PN AP AN AP PN NI PN I NI SIS NI NI PPN INININ NI NPT N PN PN PN NN NN NN NI NN NP A

G

A -EHITE 3, 4388 Tunnel fii#Ez}
REPEIR A

# 1>

A AR A AR AR AU A A, A A TN NI NN NI IS NI, NI NPT NN NN NI ENININ NININ PPN OIS N

ABSTRACT

The study on prevention measures for vibration and excavation of tunnel for
the #3, #4, Seoul Subway.

In the Seoul subway tunnel blasting, the drilling pattern and prevention method
to seismic vibration are as follows as well as for adaptions of NATM, the sup-
portings of roof and wall holes are arranged with control blasting.

1. The blasting is executed basically using the low velocity explosive such as
slurry, Nitrate ammonium explosive, and F-I and F-1I explosive for control
blasting substituting of existing dynamite.

2. The cut holes are arranged with burn cut pattern and also must be arranged
with M/S electrical delay caps substituting of ordinary delay caps.

3. Jack leg drills are used in Five Job sites and a jumbo drill in one job site.

4. In performance of safety work and in maintenance of building safety. The
drilling length for blasting will not exceed 1.20 meter for round so that the
vibration value shall carry below 0.3 cm/sec.

The harmonizing of better powder, better drilling machine and better technique
is only the way of improving tunnelling efficiency and less vibration will help

the dereasing of accidence.
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3. ZEEFH B (Tunnel blasting)

D &t
hole dia=36mm
Drilling depth 3.0m
1 x75mm large diameter holes used.
cross sectional area; approx 54m? (9mx
7m)
Anticipated advance per round 90% =app-
rox 2.7m
No smooth blasting to be carried out
Since “the cut and the spreader” holes have
been located with respect to the burden in
the floor, the floor holes are calculatedfirst.

Height of .,chj/ﬁ—\_‘
Roof hole

‘ Stoping hole

o ——Wali hole
Abutmeat height Cet hole
“Cuar spreader"hule

2o | ——Floor hole

32| 5. Tunnel ¥} &8
(Swedish blasting technique-R.Gustafsson ’73)
kR A
Burden(V,))=1.00m
hole spacing (E;)=1.10m
Hole spacing is adapted to tunnel width,

Namber of hole spacings
9.0m

1. 10
are chosen 10 drill holes per row

olaf E,=
2) The floor holes are charged with a bottom
charge as calculated below;

1 dxd
Rl AT

H: depth of hole.

d: drill hole diameter

1/3%3.0x% ﬂls(%g@: 1,296kg approx 1.50kg
=A

—=-8.8 and therefore 9hole spacings

mlOm



#% Drill series]

Drill hole Depth of Burden Hole Bottom charge column charge uncharged
diameter hole (m) spacing section
(m/m) (m) (m) kg kg/m kg kg/m (m)
33 1.6 0. 60 0.70 0. 60 1.10 0.30 0. 40 0.30
32 2.4 0. 90 1. 00 0. 80 1. 00 0. 55 0. 50 0.45
31 3.2 0. 90 0. 95 1. 00 0.95 0.85 0.50 0.45
38 2.4 1. 00 1.10 1. 15 1. 44 0. 80 0.70 0.50
37 3.2 1. 00 1.10 1.50 1.36 1.15 0.70 0. 50
45 3.2 1.15 1.25 2.25 2.03 1.50 1. 00 0.55
48 3.2 1.20 1.30 2.50 2. 30 1.70 1.15 0. 60
48 4.0 1.20 1. 30 3.00 2.30 2.45 1.15 0. 60
51 3.2 1.25 1.35 2. 50 2. 60 1.95 1. 30 0.60
51 4.0 1.25 1.35 3. 40 2.60 2.70 1. 30 0. 60
(Table o] = hole depth 2. 4m 38mm FLE) E,=1.2xV walls
A} bottom charges&: 1.15kg =1.2%0.9=1.08
(3.2m, 37mm FLi®4] 4] bottom charge & Hole spacing is adapted to the geometrical
5.0

1. 50kg)
uncharged section=0. 2 X burden
=(0,2X%1.00m=0, 20m
Length of column charge=hole def)th—

{bottom charge length-+uncharged section]

