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FACULTAD DE INGENIERIA U .N.A.IM.
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ingenieria, por conducto de! jefe de la

Division de Educacion Continua, otorgan una constancia de asistencia a

quienes cumplan con los requisitos establecidos para cada curso.

El control de asistencia se levara a cabo a través de la persona que le entregé
las notas. Las inasistencias seran computadas por las autoridades de la
Division, con el fin de entregarie constancia solamente a los alumnos que

' tengan un ml'nimo de 80% de asistencias.
i“‘ r(rh -
Pedimos a los amstentes recoger su constancia el dia de la clausura. Estas se

retendran por el perlodo de..un(- ablzo, pasado este tiempo la DECFIl no se hara

responsable de este documento
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Se recomienda a los asmmntesI partlclparwactwam\ente con sus ideas y

R T t‘»tr -,""‘Q""*f” . ,
experiencias, pues Ios cursos que ofrece Ig} Divismn estan élaneados para que
Fewidl Tt S S0,
los profesores exponganl una. teS{s pero sobre Itodo/’ ), ppra quefcoordinen las
phesrhig R TR
opiniones de todos los mteresados, constltuv;_ﬁdo verdaderos\.i%e}kmgﬂos.
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Es muy importante que- todos ‘los asmtentes\(,llenen yf entreguen*su hoja de

fot i
inscripciéon al mlclo del curso, mformaclon qué sewlra~Jpal3___!|_|;egrar un
L u IR Vit
directorio de as:stentes que se entregara oportunamente-
N — ‘_‘__,,,,....-—-"’

Con el objeto de mejorar los servicios que la Division de Educacion Continua
ofrece, al final del curso "deberan entregar la evaluacion a través de un
cuestionario diseiiado para emitir juicios anénimos.
Se recomienda llenar dicﬁ ‘evaluacién conforme los prof'es"éres"imp‘artan sﬂs
clases, a efecto de no llenar en la ultima sesion las evali:_ai:iongs'y con esto
sean mas fehacientes sus apreciaciones. ' .
. . %' Atentamente
Division de Educacién Continua.

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDOQ. Postal M-2285

Teléfonos: 5128955  §12-5121  521-7335 521-1987 Fax 5100573  521-4020 AL 26
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GUIA DE LOCALIZACION

1. ACCESO

2. BIBLIOTECA HISTORICA

3. LIBRERIA UNAM

4. CENTRO DE INFORMACION Y DOCUMENTACION
"ING. BRUNO MASCANZONI"

5. PROGRAMA DE APOYO A LA TITULACION

6. OFICINAS GENERALES

CALLE FILOMENO MATA

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA

CALLEJON DE LA CONDESA

8. SALA DE DESCANSO

I SANITARIOS

T_ -—'— |
GALERIA DE ACADEMIA
I EXRECTORES y  INGENIERIA

ler. PESO

* AULAS

DIVISION DE EDUCACIGN CONTINUA

DIVISION DE EDUCACION’ CONTINUA
FACULTAD DE INGENIERIA U.N.A.M.
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DIPLOMADO EN PROYECTO, CONSTRUCCION Y CONSERVACION
DE CARRETERAS

MODULO Ii:

PLANEACION Y PROYECTO DE CARRETERAS"

TEMA :

ESTUDIOS BASICOS

» MECANICA DE ROCAS APLICADA (Utilizacién racional de exploswos,
inestabilidad natural e inducida, monitoreo).

ING. RAUL CUELLAR BORJA
PALACIO DE MINERIA
OCTUBRE 1999

Falacio ge Mineria Calie de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. tel.: 521-40-20 Apdo. Postal M-2285



DIPLOMADO EN PROYECTO, CONSTRU.

