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Study on the Allowable Limit of Blasting-induced Vibration
for Road Structures and Facilities
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Abstract

This paper is to provide the allowable limit blasting-induced vibration for road structures and facilities. For this purpose,
first of all, this study examined various allowable limits of different structures from domestic and foreign countries,
investigated related problems of the limits used in the country, and suggested the measures to minimize the related
problems. Furthermore, this study proposed the blasting-induced vibration limit of road structures and facilities that could
be used in the country from comparing and analyzing the various limits from foreign countries. To verify the proposed
limit for a practical use in the field, field cases that had both a vibration magnitude and a damage level were collected
and they were compared with the proposed limit. In addition, the proposed limit was also compared with the results
of analytical and numerical analyses. The comparison and analysis indicated that the proposed limit of different road
structures and facilities is valid for the practical use in the field. From this study, the proposed limit is expected to
be used as the limit to estimate the damage levels of road structures and facilities due to blasting-induced vibrations
in the field..
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Table 1. Comparison of allowable limit of blasting-induced vibration (mm/sec)

Country USA Germany England France Switzerland Australia
Structure 1-10Hz| 10—-50Hz |50—100Hz | 4—15Hz ‘ >15Hz |4-8Hz| 8-30Hz | 30—100Hz | <80Hz | 30—-60Hz | >60Hz | 4—15Hz | >15Hz
Bridge 20" | 20-40" | 40-50" 507 48° 60" 90” 100"
45" 60" 90"
Tunnel 20" | 20-40" | 40-50" 50° 3 | 40” | e0” 100"
159 20" 30"
)
Concrete 15-20° | 2070 15 | 207 | 30”
Pavement at 40Hz
Asphalt
Culvert 20" | 20-40" | 40-50" 507 307 407 60” 100"
Steel 100 307 40" 60”
B:igzd Concrete 80 30” 40% 60”
Plastic 50 30” 40% 60"
Retaining wall
(Noise barrier 20" | 20-40" | 40-50" 507 48° 60” 90” 100"
foundation)

‘ oo | 20->507 9 9 9 10
Median structure 15->20 at 40 Hz 45 60 90 100
Sensitive structure 3 3-8 8-10 4-6 6-9 9-12 7.5 10 15

Miiiuafgfm Foundation Foundation Foundation Foundation Foundation Foundation
Mciijgfggi?t PPV PPV PPV PPV Vector sum PPV
Country Turkey India China Russia | Dowding | AASHTO
Structure (1996) (1990)
<10Hz | 10-40Hz | 40-100Hz | <8Hz | 8-25Hz | >25Hz | <10Hz | 10-50Hz |50—100Hz
Bridge 1| 114" 1417 10 o0 259 | 30-40'" | 35-45'" | 42-50"" 120" 50 2540
Tunnel 111141 14" 10" 20" 25" 100 - 200" 1200 50" 25-40"
Concrete | 8" g—>12" 1212
Pavement
Asphalt
Culvert 1| 1114 1417 10 20 259 | 30-40"" | 35-45" | 42-50" 120'% 50'® 25-40"
Steel
Bu_ned Concrete
pipe
Plastic
Retaining wall
(Noise barrier 111141 14" 109 | o0 25" | 30-40"" | 35-45" | 42-50"" 1200 50" 25-40""
foundation)
Median structure | 11"7 | 11->14"" 14" 10% | 20" 25" | 30-40"" | 35-45" | 42-50" 120" 50" 25-40"
Sensitive structure 3 3-8 8 2 5 10 1-3 2-4 3-5 30" 12 2.5
Mﬁiig?gent Foundation Foundation Foundation Foundation | Foundation | Foundation
N(';?f]‘;fr?;’f]’t“ PPV PPV PPV PPV PPV PPV
1) Using the limit of industrial building (DIN 4150, 1999).
2) Using the limit of reinforced structure (BS 7385—2, 1993).
3) Using the limit of unreinforced structure (BS 7385—2, 1993).
4) Using the limit of tunnel in hard rock (Norm 640 312a, 1992).
5) Using the limit of tunnel and pipe in soft rock (Norm 640 312a, 1992).
6) Using the limit of tunnel intermediate ceiling (Norm 640 312a, 1992).
7) Using the limit of pavement (Norm 640 312a, 1992).
8) Using the limit of pipe buried in shallow depth (Norm 640 312a, 1992).
9) Using the limit of reinforced concrete or concrete bearing wall (Norm 640 312a, 1992).

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

30 e=RgtEse =28 M0

k2s

Using the limit of unoccupied structure of reinforced concrete (AS 2187.2, 2006).
Using the limit of industrial building (Karadogan et al., 2013).
Using the limit of concrete building (Karadogan et al., 2013).
Using the limit of industrial reinforced structures not belonging to the owner (DGMS Standard).
Using the limit of reinforced structure (GB6722, 2003).
Using the limit of road tunnel (GB6722, 2003).
Using the limit of waterway tunnel, high strength concrete conduit, and elevated road.
Using the limit of hospital structure.
Using the limit of industrial building (Dowding, 1996).

Using the limit of engineered structure (AASHTO, 1990).



Peak Particle Velocity (PPVY, mm/sec)

Bridge

Germany

------ England, Dowding{1996)

=== Switzerland

= = Australia

Peak Particle Velocity (PPV, mm/fsec)

'__..--""- — .« =Turkey
o India
=== China
Russia
——— AASHTO(1990)
=@ Proposed limit
1
1 10 100
Frequency (Hz)
Tunnel
100

r——————
]
L)

e e A

===7
—_——— Germany

= = . [ B «=x«++ England, Dowding{1996)
8
J === Switzerland (hard rock)

! === Switzerland (soft rock)

o o o o e o o o e o o o o o o o

== = Switzerland (intermediate ceiling)

Peak Particle Velocity (PPV, mm/sec)

10
== = Australia, China
India
Russia
=——— AASHT) (1990)
=@ Proposed limit
1
1 10 100
Frequency (Hz)
Concrete pavement
100

5

ST P S .
i

eeereeeeet ity

wesses England

T TITIT === Switzerland
T T e = « «Turkey
il Proposed limit
1 10 100

Frequency (Hz)
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Table 2. Proposed allowable limit of blasting-induced vibration
(cm/sec)

Transient vibration
1-10 Hz | 10-50 Hz |50—-100 Hz

Road structures

Bridge 2.0 20— 4.0 4.0
Tunnel 2.0 20— 4.0 4.0
Concrete 1.5 1.56—>20 3.0
Pavement
Asphalt* 7.5 7.5 —>10.0 15.0
Culvert 2.0 20— 4.0 4.0
Buried pipe 3.0

Retaining wall

(Noise barrier foundation) 2.0 2.0 =40 4.0

Median structure 6.0 6.0 — 8.0 8.0

Sensitive structure 0.2 0.2—>04 0.4

Measurement location Foundation

PPV (Using peak component
particle velocity. One of
horizontal components is

measured parallel to a structure)

Meaurement Component

* The asphalt pavement assumed to be 1/5 of the concrete
pavement stiffness
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Table 3. Proposed allowable limit of blasting-induced vibration
of curing concrete (cm/sec)

Concrete curing period Allowable limit
0 ~ 24 hours 0.635

24 hours ~ 5 days 0.635 — 5.08
After 5 days 5.08
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