
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Technical Translation (National Research Council of Canada), 1976

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=343a3a04-1946-4d15-96db-c04428d6c653

https://publications-cnrc.canada.ca/fra/voir/objet/?id=343a3a04-1946-4d15-96db-c04428d6c653

NRC Publications Archive
Archives des publications du CNRC

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.4224/20358471

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Guide for the application of drilling and blasting method of loosening 

frozen and perennially frozen ground and moraines
National Research Council of Canada. Division of Building Research



CANADA I IVS-[ITUTE 
FOR SCIENTIFIC AND TECHNICAL 
INFnRMATIOIV 

INSTITUT CANADIEN 
DE L'INFORMATION SClENTlFlQUE 
ET TECHlVlQLlE 

NRC I CNR TT - 1877 

TECHNICAL TRANSLATION 

TRADUCTION TECHNIQUE 

TSEN'TRAL'NYI NAUCHNO-ISSLEDOVATEL'SKII I 

PROEKTNO-EKSPERIMENTAL'NYI lNSTlTUT ORGANIZATSll 

MEKHANlZATSll 1 TEKHNICHESKOI POMOSHCHI STROITEL'STVU 

GOSSTROI SSSR 

GUIDE FOR THE APPLICATION OF DRILLING AND 

BLASTING METHOD OF LOOSENING FROZEN AND 

PERENNIALLY FROZEN GROUND AND MORAINES 

IZDATEL'STVO LlTERATURY PO STROITEL'STVU 

MOSCOW. 1972. 2 5  PP. 

T R A N S L A T E D  BY / T R A D U C T I O N  DE 

V. POPPE 

THIS IS THE TWO HUNDRED AND TWENTY-FIFTH IN THE SERIES OF TRANSLATIONS 

PREPARED FOR THE DIVISION OF BUILDING RESEARCH 

TRADUCTION NUMERO 225 DE LA SERIE P R ~ P A R ~ E  POUR 

LA DIVISION DES RECHERCHES EN BATIMENT 

OTTAWA 

National Research Conseil national I $ Council Canada de recherches Canada 



PREFACE 

Excavation of f rozen  ground i s  encountered i n  many engineering 

works c a r r i e d  out i n  no r the rn  a r e a s  of North America. Explosives a r e  
widely used by t h e  Canadian mining i n d u s t r y  t o  excavate  f rozen  over- 
burden and o r e  i n  open-pit and underground mines. Much r e s e a r c h  and 
development has  been c a r r i e d  out t o  improve d r i l l i n g  and b l a s t i n g  

techniques ,  and t o  d a t e  t h i s  is  t h e  most economical method of removing 
l a r g e  q u a n t i t i e s  of f rozen  m a t e r i a l .  

The e f f i c i e n c y  of t h e  b l a s t i n g  ope ra t ion  i s  dependent upon t h e  
type  of explos ive ,  t h e  amount and shape of t h e  charges ,  s lo t -ho le  

con f igu ra t ion ,  t h e  depth  of charge placement and t h e  sequence of 

f i r i n g .  Problems r e l a t e d  t o  incomplete r u p t u r e  and i n s u f f i c i e n t  

f ragmentat ion have g r e a t l y  reduced t h e  e f f i c i e n c y  of b l a s t i n g  i n  smal l  

excavat ions.  

The g u i d e l i n e s  presented i n  t h i s  t r a n s l a t i o n  o u t l i n e  t h e  

experience gained i n  t h e  Soviet  Union i n  t h e  u s e  of b l a s t i n g  f o r  

excavat ing p i t s ,  t r enches ,  and road c u t s .  It a l s o  g ives  recomrnen- 

d a t i o n s  f o r  b l a s t i n g  excavat ions  i n  t h e  v i c i n i t y  of bu i ld ings  and 
o the r  s t r u c t u r e s .  

The Div is ion  he re  r eco rds  i ts  thanks  t o  V. Poppe f o r  t r a n s l a t i n g  
t h i s  paper ,  and t o  T.H.W. Baker of t h i s  D iv i s ion ,  who checked t h e  

t r a n s l a t i o n  f o r  t e c h n i c a l  accuracy,  

Ottawa 
Septembe?, 1976 

C.B.  Crawford 

Di rec to r  

Div is ion  of Building Research 
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G U I D E  FOR THE APPLICATION OF DRILLING AND BLASTING METHOD OF 

LOOSENING FROZEN AND PERENNIALLY FROZEN GROUND AND MORAIhTS 

Th i s  Guide r e p r e s e n t s  a more d e t a i l e d  t rea tment  of t h e  

chapter  of SNiP e n t i t l e d  "Earthworks. Methods of work and 

r u l e s  f o r  t h e  acceptance of completed jobs". It was com- 

p i l e d  i n  accordance wi th  t h e  "Unified s a f e t y  r u l e s  f o r  

b l a s t i n g  opera t  ions". 

In t roduc t ion  

Within t h e  o v e r a l l  c o n s t r u c t i o n  c y c l e ,  working f rozen  ground is  a time- 

consuming and inadequate ly  mechanized process .  

Because of t h e i r  h igh  mechanical s t r e n g t h ,  f rozen  s o i l s  cannot be e a s i l y  

worked wi th  convent iona l  earth-moving equipment, and must be loosened wi th  

s p e c i a l  machines o r  by b l a s t i n g .  

B la s t ing  of f rozen  ground i s  ueed widely i n  t h e  U r a l s ,  a s  w e l l  a s  i n  Western 

and Eas te rn  S i b e r i a .  A t  t h e  Yuzhura l spe t s s t ro i  Cons t ruc t ion  Trus t  80% of t h e  

t o t a l  volume of f rozen  ground i s  loosened by t h e  dr i l l -and-b las t  method. I n  

t h i s  way f rozen  s o i l  i s  loosened s imultaneously throughout t h e  depth  of f r e e z i n g .  

Seve ra l  improved techniques ,  such a s  delay-act ion and contour  b l a s t i n g ,  a s  
* ** 

w e l l  a s  t h e  u s e  of s t r e t c h e d  and d iv ided  exp los ive  charges  and of t h e  l a t e s t  

d r i l l i n g  equipment make t h e  b l a s t i n g  method of loosening f rozen  s o i l s  more 

e f f i c i e n t ,  and extend t h e  range  of i ts  a p p l i c a b i l i t y .  

