208 Sci. and Tech. Energetic Materials, Vol.64, No.5,

2003

T T HARREEZIE U ANFO BEDRKE
ANFO BEZHWERRBI A5 A

R B, WARRTT, EEEANT, Pl

bRV BN T ANFO BEEZRWABICRET R 7 D227 H R, SBEOEABIRTE
DRKERERTH-7, TIC, FOEZTHAREREOMEEHN E L THR I N -HREEREN
ANFO BEDERLED7 > T 7 HARENMBHEB LU ANFO BEERWERESATFLDEL

RERIEL 2.

TDRR, TRERMANFO BRDT B 7 HARABEIL, KD ANFOBSEL L TH1/3
~1/10 THole. FIBEOMBILIEK, ANFO IBFEEZM W PRI TITHEERIL, #EKD ANFO 12
HERHWE 16 /8 EMS 43 /4 EELBMERL=, F/=, ANFOBRBEZHWERBEI AF AR,
BRRIBEICHREIFLIEH 15~ 0% BB TE2WAHS Ml 7,

1.8 €

M2 MAIBEE (L% ANFO B35 & 11 9) 13, o
FABETHIBARBR (Y I I r b7y
a > HREKIBES) ITHRZOBREEMIIED. U
U, BEECIMBETREMIRN < ho@sgicibx
TWT, SAFBIE>TIRBEALEHERBELDR
MR ELLSTIRETH S,

ZhoDBAMS, Fl, BAEALEIIBITSH
DRETEZ<RAEIN, FHTIE, ANFO BE O
BRIBEEMFEBRBOH 0% T HDTW S,

LU ANFO 18313, OmtAKIEIZZLW, Q%N
AfNEN, QBBREERICHEINRBETIEHD
HEREHFOTENS, ERSPT - ERAEICZHEZ

200342 A 19 B4
,2003 {£9A 9 HSH
e WA R A JAVE %34
T103-0024 HRCIRDREX B AHE/NBET 6 & 3 5
BAFELKE IV 5F
TEL 03-5652-5365
FAX 03-5652-5362
..E-Mail kawano@dnj-net.co.jp
(k) R AR LR AR /*}IA%#E&B
F107-8658 HORIAERILFIL 2—
TEL 03-3423-1801
FAX 03-5652-5362
... E-Mail suzukim@hazama.co.j
i O K2 T A4 ARERER b /*)bI’%’E?%’f.fﬁ
T755-8611 WWORFEtHRE 2 THI16—1
TEL 0836-85-9335
FAX 03-5652-5362
... E-Mail _shinji@rock.civil.yamaguchi-u.ac.jp
O K T BRREER b > 3V TR
T755-8611 WOWRFMHENBE 2 THI16—1
TEL 0836-85-9335
FAX 03-5652-5362
E-Mail nakagawa@rock.civil.yamaguchi-u.ac.jp

ZIBIENBELHB, TOBTIHER D BEOK
FLICHE L =Mk ICEN ANFO B, £/-H
& BIZIE U 7= ANFO B EDRREMTONELD
A—=h—=L0HRIN T3,

ZDESRABEOMTE - WROMERIT, FBK
DOBENISHEN - R - AMENE B I N TH
3bDEEZSND,

2. boRILIBHIISE TS ANFO BEDRIBR

B D RREICH A b 2 RIVFERE T ANFO IREENUEA
ShA3HFIRDREL. ZOBHEL TERIZHRRE
REOBMITLD, BRKBOEEORFRZPHAR
MMk 3 R&AEMOEHSEOMBEMNETSNS,

LHL, WDOhD b RN BERTRFENE - 18
M B2 DOB AN S ANFO BEREN TR
RERLETZEMNRES N, Tk, MEEREX
DDOHANFOBEEZMEAL & 5 &7 5 EHEER
MoRSNAKS3 o1,

—%, Gir-MEEL TR RV TEEMIZAN
SHAERMFITHEDIEBBIZLET O ETHARE
MWD EFohaZ Eilizole, PYEZTHAD
RAET, EXEHSE, FRE - HEBEERELESL
T $5IC T DiEfRIZ, ANFO 183535 A FHELRS D%
EHEWORAZITE DRGITIHATR> TS ULHIE
HIZ ANFOBREZRE ZIFT I ENKRERRREE
ishs,

