

35
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21200
22300
23300
24300
15400
26500
27600
28700
29800
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32200
I3400
JAT00
16000
7300
38700
LD
41500
43000
44500
4100
47800

0.0

37000
39000
41100
43200
45300
47400
45600
51800
54100
Sedd0
58800
81100
63600
66100
68600
71300
73300
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B4V
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88500
1700
§4900
R0
101800
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0.0

200
200

4
4

300
300
300
300
300
300
100
400
400
400
400
400

£00
500
500
500
500
600
600
600
800
700

600
600
600
700
700
0
800
800

300

900
1000
1000
1000
1100
1100
1200
1200
1200
13
1300
1490
1400

1,5 16,0 2.0 5.0 35 460
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Fif a4 863 1710 3463 Tikd
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25 48 Wt % B TS
233 502 1000  198. 41 8193
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251 540 107¢ 1128 4308 8907
I 559 (112 2204 M3 9128
0% 5T9 1151 2285 4625 3598
1% 800 1163 235 4737 9899
88 eli 1276 2449 4958 10251
9% ed3 13T 2536 Sid4 10e1S

16,0 20,0 25.0 3.5  40.0
1200 2400 5100 10700 23000
1200 2600 S 11300 24200
1300 2700 5600 11900 25500
1400 2900 5900 12500 26800
1400 3000 8200 13100 28100
1500 3100 6500 13700 29400
1600 3300 6800 14300 30800
1600 3400 7100 15000 32200
1700 3600 7400 15600 33600
1800 3800 7700 16300 35000
1900 3900 8100 17000 38500
2000 4100 8400 17700 37900
2000 4200 8700 18400 39500
200 4400 9100 19100 41000
2200 4600 9400 19800 42600
2300 4800 9800 20600 44200
2000 4900 10200 21400 45900
25 5100 10500 22200 47600
2600 53 10900 23000 49400
2600 5500 11300 23800 51200
2760 ST00 11700 24700 53000
2860 5900 12200 25600 54990
2900 5100 12600 26500 56990
3100 8300 13100 27400 58900
3200 5600 13500 20400 61000
3300 6800 14000 29400 63200
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Table 5: Maximum cost for filling on silo floor (Rand)
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10.0

1300
1400
1500
1500
1600
1700
1800
1900
1900
2000
2100
2200
2300
2400
2500

2600 -

2700
2800
2900
3000
3100
3200
3300
3400
3600
3700

12,5

2700
2900
3000
3200
3300
3500
3700
3800
4000
4200
4300
4500
4700
4900
5100
5300
3500
5700
5900
6100
6300
6600
6800
7000
7300
7600

16.0

6000
6400
6700
7000
7400
7700
8100
8500
8800
9200
9600
10000
10400
10800
11200
11700
12100
12500
13000
13500
14000
14500
15000
15500
16100
16700

20,0

12300
13000
13700
14400
15100
15800
16500
17300
18000
18800
19600
20400
21200
22000
22900
23700
24600
25600
26500
27500
28500
29500
30600
31600
32800
33900

25100
26400
27800
29200
30700
32100
33600
35100
36600
38200
39800
41400
43100
44800
46500
48300
50100
51900
33900
35800
37800
39900
62100
64300
66600
68900

3.5

52200
55000
57900
60900
63800
66900
69900
73100
76200
79500
82800
86200
89600
93100
96700
100400
104200
108100
112000
116100
120300
124700
129100
133700
138500
143400

Table 6: Average cost to replace filled space (Rand)
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10,0

2200
2300
2500
2600
2700
2800
3000
3100
3300
3400
3500
3700
3800
4000
4100
4300
4500
4600
4800
5000
5200
5400
3500
5700
6000
6200

12,5

4400
4700
4900
5200
5400
5700
3900
6200
6500
6800
7000
7300
7600
7900
8200
8500
8900
9200
9500
9900
10200
10600
11000
11400
11800
12200

16.0

9400

9900
10400
11000
11500
12100
12600
13200
13800
14300
14900
15600
16200
16800
17500
18100
18800
19500
20200
21000
21700
22500
23300
24200
25000
25900

20.0

18500
19500
20600
21600
22700
23800
24800
26000
27100
28200
29400
30600
31900
33100
34400
35700
37000
38400
39800
41300
42800
44300
45900
47600
49200
51000

25.0

36400
38400
40400
42500
44600
46700
48800
51000
53200
53500
57800
60200
62600
65000
67500
70100
72800
75500
78300
81100
84000
87100
90200
93400
96700
100200