_ _(1.50 —a 0.
=3, 0m—(1:20 +0.2)—3.0 (1.140.2

=1.7m
2]l A1 bottom charge 2 1. 36kg/m
column charge concentration=0, 70 xthat of

bottom charge

. 36x36
0.70=x 770

weight of column charge=length of column

=0, 907 approx 0.90kg

charge x column charge concentration
=1.7m % 0. 90kg /mZMBL&s_
.".Floor hole charge=1. EiOkg—i— 1l 5=3. 0kg/hole
A B
(112. 5gr gelatine 26 EA)
Since the wall holes and roof holes are
determined by the contour, they are calcu-
Jated in the nextstage.
Calculating wall holes
Burden=0.9xV stoping holes [V stoping
holes=V floor hole]
V walls=0.90 % 1. 0=approx0. 9m.

conditions Number of hole spacingszro

=4, 63 approx 0.5 therfore 5 hole spacings

are chosen.

ol Bi=-0-=1.00m

Height of bottom charge=1/6 of hole depth
=3.0—0.50m
Bottom charge=half bottom charge in sto-
ping holes=0, 75kg
uncharged section=0. 5 x burden
=0.5%0.9=0.45m approx 0.4m
“Look-out” is included in this
Length of column charge=hole depth— {len-
gth of bottom charge-+uncharged section]
=3.0m-[0.50+0.4]=2. 1m
column charge concentration=0.40 X% con-

centration of bottom charge
Bottom charge

=0.40x Height of bottom charge =0.40
0.75kg _ _
X5 "= 0.4%1.5=0. 6kg/m

weight of column charge=length of column
charge x charge concentration
=2.1mx0.6=1.26 approx 1.3kg

wall hole charge=bottom charge-+ weight of
column charge=0.75+1.26=2.01kg/hole



=approx 2.0kg/hole
(112. 5gr/ca gelatine 18 EA)

3) Calculating roof holes
Hole spacing=that of wall holes
Bottom charge=that of wall holes=0. 75kg
column charge concentration=0. 30 X that of

bottom charge=0.30x%1.5=0.45kg/m
Weight of column charge=length of column
charge X charge concentration
(=wall holes)
=2.3%0.45=1.035 approx 1.0kg
Roof hole charge=0.75+1.035=1.785
=approx 1. 8kg/hole
(gelatine 16 EA)

4) Cut with “Cut spreader” holes located at
suitable drilling height above floor holes.
Charge for cut

Bottom charge 0. 1kg Dyn/hole
Column charge concentration=0. 30kg/m

&
Drill hole Charge suitable large hole
diameter concen- ‘ diameter
(mm) tration (mm)

s2 | 0250 57—2X76

35 / 0. 300 76—2X76

38 0. 36 76—2X 76

45 0. 45 2X76—125

48 0. 55 "

51 0.55 "

@ 22mm Nabit can normally be used in spite of
the fact that it corresponds to a Dynamex charge of
0. 36kg/m.

length of column charge=3.0—(0.1+0.1)
=2.8m (smallest possible uncharged section)

weight of column charge=2.8x0.3=0. 84kg

charge for each hole in cut=0.10+0.84=

0.94kg/hole (gelatine dynamite 9 EA)

Calculating the charge for the loosening holes

Ist square V=0, 20m

Bottom charge as in table=0, 25kg

column charge concentration=0, 45kg/m

uncharged section=0.5xv=0. 10m

length of column charge=3.0-(0.3+0.1)

2o

Burden Egz:;(;:j column charge(kg/m)
diameter (mm)
m kg
TR

0.20  0.25  0.30 0. 45' 0.60  0.75!
0.30  0.40 ‘ i " "
0. 401 0.50 0. 35{ 0. 50( 0.70 0. 80
0. 50; 0. 65 0. 50 0.70 1. 00 1.15
0. 601 0.80 " i " "