The aim of t h i s  Guide i s  t o  he lp  c o n s t r u c t i o n  engineers  and des igne r s  t o  

s e l e c t  and apply  t h e  most e f f i c i e n t  b l a s t i n g  method. 

The Guide was prepared by I .P.  Balbachan, Yu.A. Ivanov and A.A. Yurko a t  

t h e  Sec t ion  of Organiza t ion ,  Technology and Mechanization of Earthwork of t h e  

* The charge  i s  formed i n  a smal le r  diameter  and i t s  l e n g t h  i s  increased .  

(Transl .  Ed. ) 

** The charge i s  formed i n t o  smal le r  s e p a r a t e  charges  which a r e  evenly spaced 
a p a r t .  (Transl .  Ed. ) 



Cen t ra l  Research and Design-Experimental I n s t i t u t e  f o r  t h e  Organizat ion,  

Mechanization and Technical  Ass i s t ance  of Construct ion.  

The Guide was r ev i sed  a t  t h e  C e n t r a l  Product ion and Experimental Laboratory 

of t h e  Soyuzvzryvprom Trus t .  

1. Brief Desc r ip t ion  of Frozen S o i l s  

1.1. The c o s t  of working f rozen  s o i l s  is  s t rong ly  dependent on t h e  c l i m a t i c  and 

ground cond i t i ons .  The g r e a t e r  t h e  s t r e n g t h  of f rozen  s o i l ,  t h e  more time- 

consuming t h e  earthworks. 

I n  t u r n ,  t h e  s t r e n g t h  of f rozen  s o i l  depends on a number of f a c t o r s ,  such 

a s  t h e  type  of s o i l ,  i t s  water con ten t ,  and t h e  a i r  temperature.  

Frozen s o i l  should be  regarded a s  a four-component system c o n s i s t i n g  of 

s o l i d  minera l  p a r t i c l e s ,  a binding substance ( i c e ) ,  water and a i r .  The i c e  

content  determines t o  a l a r g e  ex ten t  t h e  s t r e n g t h  of f rozen  s o i l .  The amount of 

i c e  i n  t h e  s o i l  depends on t h e  a i r  temperature and t h e  s o i l  type:  t h e  lower 

t h e  temperature,  t h e  g r e a t e r  t h e  amount of i c e  formed i n  t h e  pores ;  t h e  smal le r  

t h e  g r a i n  s i z e  of t h e  s o i l ,  t h e  lower t h e  i c e  con ten t  i n  t h e  pores ,  wi th  a l l  

o the r  cond i t i ons  remaining t h e  same. 

The mechanical s t r e n g t h  of f rozen  s o i l  i s  cha rac t e r i zed  by t h e  t e n s i l e  and 

compressive s t r e n g t h  ( s e e  Table I ) .  

1.2.  The depth  of seasonal  f r eez ing  depends on many f a c t o r s ,  t h e  most important 

of which a r e :  t h e  a i r  temperature,  t h e  wind v e l o c i t y ,  t h e  t h i ckness  of t h e  snow 

cover ,  t h e  t y p e  and s t r e n g t h  of t h e  s o i l ,  i t s  water con ten t ,  thermal  conduc t iv i ty  

and s p e c i f i c  h e a t ,  t h e  ground-water t a b l e ,  and t h e  n a t u r e  of vege ta t ion .  

1.3. The depth  and r a t e  of f r eez ing  have a cons ide rab le  e f f e c t  on t h e  earthwork 

i n  winter  and must be thoroughly inves t iga t ed  p r i o r  t o  t h e  commencement of work. 

Allowances should be made f o r  t h e  f a c t  t h a t ,  wi th  a l l  o the r  cond i t i ons  remaining 

equal ,  s o i l s  wi th  pores  p a r t i a l l y  f i l l e d  wi th  water ,  a s  we l l  a s  compact s o i l s  

wi th  smal l  pores ,  f r e e z e  f a s t e r  and t o  a g r e a t e r  depth  than  loose  and d r y  s o i l s ,  

s i n c e  thermal  conduc t iv i ty  of t h e  former i s  g r e a t e r .  The c l o s e r  t h e  ground-water 

t a b l e  t o  t h e  s u r f a c e ,  t h e  smal le r  t h e  depth  of f r e e z i n g  of t h e  s o i l .  Clays f r e e z e  



slower than sands.  The g r e a t e r  t h e  con ten t  of l a r g e  p a r t i c l e s  i n  sand,  t h e  

f a s t e r  i ts  r a t e  of f r e e z i n g  and t h e  g r e a t e r  i ts  dep th  of f r e e z i n g .  

2. Organiza t ion  of Work. General  I n s t r u c t  i ons  

2.1. P r i o r  t o  d r i l l i n g  and b l a s t i n g  a  work o rde r  must be prepated i n d i c a t i n g  

t h e  r equ i r ed  number of d r i l l s  (o r  s l o t - cu t  t i ng  machines) and earth-moving 

machines, which w i l l  depend on t h e  volume of work t o  be performed, t h e  dep th  of 

f r e e z i n g ,  and t h e  width of t h e  t r e n c h  o r  p i t .  

The work o rde r  must c o n t a i n  p rov i s ions  f o r  a  t ime ly  p repa ra t i on  of t h e  s i t e ,  

a  t r oub le - f r ee  o p e r a t i o n  of t h e  earth-moving equipment and motor t r a n s p o r t ,  

keeping t h e  number of o v e r s i z e  lumps of loosened e a r t h  m a t e r i a l s  t o  a  minimum 

(not  more t han  3 % ) ,  a s  w e l l  a s  f o r  work s a f e t y  and good maintenance of equipment. 

The t ime scheduies  must be  such a s  t o  ensu re  t h a t  f rozen  ground i s  b l a s t e d  

immediately p r i o r  t o  f u r t h e r  work, s i n c e  o the rwi se  l o o s e  s o i l  may f r e e z e  aga in .  

2.2 .  To ensure  a  cont inuous  o p e r a t i o n  on sites f r e e  of b u i l d i n g s  and o t h e r  

s t r u c t u r e s ,  b l a s t i n g  must be  done us ing  de tona t ing  f u s e s ,  and no t  c a p s ,  s i n c e  

t h i s  makes it p o s s i b l e  t o  charge  t h e  b l a s t h o l e s  without  i n t e r r u p t i n g  t h e  work 

of earth-moving equipment and motor v e h i c l e s  i n  t h e  immediate v i c i n i t y  . 