73200

77200

81300

85400

89600

93800

98100
102500
107000
111500
116200
120900
125800
130700
135700
140900
146200
151700
157200
163000
168900
175000
181200
187700
194400
201300

40.0

111200
117200
123400
129600
136000
142400
149000
155600
162400
169300
176400
183500
190900
198400
206000
213900
221900
230200
238700
247400
256300
265600
275100
284900
295000
305500

40.0

150500
158700
167100
175500
184100
192800
201700
210700
219900
229200
238800
248500
258400
268600
279000
289600
300500
311700
323100
334900
347000
359500
372400
385700
399400
413600

SILO DIAMETER (m) SHAPE B

10.0

700

800

800

900

900

900
1000
1000
1100
1100
1200
1200
1300
1300
1400
1500
1500
1600
1600
1700
1700
1800
1900
1900
2000
2100

12.5

1600
1700
1800
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2900
3000
3100
3200
3300
3400
3600
3700
3800
4000
4100
4300
4400

16.0

3600
3800
4000
4200
4400
4600
4800
5000
5300
3500
5700
6000
6200
6400
6700
6900
7200
7500
7800
8000
8300
8600
8900
9300
9600
9900

20.0

7400

7800

8300

8700

9100

9500
10000
10400
10900
11400
11800
12300
12800
13300
13800
14400
14900
15400
16000
16600
17200
17800
18500
19100
19800
20500

SILO DIAMETER (m) SHAPE B

12,5

2600
2700
2900
3000
3200
3300
3500
3600
3800
3900
4100
4300
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400
6700
6900
7200

16.0

5600
5900
6200
6500
6900
7200
7500
7900
8200
8600
8900
9300
9600
10000
10400
10800
11200
11600
12100
12500
13000
13400
13900
14400
14900
15500

20.0

11200
11800
12400
13100
13700
14400
15000
15700
16400
17100
17800
18500
19300
20000
20800
21600
22400
23200
24100
25000
25900
26800
27800
28800
29800
30800

15300
16100
17000
17900
18700
19600
20500
21400
22400
23300
24300
25300
26300
27300
28400
29500
30600
31700
32900
34100
35300
36600
37900
39300
40700
42100

49600
51400
53200
55100
57100
39100
61200

45400
47600
50400
52600
55200
57800
60500
63200
66000
8800
71600
74500
77500
80600
83700
86900
90100
93500
96900
100500
104100
107900
111700
115700
119800
124100

40.0

69000
72800
76600
80500
84400
88400
92500
96600
100800
105100
109500
113900
118500
123100
127900
132800
137800
142900
148200
153600
159100
164800
170700
176800
183100
189600

40.0

93400

98500
103700
109000
114300
119700
125200
130800
136500
142300
148200
154200
160400
166700
173200
179800
186500
193500
200600
207900
215400
223200
231200
239400
247900
256700
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Table 7: Average total cost (Rand)

DE6 SILO DIAMETER (w) SHAPE A
0 100 125 16,0  20.0 25.0 3.5  40.0
20 J100 8300 13500 20800  S3200 108000 124600
2 J300 6600 14200 7B S6100 111900 236500
2 3500 7000 14900 29700  SR000 13900 Z4G400
23 3600 7300 15700 31200 62000 124000 282000
24 3800 7700 16500 32800 65000 132200 274800
25 4000 8000 17300 34300 68100 138400 287800
2 4200 8400 18100 35300 71300 44800 T01000
n 4400 8800 18900 37300 74500 151300 T14500
28 4600  F200 19700 39100 T7TO0 15TRO0 328200
29 4800 9800 20500 40800  BIOOO 1edsdd 42100
30 5000 10000  Z1400 42500  BAO0 171400 356400
3 5200 10400 I2300 AAZ00 7800 178400 370900
32 5400 10800 23100  A&000  FE300 18SS00  J8STN
3 5600 11200 24100 47800 F4%00 192800 400900
34 5800 11700 25000 49700  FBEMO 200300 418400
35 6000 12100 25900  3ia00 102300 207300 43Z200
36 6300 12600  25%00 53500 106200 215700 448300
) 8500 13000 27900 SSS00 410190 2 45200
38 6800 13500 I8300 S7S00 114200 232000 487300
3 7000 14000 0006 59600 iBAOD 40400 49990
40 7300 14500 31100 81800 122600 249100 518000
41 7500 15000 32200  &A000 127100 258100 536600
4 7800 15600 33400 #8300 13ledd 267300 555800
43 8100 16100 4500 58700 138300 276900 575600
44 8400 16700 3EB0C  TII00 {43100 286700 S96100
S 8700 17300 37100 7IT00 146200 296800 417300

that normally this type of work will have to be done with
casual labour with overtime etc. The cost is therefore then
probably considerably higher than normal labour rates and
the work involved may have to be repeated several times a
year. To avoid this amount of labour, one solution is to form
inside the silo inverted cones or wedges to allow all material
to flow by gravity from the silo. Again with grain this is not
very difficult, though possibly a costly alternative. Table 3
gives an indication of the quantity of back fill material (mass
concrete or compacted soil and concrete etc.) depending on
the site location, the system selected etc. Tables 4 and 5
indicate the cost involved. Due to the back filling part of the
silos, holding capacity is lost at an average of R25.00/m?
which has to be reinvested somewhere else to maintain stor-
age capacity (see Table 6).

