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Construction Category
Niagara conduuit Pre-splitting
Pump shaft Pre-splitting
Inverawa tunnel Cushion

Cushion
Otsumata No.2 conduit Cushion
Toriynzaka road tunnel Cuahion
Sarutoge rail tunel Cushion
Mitaki conduit Cushion

Table 1 Examples of

e s e e —

Rock Length Spacing
ft, cm ft, cm
Stratified dolomite, ~15 2
} limestone, shale ~45 1
Granite, phyllite 10 1.33
Granite, phyllite 10 1.33
Slate 300 60
Grano-diorite 250 ~70
Grano-diorite 210 60
Grano-porphyry 250 50~60

*  Units of length used in this table are ft, in, cm and mm. Judge yourself.

REGRBZ LARMELVWOTH DA, kOB
WEIPE D LEEIESL LLETL, ®72, #
WHEIPNE - E TS DV IEERE b R e
Do

AGx—~FrOS~Y o b, BFIOT¥IFv Y
AREAL—R - TFRT 4 TR 15mm {fD {
%, B HIKL/AE L LD B OIREEAR
(AR ENhTVS. bAEOBES - —LBEEIRL
BHTHY, SULIKFROKHDE SRR KRk 2 H5k8
OBEIEMVHh SBHFIERELA Y LED FTH
509, HHBOLATHLRVEEICSE, Eofivsn
HOKE L MAR>TLEDIBERIRR & oD 183k
DBEEFET - h—ANICHR L THEREL, b3vit
AN-FO 0} 5 2RETIBEERMML TV 58 L H
B, ZhiZLVWHWAIENRS 3V,

AR CHERDIS, RB—R < T 5274 VIR
FEolnLitEHAShS,
B2oOMBATH S & {AEWIX, RA—2TF
AF 4 P ORECELTBe AL—R-TFXF4
V7T, SHOFT « F—- BTSRRI S <
LT ERRETHS, SCAREL, DT
BB ERESTHRBREND AV =—F T
Abh—=R « TFAF 4 I RBELUAHRIZIE, 20
2y bR T F—~FHAR0L O REED S ILEHR
HokhSbThd, LWOTRWESS, ZHLAE
LR Yy v FE—DRHMNFE LV,
&3 ORI A, REEREAR EEUALONE T, Bl
JLoAgikic & 5 & S LB, Zo#HoOUT
OBz YRAL o ffia ORI MF 5 b0 TH B,
» AN-FO oMk vT MR E o4,

ZOHRRNNCRETISOLITH D,

— 68 —

4. {AmRE EniRet

PLEIUE EoREAR I oW TR, bhbhic
EOTIHBRERE L O TooM b0 L b AR L
ThH Do BEMOLWLE, KIRL U TIBRESHIRGT
MBI T bR d TRAGRVWERITWS, L
PLERATRIASZOT, RITHEARAMIZRLBIZLTY,
EDRYPDATF » 7L LT 5 REROMEF&E L4 ¢
TAebhv, bhvbhdil, 2WPETEL TIF>T
SRS, EOLBIFASIhOFLEEEL T,
bThoNk.

T, E5LBRERAOHSt0XS2bo
¥, BT bh i EZBEHSbhvbh DR REN
BEMLLBRLRLDIZKSNT, FEXTAHDIZ LIS
+5.

