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A Study on Tunnel Excavation by Controlled
Blast Vibration at Particular Environment Conditions

Choi, Hyung—Bin Lim, Han-Uk

Abstract

It was difficult to apply conventional excavation methods in some sections from Seoul
to Pusan high speed rail road construction of 1 lot 2, due to highway concrete road, gas
pipe, water pipe and nearby factories with automatic control system machine. To
excavate safely and efficiently in these sections new blast patterms were employed
within allowable blast vibration level, by test blast and controlled vibration by sequential
blast.

Behaviors of the rock mass including convergence and displacement around tunnel
were measured with construction works and the crack width in concrete wall was also
monitored for controlling allowable limits.

The results can be summarized as follow :

1. The allowable blast vibration level in structure site is less 1.0cm/sec for highway
concrete, 0.5 cm/sec for gas pipe, water pipe and building housing and 0.3 cm/sec for
automatic control system machine.

2. The convergence displacement, single rod extensometer and multi rod extensometer
around tunnel and cracks in concrete wall were measured, it was confirmed that the
measured values were converged within allowable level.

3. The empirical formular of ground vibrations with 90% confidence lines for PD-3

was given as follow.
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Table 1 Physical properties of rock materials

Borehole Avera
BH-15BH-15| +n_ _ _
0-C3| 1-C TB~1 | TB-2 | TB-3 .

| tems

) TEK+6|10K+2 | 18K+2[T8K+2  20K+6
Station 1730 | 50 | 06 | 40 | 60
U”(‘;r”}";:f;’m 0.6552.668|2.554(2.702|2.664/2. 649
P wave
velocity [3.501|3.645/2.0845.566/2.838|3.707
(km/sec)
Uniaxiql
Cosmtprf:nzst'h"e 700 | 758 | 400 1,020 653 | 706
(kgf/cm)
Young's
modulus , 8.6923.813(2.235/4.1282.770(3.328
(x 10°%kgf/cm®)

PO;:??B S lo.265/0.27110.201|0.289|0.2380. 253
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Table 2 Estimated distance from blasting point to special structures

) . L Distance(m) .
Structures considered Station Vertical
Calculation | Vertical | Horizontal

Highway concrete 19K+090 471 47.1 - -
Gas pipe 19K+247 33.0 33.0 - 28.0m+5.0m
Water pipe 19K +256 325 325 - 27.5m+5.0m
Automatic control system machine 19K+300 52.3 36.0 33.0 -
Housing building 19K +435 45.3 32.0 32.0 -

= AsAN 2" FEAAZ HHEH deuy
5 FA° J1Ed W AFY A 2AHn 2
Zgo] A o FTAVNAE ALFTY AF
¢ TNL-45, TNL-35(94. 4. 25 W&)3 &=4A
AE SYSTEM 100L colt}, €Y A2
(STA.19K+265~18K+440)F7+2] Fd 5 A=E
2 d&E dAGUoY AAHR 453m 24
R @ Ae] Feo] YAEH 9t o] E UEE
o] Fe2 NW-SE #Wakoez dxgo] glor} o
5 A&7t 453mo)d H7) WFe] of F

gl A AgEri= sk ¢4, F
£ZAR o] & FoAdER] UEAQ A

X o] Z7A e Table 2 & 2tk

i
lo
L.
2

Lo )

ARG L Table 2 off AA S upel 2
Aol AR u&Aze gHudT e 27t
o] AHIAY Tr wA s E3at
Adayl  (Cautious blasting)’} £75& F+

3L JIE HA HE HE
71E AA W&ol AAE ¢

2
¥ 947184 191 FUEF
& a9 vt o
311 gheEte] SEER

BRY PFE AL Gud YA 2AL 42
@ ¥z FERIW BRFOEN I AAE
J% AgAd ARE AFdd AA 2 A3
892 EolVl A8 9ud BF BRE AN
o B8, guzds dAze] Awdd A%
22 4AMe AgAey o W, JUEFL JE
o2 3 it

PUEF WS oY A Pgel A, A
Hy glevt o FA A= Bieniawski(1973)7F A ¢t

3%  RMR®Rock mass rating)¥, ¥
Barton(1974) o] A|¢td Q-Systeme] €& AH
Hi ded B d7dye FrF gd5o] w3

&olg RMREE A=s3n.

o AAGA NN AlFaoie FRE VELR
597 ol ditsFE 7T 273 Table 63
ot A7IA EeTielgt #2 deld W u
9} Zol F8 AEE0 ARE FHolBE FH FH
4 AAE STAI9K+02990 4] STA.19K+44071A)
41lm T3+ v gt

th 2 A TFEEN WHE A
g BAF}I At AF g 7ENE 2FqH
At o] ZIEAE Yt B g3 TREe v
fzre] zolg Heoln glert St AS of
HEo] ME Aatd 74N AHE 5dY 7ER
(DIN-4150)& #-&3tn At B HANAE 5
4o 7|ES A ded 2 FARI Wee

THEEE FEE j9 1S

Agarlz g & A
52 Z3YE FREL 1.0 cm/secolst, A F
7tx W@ F9AdTEg 2 FEULe 05 cm/sec
o)}, AFAA 28 F27AE 0.3 cm/seco] s}
2 71& A AAEI g

oA E-g A5 HsiAE AFEgE Q4
3 1 ARE JExE 89 JAF FLI)FEH o
el A Agg Aok ao] WE HaAFAM g
A Sol AAHoop st} e, J|&Y A
A dEL AFgaE AZFstn g 71X o] E4L
N22 Y FEEFe AFsle o ditd wg
3 dursF 19 BSE