3. The “Matscrew” Silo Unloader

An average total of both construction and space
replacement cost reflecting today's building prices, is
indicated in Table 7. If this table is compared with Table 8
one can easily see that for most cases it is not just simpler,
but also much more economical to use a flat bottom silo
with one outlet (no operator errors) and a “Matscrew” Silo
Unloader, which allows every flat bottom silo to be converted
into a self-cleaning silo without doing any civil engineering
work. This machine was developed in conjunction with
Robert Leslie & Partners, Cape Town, who have wide
experience in building concrete structures.

The design of the machine allows for a maximum vertical
pressure of 150 kN/m? which will cover most silos in South
Africa. The silo floor will have to carry every 500 mm a load of
18.75 kN instead of the normal grain loading. See Fig. 2 and
Table 9 for details.

SILO DIAMETER (e) SHAPE B

10.0

1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
3000
3100
00
3300
3500
3600
3700
3900
4000
4100
4300
4500
4600
4800
5000

12.5

3700
3900
4100
4300
4500
4700
4300
5100
S400
5600
5800
6100
£300
6600
6890
7100

7600
7900
8200
8500
8800
3100
9409
7800
10100

16.0

8000

8500

8900

9400

9800
10300
10800
11200
11700
12200
12800
13300
13800
14400
14900
15500
16100
16700
17300
17900
18600
19200
19900
20600
21400
22100

2.0

16200
17100
18000
18900
19800
20800
21700
22700
23700
24700
25700
26800
27800
28900
30000
31200
32400
33660
14800
16100
37400
38700
40100
41500
43000
44600

25.0

32500
54300
36100
37900
39800
41600
3600
45500
47500
49500
51600
53700
55800
58000
80200
62500
64900
87300
69800
72300
75000
77700
80400
833
85300
89300

66600
70200
73900
77700
31500
85300
89300
93200
97300
101400
105700
110000
114400
118900
123500
128200
133000
137900
143000
148200
153600
159100
164800
170700
176800
183100

40.0

139400
147100
154800
162600
170600
178700
186900
195200
203700
212400
221200
230200
239400
248800
258500
268300
278400
288700
299400
310300
321500
333100
345000
357300
370100
383200

FE ey @b HH}

Fig. 2. The “Matscrew"” Silo Unloader
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Table 8: Estimated cost for a ‘Matscrew’ Screw Unloader

(Rand)

Flat Bottom Silo Diameter (m)

10.0 125 16.0 20.0 25.0 315 40.0
7900 8900 10200 11800 13700 16200 19600

Table 9: “Matscrew” Silo Unloader

Up to8 m: Installed kW 5.5
Rot. speed: + 180 rpm
Capacity: 40 t/h...70 t/h max.
Diameter 250/240/89
Pitch: 240
Mass: 680 kg
Support load in centre: 4000 N

outside: 2800 N
Propwheel shaft torque max: 160 Nm
Propelling speed: 11...18 m/h
Second moment of area around
horizontal axis: 221 x 10 m4
Second moment of area around
vertical axis 16.7 x 10¢ m*

With a drive within the silo, we have avoided potential bear-
ing and power transmission problems posed by an external
drive. The motor/gearbox combination is mounted with a hol-
low shaft (no coupling) straight onto the main shaft, bolted
on with an end-shaft washer. The whole unit is supported on
rubber springs, whose function is not affected by grain de-
posits. The forward movement is produced by an eccentric
drive which, over a backstop, turns the shaft in one direction
only. To prevent the propwheel from slipping a torque limiter
is installed.

A second execution requires a pipe diameter of 110 mm to be
cast in the centre of the silo which serves as a guide as well
as to fit the drive shaft through to the gearbox, which is
shaft-mounted. The motor is then accessible from the
reclaim tunnel.

Acknowledgement

The author would like to thank Matconsult (Pty.) Ltd. for
permission to publish this article.

176

bulk solids handling 3 (1983) No. 1