., 0.70 0.90 rl 4 "

uncharged section=0.5xV

=2.6
weight of column charge: 2.6x%0.45=1. 17kg
charge for each hole=0.25+1,7=1.42kg/hole
(gelatine dyxamite 13ea)
2nd square V=0.40m
Bottom charge as in table; 0. 50kg
Column charge concentration; 0, 50kg
uncharged section=0, 5x V=0, 20m
length of column charge: 3. 0— (0. 50+0. 20>
=2.3m
weight of column charge: 2.3x%0.5=1. 15kg
charger per hole; 0.50+1,15=1.65kg/hole
(15ea)
3rd square V=0.65m
Bottom charge as in table=0. 85kg
Column charge concentration=0, 70kg
uncharged section=0,5xV=0.5%0.65=
0.32 approx 0.30m Length of column charge
3.0—(0.85+0.32)=1.83m
weight of column charge=1.83%0.70=1.28
approx 1.3kg/hole charge per hole; 0.85+
1.28=2. 13kg/hole (gelatine 19 ea.)
Other drill holes are calculated as stoping
holes
according to the table: Bottom charge: 1. 50kg
Column charge=1. 15kg
charge per hole=2, 65kg



&n

Drill hole depth of Burden Hole Bottom charge ‘ column charge uncharged
diam hole (m) spacing section
(mm) (m) (m) Ge) | Gem)| (o) | Gg/m) | (m)

33 1.6 0. 60 0.70 0. 60 1,10 0. 30 0. 40 0. 30
32 2.4 0.90 1.10 0, 80 1. 00 0.55 0. 50 0.45
31 3.2 0.85@ " 1.00 0. 95 0. 85 " "
38 2.4 1. 00D 1. 20 1.15 1.44 0. 80 0.70 0. 50
37 3.2 n @ " 1.50 1. 36 1.15 " ”
45 " 1.150D 1. 40 2.25 2.03 1. 50 1.25 0. 55
48 " 1.200 1.45 2.50 2.30 1.70 1.15 0. 60
48 4.0 n @ 1 3.00 ” 2.45 " "
51 3.2 1. 250 1. 50 2.50 2,60 1.95 1.30 "
51 4.0 n @ " 3. 40 7 2.70 " 7

@ In tunnels with a cross-sectional area of more than 70m?2, the burden and hole spacing can often be
incressed considerably since the drill holes break much more easily, Blasting then becomes similar to
bench blasting.

Summary of important data

bottom column charge charging :
Hole No. Hole type dhOIt% }Ijﬁ gf charge | —— ————— — o~ —| remarks
ep ¢ (ke) | (ke) | (kg/m)l (BN | (ke)
| | hole)
MS cut 3. 0m 4 0.1 0. 84 0. 30 0. 941 3.76
MS/1st Loos 3.0 4 0.25 .17 0.45 1.420  5.68
MS/2nd 1 3.0 4 0. 50 1.15 0.50 1. 65} 6. 6<
MS/3rd ” " 4 0. 85 1.28 0. 70 2. 13; 8. 52
MS stoping " — 1.50 1.15 0. 70 2. 65‘ —
walls " 10 0.75 1.25 0. 60 2. Ol 2.0
roofs " — 0.75 1. 05; 0. 45 1. 8} —
floor 7 10 1.5 L5 0.90 3.0 30
Total { ‘ l ‘ ’ ’ ’
volume; 54m?X 2, 7m=145, 8m®
specific: chargea &3}kl /145, 8=kg/m®
specific drilling : £4 £ 2}/145. 8=m/m?
:!‘.
c.60 K
ud - Smooth
blasting-
a2} 6, Cat and Cut spreader
Burden=0. 7 xdrill hole diameter
V=0.7%xd large=0. 7 x75mm==52mm 2] 7. Smooth blasting



Large hole | small hole Burden cecr;;eg;co- T e
et | G| w | e L <
57 32 40 85 // N \\
76 " 53 107 o . / \2’ agors o T
" 45 " 113 ,‘ L._, /'V /N w\\ . vy /
2% 57 32 80 125 Pl SN S
7z 45 " 131 o SoheEA e ]
5 \‘ oA L q 13
2% 76 32 106 160 | : Ny : S
" 45 ” 167 5 N G
100 ” 70 143 ; T f
" 51 " (46 J P S S S et - - J_L
125 7 88 176 : ';;,;:'::r J’
3 " o2l
I T — o
(mm) |(kg/m) Dyn &N AHS
25~32 | 0.07 0.30~0.45 0.25~0.35
25~43 | 0.16 0. 70~0. so} 0.50~0. 60
45~51 | " 0.80~0.90| 0.60~0.70
51 | 0.30 1. 00 0. 80
64 | 0.36 1.00~1.10, 0.80~0.90
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