Divisién de Educacién Cont’ Facultad de Ingenieria-UNAM

(200 horas)
Médulo Il. CONSTRUCCION

‘ON Y CONSERVACION DE CARRETERAS

(50 horas)
COORDINADOR: ING. ARMANDO SORTIBRAN CORNEJO
PROFESOR TEMA : FECHA (1999) HORARIO
, Introduccion. Actividades de los responsables. Aseguramiento total de los ’
Ratil Vicente Qrozco Santoyo niveles de calidad establecidos en el proyeclo. Etapas de conlrol &gil y 8:00 a 9:00
oporuno Lunes
Hitario O U l . Programacion de obra y cronogramas_financieros 25 de octubre 9:00 a 10:30
Haro Crozco Unzuela ‘  [Estipulacién de sistemas de supervision y control de calidad ("reglas (10 horas)
del juego™). Ejemplo de un caso real . 10:30 a 13:30
o e L Estudios basicos: Mecanica de rocas aplicada (Ulilizacién racional de
Radl Cuéllar Borja explosivos, inestabilidad natural e inducida, monitoreo) 15:30 a 20:30
. Geol6gicos aplicados a la ingenieria (Zonificacién de regiones
Radl Marlinez Mufioz potencialmente conflictivas , soluciones allernativas y moniloreo). Martes 8:00 a 13:00
Nose Luis Ledn Tomes Mecénica de suelos aplicada (Identificacion de problemas de inestabilidad, 26 1d(;ehoctubre
se Luis Leon forre soluciones alternativas y monitoreo) : ‘ (10 horas) 15:00 a 20:00
. Topogréficos y fotogramétricos. Hidroldgicos e hidriulicos. Ecolégrcos
Jorge Miguel Gonzdlez Bafuelos Econbémicos. Miércoles 8:00 a 13:00
. , Seleccién de maquinaria y equipo de construccién, procedimientos 27 de octubre .
Hilario Orozco Unzueta constructivos. Terracerias y pavimenios, obras de drenaje y (10 horas) 15:00 a 20:00
complementarias
) . Estructuras (puentes, viaduclos, pasos a desnivel, muros de retencion...) Jueves 8:00 a 13:00
Armando Sortibrdn Comejo ' - 28 de octubre
Tuneles (con o sin revestimiento, falsos...) (10 horas) 15:00 a 20:00
José Luis Ledn Torres Visita a la Autopista México-Toluca. Regreso a México Viernes 8:00 a 19:30
‘ 29 de octubre
{10 horas)
Raul Vicente Orozco Sanloyo Conclusiones y recomendaciones 19:30 a 20:00

Rev 12 Mar 30, 99




DIPLOMADO EN PROYECTO,
CONSTRUCCION Y CONSERVACION
DE CARRETERAS

DIVISION DE EDUCACION CONTINUA

FACULTAD DE INGENIERIA
U N A M

MODULO 1i
CONSTRUCCION

OCTUBRE, 1999



DIPLOMADO EN PROYECTO,
CONSTRUCCION Y CONSERVACION
DE CARRETERAS

DIVISION DE EDUCACION CONTINUA

FACULTAD DE INGENIERIA -
U N A M.

s

INTRODUCCION

M.I. RAUL VICENTE OROZCO SANTOYO

MODULO I
CONSTRUCCION

OCTUBRE, 1999



RESPONSABLES DEL NIVEL DE CALIDAD
EN CARRETERAS
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DIPLOMADO EN PROYECTO,
CONSTRUCCION Y CONSERVACION
DE CARRETERAS

DIVISION DE EDUCACION-CONTINUA

FACULTAD DE INGENIERIA
UNAM -

ESTUDIOS BASICOS:
MECANICA DE ROCAS
APLICADA

ING. RAUL CUELLAR BORJA

MODULO 1l
CONSTRUCCION

OCTUBRE, 1999
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Revl Curllidk [BoRJe
HISTORTIA >
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ES EN EL SIGLO XVII CUANDO SE REALIZAN LOS PRIMEROS TRABAJOS

VERIFICADOS PARA VOLADURAS DE ROCA EN LAS MINAS REALES DE SCHEMNITZ EN
OBER - BIBERSTOLLEN , HUNGRIA , Y A PESAR DE [LAS LIMITACIONES
EXISTENTES POR EL EQUIPO DEFICIENTE DE ESA EPOCA , LOS ALTOS COSTOS DE
LA POLVORA Y LA MALA CALIDAD DEL PRODUCTO , EL USO DE LA POLVORA NEGRA
EN MINERIA SE EXTENDIO A LAS MINAS DE CORNWALL , INGLATERRA .

DESARROLLANDOSE POSTERIORMENTE IMPORTANTES AVANCES TECNOLOGICOS TANTO
EN PAISES EUROPEOS COMO EN EL NUEVO MUNDO POR PERSONAJES TALES COMO
ROGER BACON QUE ESCRIBIO LA FORMULA DE LA POLVORA NEGRA EN 1242 ,
ASCANIO SOBRERO QUE DESCUBRIO LA NITROGLICERINA EN 1846 Y OTROS MAS
COMO ALFREDO NOBEL , J.R.GLAUBER , EL DR. WATSON , WILLIAM BICKFORD Y
ELEUTHERE IRENEE DU PONT .