ToRZTHAREEM<SIZIE, ANFOBEZT
FITICHSEEETOIENALETHEIMN, HR
WARERERBERENVIHERIIBENLTD,



Sci. and Tech. Energetic Materials,

wEBmAOEN, KA, RESGH 502 ANFO
BERSOERGEDIREN S TOHEFTYHOLD—
EOAKELEELE., TOM, 7oEZTHAD
EN T CEEEREEBVLONBTEERD, ZOKk
% - NRRAREOTENLNROEBORE LI
N, FOROTERIBAZYTEZ LR,
CDIEMS, FURNRBEORIEE L THED
12 ANFO 1R ZE % LRICHAT 21212, HEKEHOR
%, BE~OEGCHMOKXNIIIMDSTHREE
HMENCIRATESRBEESLEND S,
ZOIEHITIRUTOMRMBLBEEEZ SN,
OEEFEHOYE - MEOHFITY LT3 HER
B0t
@7 »EZT HAREDOMBITIAEIL ANFO D
2 4]
@ b 2 RIVEENZ 31T S ANFO BEDZIROME
FoTCESESIE, ERFEHFmMLECIMITOZDHA
MR ETOEINT CETHARER G KN
X H/- ANFO BENDLERFREEX, 7EZT
H A Fetk %3S B ANFO 1235 D455 5 X U ANFO
BEEAWE P RIEIZBITA3HBIZONTR
FEL 7=,

3. PUE=FTHAREOMFICEET HRE

3.1 FYE=T7HAORE
EHIRIBIZH1T 2 ANFO BEOBHRITITHNT

Table 1 Composition of ANFO in the patent. (wt.%)

A";:;:;':ium Fuel oil | Organic Acid
A mfr. 84.0 4.0 12.0
B mfr. 80.0-95.0 2.0-8.0 1.0-15.0
C mfr. No information
D mfr. No information
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Table 2 Composition of samplesand their oxygen balance. (%, g-100g™)

Sample Ammonium nitrate Organic Acid Fuel 0il | Oxygen balance
I 80.0 17.0 -7.040
I 82.5 14.5 -4. 665
m 85.0 12.0 3.0 -2.290
I\ 87.5 9.5 0.085
Vv 90.0 7.0 2.460
Reference’ 94.0 - 6.0 -1.780

*: usual ANFO
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Fig.t Results of detonation velocity test
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Fig.2 Time histories of ammonia gas incidence
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Table 3 Results of dctonation velocity test of ANFO
with A2 steel tube.

. . Detonation velocity
Loading density
Sample (grcc™ Result Average
(m-s™) (m-s™)
0. 882 2460
| 0. 837 2440 2450
0. 872 2470
0. 884 3830
I 0.871 2440 2620
0.858 2810
0.849 2900
I 0. 841 2780 2860
0.843 2920
0. 858 3040
v 0. 841 2870 2980
0. 847 3030
0.835 2940
V 0.831 2940 2960
0.825 3000

" 1 Not adoption in compliance with normal valuc.
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Fig.3 Time histories of ammonia gas incidence

S— L L TRIBLEFOMEZ AT > F v v TIET
il L 7= (Table 4) o
D TOREZTHARENRS

YIEC ANFO B8N IENZE ST, thknot X >
FERISUBEMEL T, KEB{totA L MEN
ZINORMITREZHAL TREBEEZMNET 5
RAEEREALE. COENRBRAETIE, Rkt
A PUAGERZH9em’, 8cm?, 7Tem’ @ 3 fllkAM
#£L, Fig.3121XL, M, S&#iLLx. a8, B
DFHIE, ZDIMHOBEDIL D RDKMAT
5% (Fig.3).

342 # &
) 1BE
MBI DRI, /D ANFO B3E L HAF) 11%
BEORKOMRONSN, ERIZHERLRWEEZS
ns,
LML, Table3IZRT BT & X,
QEEFEINS L BEENREHLIEMSHLIA
BDERTCH-I-DEEZEISND
OIBENKZ L RREHNKEVLIEAERL TH
HLEZLND
EWVWZB,
LR OBRBRERTIIRBRERIIAE< RSB
EMS, BBRBISICKEABEEZEASNS,
2) POEZTREBE
ORBMO7 > ETHAREHEZ, HED
ANFO 1R RPN TH D
QI3 HHDOEMAAHIDEIIZVN, 7UEZT
HAREBEDERIKEN
QREBERARMAZNIFEKREL, KBIZEL
@RISR AR 20~30 SR — 7 20X, &
DHEFAREPT D
®@EkD ANFO 183 & REHIT O & FEG itk LK
B2, BREROXNIH SN, IZFECRERERY
O KD ANFOIBREEREHT O E— 75D FE 4 RIE

Table 4 Results of detonation velocity test of ANFO with SGP50A stecl tubc.