2.3. Universa l  u s e  of de tona t ing  f u s e s  i n  t h e  v i c i n i t y  of b u i l d i n g s  and o t h e r  

s t r u c t u r e s  is  not  recommended, s i n c e  t h i s  would i n c r e a s e  t h e  f o r c e  of shock 

waves. 

2.4.  Overs ize  lumps of e a r t h  m a t e r i a l s  a r e  t h o s e  whose l a r g e s t  c r o s s  s e c t i o n s  

exceed t h e  fo l lowing  measurements : 

(a)  For excava tors  w i t h  d i r e c t  and reversed  shove l s  - 213 of t h e  width of 

t h e  bucket ;  

(b) For d r a g l i n e  excava tors  - 4 of t h e  width of t h e  bucket ;  

(c )  For s c r a p e r s  - 2 / 3  of t h e  dep th  of excava t ion ;  

(d)  For bu l ldoze r s  and g r a d e r s  - 3 of t h e  he igh t  of t h e  heap; 

( e )  For dump t r u c k s  - 3 of t h e  width of t h e  body, o r  i f  t h e  weight of t h e  

lump exceeds t h e  s p e c i f i e d  load c a p a c i t y  of t h e  t r u c k .  



3. B la s t ing  Methods and Equipment 

3.1. There a r e  t h r e e  methods of loosening f rozen  ground by b l a s t i n g :  

(a )  Shot-holes,  

(b) B la s tho le s ,  and 

(c )  S l o t s .  

3 . 2 .  The cho ice  of t h e  b l a s t i n g  method depends mainly on t h e  volume of work t o  

be performed, t h e  presence o r  absence of bu i ld ings  and o the r  s t r u c t u r e s  on t h e  

s i t e ,  t h e  t y p e  of excavat ion ( p i t ,  t r e n c h ,  road c u t ,  e t c . ) ,  t h e  dep th  of f r e e z i n g ,  

t h e  t ime schedule ,  t h e  a v a i l a b l e  d r i l l i n g  o r  s l o t - c u t t i n g  equipment, and t h e  

method of f u r t h e r  earthwork. The s e l e c t e d  method must be recorded i n  t h e  work 

order .  

Shot-hole method 

3 . 3 .  The shot-hole  method i s  used i f  t h e  depth  of f r e e z i n g  does  not  exceed 1 .2  m ,  

and mainly i n  t h e  c o n s t r u c t i o n  of t r enches  and smal l  p i t s ,  i n  l e v e l l i n g  t h e  

s u r f a c e  of t h e  ground, and i n  confined space. The dep th  of f r e e z i n g  on t h e  

c o n s t r u c t i o n  s i t e  i s  determined by d r i l l i n g  c o n t r o l  ho le s .  

3.4. The charges  a r e  p l aced  i n  shot  ho le s  up t o  75 mm i n  diameter  and having a  

depth  equal  t o  0.95 of t h e  depth  of f r eez ing .  

3.5. The d i s t a n c e s  between shot  h o l e s  i n  t h e  same row and between d i f f e r e n t  

rows range  from 0.8 t o  1.4 W ,  depending on t h e  s t r e n g t h  of s o i l  and t h e  purpose 

of b l a s t i n g  ( s e e  Table 111). The shot  h o l e s  a r e  arranged i n  s taggered  rows o r  

i n  a  square g r i d  p a t t e r n .  

3 . 6 .  The shot  ho le  i s  f i l l e d  wi th  stemming a t  l e a s t  113 of i t s  l eng th .  Stemming 

normally c o n s i s t s  of sand and rock  f l o u r .  

3.7. The dimensions of shot  ho le s  must be such a s  t o  accommodate t h e  des igna ted  

weight of t h e  charge. The c a p a c i t y  of t h e  charged p a r t  of t h e  shot  ho le  is  

determined from t h e  fo l lowing  formula: 

% = (G - Z3> P kg (1) 



where ZM i s  t h e  l eng th  of t h e  ho le  i n  m ,  

Z3 i s  t h e  l eng th  of stemming i n  m, and 

P i s  t h e  c a p a c i t y  of one m of ho le  i n  kg/m ( s e e  Table 11 ) .  

3.8. The s i z e  of t h e  charge  i s  determined from t h e  fol lowing formula: 

where q i s  t h e  s p e c i f i c  consumption of explos ives  i n  kg/m3, 

W i s  t h e  computed l i n e  of r e s i s t a n c e  i n  m ,  equal  t o  t h e  depth  of p lac ing  

t h e  charge.  

* 
For organic  and sandy s o i l s ,  q is  t aken  a s  0.4 t o  0.55; f o r  sugl inoks  , 0.6 

t o  0.7; f o r  c l a y  and c o n s t r u c t i o n  waste ,  0.7 t o  0.9 kg/m3. 

B l a s t h c l e  method 

3.9. The b l a s t h o l e  method i s  e f f e c t i v e  i n  t h e  Far  North, t h e  Eas t ,  and i n  

S i b e r i a ,  i n  p l aces  where t h e  depth  of f r e e z i n g  exceeds 1 .8  m. It should be used 

i n  t h e  c o n s t r u c t i o n  of t r enches ,  p i t s  and road c u t s  w i th  l a r g e  c r o s s  s e c t i o n s ,  

a s  we l l  a s  i n  s t r i p p i n g  ope ra t ions .  

3.10. The explos ive  charges  a r e  placed i n  b l a s t h o l e s  75 t o  140 mm i n  diameter .  

3.11. The ho le s  a r e  d r i l l e d  t o  a  depth  equal  t o  0.85 - 0.9 of t h e  depth  of 

f r  eez ing . 

3.12. E i the r  s t r e t c h e d  o r  d iv ided  charges  a r e  used, depending on t h e  depth  and 

mode of f r e e z i n g  and t h e  ex t en t  t o  which t h e  s o i l  must b e  loosened. S t r e t ched  

charges  a r e  recommended i f  t h e  f rozen  l a y e r  does not  exceed 2.5 m i n  th ickness .  

Divided charges  should be  used i f  t h e  f rozen  l a y e r  exceeds 2.5 m i n  t h i ckness .  

Experience has  shown t h a t  t h e  t o p  p a r t  of t h e  charge  must make up 113 and 

t h e  lower p a r t  213 of t h e  t o t a l  weight of t h e  charge.  The space between t h e  

* "suglinok" - c l ayey  si l t  w i t h  some sand, c l ayey  s i l t y  loam; c o n t a i n s  10  t o  

30% c l a y  by weight w i t h  c l a y  p a r t i c l e s  l e s s  t h a n  0.005 mm i n  

s i z e .  (Trans l .  Ed.) 



p a r t  charges  is  f i l l e d  wi th  stemming i n  t h e  form of d r i l l  f l o u r ,  sand o r  o the r  

l oose  l o c a l  m a t e r i a l .  The main parameters of shot-hole  and b l a s t h o l e  charges  

a r e  summarized i n  Table 111. 