EN LA ACTUALIDAD ESTE PROCEDIMIENTO DE VOLADURAS SE HA TRANSFCORMADO EN
UNA TECHICA BASADA EN PRINCIPIOS CIENTIFICOS SURGIDOS DEL CONOCIMIENTO
DE LAS ACCIONES EJERCIDAS POR LOS EXPLOSIVOS , LOS MECANISMOS DE ROTURA
DE LA ROCA Y PROPIEDADES GEOMECANICAS DE LOS MACIZOS ROCOS0OS ; DAKNDO
ASI DESDE EL PRIMITIVO INVENTO DE LA POLVORA NEGRA ATRAVEZANDO LOS DIAF
DE LAS DINAMITAS HASTA LA ERA MODERNA DE EXPLOSIVOS NUEVOS Y MA.
SEGUROS

ALTPEDO NOBEL
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CRONOLOGIA DE LOS EXPLOSIVOS

SIGLO XIII PRIMERA MENCION DEL SALITRE EN LOS ESCRITOS ABD-ALL
QUIEN LO LLAMA ( NIEVE CHINA )

1627 : PRIMERA PRUEBA DOCUMENTAL DEL USO DE LA POLVORA NEGRA !
LAS MINAS REALES DE SCHEMNITZ EN OBER-BIBERSTOLLEN
HUNGRIA
o
1689 SE COMIENZA A UTILIZAR LA POLVORA NEGRA EN LAS MINAS DI

ESTADO DE CORNWALL , INGLATERRA .

1696 . . LA POLVORA NEGRA SE EMPLEA EN EL SECTOR DZ LA CONSTRUCCIC -
DE CAMINOS EN ALBULA SUIZA .

1745 EL DR. WATSON , DE LA SOCIEDAD REAL DE INGLATERRA , HIZ
EXPLOTAR POLVORA NEGRA MEDIANTE UNA CHISPA ELECTRICA .

1750 BEMJAMIN FRANKLIN MEJORO LA DEMOSTRACION DE WATSON
COMPRIMIENDO LA POLVORA NEGRA EN UN RECIPIENTE .

y/ 1804 ELEUTHERE IRENNE DU PONT , INICIA LA PRODUCCION COMERCIA
DE LA POLVORA NEGRA EN WILMINGTON , DELAWARE , U.S.A.

1830 EL DR. ROBERT HARE , EFECTUA TRABAJOS PROVOCAND
EXPLOSIONES DE MEZCLA DE GASES , MEDIANTE EL USO U
ELECTRICIDAD POR MEDIO DE ALAMBRES INCANDESCENTES DESD
UNA BATERIA DE ALTC AMPERAJE QUE EL LLAMABA
DEFLAGRADOR " , PUDIENDOSE ESTA, CONSIDERAR COMO L
PRIMERA MAQUINA EXPLOSORA .

/ 1831 WILLIAM BICKFORD ENTERADO DE ESTOS METODOS INSEGUROS .
PELIGROSOS , DESAREOLLO Y PATENTO " LA MECHA DE SEGURIDA
BE MINEROS % ESTA CONSISTIA EN UN CORAZON CONTINTO D

n



1940'S

1950'S

LAS INVESTIGACIONES QUE REALIZA DU PONT , GEMN_KAN
EXPLOSIVO CON NITRATO DE AMONIO QUE NO CONTEN
NITROGLICERINA Y QUE CONSISTIA BASICAMENTE EN NITRATO
AMONIO - AGUA - UN ESPESADOR Y UN SENSIBILIZADOR . EST
PRODUCTOS— NO TUVIERON AUGE INICIALMENTE PORQUE EL MERCA
DE ENTONCES REQUERIA EN SU MAYORIA DE PRODUCTOS
DIAMETRO PEQUENO Y NO SE CONTABA CON UN SENSIBILIZA!
ECONOMICO

DOS EXPILOSIONES DESASTROSAS DE BUQUES CARGADOS CON NITRA'
DE AMONIO UNA EN BREST , FRANCIA Y OTRA EN TEXAS CIT'
TEXAS , CONFIRMARON EL POTENCIAL EXPLOSIVO DEL NITRATO !
AMONIO , FOMENTANDO POSTERIORMENTE EL DESARROLLO DE NUEW:
TECNICAS DE FABRICACION PRINCIPALMENTE EN EL PROCESO (Ql
PRODUCE PEQUENAS BOLITAS REDONDAS DE NITRATO DE AMONICO QU
PROPORCIONAN UN PRODUCTO DE FACIL MANEJO A GRANEL.

YA PARA LOS ANOS 50'S LOS COMBUSTIBLES USADOS AL PRINCIPI
COMO EL CARBON FUERON REEMPLAZADOS POR ACEITE COMBUSTIBI
DANDO ORIGEN AL MODERNO ANFO .

