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A Case Study on Explosive Demolition of Cylindrical Silo
Hoon Park, Seong—Ok Jang, Hyong—Ki Park, Nae—Hoi Kim and Chul-Gi Suk

Abstract Recently the demand of demolition for the unnecessary cylindrical silo structure is increasing due to
deterioration and unsatisfactory functional conditions and the issue of demolition is becoming a major highlight.
This case study introduced the explosive demolition of the cylindrical silo structure by felling method. The results
of explosive demolition conducted on cylindrical silo structure using the felling method show, A silo had collapsed
precisely according to estimated direction but in case of B silo there was a minor difference. The lower columns
and ring girder support was designed to the hinge line but in reality the lower columns of the silo did not do
its structural support role and only the ring girder support did its role successfully. As for the impact vibration,
most of the measurements were within the estimated range.

Key words Explosive demolition, Felling method, Cylindrical silo structure
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BagadE 42 PYE A1, SUEGlp form)
O 2 AlFEH AlZ0]E&(expansion joint) B 72 F
opigo] gt 7z E]o|glck(Elliot and Woolf, 2000).
EZE o] of X5 vk 27 ¢han, W FAY
(ring girder)@} F(cone)S Y53 AZFZIAYE da}
veld S99 1A8E Aol ol At &
OJBHA gh TEH B4& AUD Tk TRk Al
2 prEe] 724 B4 U ATR 24L et
vlulsl|A] AAIE sfjof 3tcH(Stangenberg, 1994).
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Fig. 1. Overview of silos. Fig. 2. Plan and sectional view of silo A (unit : mm).
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Fig. 3. Estimated collapse direction of silos.



54 HEE Mgz

22 3 Ha
uihslA) el Akl Tae] 2 B Fig
49} Zov), P AWA ANET} YA LB 1

2|51 HAF AJHE B0l fIAI8HAL glom, B AR 7]
Z2EE oF 2.85m o]AH ol 27 26inch, Wt
70kg/em’e] LNG 18} 7hAgho] mjAdxlo) gick. u}
A 2AE F2EY 318 JF £%E 1.0cm/sec
ojstz HAsl o, Wyt 32 85dB(A) ©]3}, o
ThERRe 120dB(L)2 A7kt wid 7kashel 7

Lol PR 1.0cm/sec o3tR A F) o,
ol 4% LNG 7}~ B /\]uﬂE Ald=2 7|z 2B
Afolof] BRIGLE ARS8l ARE HE Aoz
IEIeH, TRAl AR l% 35S HAxsch
diobsid A4 & £ 33
3.1 327S =AM
UEH A= F2EQ 33 A%S BARP] ¢

3l ELS (Extreme Loading for Structures) X = 1%
S ARESte, rREQ] B3 Wk sl ARSItk
ELSE 3D AW 7xaj4 ZT2agon Fasy
2 Aol Thesh, chakt 74 A2 2
& 4 glow, A7, Wk 27, 41 5o gt
o it it WREaE 7220 F9] £
L 9 559 AEY =28 & AHAs] mdlg g 4= 9]
tHASI, 2006).

A AFARO] AFAHEE 7|22 dlo] T Ao

ty
EETIRKTY. o
7o B

G

Hanyu L&S Pump Facility g
POSCO integrated Siabj
Control Room

¥

45 Silo N
[NG Cos Pipa(Buried & 4

Proguct Port sy 1 >
Distibution Center G0t Labor Union
Broguct Deot  SEEREO!

Fig. 4. Status of surroundings of silos.
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Fig. 5. Consecutive collapse behavior process of silos.
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Table 1. Locatin of pre-weakening section (unit : mm)

atshA AlZAt

Pre-weakening of silo A
(lower part)

Pre-weakening of silo B
(lower part)

Silo B after the pre-weakening

180

i Colizpse direction

90| 270-

Table 2. Specification of the test blasting

Drilli i ifi Explosi
No. of holes ring Spacing |Cross section| Volume Section Spectfic XpIOSIve
Test No. (EA) length (mm) 5 (mg) modulus charge charge
(mm) ) Ggm) | Ggm) | @
TEST 1 (S3) 4 440 500 0.175 0.54 1.07 187.5
TEST 2 (S4) 4 470 500 0.35 0.175 0.71 1.43 250.0
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Fig. 6. Drilling pattern of the test blasting(unit : mm).
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Table 3. Specification of drilling pattern according to blast section
Section Location Di(?:lnni;er tﬁ;zf:s Aveﬁ;igxmmg Sgi:lf)lg No. (‘];1})10165
(mm) {mm)

1 Shell 38 740 430~460 500 88

A silo 5 Column 38 2500 620~1450 400~800 20
Ring girder 38 700~1862 590~944 500~700 3

3 Shell @38 710~1000 415~620 500 92

1 Shelt 38 850~1000 410~620 500 39

2 Shelt F38 710 415~445 500 68

B silo Column 238 2500 620~1450 400~800 18
’ Ring girder @38 700~2300 498~830 800 4

4 Shell | @38 480~710 294~445 500 76
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Table 4. Specification of protection

Overview Protection material

1st

- thombic wire mesh
(#8, net gap 63mm)
- geotextiles
(350g/m?)

