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A Study on Blasting Vibration Control Criteria for Pre-insulated
Pipe through the Numerical Analysis

ABSTRACT

In this paper, numerical analysis with varying distance and burial depth was performed to recommend the blasting vibration control
standard for pre-insulated pipes. The blasting load model applied in the numerical analysis was verified to the comparison with the
results of the field tests. It was determined from the results of the numerical analysis that the effective stress either exceeds or approaches
the allowable stress of the inner steel pipe for vibration velocity greater than 4.0cm/sec while stability is obtained for vibration velocity
below 4.0cm/sec. Therefore, it was determined that the blasting vibration control criteria for pre-insulated pipes must not exceed
4.0cm/sec.
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Table 1. Limitation standards and countermeasures on vibration in Korea Gas Corporation

Classification Safe range Countermeasures range Prohibition range
Maximum vibration Exposed Gas pipe Less than 0.4 04-2.0 more than 2.0
velocity (kine) Buried Gas pipe Less than 1.0 1.0-4.0 more than 4.0
Countermeasures - Countermeasure of vibration - Countermeasure of vibration | - Prohibition of blasting

- Precision controlled blasting

- Non-Vibration method

Table 2. Underground construction section of Swiss Norm 640 312a (Ryu Chang-Ha (2005) and Seoul National Univ of Technology (2008)

requote)
Semsitivi . Maximum value of the velocity vector (VR) mm/s
t ..
ensitivity Underground construction feduency Determining frequency (Hz)
ranges range
<30t | 3060 | > 60%*
- Bridges in steel or reinforced concrete .
() . . Occasionally . .
. - Steel, concrete or compact brickwork supporting structures Reference values: Up to 3 times the values corresponding
a little . . . Frequently e
.. - Lugs, tunnels, caverns, shafts in solid rock or well-reinforced to sensitivity class (3)
sensitive . Permanently
soil
(1N - Underground caverns, tunnels, shafts, piping Occasionally . .
- Subterranean parking areas Reference values: Up to twice the values corresponding
somewhat .. Frequently e
. - Underground piping (gas, water, sewage system, cable) to sensitivity class (3)
sensitive Permanently
- Dry stone walls
- Reservoirs
(1) - Cast-iron piping Occasionally 15 20 30
averagely |- Caverns, intermediate ceilings and carriageway ceilings in| Frequently 6 8 12
sensitive | tunnels Permanently 3 4 6
- Sensitive cables
v i
art(icul)arl - Old lead cables (;;:r(;ai(;ﬁzny Reference values: Between the reference values of class
P WA 0ld cast-iron piping q Y (3) and the half of those values
sensitive Permanently

* For less than 8Hz, Frequency apply minimum standard value.

** For more than 150Hz, Frequency is able to apply in is greater than standard value.
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Fig. 1. The blasting load application model (Charge weight 4kg)
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Fig. 2. The blasting load application numerical analysis model

Properties| Elastic Modulus Unit Weight]) Poisson's ratio Internal friction angle]) Cohesion"
Classification (E, tonf/ m’) (n, tonf/ m3) v) (@, ") (c, tonf/ m’)
Casing(HDPE)” 8.16x 10" 0.94 0.4 - -
Service pipe(Steel)” 2.14 <107 7.86 0.3 - -
Insulation (PUR) 5.10x10* 0.03 0.3 - -
Backfill material 3.50 < 10° 1.75 0.40 30.75 2.3
Ground or Foundation 1.0x10° 1.55 0.28 27.5 4.7

" Backfill and Ground properties(y, ¢, ¢ ) were obtained from lab-test.

? Thickness of casing and service pipe are applied respectively 17.6mm and 9.5mm.
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(b) Field blast test diagram(Kim Jin-Man, 2012)

Fig. 3. Numerical analysis model and Field view

Table 4. The comparison Numerical analysis results and Field test results for the blasting vibration

i B-1 Maximum vibration velocity real vector sum (cm/sec) | B-2 Maximum vibration velocity real vector sum (cm/sec)

Sensor position Field test results | Numerical analysis results |  Error (%) Field test results | Numerical analysis results | Error (%)
Left outside 2913 2.901 0.41 2.03 2.019 0.54
S-1 Left inside 2.827 2.879 1.87 2.015 1.996 0.95
(Mid) | Right inside 2.852 2.881 1.03 1.821 1.996 9.63
Right outside 2.500 2.898 15.95 1.772 2.016 13.76
Left outside 2.851 2.829 0.76 2.05 2.015 1.70
S-2 Left inside 2.898 2.816 2.81 1.919 1.959 2.09
(End) | Right inside 2.601 2.816 8.28 1.896 1.956 3.17
Right outside 2.536 2.830 11.59 1.631 2.022 23.97
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Table 5. The location upper section vibration veolocity due to blast by burial depth