CON EL DESARROLLO DE EQUIPO DE PERFORACION DE DIAMETR
GRANDE , EL REQUERIMIENTO DE SENSIBILIDAD PARA HIDROGELE.
NO FUE TAN RIGUROSO , POR LO QUE DE ESTA MANERA SE ABRI
EL CAMINC PARA EL DESARROLLO COMERCIAL DE ESTOS PRODUCTOS

LAS PRINCIPALES VENTAJAS DE LOS HIDROGELES ERAN St
ECONOMIA , ALTA DENSIDAD DE CARGA Y DESEMPENO , BAJ;
SENSIBILIDAD AL IMPACTO , AUSENCIA DE INGREDIENTES QUI
CAUSARAN DOLORES DE CABEZA , Y TAMBIEN RESISTENCIA AL AGU;

EN 1958 DU PONT EMPIEZA LA FABRICACION DE HIDROGELE:!
EMPACADOS EN BOLSAS , LAS PRIMERAS FORMULACIONES NO ERA!

.SENSIBLES A FULMINANTES REGULARES Y NO SE PROPAGARIA!}

SEGURAMENTE EN BARRENOS DE DIAMETRO PEQUENO SIN EL USO DI
SENSIBILIZADORES EXPLOSIVOS

ES EN ESTZ MISMO ANO CUANDO EN MESABI RANGE , EN MINNESOT?
ES BOMBEADO ESTE PRODUCTO DENTRO DE BARRENOS DE DIAMETE
GRANDE MEDIANTE CAMIONES A GRANEL.

ASI MISMO SE DESARROLLAN CONECTORES DE REITARDO PARA ¢ kS
DETOLANTI LUE PROPORCICNAN UNA DIMORA BASTANTE PREC v &1
CORDC} DITTHNANTE.

(s



1969

1976

DU PONT PATENTA UN SENSIBILIZADOR EL CUAL PROPORCIONA ;
LOS HIDROGELES LA SENSIBILIDAD REQUERIDA PARA SEr
INICIADOS CON UN FUILMINANTE DE POTENCIA No. 6 EN CARTUCHO:
DE 7 / 8 " DE DIAMETRO A TEMPERATURAS NORMALES .

SE INTRODUCEN FULMINANTES DE RETARDO NO ELECTRICO , lLOS
CUALES PROPCRCIONAN MEJORAS EN LA REGULACION DEL ORDEN DI
ENCENDIDO Y TAMBIEN REDUCIENDO EN FORMA CONSIDERABLE LOS
RIVELES DE RUIDO , ES EN ESTA EPOCA CUANDO SE DESARROLLAN
TAMBIEN 10OS EXPLOSIVOS EMULSIONADOS.



NORMATIVIDAD

POR: JAVIER MARTINEZ LUNA
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LEY FEDERAL DE ARMAS DE FUEGO
Y EXPLOSIVOS

La Ley Federal de Armas de Fuego y Explosivos (LEY), fue publicada en
el Diario Oficial de la Federacion de fecha 25 de enero de 1972. Las
disposiciones de esta LEY se consideran de interés piiblico.

La aplicacion de la LEY corresponde a:

1.  El Presidente de la Republica;
2. La Secretaria de Gobernacion;
3.  La Secretaria de la Defensa Nacional; y

4. A las demas Autoridades Federales en los casos de su
competencia.

La LEY consigna que las autoridades de los Estados, del Distrito Federal
"y de los Municipios, tendran la intervencion que la LEY y su Reglamento
senialen.

El control y vigilancia de las actividades y operaciones industriales y
comerciales que se realicen con explosivos, artificios y sustancias quimicas,
serd hecho por la Secretaria de la Defensa Nacional.



Por lo que se refiere a los explosives, la LEY establece tres fipos a.
permisos a saber:

1.  Permisos Generales;
2.  Permisos Ordinarios; y

3. Permisos Extraordinarios.

Los tres tipos de permisos que seiiala la LEY son de naturaleza
intransferible. .

La Secretaria de la Defensa Nacional tiene la facultad discrecional d i

negar, suspender o cancelar los permisos mencionados, cuando a su juicio
las actividades amparadas en los permisos puedan causar peligro a las
personas, a las instalaciones o alterar la tranquilidad de la poblacion.

Los Permisos Generales, se concederdn a personas que se dediquen de
" manera permanente a las actividades reguladas por la LEY, tendran
vigencia durante el ario en que se expidan y podran ser revalidados a juicio
de la Secretaria de la Defensa Nacional.

