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Point by Scale Model Experiment
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Abstract

In order to evaluate the adaptability of the Similar Law to the problems of
dynamic stresses within soft material caused by detonation of explosives, two types of
blasting experiments were carried out. One of them was the small scale laboratory
experiment and the other one was the actual scale shotfiring test in an underground
drift. In every experiment, dynamic strain waves were measured, from which dy-
namic stresses were calculated by the elastic theory. As a result of analyses, it was
found that the Similar Law could be applied in these blasting stress problems and the
stresses could be estimated around the actual scale blasting from small scale model
experiments.

Furthermore, it is considered that in the case where the direction of dynamic stress
of blasting owmax corresponds to that of maximum principle burden stress o), shearing
yield condition of the coal seam is apt to be satisfied. So, in driving in the steep dip
coal seam, additional stresses by blasting could act most effectively and widely in the
upper zone of the working face.
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Explosives Coatmortar £,51,E1,v
Scmdmogtar

HIE MELLHBRKREZDET L

B1E FERORAS—LT P I F B2k AL 1 kiEa, anBR
Scale Factor L (g) R (cm) a. a:
NO. 6
Length L al detonator(0.6g )| 0.56 1.00 1.00
Time T at 200g 3.91 6.98 6.98
Density ML ap 400g 4.92 8.79 8.79
600g 5.64 10.00 10.00
Pressure ML'T?| ap=al’XapXat? 800g 6.20 11.07 11.07
Stress ML'T? ¢c = 1000g 6.64 11.86 | 11.86
Strength ML T as = N 1200g 7.06 12.60 12.60
—— — 1400g 7.60 | 13.57 | 13.57
rnoéulus ML™T ae = " charged
Poxssonrsatio 0 av comment der;sgt.xg

BhE LS LRI, BEOFL S, JBEIE LT, 8, 16, 32cm OALEICHIKEU§ 47—
URMEFT B, DR — U OFMIL, BEOEEHME TNCEALEETRICEy PENT
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2.3 # B & #
HRPR OBMEEE L, BI3RIORTIECTH B, BRENLIIVOEMBES. Lkg/cm?,

FEZ4E [BE# 0. 8 kg /cm?, Y7 > 780,87 X 10'kg/cm?, MEHEE D &5 KDL BEYYT > 7H
1.85 %X 10%kg/cm?FETH b, L7zd-T, TR ZEH LR TWELRIPVWAERICHLTZLDTH
5, r, FRALZ 6 BEESRESL, DDNP0.2g, 7 F Y L0.4g, {RIE0. DI KAEBREEE T

%%)O

B3k HEMHOBMMITHE

Compressive

i 2
Strength 8. 1kg /on
Tensile

k 2
Strength 0.8k, cm
Density 1.08
Young's 0.87 X10"kg /e
modulus (1.85x10* n )

() Dynamic young's modulus.
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Charged depth=8_8cm
Charged wt. =3,0gram
26.0

0.9
3.6

Charged depth== 7 cm

Charged depth= 5cm
Charged wt. =, 8gram

Charged wt. =0,6gram

{cm)