SRECOWEDORREND, ZAbL—R +TFAF4
VI DORBIE YO TEL R TIRAESLWERELT
X, Fho?) o IHERBERLTHY k-0l
HLEE, SHIZERTIBROME, Ridsv it
SEHmHE, EEEELREBOHE, T LTILMEE I
BHROEE TH D, ILE, BREIIEILOBRETH
356, THEREEL LTIES Z LTt olligExsh
WZktts, LS, FTRMBRAX S, &<l
s ko TiEDZLDELTENES S,
Fhy Ty S L Table | 34E BX UbAE
CRIILERL=R - TFAFA T DT EEHN
LOTHBRY, Fho 7Y IR E LT, HEOH
Tix 2, HAED WTHE 1.19~1.57 L D TWVBEY,
Inverawa b RMZET SILENR B TH 5, E

» TORAFLAWEHT, 7+ —#Mo Bull Run

BUFHTH cFobhr bo ik D.I.=2.75
Th B,

IRABEE



smooth blasting performance

Blast-hole*
Burden Diameter E:i’;fil‘::i‘;es D, I ** Charge density Explosives
ft, cm in, mm in, mm - -
— 20/ 14 2.0 .35 4093 extra gel.
s 2/s m 2.0 ©.11) 409 Hercules gel.
l.66 — 1, 1 - 0.31, 0.43 Quarrex, winrox
1.66 —_ s - 0.21, 0.26 Tunnelite, Gelamex
80 31 19.7 L.57 (0. 38) SB-shin-katsura
~60 32 27 L9 (0. 60) AN-FO
~50 32 27 .19 (0.53) Dynamite
70 32 19.7 1.57 (0. 38) SB-shin-katsura

** Decoupling index, *** Not exact

X 10ft DR S Hxdk, PEL MWe~1de A
FixDB1255:6, DI (Fhy 7Y L 7HEO &
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Lol bRWEREELTRY, ERMERICEST
b DL 2KEQ LB LBMET, FhickoTH
BRI RB—=R « TFIRAFA VI HERTEBZ LS

F&hits. bHAAD.L REMEI K& B2k
TERV,

U. Langefors Z5dsi L7zt (Table2) Giz», D.
I B2~4Lip2T05, LBZORONT, Gurit
ORFET 15mm ML EX bR D,

bREOHAI, KB~ L S, MNEETERER
HomvBEREMIcHOhRWwI L, PLEDEK
BNz ks, DI LLTH, BRAX DS
A, L5 RSl 0 ThH B,

RT3 MMM, i X iEa o/, RBiK
HOPRET b HILMRRLE Yick> Tk h s~
IR, bAETR, Fhy Y ORI YD
BEERS>TLES . BEZSHEERELADO 2

Table 2 Smooth blasting and presplit blasting (after U. Langefors and B, Kihlstrtm).

ll))i;‘:l;e]::rle 5?2(1:132::“0‘1 Smooth blasting Presplitting
d 1 Charge units E v E
mm in kg/m | Ib/ft m m ft
30 112 Gurit 0.5 0.7 0.25~0. 1~ 11
37 11/, 0. 12 0.08 Gurit 0.6 0.9 0.30~0.5 1~ 11
44 13/, 0.17 0.11 Gurit 0.6 0.9 0.30~0.5 | ~112
50 2 0.25 0.17 Gurit 0.8 1.1 0.45~0.70 112~ 2
62 21, 0.35 0.23 Nabit 22 mm 1.0 1.3 0.55~0.80 2~ 21
75 3 0.5 0.34 Nabit 25 mm 1.2 1.6 0.6 ~0.9 2~3
87 3y, 0.7 0.5 Dynamite 25 mm 1.4 1.9 0.7 ~1.0 2~3
100 4 0.9 0.6 Dynamite 29 mm 1.6 2.1 0.8 ~1.2 3~14
125 5 1.4 0.9 Nabit 40 mm 2.0 2.7 1.0 ~1.5 3~5
150 6 2.0 1.3 Nabit 50 mm 2.4 3.2 1.2 ~1.8 4~6
200 8 3.0 2.0 Dynamite 52 mm 3.0 4.0 1.5 ~2.1 5~7

* It no special charges are available dynamite taped on detonating cord to a concentration

1 kg/m (Ib/ft) can be used.
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Table 3 Smooth blasting at the side-wall
(concrete) of the Kamui pilot tunnel