Los Permisos Ordinarios se otorgardn en cada caso para realizar
operaciones mercantiles con personas que tengan permiso general vigente
0 con comerciantes de otros paises.

~!



Los Permisos Extraordinarios se otorgardn a personas que eventualmente
se dediquen a alguna de las actividades regulas por la LEY,

Las sociedades que pretendan dedicarse a la fabricacion y comercializacion
de explosivos, podrdn permitir en su capital una participacion de hasta el
49% de inversion extranjera, en los términos que establece la Ley de
Inversion Extranjera.

Este porcentaje de inversion extranjera no incluye a las sociedades que
adquieran y utilicen explosivos para actividades industriales y extractivas.

La Secretaria de la Defensa Nacional, tiene la facultad de practicar visitas
de inspeccion a las negociaciones que se dediquen a las actividades
reguladas por la LEY y a solicitar los informes necesarios respecto de estas
actividades.

Las negociaciones tienen la obligacion de prestar todas la facilidades a las
. autoridades militares para la prdctica de las visitas de inspeccion.

La LEY considera como sanciones la fabricacion, almacenamiento,
transporte, comercializacion, entre otros, sin el permiso correspondiente.

OCTUBRE 1996



Permisos de Explosivos

Informacion general -

Si usted requiere el uso de explosivos para romper roca en cualquiera de sus obras, sera
necesaria la obtencion del permiso comrespondiente de acuerdo a los recuerimientos de la
Direccion de Armas de Fuego y Explosivos de la Secretaria de la Defensz Necional.

En el anexo No. 1 se podra observar copia del Oficio No. 17221, girado por C. General «
Brigada D.E.M. Jaime Palacios Guerrero, el 19 de junio de 1991 a estz Camara donde no:
proporciona los tipos de permisos que existen y los requisitos a cumplir parz la obtencidn de los
mismos.

Detalies del procedimiento

Polvorines:

El constructor que requierz el uso de productes explosivos por necesidzc cs su operacion
debera construir polvonnes que retnan ias caracteristicas solicitagas por-lz Secretzria de a2
Defensa Nacional a través de iz Direccidn de Armas de Fuego y Explosives. sienco éstas las
siguientes:

Lugar:

Los polvorines deberan ser coloczdos ce acuerdo a |z tabla de Seguriazz d= Distzncia-Cantidzs
que viene en el Reglamentc ¢z Armas c2 Fuego y Exclosivos de la Secretznia de 1z Deiensa
Nacional, 1a cua! se puede ooservar en el anexo No. 2.

Capacidad:

La capacidad de los polvonnes gabers 25iar en funcron c2 1as necesicazos ol ussand ya
autornizacion de 1a Secretana d2 1z Detsnsa Nacional



£n este caso Se recomienda Que la capacidad deba ser calculada oe acuerdo a los consumos
diarios de expltosivos, al tiempo que se requiera para la obtencion de los perm:sos para compra. Se
debe tomar en cuenta fa ubicacion de la Zona Militar a cuya jurisdiccion corresponda la obra. Otre
conceplo que se debe tomar en cuenta es ta ubicacion de l0s proveedores y el tempo de entrega
de fos productos una vez que se cuente con el permiso para compra de los mismos.

Todo lo anteriormente mencionado es con el proposito de que el usuario tenga en sus
polvorines la cantidad de inventarios que le permitan mantenerse en operacion evitando paros por
falta de productos explosivos. Estos inventarios pueden ser para la operacidon de una semana, dos
semanas o en algunos casos para ui mes normal de operacion.

Almacenamiento:

Antes de iniciar el almacenamiento de explosivos en un polvorin, se debe obtener el permiso
correspondiente de parte de la Secretaria de la Defensa Nacional.

El almacenamiento de productos explosivos debera ser de acuerdo a la tabla de
compatibilidad para materiales empacados 0 envasados que vienen en el Manual de Armas de
Fuego y Explosivos de la Secretaria de la Defensa Nacional. Esta tabla se puede ver en el anexo
No. 3. --

Ejemplo:

Agente explosive = : Alto explosivo (godyne, emulsién, etc.) ’

(anfos}

Estopin elec. ‘ = . _ Fulminantes T
Mecha clover = ‘ Cordones detonantes

Construccion:

La construccidn de los poivorines, es recomendabie hacerla de la siguiente manera:

Cimentacidon: De mamposteria (Piedra braza) ' -

Muros: Tabicon cemento-arena ¢ tabique, reforzado lo anterior con castillos a cada tres
- metros de distanciz, ce 15 cms. x 15 cms. de concreto armaoo.