15.0 21.5
N /]\
2.5 33.0
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6.1
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i
9.0 t / 1
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e=(X10"%)
Ermar €omar | Ermaz Comar |*Ermez Eomaz | Evmaz €omaz | Ermazr’ Comar | Ermax Eomaz
r 6 cm 8cem 12.5¢cm 16cm 25.5¢cm 32cm
No.1 -6130 4050 -2130 1370 -520 170
No. 6 No.2 ~5530 4040 -2170 800 -360 200
Detonator. 1 No.3 -4850 1820 -1870 2040 -540 240
No.4 | -6650 3710 -1670 1210 -490 680
r 7 cm 8cm 13cm 16¢cm 25.5¢cm 32cm
No.1 -13820 12960 -4170 3540 -1180 350
No. 6 No. 2 -12850 8900 -3030 2100 -480 650
Detonator. 3 No 3 -2370 1450 -1100 420
No.4 | -14240 8850 -6080 2980 -870 700
r 6.5¢cm 8cm 13cm 16cm 24cm 32cm
No.1 -18450 15330 -4560 5280 -1120 630
No. 6 No.2 -15790 14730 -6300 4870 -1120 470
Detonator. 5 No.3 -13940 10800 -4890 3920 -800 870
No.4 | -15160 8970 -6000 3200 -1300 1590
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T (cm) € rmaz €o €omaz €r O rmax O Oomazx oy
3.8 —15160 8970 8970 —15160 —203.8 1563.3 153.3 -203.8
4.6 —18450 3060 15330 —16210 —364.3 —46.0 333.8 ~-132.9
Y —15790 1910 14730 —15500 —322.3 | —60.3 321.0 -126.1
. —13940 4300 10800 —12940 —245.8 24.1 223.9 —127.4
4.9 —14240 8850 8850 —14240 —~185.1 156.6 156.6 ~185.1
5.5 —13820 1100 12960 ~12820 ~-290.5 —69.7 288.7 - 92.8
" —12850 3720 8900 —11520 —230.2 15.0 178.2 —124.0
6.0 — 6650 3030 3710 — 4680 ~102.8 40.5 75.2 - 49.0
7.6 — 6000 3200 3200 — 6000 —- 85.8 50.3 50.3 — 85.8
8.0 — 6130 4050 4050 -~ 6130 - 76.1 74.5 74.5 — 76.1
" — 5530 1930 4040 — 3930 ~ 94.2 16.2 90.5 = 27.5
" — 4850 1820 1820 — 4850 - 80.7 17.9 18.0 - 80.7
9.0 — 6080 2980 2980 — 6080 - 90.9 43.2 43.2 - 90.9
9.4 — 4560 350 3280 = 4060 - 9.0 —23.4 67.0 — 41.6
" — 6300 2120 4870 — 5710 —108.5 16.1 101.9 — 54.7
" — 4890 840 3290 -~ 3850 ~ 96.2 —11.3 87.8 - 27.5

11.1 — 4170 720 3540 — 3320 ~ 82.0 - 9.5 80.2 - 21.3
" — 3030 1070 2100 — 2810 - 51.5 9.3 41.4 - 31.3
" — 2370 1170 1450 — 2000 - 35.3 17.1 28.1 - 22.9

12.5 — 1670 670 1210 — 1540 ~27.2 7.5 24.4 - 16.3

14.0 — 1300 —~720 1590 — 1120 ~ 39.5 —-30.9 38.8 - 1.3

16.0 — 2130 1370 1370 — 2130 ~ 27.0 24.5 24.8 - 27.0
" — 2170 760 800 - 1310 —~ 36.9 6.4 14.0 - 17.2
" - 1870 —560 2040 = 1740 - 49.9 —30.4 47.5 - 8.4

17.7 - 870 25 700 -~ 520 =~ 19.0 - 5.7 16.8 - 1.2

18.7 — 1120 560 630 -~ 760 -~ 16.6 8.3 13.0 - 1.5
" — 1120 410 470 - 190 ~ 18.8 3.8 12.5 2.7
" — 800 —210 870 - 710 - 20.8 —12.1 20.4 - 2.9

22.2 — 1180 210 350 - 460 —- 26.2 - 2.5 6.9 - 5.0
u — 480 —410 650 — 420 - 16.7 —16.7 ~16.0 0.3
" - 1100 110 420 — 250 ~ 22.8 — 4.9 10.6 0.7

25.5 — 490 =570 680 -~ 460 ~ 19.3 —20.9 19.0 - 0.1

32.0 - 520 120 170 - 110 - 9.7 - 0.3 4.2 0.1
" - 360 80 200 — 240 ~ 6.8 - 0.3 4.1 - 2.4
" — 540 140 240 - 40 - 9.9 0.1 6.8 2.7
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Ermax = —0.270(7’/7’0)4'860 (3)
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X 1078 Ermax=—0.270(r/ro)'-* X 10~6 € 0max=0.240(r/ro)="-%
ro= | cm ro= | em
—50000 50000 -
— 10000 10000
—5000 5000 ]
x x
] 3
£ £
w w
— 1000 4 1000
—500 500 °
i 0®
8
\
- 100 i | L I 160 | 1 ! 1
2 5 10 20 30 2 5 10 20 30
r/ro r/ro

%5 BEA L OB r E AUV TAOBME (FE 1 ARRH)

Kz, REBOUSEMEHIEREND LN TIEH 205, ARDEHERBICBIT L0 L EH —&
YA —F TRV T AR EREERTRTIEZERLY, (5) RTRT3KRTHAT v 7
OB L 2%,

Or= Ae+ 2 pu€, } 6
Oo=0¢= Aet+ 2 u€e
727150, e= Er+ €0+ €+ (2 ZTlE €= €0 EIHE)