3.13. Visco-p las t ic  permafrost has  a  higher  b l a s t a b i l i t y  c o e f f i c i e n t  which makes 

it  more d i f f i c u l t  t o  work i n  such s o i l ,  and i n c r e a s e s  t h e  s p e c i f i c  consumption 

of explos ives .  

3.14. I n  t h e  c a s e  of permafrost ,  t h e  s p e c i f i c  consumption of explos ives  must be 

increased  by 20 t o  30X a s  compared wi th  t h e  va lues  i n  Table 111. 

S l o t  method 

3.15. The s l o t  method developed a t  t h e  aforementioned C e n t r a l  I n s t i t u t e  i s  

based on t h e  combined e f f e c t  of charged and uncharged preshear  s l o t s .  

3.16. The uncharged s l o t s  form new exposed s u r f a c e s  and compensating spaces  t o  

enable t h e  s o i l  t o  s h i f t  dur ing  t h e  explosion ( t h e  impact shear  p r i n c i p l e ) .  

3.17. The s l o t  method should be  used i n  t h e  cons t ruc t ion  of t r enches  and p i t s  

i n  s o i l s  f rozen  t o  a  depth  of 0.8 t o  2 m. 

3.18. The s l o t s  a r e  c u t  i n  f rozen  ground wi th  d i s c - s c a r i f i e r s  o r  r i p p e r  t e e t h .  

3.19. The s l o t s  should be c u t  perpendicular  t o  a  pro tec ted  o b j e c t  s i n c e ,  on 

b l a s t i n g ,  s o i l  i s  s c a t t e r e d  i n  both d i r e c t i o n s  from t h e  s l o t .  

3.20. The parameters  of s l o t s  a r e  a s  fo l lows:  

(a)  The dep th  of charged s l o t s  - 0.9 of t h e  depth  of f r e e z i n g  (0.95 i n  t h e  

c a s e  of a  cons ide rab le  depth  of f r e e z i n g ) ;  

(b) The width of s l o t s  - 100 t o  300 mm; 

(c)  The d i s t a n c e  between charged and uncharged s l o t s  (between t h e i r  edges) 

should no t  be l e s s  t han  0.9 of t h e i r  depth ,  but no t  more than  1 .8  m 

(based on c a l c u l a t i o n s  and t e s t s ) .  

3.21. Divided o r  s t r e t c h e d  explos ive  charges  a r e  placed i n  every second s l o t .  

S t r e t ched  charges  a r e  used i f  explos ives  a r e  i n  c a r t r i d g e s  o r  i f  ( i n  



accordance wi th  t h e  s p e c i f i c  consumption of explos ives)  t h e  he ight  of t h e  c r o s s  
* 

s e c t i o n  of t h e  charge  i s  a t  l e a s t  213 of i t s  width. Ribbon charges  should not  

be used f o r  t h i s  purpose. Divided charges  should be  used i n  a l l  o t h e r  c a s e s ;  

p a r t  charges  a r e  placed every 0.5 t o  0.6 m ( a s  determined by t e s t s )  throughout 

t h e  l e n g t h  of t h e  s l o t .  

A de tona t ing  f u s e  is  placed throughout t h e  l e n g t h  of t h e  s l o t  p r i o r  t o  

charging.  

3.22. I f  s l o t s  a r e  over 1 . 5  m i n  depth ,  u s e  may be  made of two s t r e t c h e d  o r  

d iv ided  charges  separa ted  by a  l a y e r  of stemming 0.3 t o  0.5 m i n  t h i ckness  

(F igure  1 ) .  

Best r e s u l t s  a r e  obtained by us ing  a  cont inuous charge  a t  t h e  bottom and a  

d iv ided  charge  weighing 113 of t h e  t o t a l  weight of explos ives  i n  t h e  s l o t  on 

top.  

3 . 2 3 .  I n  t h e  c o n s t r u c t i o n  of t r enches  up t o  1 . 3  m i n  width u s e  i s  made of two 

s l o t s ,  one of which i s  charged and t h e  o t h e r  s e rves  a s  a  preshear  s l o t .  The 

e x t e r n a l  wa l l  of t h e  charged s l o t  i s  protec ted  by us ing  explos ive  c a r t r i d g e s  

a t tached  t o  a  de tona t ing  f u s e .  The charge  i s  placed a t  t h e  w a l l  t o  be b l a s t e d .  

3.24. I n  t h e  cons t ruc t ion  of t r enches  over 1 . 3  m i n  width,  t h r e e  o r  more s l o t s  

should be c u t .  Charges a r e  placed i n  t h e  c e n t r e  s l o t s  throughout t h e  l e n g t h  of 

t h e  s l o t .  The o u t e r  s l o t s ,  which correspond t o  t h e  w a l l s  of t h e  t r ench ,  must 

no t  be charged. I n  t h i s  way t h e  t r ench  w a l l s  a r e  pro tec ted  from c o l l a p s e  dur ing  

t h e  b l a s t .  

3.25. I n  t h e  c o n s t r u c t i o n  of p i t s ,  delay-act ion b l a s t i n g  must be used wi th  four  

s t a g e s  of de l ay .  

3.26. Stemming m a t e r i a l  i s  placed i n  t h e  charged s l o t s  by means of a  bu l ldozer .  

3.27. I f  t h e  t h i ckness  of f rozen  ground i s  over 2 m y  and hence exceeds t h e  

t e c h n i c a l  c a p a b i l i t i e s  of s l o t - c u t t i n g  machines, f rozen  ground must be worked 

* 
These a r e  long t h i n  charges  wi th  l i m i t e d  s t r eng th .  (Trans l .  Ed.) 



l a y e r  by l a y e r .  