Puertas. Deberan ser de maderz ge 4™ de grueso con bastcor de metal (tanto en |a base
soporte como todo el oerimetro de la puerta). (En el anexo No.-5 se puede ver el
detalle de una puerta)

Techao:

Altura maxima de 4 mts., altura minmz a !as orlias de 2.70 mis., cejando respiradero entre la
pared vy el techo de 20 cms., el cual debera ser protegido con algun tipo de mata metalica, para
evitar que animales pecuenos se INtroguzcan al polvorin. El matenzl ulilizado depera ser de lamina
de asbestc.

La parte mas baja entre el lecho v el piso deberd ser de 2.7 mts. ge altura como se muesira
en el anexo No 4 Los polvonines poaran tener un techo 3@ una 0 C2S aJuas :



Farailon:

El polvorin debera estar rodeado por la coneza de algun cerro 0 en su defecto debera contar
con un farallon de tres mts. de altura y 15 mts. de largo a terminar a flor de herra y teniendo entre
el frente del polvorin a tarallon cinco o Seis metros como MINIMQ.

Caracteristicas que deben reunir los polvorines

En general éstos deberan cumplir con las especificaciones complementarias que se muestran en
el anexo No. 4.

En el caso de la construccion de polvorines se sugiere hacer ei disefio de fos mismos de
acuerdo a las necesidades de su operacion, asesorandose con personal experimentado en este

campo.

Una vez que se cuenta con los polvorines, construidos de acuerdo a las tablas de distancias
de seguridad de la Secretaria de la Defensa Nacional, es necesario conseguir las autorizaciones
por parte de las autoridades correspondientes como son:

1.— Certificado de! lugar de consumo expedido porla primera autoridad administrativa
(Presidente Municipal o Delegado Politico en el Distrito Federal). Mgdelo No. 4 {anexo 6).

2.— Qpinion favorable del Gobemador del Estado o dei Jefe del Debaﬂamento del Distrito
Federal firmada por el titular. (Anexo 7) Esta opinion se debe solicitar por escrito acompanada por
el certificadd de! lugar de consumo expedido por la primera autoridad acministrativa (Punto No. 1

3.+~ Cuando se cuente con las autorizaciones antes mencionadas, los documentos originaiss
se deben adjuntar a la siguiente documentacion que debera ser presentada en los modulos
correspondientes en el edificic de la Secretaria de la Defensa Nacional, en Lomas de Sotelo,
siendo estos los siguientes:

— Solicitud, modelo anexo que se proporciona gratuitamente. Modelo (anexo 8).

— Referencias del lugar de consumo, se proporcionan en el anexo &

— Parz personas frsm:as copia certificada del Registro Civil del Acta de Nacimiento del
solicitante.

— Para personas morales, Acta Constitutiva de la empresa.

— Planc de conjunto a2 1000 metros alrededor de! iwozar de consumo v a escala de 1:4000.
en la que figuran en su casc mnstalaciones militares, vias de comunicacion, lineas eléctricas.

teiefonicas. telegraficas, acusductos. gasoductos, construcciones para casa-haoitacién, obras de
arte, zonas arqueoldgicas, hisioncas o instalaciones industrialies, gue pudicran ser afectadas, con
los principales accigentes to-ograficos. Ejempilos {anexo 10).

— Plano circunsianciado z esc_aia adecuada para la localizacion de sus instalaciones ¢con
especilicaciones.

S
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Si la solicitud incluye almacenamiento

— Centificado de seguridad y referencia de los polvorines, modeios anexos Que se Droporcionan
gratuitamente. (Modelo No. 2 anexo 11)

Se recomienda adquirir el Manual de Armas de Fuego y Explosivos de la Secretaria de ia
Defensa Nacional.



SECRETARIA DE LA DEFENSA NACIONAL
DEPARTAMENTO DE REGISTRO Y CONTROL DE ARMAS Dt
FUEGO Y EXPLOSIVOS
Lomas de Sotelo, D.F.