Loading density Average voD | Avcrage

S

ample (g cc™ (grec™ (m-s™) (m*s™)
0.806 3510

ANFO 0. 804 0. 806 3680 3620
0.808 3680
0.802 3090

Samplelll 0.798 0. 800 3170 3210
0.799 3380
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Table 5 Concentration of ammonia gas from ANFO in civil tunnel works (unit : ppm, kg)
Tunnel Kl N (6] G H K2
Cross section (m?) 19 58 70 62 65 93
. 3 300(Vacuum 800 1500 (Blow), 1500
Ventilations (m ) ) (Blow) 1200 (Blow) lOOO(BIOW). lSOO(Vacuum) ZOOO(DHSt catcher) (B]OW)
Number of tests #1 #2 #1 #1 #2 #3 #1 #2 #3 #4 #5 #6 #1 #2 #3 #1
= Before 5 7 4 4 4 6 - — — — - —_ 0 4 5 —_
"B
St
5 10min. 70 | 80 75 20 q 6 - - - — — — 20 6 6 -
g 20min. 60 55 G0 20 G 6 - - - —_ — —_ 16 9 10 -
=Y
ﬁ Smin, 40 40 40 - —_ — - - - bt 40 20 140 100 70 35
ol =
'é ‘é 10min. 15 25 20 —_ - —_ >2G0 — —_ -_ 20 12 50 40 60 10
gl 2
3 % 15min, — — — — — — >260 52 32 45 13 8 30 30 30 —_
-
B 20min. 10 10 10 16 9 10 36 40 32 40 — — - — - —
<|  26min. - | = — — — — 36 28 — — 35 — — — _ _
30min. — | = — — — — 36 32 — — — — — — 8
. | ANFO-B* [330|330| 397 | 1500 | — — - - - - - — - — — -
g
: . ANFO-P* —_ —_ —_ — — — 185.6 169.0 230.0 200.2 40.0 79.0 - — — —
> Y
'g | ANFOOA* — bt — -—_ 100.0 100.0 —_ — — - — — 292.6 300.4 282.0 175.0
‘g Emulsion 36.2 | 39.7 33.0 8.2 4.1 3.9 — —_ —_ -_ —_— — 32.7 15.8 34.9 60.0
Slurry — — - -_ — — 141.25 | 121.85 83.9 74,65 | 148.65t 106.8 - — — -
Sum 69.2 | 72.7 72.7 158.2 104.1 103.9 | 326.85 | 290.85 | 313.9 | 274.85 | 188.65 | 185.8 325.3 316.2 316.9 235.0

* : ANFO-B—Packed ANFO.,

ANFO-P—Cartridge ANFO(¢$ 40mm). ANFOOA—Packed ANFO Added Organic Acid
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7 Innovetion of non electric detonator
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Fig.4 The progress of the number of cases with ANFO
and no electric detonator in civil tunnel works
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Table 6 Comparison of burden. (unit : m)

w Gelatin Packed
Reference explosives ANFO
Equation of Persson'” 1.O8~1.17" | 1.44~1.55
Fig. & Map of Olofsson'” 0.85" 0.95
Fig. & Map of Johannessen™ - 1.09~1.26

" : Diameter and Length 30mm X 100g
" ¢ Drilling diamecter 45mm

™ : Diameter 32mm

Table 7 Comparison in number of drilling hole.

Number of drilling hole ,
Tunnel Reduction
name* Gelatin Packed (%)

explosives ANFO
T 1 138 119 13.7
T- 1 128 94 26.5
T- 1 135 112 17.0
T-V 138 113 18.1
TV 144 105 27.1

" : New cxpress railway and Highway
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Characteristics of ammonia gas generation controlled ANFO
explosive and blasting system with ANFO explosive

Ko Kawano', Masayuki Suzuki , Masato Shinji", and Koji Nakagawa

Ammonia gas produced by ammonium nitrate fuel oil (ANFO) explosive during tunncl cxcavation was a big
issuc for making a decision to adopt this ANFO cxplosive. In order to clarify the issuc, we verificd the
effectiveness of organic acid added ANFO (ANFOOA) explosive developed to control ammonia gas generation,
and blasting system with ANFO explosive.

The concentration of ammonia gas generation from ANFOOA explosive decreased to approximately one third to
onc tenth compared with the usual ANFO explosive. Since the ANFOOA explosive came into the market, ANFO
explosive users have increased from 16 sites for 8 years to 43 sites for 4 years. Besides, it has been proved that
blasting system with ANFO explosive is able to reduce the number of drilling holes approximately 15% to 20% in

comparison with using Gelatin explosives.
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