3.28. The s p e c i f i c  consumption of explos ives  (q)  which w i l l  ensure  t h a t  t h e  

l a r g e s t  lump of f rozen  s o i l  w i l l  not  exceed a  given s i z e  i s  found from t h e  

fol lowing formula: 

wP 3 
q = B TIP- f  (m) kglm 

max 

where B i s  0.006 f o r  f rozen  sand, 0.008 f o r  sugl inok ,  and 0.01 f o r  c l a y  

(determined exper imenta l ly  a t  t h e  Cen t r a l  I n s t i t u t e )  ; 

W O  i s  t h e  dep th  of p lac ing  t h e  charge ,  m; 

X i s  t h e  d i a n e t e r  of t h e  l a r g e s t  lump, m; 
max 

a 
m = - i s  t h e  c o e f f i c i e n t  d e p i c t i n g  t h e  proximity of s l o t s  t o  each o t h e r  

h l o  
(a i s  t h e  d i s t a n c e  between t h e  s l o t s  i n  m); 

f  (m) i s  t h e  func t ion  of t h e  above c o e f f i c i e n t  (Table I V )  . 
X depends on t h e  width of t h e  excavating bucket o r  o the r  equipment used 
max 

( s e e  paragraph 2.4):  

L 
X = - b m ,  
max 3 

where b i s  t h e  width of t h e  bucket.  

Example : 

b = 0.6 m ;  
2 

X = - G . 6 = 0 . 4 m ;  
max 3  

a t  W o  = 1 .3  m and a = 1.6  m,  m = 1.23. 

From formula ( 3 )  : q = 0.008 
1 .32  

0. 41 4 ' 9  = 1 k g / m 3 .  

3.29. To achieve  t h e  r equ i r ed  des ign  of t h e  t r e n c h  and reduce t h e  number of 

manual loading  o p e r a t i o n s  i n  p l a c e s  where it i s  d i f f i c u l t  t o  c u t  f r o z e n  ground 

(h igh-s t rength  s o i l s ,  r ock  i n c l u s i o n s ,  e t c . ) ,  shot  ho le s  o r  b l a s t h o l e s  may be 

d r i l l e d  between t h e  preshear  s l o t s .  

3.30. T h e  method of loosening f rozen  ground by means of s l o t s  has  important  

advantages over t h e  shot-hole o r  b l a s t h o l e  method, s i n c e  it makes i t  p o s s i b l e  



t o  c u t  t r e n c h e s  w i th  smooth w a l l s  (F igure  2 ) ,  reduces  t h e  amount of manual 

l abour ,  improves t h e  r e s u l t s  of b l a s t i n g  ( b e t t e r  c rush ing  and less s c a t t e r i n g  
! 

of f ragments ) ,  reduces  t h e  o p e r a t i o n a l  c o s t s  by 30% and i n c r e a s e s  labour  

p r o d u c t i v i t y .  

4. D r i l l i n g  and S lo t - cu t t i ng  Equipment 

4.1. Shot h o l e s  and b l a s t h o l e s  a r e  d r i l l e d  w i t h  t h e  ER-16, SER-19 and SER-20 

e l e c t r i c  d r i l l s  and o t h e r  machines of t h e  auger t ype ,  a s  we l l  a s  by t h e  thermal  

met hod. 

Rotary auger  d r i l l s  a r e  s imple,  l i g h t  and,  a s  a  r u l e ,  can  be  opera ted  by 

one man. 

The most advanced auger  d r i l l s  a r e  t h e  BTS-60, t h e  M-3, t h e  SKB Moss t ro i ,  

t h e  SBUDM-ZIV-150 based on t h e  ZIL-157 motorcar ,  t h e  S-1035"s" and t h e  ShPA-2. 

The S-1035"S" (F igure  3) , t h e  ShPA-2, and t h e  SBUDM-ZIV-150 d r i l l s  a r e  

h igh iy  product ive  and mobile  and have a  se l f -conta ined  power supply ,  which i s  

v e r y  important  i n  p l a c e s  without  any sou rces  of e l e c t r i c  power (Table  V ) ,  

4.2. The auge r s  a r e  made from s p e c i a l  me ta l  p i p e s  w i t h  s t e e l  s t r i p s  wound 

around and welded onto t h e  p ipe  su r f aces .  To prolong t h e  s e r v i c e  l i f e  of auge r s ,  

a  hard a l l o y  i s  welded on a t  some p o i n t s  t o  t h e  edges of t h e  f i r s t  t h r e e  o r  f o u r  

t u r n s  of t h e  s t e e l  s t r i p s .  B i t s  r e in fo rced  w i t h  p l a t e s  of h igh-s t rength  a l l o y s  

a r e  mounted a t  t h e  end of d r i l l  rods .  

4.3. S l o t s  a r e  c u t  w i th  d i s c - s c a r i f i e r s  and r i p p e r s  of v a r i o u s  t y p e s ,  a s  w e l l  a s  

w i th  t h e  ETR-132A r o t a r y  excavator  (Table  V I ) .  

5 .  Explosives  and Methods of B l a s t i n g  

5.1. It i s  recommended t h a t  wa te r - r e s i s t an t  exp los ives ,  such a s  ammonite 6ZhV, 

d e t o n a t e  10-A, e t c . ,  be  used. 

5.2. I t  i s  recommended that t h e  e l e c t r i c  method of b l a s t i n g  be used. 



5.3. Use should be made of de tona to r s ,  e l e c t r i c  de tona to r s  ( i n s t a n t ,  delay-  

a c t i o n ,  and short-delay d e t o n a t o r s ) ,  de tona t ing  f u s e s  and pyro technica l  r e l a y s .  

5.4. The recomqended short-delay de tona t ing  method (F igures  4 and 5) has t h e  

fo l lowing  advantages over i n s t a n t  de tona t ing:  

(a )  More s o i l  i s  loosened per running meter of d r i l l i n g ;  

(b) The seismic e f f e c t  of t h e  b l a s t  on bu i ld ings  and o the r  s t r u c t u r e s  i s  

weaker ; 

(c )  The d i r s c t i o n  and n a t u r e  of t h e  ground break-up can be c o n t r o l l e d ;  

(d) The r a d i u s  of s c a t t e r i n g  of s o i l  f ragments  i s  reduced. 

5.5. The optimum de lay  i s  determined a s  fo l lows:  

where k is  a  c o e f f i c i e n t  which depends on t h e  s t r e n g t h  of s o i l ;  f o r  f rozen  s o i l  

A = 1 0  t o  1 5  ( t h e  lower v a l u e  corresponds t o  high-strength s o i l s ) ;  

W is  t h e  l i n e  of l e a s t  r e s i s t a n c e  equal  t o  t h e  th i ckness  of t h e  f rozen  

l a y e r ,  i n  m. 