A= vE _ E
T+ (1-20), “T 201+

FHEICIE, B3RO JEEL.85 X 10%kg/cm? & vy, KTV Hid v=0.25REL 72,
FREZBIT B r FRARY 0 FED 1OV T HEL L, TNLH Ormar KU Oomaz 23K
B, BERICEEDHTRLTH B, REEICE, Ormex ICHIET B 66 BUY Oomax IZIIET 2
Or bR L THhb, T2, =6 ERELTWBE2, g:=0, TLH 5,
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BEFENVBREL LBEE TOER » & Ormax, Omex OBME A1) L EHE FI27 0 Y
FEBE, BORHNTECICR D, BHDHERCD, VTANBELEALRVEREZRLT
Wb, BEENMELZEAV Ormaz, Osmez O, —WILENTHERXEERKDL L, 6), (ORXIch 2,

Ormaz/Go = —3.151X 10°(rfairo) ~-" 6)
Osmax/0o = 3.249 X 10%( rlacro) 181 "
212, 0,= 1 kg/cm?
7o= 1cm

At D B2RISRLIAY—NT 77 ¥

(Ormax/00)=—3,151 X 10°(r/ro)~'-%7 (Ogmax/0o) =3.249X 10%(r fro) =8¢
Oo= | kg /cm* Oo= | kg /cm?
500 | ro= | cm 500 - roz= | cm
—400 - o 400 -
—300 - ©o 300
O
—200 ~ o} o 200 4

— 100 -1 o 100 -
Lo

, —50- (o] 50 4

Ormax/0o
(o]
o]
8, >
[eX o]
[o]
Jomax/Co

—10 4 10

r/ro r/ro

BEE  BHES SOy LR OBGR (FE 1 A48

(6), (NRELDAH v AND @ EENDAT—NT 77 7eRAT S L, ZOEICHIEL 72
HEFHIIE I LRBEOGHBERIELNL,

FBRAT a=1tBWTET1ERNEED r FEEHEESH %45 &, r=5 cm T215kg/cm?,
7 =10cmT68kg/cm?, r=20cmTi¥21kg/cm*TH Y, BEEENEIRST Y —  TORSIRE
2L ¢, 20cm PLE L BN AIE D & 13 BRI EE AR R 0 TIE W ARG D AR T 5,
FOBERIE, koI E L, DT AR IEREINg D HIREIBIN BT S (v/a) =34TETH
N, EEEIEDFEICIT r=19cm TH b,

I, £BR(6)D @ 1082 ENEERAL T, BIATFIEBRRE 2 H 1465 GEEE1,600
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Ormax  Ofmax(kg/cm?)

-0 6.2

| A

\

Distance

r
T

29.9

—~60 43.8

—80 59.9

crushed
zone
0 o e ey e e e e e e e

0 500 1000 1500
Charged weight(g) !

57 FKERHA L —E LT S O BIR

g) £ THEBNCIER L2 &0, BERY —ERNREEROBRERLALLNOTHE, ZHN
bbb, BEEETORHETHIEL WL, BNV =Y i3I tavbhrd,

WIS, %8 i3 zesm sl — 260msL DEIRME E )] 5 HFE T1T7% - 72 Eqsd00g FHHN EHUESR
BRI TAIERR 2R T b, 1B, EHEEE46kg/cm?, BifYr > 782,84 X 10*kg/cm?

(v 7781,70X 10%kg,ecm?) TH Y, ETNAMEL D ERETH - 72, RbPOERHIHE
BT —2 %23 LITROLERTH Y, $8RH(6), (T)XD a [cFEHER100g NDHAENDES. 79
EFRALZEEDTIETH b, TETNVEBRDBEDCHNPEB TH B 45, BRI b by,
FHEDENICIZ, B, ERMHNEEOEZELESIN WL S, TN EEET S &, NN
TIEED S, BRAFEMNRA T —NVINMERE $ COEBEREWRIICHOFME 21T 5 2 & 138
ThHbHEHMTES,

LD T AR - UG DOBEBBEOBBIIEIN T 5, FIClE, B L TNEERBYE
ARG, MMNERZ2ELRD ZEDHEEI LY, SROFHEEMPLELTE, 20k
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, BEEFL, WE-TAERRELE Y AALZET NVERZEBL T 2519, EBTIE, WHEN
A ARECETWMBRNE IR TIRET 2 LE»H 2, LRORENET NVERICE T