Tabla (13-1) de Sequridad de Distancia-Cantidad
{Materiales Jdebidament> empacados o envasados)

DISTANCIAS EN METRGS POLVORINES CON PROTECCION
Kilos Edificios Vias Caminos Lineas de Entre

Descripcion del material De - a habitados féerreas carreteras alta {ension poivorines
1. Dinamita. explosivos al ni- 000 500 126 100 100 100 "
trato ge amonio, polvoras 500 750 146 100 100 100 13
negra y sin humo. 750 1,000 ‘1860 100 100 100 14
_ 1,000 1,250 170 100 100 100 15
1.250 1.500 180 100 100 100 17
1.500 2.000 200 100 100 100 18
2.000 3.000 230 100 100 100 20
3.000 4,000 250 100 100 100 23
4,000 5,000 260 110 100 100 25
5.000 6,000 270 117 100 100 26
6.000 7.000 275 122 100 100 27
2. Artificios {fulmnantes, esto- 7.000 B.000 285 127 100 100 28
pines, conectores MS, cor-  8.000 9,000 295 132 100 100 30
aon getonante, elc.) 9.000 10,000 305 137 - 100 100 a1
10.000 12,000 330 148 100 100 33
12.000 14,000 350 154 105 103 3s
14.000 16,000 370 160 110 108 36
16.000 18,000 390 168 116 112 38
18.000 20,000 405 173 121 118 39
20.000 25,000 a45 185 135 130 43
25.000 30,000 480 200 145 140 46
3. Por lo que respecta a los  20.000 35.000 510 208 185 150 49
“artificios”, unicamente se  22.000 40,000 535 218 160 1£5 53
autoriza el atmacenamento  <£9.000 45,000 550 226 166 162 56
en cada pelvonn lo equiva-  43.000 S0.000 565 240 162 166 63
lente a 4 loneladas. £0.000 60.0C0 578 250 171 168 66
€0.000 70.000 585 262 175 172 73
70.000 80.000 605 274 182 178 80
B0.000  20.000 6§20 284 186 183 86
e0.C00 100.0CC 635 294 193 188 93
100 000 128.000 675 376 210 206 17
= Nuitroceiuiosa {30-70) ¢ sez olole] 202 115 100 100 100 10
30 pcries en peso del soi- =00 750 135 100 100 100 12
vente por 70 partes del pro- 720 1.000 145 100 100 100 14
‘qucto conunaniracionce 1 .000 5.0C7 235 100 100 100 23
12.2% comd maximo Clo-  2.00C 250C2 <00 170 122 120 a0
ratos. losforos. etc 23000 0002 500 215 18 150 50
I0CCC 75.0C2 535 242 1€E 1607 70
7T 00 C0.0Z2C £70 275 17C 166 85
100 232 125.0C8 oC7 340 19C 188 110
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5 Trinitrotolueno. ciclonnta, 000 500 152 125 125 128 18
fuiminatos, picratos. etc. 500 750 175 135 135 135 20
750 1,000 192 150 150 145 a5

1.000 5.000 312 ‘165 165 160 35

5.000 25.000 530 222 180 175 80

25.000 50.000 675 283 200 200 75

6. Artificios prrotécnicos. (s/0]o] 500 100 100 100 50 35
500 1.000 160 160 160 100 45

A. Fabricantes. 1.0Q0 5.000 200 200 200 150 S5
5,000 10,000 250 250 250 200 65

7. Artilicios pirotecnicos.

A. Comercio.

.

A. la cantdad de anificios pirotecnicos que puedan tener en existencia es ge 50 gra--

mos por cada metro cubico de espacio kbre en el 0eposito de almacenamento, enla
nteligencia de que en los 50 gramos mencionaagos estan inchngos la mezcia explost
va y la inerte, fa capacidad total ge segunaad sera determinaga segun la ubicacion ge
Ios depositos y tas dimensiones de los mismos.

E. Aimacenamenio de myn- 1,

ciones en pequeno calibre
para armas ae fuego y para
uUs0S mnaustnales,

Lz canucza de municiones que pueden tener en existencia las personas o negociz:

c:ones cue Se gediquen a esta actividad es ae 500 gramos por cada metro cubico oe
espacio ibre en el aimacen o deposito. en la intelgencia ce que en los SO0 gramas
esta inchnda 13 materia explosiva y ia inerte, asi como ia caosula,

Cuanao se almacenen cartuchos que solamente lengan colocaca facapsula, se toms-

ran 85 gramos del expiosivo que contengan d:chas capsulas por caga metro cubico
ae espazio bbre.

Silas necociaciones estan establecidas en calies oe mucno transito, sélo se permitirz
amacen2r como maximo 50 kilogramos contenidz en canucho.

NOTA: Las qistancias arriba Ingicadas, son para cuanao los polvormes o Qeposiios Se encueniren protegloQs por onsiacty-

ios naturales o anificiaies. en c2so contrario las distancias aumentan en un “cien por ciento (100%)".