I n  p r a c t i c e  t h e  de l ay  ranges  from 1 5  t o  25 msec. 

5.6. Short-delay b l a s t i n g  i s  c a r r i e d  out  wi th  t h e  he lp  of s p e c i f i e d  sho r t -  

de l ay  e l e c t r i c  de tona to r s  and t h e  KZDSh-58 o r  KZDSh-62-2 r e l a y s .  The d e t o n a t o r s  

can be placed d i r e c t l y  i n  t h e  charge o r  can  be connected t o  t h e  f u s e  a t  t h e  

mouth of each borehole o r  group of boreholes .  

5.7. The pyro technica l  r e l a y  i s  used i f  t h e  number of de l ay  s t a g e s  of t h e  

de tona to r  i s  not  s u f f i c i e n t ,  o r  i f  t h e  b l a s t i n g  zone i s  dangerous because of 

s t r a y  c u r r e n t s .  B la s t ing  wi th  t h e  u s e  of de tona t ing  f u s e s  i s  done by inc luding  

t h e  r e l a y  i n  t h e  c i r c u i t  and connect ing t h e  f u s e  t o  t h e  r e l a y  and t o  t h e  c i r c u i t .  

Great c a r e  should be taken t o  make c e r t a i n  t h a t  t h e  d i r e c t i o n  of de tona t ion  i n  

t h e  c i r c u i t  co inc ides  w i t h  t h e  d i r e c t i o n  of t h e  i n d i c a t o r  i n  t h e  r e l a y .  



6. Loosening of Moraine S o i l s  

6.1. The composition of moraine s o i l s  i s  no t  uniform. They c o n t a i n  most ly s i l t  

p a r t i c l e s ,  sand and boulders .  The content  of boulders  v a r i e s  widely and may be  

a s  high a s  70%. 

6.2 .  Boreholes a r e  d r i l l e d  i n  moraine s o i l s  wi th  t h e  BTS-2 d r i l l s  and r o t a r y -  

percuss ion  d r i l l s  w i th  immersed pneumatic s t r i k e r s .  

6.3. Divided explos ive  charges  must be used i f  t h e  s o i l  is  t o  be loosened t o  a 

depth  of over  2 m ,  a s  we l l  a s  t o  improve t h e  breakdown of t h e  s o i l .  

Concentrated charges  placed i n  t h e  bottom p a r t  of t h e  ho le  w i l l  not  f r a c t u r e  

t h e  boulders  c l o s e  t o  t h e  s u r f a c e  of t h e  ground. 

Divided charges  must be made up i n  accordance wi th  l o c a l  c o n d i t i o n s  and t h e  

r e s u l t s  of experimental  b l a s t i n g .  

6.4.  Contour b l a s t i n g  should be used i f  t h e  t r enches  and p i t s  are t o  be provided 

wi th  well-constructed s lopes .  I n  t h i s  c a s e  b l a s t i n g  i s  c a r r i e d  out i n  ho le s  

d r i l l e d  a t  an  a n g l e  equal  t o  t h e  a n g l e  of s l o p e  (but  no t  exceeding 1:0.67, i . e . ,  

55'). Boreholes f o r  l e s s  s t e e p  s lopes  cannot be d r i l l e d  i n  moraine s o i l s .  

I nc l ined  boreholes  f o r  contour b l a s t i n g  a r e  d r i l l e d  every 0.8 - 1 m .  

Moraine s o i l s  a r e  loosened by delay-act ion b l a s t i n g ,  s i n c e  lumps of both 

f rozen  and thawed moraine s o i l  a r e  s c a t t e r e d  f o r  l a r g e r  d i s t a n c e s  t han  o t h e r  

t ypes  of s o i l .  

7. P r o t e c t i v e  Devices 

7.1. I f  b l a s t i n g  i s  c a r r i e d  out  i n  t h e  v i c i n i t y  of bu i ld ings  and o the r  s t r u c t u r e s ,  

v a r i o u s  p r o t e c t i v e  dev ices  must be used t o  p r o t e c t  men and equipment from f l y i n g  

lumps of f rozen  s o i l  and from shock waves. 

7.2. It i s  recommended t h a t  t h e  fol lowing types  of p r o t e c t i v e  dev ices  be used. 

(a)  Sh ie lds  made from meta l  s h e e t s  measuring 1.5 x 2.5, 2.2 x 3 o r  2 x 4.5 

m and 4 t o  30 mm i n  t h i c k n e s s  (F igure  6 ) .  



The s h i e i d s  a r e  des igned  i n  accordance  w i t h  t h e  f o l l o w i n g  formula:  

p .-- y - Wyr N k ,  (6)  

where P i s  t h e  weight  of t h e  s h i e l d  pe r  1 m2 of t h e  p r o t e c t e d  a r e a  i n  kg/m2; 
Y 

W i s  t h e  t h i c k n e s s  of t h e  f r o z e n  l a y e r  i n  m; 

Yr 
i s  t h e  u n i t  weight  of s o i l  i n  & / m 3  ; 

N is  a  c o e f f i c i e n t  d e p i c t i n g  t h e  r e l a t i v e  weight  of t h e  c h a r g e ,  and e q u a l  
g 

t o  0.33 - 0.35. 

where Q i s  t h e  computed weight  of t h e  c h a r g e ,  and 

i s  t h e  weight  of a s t a n d a r d  charge .  

(b) Anchor c h a i n s  j o i n e d  t o g e t h e r  w i t h  i r o n  r i n g s  t o  form m a C s  ( F i g u r e  7 

and T a b l e  V I I ) .  The weight  of a  mat pe r  i m 2  of area is  c a l c u l a t e d  from t h e  

f o l l o w i n g  e q u a t i o n  : 

( c )  Metal  "huts"  weighing 5 t o n s  ( F i g u r e  8) and b i g  enough t o  cover  s i x  

h o l e s  w i t h  a  c h a r g e  weighing up  t o  2 kg. 

(d)  Mobi le  i o c a l i z e r  LV-64-02 ( F i g u r e  9) , which e l i m i n a t e s  s c a t t e r i n g  of 

lilmps of f r o z e n  s o i l  d u r i n g  b l a s t i n g  i n  t h e  v i c i n i t y  of b u i l d i n g s  and o t h e r  

s t r u c t u r e s .  It r e p r e s e n t s  a  t r o i l e y  on eLght wheels .  A m e t a l  p l a t e  wich a n  

a d d i t i o n a l  l o a d  i s  nounted w i t h i n  t h e  i n n e r  f rame of t h e  t r o l l e y  and c a n  be  

moved by means of c a b l e s  and h y d r a u l i c  c y l i n d e r s .  The l o c a l i z e r  i s  p u l l e d  by a  

t r a c t o r .  