MARBAEYICE T METE B Z L 2RL T 5,

fid, ZN& ) RERORTY, EAREICE T TEMIRMEEL T2 & 4 (W, BEEHZ

r-Ormax r—0tmax
—mOrmax/Co=—4.624X |03(r/ro) > Gfmax/Go=0.743X 10°(r/ro) =17
200 e g 200 | - Gom | kg /om?
o Oo= | kg/cm* o= | kg/c
fs) ro= | cm ro= | cm
[«
- 1001 8 100 ~
—50 50 —
i -
S S
~ ~
x X
o o
£ £
© ©
— 10 10
- 5 -
. . \
i 8
(]
-1 1 | 1 1 t 1 L I !
30 50 100 200 300 30 50 100 200 300
r/ro r/ro

%8 BFIVERRIC L AIBH & BRI L SIS TE
s DRYid

(adg  BIOIER, S =T LEBRIZL D)

4, YEEAOBEIZ > L TH—RE

WEDRBICH TS 1T O HEEE13200~400g Th b, H 8T L2 &, HHEEL00g ) %
FHICBWT, REFEGHREGUESERL TuiwvW)Thad 55 L, r=200cm 2L, 0v=
10kg/cm? DB BRI A356 4 L, BB ke/cm?BEDRIBIZIZBIRI v 7 A»>TLwr
Lok b, Lvl, EBORBICIHEIERAL TS, Lizat-T, BEEHZTClikEs
BN, HIEEDENTELZLENHL, WE, HILDKITRESEIRHDEHM (1)
DRETH 72 8T B, FHUSKLEBIGIAIMZ 540, BHAM (1) ¢ (1) 2=,
B (1) FHESERETHLY), BERBTRSIPMEEGELHETLIZ LT D, Z
DS DR EN DD, BEOIMEZCOE—TlE e EEZ LD,
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0 C- G+ COrmax

Gs 0;=63*(5!max
HUE FROBRBIETE L TORN DA

%Y, FROWBIEETOBHESEG2EZ TAL, SR L, BEMFORBOEIGN
FELEE (), KFE(0:=0:)ThH-722T5E, BEOE—7IEH Ornaz Db - 728 E T,
O R a3 ZNFhN, =016 =05+ Ormaz 1275, EHEGHE A TATEDLL TW
255, G, 0y, Ermaz ZADETHY, 6 ZIHPETHE, T5& 0 DEIETED 6 L ) #Ext
EHVNE L D, £72 GSDMIMEIZTN G W KE L% b, D0, IBHMIE, S (1) »
H (1) DEHWERINEC D, BERNE%IT5 &, EERTFTORBIE» 2 - THEEL-D
bWwZ bzl b,

Wiz, BT BEFRRE O BIEED LR B DB E R A BETH D, ZOBHEIZIE,
EEETRET 2L, 61 =0+ Ormaz, G5= 06+ 0, THY, LD LT G 12675 2 K5
THBPE O 0L ) LIEMIGHENKRE R, 613 ok VEAVINE D, 208, 57
MERIRB) D (D) = (I D & S IcEREFRELS LY, BETRRL DL EDOTREMEI 1, B
BLST ks,

Fin &L, HEIMERL Ty 3 RBICHEIREI L RBIC RN E 1 LI 51 b & &1
i3, REFSEMBTHDITY, BEEHRIEFICHADbNL L2 5,

12
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Stress [e3

(B)

o VA % /P
0= G Omax 0G0

$IIE  AupUgiGtEwE L Coislinamk

5. ¢ ¥ U

B WRESEERIICHFEY 2562 BEL, EREMICRETIRBC N EHET 5728
DETNEBRETY »72, M, RILIN CTESERBERBLO O § 2 805E %17 % IR
DEIGTEE KDIz, MEBOKREZ KT 52 £10L ), ERERBOBAFN A 7 —Lh1/
10BEFZ TOETINERTHIUL, R EOBITITHEPEDEIT S L #Emar B, 2o
ZEid, INOBERREBATLLHONETTNERICB VT, RUEEEICHYT 2 REZED A
UG, BERBICBITL L) L TEMREFBL 2 TLWI E2RL T,

Wiz, YOBRLDORGHERICHNT 2 BRI, HL5QLHFEIHE—TIE L, BRENDREE
FEEH o7 EHIUDTRKRELT 6, FAP—HTLHMTRIEFL(CRbONLZ L &R,
BRMFLOBETH S &, BMEREDIEAKTESH 2 2 BIRERES, &%L, g, RNz
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