Detonating fuse used 5.1m
No. of bore-holes 6

Bore-hole depth 0.5m
Area blasted 1.75%0,5=0.87 m?
Volume blasted 0.21 m?
Hole spacing 0.25m
Burden 0.25m
Total charge 0.12kg
Charge per hole 0.02 kg
Charge used for | m3 0.57 kg
Total drilling length 6.8m
No. of bore-hole per | m? 6.8

Detonating fuse used per 1 m? 5.9m

B.60
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4 —

{ E—

T

| B
41

Msk E

_ 0% 0504

Fig.2 Smooth blasting at the side-wall
(concrete) fo the Kamui pilot tunnel
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Fig. 3-b Results of the Kamui pilot tunnel
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Fig.4 Smooth blasting on the Tokyo Electric
South Pier, the Kashima harbor
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Fig. 5-a Results of the Kashima harbor
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Fig. 5-b Results of the Kashima harbor
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Table 4 Smooth blasting on the Tokyo Electric South Pier, Kashima harbor — 1

<
'y
.;- 'g Explosives Bore-hole No. of Charge Blast-
» ‘t3 N * {Diameter| Length | Weight [Diameter| Length | Burden {Spacing| bore- | Weight | Weight| ing Results
- ame
§ No mm mm g mm mm | mm | mm | PO | ghole | g/me method
EX) .
t[TN-17| 7 | w0 | 50 | 32 | 60 | 60 | 500 [8x1 | 50 | 134 |simul. | 3o Slaree lumps, few of them jumped 7 or
: .
2 |TN-17 17 140 40 39 600 700 500 8x1 40 107 | simul. E)o: njlump, {a crack along bore-holes, moved
3 |TN-17 17 170 50 32 600 700 500 8x2 50 134 delay | Many cracks, not jump
4 | TN-17 17 170 50 32 600 700 500 8 x4 50 134 delay Iz\gzl:ly cracks, small fragments, jumped up to
5 |TN-10 10 300 30 32 700 400 5?3600 9% 1 30 112 | simul. | Several 0.2~0.5m? lumps, moved | m
6 |TN-17 17 170 50 32 700 500 600 9x | 50 150 | simul. same as the above
|
3 7 {TN-10 10 490 50 32 750 500 600 9x1 50 150 | simul. same as the above
| Many 10~20cm dia. fragments, severals jum-
8 [TN-17| 17 170 | 50 32 700 | 500 | 600 |9x2| 50 | 150 | delay | ;A% Font
* TN : Taisci-Nichiyu test explosives ** 8 % | : 8holes, | raw
Table 5 Smooth blasting on the Tokyo Electric South Pier, Kashima harbor — 2
Explosives Bore—hole Charge
- No. of
Weight | Diameter | Length | Burden |Spacing Weight | Weight Results
Name boreholes
g mm mm mm mm g/hole g/m?
SLB-—I 30 32 600 400 400 10 1 6~ 7 8 holes in series were not cffective, hair crack between 2 holes
NB-—3 15 32 600 400 400 4 1 6~ 7 hair crack between 4 holes
NB-3 15 32 700 400 400 8 2 12~13 crack along the holes
CCR-—-30 30 32 600 400 400 10 1 6~ 7 hair crack between 6 holes in series, not effective in 4 holes
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Study of Smooth Blasting III

Practical Discussion and Examples of the Application

by U.Yamaguchi and Y. Shimomura

This is the third and the final report on the study of smooth blasting which is
being carried out for gathering information to perform the technique.

In this report, of the factors required to design smooth blasting were discussed,
based on the authors’ investigations and several performances of this technique.

Followings are recommendations for designing the first trial of smooth blasting :
1) Decoupling index is desired to be 1.5 to 4.
2) Charge density under 0.5 is also desirable.
3) The hole spacing is roughly equal to the burden.

The complete design of this technique should be finally decided by trial and
error method.

(Dep. Resource Development Engineering, Univ. of Tokyo)
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