T e c h n i c a l  c h a r a c t e r  i s t i c s  of t h e  

LV-64-02 l o c a l i z e r  

B a s i c  u n i t .  . . . . . . . . . . . . . . . . welded t r o l i e y  

wich a f l a t  

bottom 



Measur ernents i n  mm: 

. . . . . . . . . . . . . . . . . .  Length. 6,075 
Width . . . . . . . . . . . . . . . . . . .  3,190 

Height.  . . . . . . . . . . . , . . . . . .  67 0  

Weight i n  kg: 

. . . . . . . . . . . . . .  Without b a l l a s t  2,200 

With b a l l a s t .  . . . . . . . . . . , . . . .  6,000-9,000 

The f i r s t  t h r e e  t y p e s  of p r o t e c t i v e  dev ices  l i m i t  s c a t t e r i n g  of s o i l  lumps 

t o  20 m ,  whi le  t h e  l o c a l i z e r  e l imina te s  s c a t t e r i n g  a l t o g e t h e r .  

8. Safe ty  Measures 

8.1. The main s a f e t y  measure i s  t h e  u s e  of delay-act ion b l a s t i n g  w i t h  d iv ided  

charges  and p rov i s ion  of s l o t s .  The s l o t s  s e r v e  a s  a  seismic s c r e e n  and a r e  

c u t  t o  a  dep th  equal  t o  t h e  depth  of f r e e z i n g  (up t o  2 m). I n  t h i s  way t h e  

seismic e f f e c t  i n  t h e  Immediate v i c i n i t y  of b l a s t i n g  i s  reduced by a  f a c t o r  of 

2 - 2.5. 

8 .2 ,  I n  t h e  presence of s l o t s ,  t h e  r a d i u s  of t h e  seismic zone f o r  b u i l d i n g s  

and o the r  s t r u c t u r e s  i s  determined from t h e  fol lowing formula: 

where K i s  a c o e f f i c i e n t  which depends on t h e  ground c o n d i t i o n s  ( f o r  sugl inok  
r * 

and supes Kr = 8 t o  9 ) ;  

K3 
i s  a  c o e f f i c i e n t  which depends on t h e  depth  of t h e  charge  a t  t h e  

boundary between thawed and f rozen  s o i l ,  K3 = 0.75; 

K3 
is  a  c o e f f i c i e n t  which accounts  f o r  t h e  screening  e f f e c t ,  K = 0.5; 

3 

Q i s  t h e  t o t a l  weight of charges  i n  kg; 

n  is  t h e  number of d e l a y  s t a g e s  i n  t h e  group of charges  t o  be  de tona ted .  

* 
"Supes" - s i l t y  sand wi th  c l a y ,  sandy s i l t y  loam; c o n t a i n s  3 t o  10% c l a y  

by weight w i th  c l a y  p a r t i c l e s  l e s s  t han  0.005 mm i n  s i z e .  

(Transl .  Ed. ) 



8.3. Dis tances  beyond which men and equipment w i l l  be s a f e  from f l y i n g  lumps 

of f rozen  s o i l  and e f f e c t s  of shock waves ~ u s t  be given i n  t h e  b l a s t i n g  permi ts .  

Such permi ts  conta in ing  al lowances f o r  l o c a l  cond i t i ons  and t h e  " ~ n i f  ied  s a f e t y  

r u l e s  f o r  b l a s t i n g  opera t ions"  must be i ssued  f o r  each c o n s t r u c t i o n  p r o j e c t .  



APPENDIX 

Example of Ca lcu la t ion  of Shot-hole Charges 

I n i t i a l  d a t a  

S o i l :  f rozen  sugl inok.  Depth of f r eez ing  h = 1 m. Shot ho le s  a r e  d r i l l e d  

wi th  a BTS-60 d r i l l  t o  a depth  of 0.95 m. Shot-hole diameter  60 mm. 

Computation and placement of charges  

The s i z e  of t h e  charge  is  determined from equat ion  (2 ) .  

The s p e c i f i c  consumption of explos ives  (q) f o r  sugl inok  i s  determined from 

Table I11 ( s o i l  group 11) :  q = 0.6 kg/m3. 

The computed l i n e  of r e s i s t a n c e  is  taken a s  W = 0.95 m. 

S u b s t i t u t i n g  t h e  above v a l u e s  i n t o  equat ion  (2 )  we f i n d :  

Q = 0.6 X 0 . 9 5 ~  = 0.6 kg. 

The l eng th  of stemming must no t  be l e s s  t han  113 of t h e  l e n g t h  of t h e  ho le ,  

i. e . ,  0.3 m ,  which means t h a t  t h e  charged p a r t  of t h e  ho le  w i l l  be  0.7 m long .  

Le t  u s  check whether t h i s  i s  long enough f o r  t h e  computed weight of t h e  charge.  

According t o  Table 11, one running meter of 60 mm h o l e s  accommodates 2.56 kg of 

explos ives ,  i . e . ,  t h e r e  i s  ample room f o r  t h e  charge. 

The ho le s  a r e  d r i l l e d  i n  a square  g r i d  pa t t e rn .  The d i s t a n c e  between ho le s  

is  taken a s  W = 1 m. 

The s a f e  d i s t a n c e s  dur ing  b l a s t i n g  a r e  determined from t h e  "Unified s a f e t y  

r u l e s  f o r  b l a s t i n g  operat ions".  



Example of C a l c u l a t i o n  of a l a s t h o i e  Charges 

I n i t i a l  dat i i  

S o i l :  f r o z e n  c l a y .  Depth of f r e e z i n g  h  = 2 m. The h o l e s  a r e  d r i l l e d  

w i t h  a n  S-1035"S" d r i l l i n g  machine t o  0 .9  of t h e  d e p t h  of f r e e z i n g .  The h o l e  

d iamete r  i s  90 mm. 

C o r n ~ u t a t i o n  and   la cement of c h a r g e s  

The s i z e  of t h e  c h z r g e  is  determined from e q u a t i o n  ( 2 ) .  

From T a b l e  111: q  = 0.8  kg/ms. 

The computed l i n e  of r e s i s t a n c e  i s  t a k e n  as W = 1 . 8  m. 