- corrugated-sheet iron
(0.5T=3'x6"

2nd

3rd

- thombic wire mesh
(#8, net gap 63mm)
- geotextiles
(350g/m?)

- non-woven fabric

(colored)

- safety net

(max. strength over 49.3kg/cm2)

Fig. 8.

Plan and sectional view of earth Fig. 9. Overview of earth mounds.  Fig. 10. Protection of LNG gas pipes.
mounds.
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Fig. 12. Side view of blast sections of silo B (unit : mm).
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Table 5. Specification of loading pattern according to blast section

Section Location No. of holes (EA) Explosive charge per hole (kg)
1 Shelt 88 0.125~0.1875
5 Column 20 0.125~0.75
Silo A Ring girder 3 0.1875~0.3
3 Shell 92 0.125~0.25
Total 203 —
1 Shell 39 0.1875~0.25
2 Shell 68 0.125~0.1875
Silo B 3 Column 18 0.125~0.75
Ring girder 4 0.123~0.375
4 Shell 76 0.1125~0.1875
Total | 205 -
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Estimated collapse direction
Actual colfapse diraction
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Fig. 15. Estimated collapse direction and actual collapse
direction of silos.
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Fig. 16. Sequential photos of collapse of silo A.
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Fig. 17. Sequential photos of collapse of silo B.
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(a) ring girder and cone (b) column (c) shell at support point (d) ring girder and shell 1

(e) ring girder and shell 2 (f) ring girder support (g) shell fragmentation (h) total fragmentation
Fig. 18. Photos of fragmentation of silo A.

(a) ring girder and cone (b) upper shell at support  (c) lower shell 1 at support (d) lower shell 2 at support
point point point

(e) lower shell 3 at support (f) side shell fragmentation (g) shell fragmentation (h) total fragmentation
point

Fig. 19. Photos of fragmentation of silo B.
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Fig. 20. Points of vibration measurement. Fig. 21. Actual measurements and estimated range.
Table 6. Actual measurements and estimated measurements of impact vibration
Actual measurements Estimated measurements
Point Distance Tran. Vert. Long.
(m) (em/sec) | (cmisec) | (cmisec) block 1 | block 2 | block 3 | block 4 | block 5

A 64 N/T N/T N/T — - - - -
B 36 0.592 0.568 0.648 1.156 1.090 1.010 0.904 0.736
C 120 0.330 0.359 0.421 0.633 0.597 0.553 0.495 0.403
D 102 0.402 0.284 0.433 0.686 0.648 0.600 0.537 0.437
Silo A E 106 0.276 0.383 0.337 0.673 0.635 0.589 0.527 0.429
F 77 0.167 0.398 0.305 0.790 0.745 0.691 0.618 0.503
G 135 0.173 0.186 0.265 0.597 0.563 0.521 0.467 0.380
H 233 0.286 0.178 0.241 0.454 0.428 0.397 0.355 0.289
I 288 0.265 0.187 0.327 0.409 0.385 0.357 0.320 0.260

J 278 N/T N/T N/T — — — - -
A 2 1.410 5.190 5.420 4.903 4.624 4.285 3.836 3.124
B 4 8.080 2.590 9.350 3.467 3.270 3.030 2,713 2.209
C 94 0.254 0.394 0.279 0.715 0.675 0.625 0.560 0.456
D 123 0.443 0.694 0.440 0.625 0.590 0.546 0.489 0.398
Silo B E 117 0.292 0.483 0.038 0.641 0.605 0.560 0.502 0.408
F 99 0.229 1.030 0.457 0.697 0.657 0.609 0.545 0.444
G 162 0.254 0.330 0.254 0.545 0.514 0.476 0.426 0.347
H 207 0.337 0.133 0.216 0.482 0.455 0.421 0.377 0.307
I - 263 0.356 0.114 0.317 0.428 0.403 0.374 0.335 0.272

J 252 N/T N/T N/T — — — - -
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