GEE
(1) &3AFHF
LAY A71E AASE 2428 A=A
eHRzhes TEY F don, A I
# FH 72EY JskerE e gHe @A
A2 AY Tl o A"
]

i)
w°
=

W0
=

fo & @ fo o i
i
2
i
2

- 259 -



T, IRNHOLE hoi
#110mm nonger | ka/note |ko/dalays
—_— @ 0.87 | 1.7
A % Q @ 0.875 3.500
KR m]ﬂ ? €] 0.87 | 3.500
! R’<75 @® 0.875 | 3.500
i ® 0.875 | a.500

Fig.1 Drilling and ignition conditions for pattern
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Table 3 The physical properties of concrete used
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Table 4 Comparison of design and theoretical
values of ground vibration

Value of
“e Theoretical
| tems design data
values
. . : (cm/sec)
utomatic COﬁtro 0.3 0 .97
system machine
Gas & water pipe 0.5 2.30
Housi ildi
ousing building with 0.5 0.50
partal crack
Highway Concrete 1.0 1.50
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Fig. 2 Vibration monitor and installation of
transducer

Table 5 Vibration constants at 90% confidence lines

ﬁook Square root scaled|Cubic root scaled
ass distance distance
classes | K -n r K n|r

PD-1 [115.927]1.480]0.966]207.786[1.605|0.956
PD-2 [70.5481.448|0.967|137.735|1.618(0.957
PD-3 152.334[1.362|0.917]47.323|1.371[0.916

Rock mass classes PD-1{test blast) §
- S |

10— —_.— L

V%= 71.925(mKgM/2)"-1.480
Vo= 115,927 (mKery1.480 |1

vector sum(cm/sec)
L
&

100 10‘&
square root scale distance(nvkg™/2)

Fig. 3 Relationship between scale distance and
vector sumltest blast)
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Table 6 Rock mass classes at particular
condition areas

Rock mass Design stage
classes Range Length(m)
PD-1 19K +029.0 ~ 19K+060.0 31.0
PD-2 19K+060.0 ~ 19K+200.0 140.0
PD-3 - -
PD-4 19K +200.0 ~ 19K +440.0 240.0
Total 411.0
Excavation stage
PD-1 19K+029.0~19K+181.5 1525
PD-2 19K +181.5~19K+235.5 54.0
PD-3 19K+235.5~19K+440.0 2045
PD-4 - -
Total 411.0
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Fig.4 Driling and ignition for pattern design 1 by
sequential blast

Table 7 Maximum charge weight per delays and distance(test blast)

. Al lowable Vibration
Structure site Station Dis(ta)noe value Charge per delays(kg)
" (cm/sec) PD-1 | PD-2 | PD-3
Highway concrete 19K+090 47 1 1.0 3.609 - -
Gas pipe 19K+247 | 33.0 0.5 - 1170 -
Water pipe 19K+256 32.5 0.5 - 1.135 -
Automatic control system machine 19K+300 | 52.3 0.3 - - | 1.395
Housing building 19K+435 45.3 0.5 - 2.205 _
Z WTHHsA, Aeudsd, AFHds 4L
A A AT FE A5 vusty] Aty FHIYEL 5dUH
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Table 8 Vibration constants for various rock mass Aot ASHEe ?J_HV@ o= HYE=9)
classes at 90% confidence lines S W 227 F aZA R A7k
Rock |Sauare root scaled| cubic root scaled ol= A= B3t ‘1'”0“’}4 7']?47} 2ol w
nass distance distance ‘—ﬂ' %;]‘%157_}' Lgoizlﬂ EHT:'I:?H 7:ﬂ 5—7] l‘zr‘%_!%
Hd, 2 ol 28/F, 18/F o2 FAH
classes| K i r | K || of 68~07A7E AlZrolHel WE WAFE Ak
PD-1 |167.118{1.5940.970/196.584 [1.594(0.971 STA.19K+255A ol A A& HFEe, AFH
8, A3 2HAE RAE 91X 42 B89
PD-2 [114.965[1.5820.951/116.668|1.583|0.941 Fig.s ~ Fig.79 2t}
PD-3 45.549 [1.3530.974 36.582 {1.332|0.972
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Fig.s Convergence measured by tape
extensometer

Single point Rod Extensometex(Lelt Arch) Fig.8 Displacement measured by crack gauge
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Table 9 Vibration level monitored at some

structures
Allowable Charge|Actual and
Structures|vibration|Distance| per assumed
considered| values (m) |[delays| values
(cm/sec) (kg) | (cm/sec)
Highway 47 1 0.313
concrete 1.0 ~47.5 1.875 ~0.445
Gas pipe 34.9 *(.457
, 0.5 1.125
Water pipe 38.4 %0, 393
Housing 0.5 40.0 0.137
building ) ~45.3 ~0.141
Automatic
control 0.3 46.0 0.5625 0.100
system ’ ~50.4 ~0.121
machine
Remarks * gssumed value
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Table 10 Maximum allowable crack
displacement(ACI}8)

Tolerable
Exposure condition crack
width{mm)
Dry air or protective membrane 0.41
Humidity, moist air, soil 0.30
Deicing chemicals 0.18
Seawater and seawater spray 0.15
wetting and drying
Water-retaining structures 0.10
(excluding nonpressure pipes) '
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Table. 11 Max charge weight per Rock classes

Design |Excavation
Rock mass
-l asses pattern pattern Remarks
(kg/delays)|(kg/delays)
PD-1 3.50 1.875 o
PD-2 3.00 1125 p‘zcem r
PD-3 2.50 0.5625 - ?
PD-4 1.75 ole
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