S u b s t i t u t i n g  t h e  above v a l u e s  i n t o  e q u a t i o n  ( 2 ) :  

Q = 0.8 x 1 . 8 ~  = 0.8 x 6 = 4.8 kg. 

The l e n g t h  of stemming must n o t  b e  l e s s  t h a n  113  of t h e  l e n g t h  of t h e  h o l e ,  

i . e . ,  0.6  m. Hence t h e  charged p a r t  of t h e  h o l e  i s  1 . 4  m long .  

According t o  T a b l e  11, one  runn ing  mete r  of h o l e  accommodates 5.7 kg of 

e x p l o s i v e s ,  hence 1 .4  m w i l l  accommodate 5.7 x 1 . 4  = 7 . 9  kg. T h e r e f o r e  t h e  

computed weight  of t h e  c h a r g e  (4 .8  kg) c s n  be e a s i l y  accommodated i n  t h e  h o l e .  

The h o l e s  a r e  d r i l l e d  i n  a s q u a r e  g r i d  p a t t e r n .  The d i s t a n c e  between t h e  

h o l e s  and between t h e  rows of h o l e s  i s  0.8 t o  1 . 4  W. For c l a y s  i n  g roup  111 

t h e  d i s t a n c e  between t h e  h o l e s  i s  0 .9  W ,  i . e . ,  0.9 x 1 . 8  = 1 . 6  m ;  t h e  d i s t a n c e  

between t h e  rows of h o l e s  i s  1 . 5  m. 

The s a f e  d i s t a n c e s  d u r i n g  b l a s t i n g  a r e  de te rmined  i n  a c c o r d a n c e  w i t h  t h e  

"Unif ied s a f e t y  r u l e s  f o r  b l a s t i n g  o p e r a t i o n s " .  



Example of C a l c u l a t i o n  of S l o t  Charges 

I n i t i a l  d a t a  

S o i l s :  f rozen  sugl inok  (group 11 ) .  Depth of f r e e z i n g  h = 1.1 m. Depth 

of s l o t  Wo = 1 m ;  t h e  d i s t a n c e  between s l o t s  a = 1 . 1 m .  

Computation of charges  

The s p e c i f i c  consumption of exp los ives  which gua ran t ee s  t h e  g iven  s i z e  of 

t h e  l a r g e s t  lump of f rozen  s o i l  i s  determined from formula (3) .  For sugl inok  

B = 0.008. 

From Table  I V ,  f (m) = 4.2. 

The s i z e  of t h e  l a r g e s t  lump i s  equal  t o  2 /3  of t h e  width of t h e  excavator  

bucket .  I f  t h i s  width i s  0.6 m, 

2 
X = - 0 . 6 = 0 . 4 m .  

max 3 

The s p e c i f i c  consumption of exp los ives  is: 

The s a f e  d i s t a n c e s  du r ing  b l a s t i n g  a r e  determined from t h e  "Unified s a f e t y  

r u l e s  f o r  b l a s t i n g  ope ra t  ions". 



T a b l e  I 

Compression and t e n s i l e  s t r e n g t h  o f  f r o z e n  s o i l  

Remarks. w - water  c o n t e n t  by w t . ,  %. Supes - sandy s i l t y  loam 

Sugl inok  - c l a y e y  s i l t y  loam 

-- i - s a - n 3  

T a b l e  I1 

C a p a c i t y  of 1 m of h o l e  i n  r e l a t i o n  t o  i t s  d i a m e t e r  

when charged w i t h  powdery o r  g r a n u i a r  e x p l o s i v e s  

having a  d e n s i t y  of 0 .9  k g h 3  

w = 20% - 35% 

' Supes  

S o i l  
w = 20% w = 22 - 23% 
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Table  I11 

Main parameters  f o r  t h e  computation of charges  

Remarks. The s o i l  group i s  determined from t h e  

average  t ime r equ i r ed  t o  d r i l l  1 m of h o l e  w i t h  
equipment a v a i l a b l e  on t h e  s i t e  (by methods 

descr ibed  i n  E N i R ,  s b .  2 "Zemlyanye raboty",  
vyp. 3 ,  "Buro-vzryvnye rabot  y", 1969). 

Table I V  

Values of f (m) 
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Table V I  

Technica l  c h a r a c t e r i s t i c s  of s l o t - c u t t i n g  machines 

Machine Output,  Depth of 

Disc-cut t  ing 

machine 

Double 

r i p p e r  

Double 

r i p p e r  

Ripper 

Ripper 

Ripper 

Ripper 

Rotary c u t t e r  

Table  V I I  

Width of 

s l o t , m  

Chains f o r  p r o t e c t i v e  s h i e l d s  

T rac to r  

11 

11 

I 1  

Excavator 

I I 

11 

T r a c t  o r  

Vel. of 

c u t t i n g  

u n i t ,  m/sec 

nes s ,  

Basic  

machine 
D i s t ance  

between 

s l o t s ,  mm 



Fig.  1 

D i s t r i b u t i o n  of charges  throughout t h e  he ight  of t h e  s l o t  

and throughout t h e  c r o s s  s e c t i o n  of charges  

( l oose  and sheathed explos ives)  

1 - exp los ive  charge ,  2 - f u s e ,  3 - stemming 

Fig.  2 

Trench c u t  i n  loosened s o i l  



Fig. 3 

D r i l l i n g  machine S-1035"s" 

Fig. 4 

Layout of single-row delay-act ion b l a s t i n g  

a  - a l l  ho le s  i n  succession;  b  - every 

second hole ;  c  - wave p a t t e r n ;  d - c u t  ho les .  

Numbers i n d i c a t e  t h e  order  i n  which charges 

a r e  detonated 



Fig. 5 

Layout of mult irow de lay  a c t  ion  b l a s t i n g  

a  - with  one l o n g i t u d i n a l  row of c u t  ho le s ;  

b  - with  two l o n g i t u d i n a l  rows of c u t  ho le s ;  

c  - with  c r o s s  holes ;  d  - with  V ho le s ;  

e  - with  t r a p e z o i d a l  h o l e s ;  

f and g  - l ayout  f o r  b l a s t i n g  t r enches .  

Numbers i n d i c a t e  t h e  order  i n  which charges  

a r e  detonated 

Fig. 6 

S h i e l d s  made from meta l  s h e e t s  



Fig .  7 

S h i e l d s  made from anchor  c h a i n s  
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F i g .  8 

Metal "hut" 

Fig .  9 

L o c a l i z e r  