Assessment location
. i HDPE i 1 teel
Burial depth Casing ( ) Service pipe (Steel)
200 - 200 -
150 - 150 -
100 - 100 -
g 050 - E\: 050 -
£ o A — ‘ . | £ oo T/ .
0.6m 2 5500L 7 040 060 080 100 | £ _o5008 7 0.60 0.80 1.00
3 0
é 100 E’( T 100 V
aso - YT v a0 YT w
......... VZ PR VZ
-200 =200
t(seq) t(sec)
Vsum=1.79cm/sec Vsum=1.78cm/sec
200 - 200
150 - 150 -
100 - 100 -
Foo [\ Too |\
E 0.00 i h\_ T ——— E 0.00 /_..-\_J oo T ey
3.8m £ 50000 J 0,60 0.80 100 | £ 50000 20 0,60 080 100
% Vx 2 Vx
2 100 2 100
asod T i aso 4T vy
......... Vz e Vg
200 - 200
t(sec) t(sed)
Vsum=1.33cm/sec Vsum=1.32cm/sec
Ratio of reduction” 25.70% 25.84%
! Ratio of reduction = (V0.6m - V3.8m) + V0.6m
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Fig. 4. Pre-insulated inner & outer pipe behavior

location by the blasting load
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Table 6. Vibration velocity characteristics due to blast load by location(cm/sec)

Assessment location Top Bottom Left Right
Classification Distance Outer Inner Outer Inner Outer Inner Outer Inner
Sm 9.57 9.49 10.08 10.28 9.82 9.88 9.94 9.79
10m 4.14 4.09 3.81 3.86 4.13 4.10 3.82 3.84
Burial depth 15m 1.79 1.78 1.65 1.66 1.76 1.76 1.68 1.65
0.6m 20m 0.94 0.93 0.89 0.90 0.93 0.93 0.90 0.90
25m 0.54 0.54 0.53 0.53 0.54 0.54 0.53 0.53
30m 0.34 0.34 0.33 0.33 0.34 0.34 0.33 0.33
Sm 27.78 27.29 28.30 29.03 29.87 30.07 26.31 26.46
10m 4.11 4.08 4.13 4.15 424 4.25 3.98 3.98
Burial depth 15m 1.33 1.32 1.28 1.29 1.33 1.33 1.27 1.27
3.8m 20m 0.68 0.67 0.64 0.64 0.67 0.67 0.65 0.65
25m 0.43 0.43 0.41 0.41 0.42 0.42 0.41 0.41
30m 0.28 0.28 0.27 0.27 0.28 0.28 0.27 0.27
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Table 7. Buried pre-insulated pipe generated von-mises stress by the static load

Location TOp Bottom Left nght
Classification Outer pipe | Innerpipe | Outerpipe | Innerpipe | Outer pipe | Innerpipe | Outer pipe | Inner pipe
Bank load 0.6 m 0.17 3.28 0.29 3.80 0.13 15.17 0.13 15.17
(kgf/em®) 3.8m 0.98 20.61 1.07 22.36 0.99 66.63 0.99 66.63
Temperature 0.6 m
) 4.95 1402.71 4.95 1402.87 5.02 1403.37 5.04 1403.37
(kgf/em®) 3.8m
Internal pressure | 0.6 m
) 1.64 578.93 1.64 579.19 1.67 580.07 1.67 580.07
(kgf/em®) 3.8m
Totall) 0.6 m 6.57 1617.32 6.47 1618.17 6.68 1612.00 6.68 1612.00
(kgf/em®) 3.8m 5.72 1626.98 5.68 1628.47 7.22 1585.29 7.22 1585.29

D Total stress : von-mises stress obtained by linear superposition of hoop-stress, axial-stress, shear-stress on Pre-insulated pipe caused by static loads

Table 8. Buried pre-insulated pipe generated von mises stress that considered the static load & the dynamic load

. Top Bottom Left Right
Burial depth 0.6m - — - — - — - —
Casing Service pipe Casing Service pipe Casing Service pipe Casing Service pipe
D=5m 6.89 1706.15 7.31 1817.53 7.16 1640.44 6.91 1667.26
D=10m 6.77 1665.50 6.63 1660.11 6.78 1631.88 6.84 1659.73
Total stress” D=15m 6.67 1636.03 6.55 1631.86 6.76 1623.83 7.50 1636.36
(kgf/cm?) D=20m 6.63 1626.62 6.52 1627.07 6.73 1619.17 6.73 1625.51
D=25m 6.61 1622.92 6.50 1624.42 6.71 1616.84 6.71 1620.13
D=30m 6.59 1621.05 6.49 1622.49 6.70 1615.50 6.70 1617.16
Top Bottom Left Right

Burial depth 3.8m - — - — - — - —
Casing Service pipe Casing Service pipe Casing Service pipe Casing Service pipe

D=5m 7.48 1823.56 7.21 1786.22 7.65 1652.24 8.24 1965.89

D=10m 6.03 1673.08 5.95 1664.08 7.39 1606.33 7.41 1651.31

Total stress” D=15m 5.82 1647.19 5.77 1642.54 7.29 1598.72 7.30 1609.47
(kgf/em®) D=20m 5.76 1638.39 5.73 1637.58 7.26 1594.61 7.26 1598.55
D=25m 5.74 1634.40 5.71 1635.18 7.25 1591.81 7.25 1585.32

D=30m 5.73 1631.89 5.70 1633.41 7.24 1589.90 7.24 1591.24

Y Total stress : von-mises stress obtained by linear superposition of hoop-stress, axial-stress, shear-stress on Pre-insulated pipe obtained from static and
dynamic analysis
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