En el nterior de las fabncas unicamente se autoriza el almacenamiento de nitroceiulose en una cantidad maxinz
ge 5.000 Kgs observanao lzs disiancias de la presente tabla. disminuifas en un ochenta por ciento (80%).
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COMPATIBILIDAD DE MATERIALES EMPACADQOS O ENVA‘SADOS
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ARMAS - FGO Y EXP.

ASUNTO=- Se le informan los requisitos pzra la obtencibn
de Permisos para el uso de expicsivos.

Lomas de Sotelo, D.F., a 19 de junio de 16:%.

C. PRESIDENTE DE LA CAMARA NACIONAL :

DE LA INDUSTRIA DE LA CONSTRUCCION. .
ALBORADA NUMERO 100, .

COL. PARQUES DEL PEDRESAL.

14017 - MEXICO, D.F.

POR ACUERDO DEL C. GENERAL SECRETARIO Dz LA DEFENSA HATIONAL, se e
manifiesta & usted, que depildo a la desinformécidon que los I:versos organis-
mos tienen acerc: ds lé Ley Federal de Armes d2 Fuego y ZIxzlosives y 2%

reguisitos que deben cumpliir las personas fisicss y moregle: péer:z gl o019 ;
miento de los Permiscs pérz e! uso ge explosivos, se le Iniz-men 1os requis:
tos que le& legisiez:fn vigsnie solicite.
I. PeRMISD GENERAL.- Perz eciividades permanantes.
I1. PERMISD EXTRAORTIKARIC.- Pzra Actividades fventuasles (For unic:z vez,
i 111. PERMISC ORDIRARIC.-. P:zre comercielizacidn enire empres:is 0 piriizularss
E_z"i ©con Permiso Gensr:! Vigentz (Incluyenco Imporiaciones . IaDdoriilionss)
palipe )
oo Los requisites paré 1z cotencion oe ellos son:
- -y
A -
g2 - S011CiiuG, MOZ2!2 &naxs GUe Sse ProporCifn: GraétuitemIti:
- - Dpimon Favoredlis cz) codernador gel Zctads o ael Je'z del Dzoarizmen-
e 1o g2l Distriic Fezzre! firmzcz por el tituler.
«I% - Ceruificaco @&l lugar o2 consumy expzlide por lé crimerz zuilrilac
Eg- againisiretive (#rzsigenie Municipzl o D2legedo Poliz:izg =n 2l Disir:-
.‘2:.:2 to federal).
t:e - Refesencies gel luzar Cf Consumc, anexts que tampién 2 2ropitiicngn
L - Para Perscnas Fisiczs, copie certificacs: d2) regren-~: (oivil 22! eli:
. §‘:; de nazimiento de! s*lx:.: nt

”



SECRETARIA
DE LA
DEFENSA NACIONAL

DA GRAL #=5 FTJ
4RMA< FGO Y EXP

gwix T

.'pz"\an_u"D"’..':C:D\ CONERAL D L

.............................

.........................................

ASUNTO- HOJA NUMERO DOS.

Acta Constitutiva de lé empresec.

- Para Personas Morales,
lugar de consumo y 2

- Plano de conjunto & 1000 metros alrededor del
escale de 1:4000, en que figurarén en su caso: instalaciones milita-
res, vias de comunicacitn, lineas eléctricas, telefénicas, telegréfi-’
cas, acuecuctos, -gésoductos, construcciones para casé-habitacién,
obras de arte, zonas arqueol6gicas, histéricas o instalaclones ingus-
triales, que pudieran ser afectades. con los principales accidenizs
topograficos.

- Plano circunstanciado e escala adecuada paré la localizacién de sus
instalaciones con especificaciones.

Si la solicitud incluye zlmacenamiento.

- Certificedo de sequridad y Referencias de los polvorines, modsles

énexos Que se proporcionan gretuitamente.

Entregados los documentos debidamente reguisitedos v gus iz zZone milite-
corresponciente hevé inspeccionado Gue reunen Jzs¢ med1Ges dez control, se;ur;-
gad y vigliancié peré el uso de explosivos, este Secretarie, si estan comsls-
tes y correcios los documentcs, normelmente entrege los Permisos & qQuisnss
los hayzrn soiilcitede, en un plazo no mavor de 10 dias hédile:.

LI R A Y )

EACHNY fapr et

.o flr‘!'l'll“ll‘ P

Tt rstan Yy

s

Ay

L
DIL A O urr‘lmuu DEArCrO

ARE-ATV-ss s

emiedos, &

io se s

QU‘

anisrior,

rc-.-cnu-

Por concolmienin de su

2 los documen
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ANEXO No. 4

CARACTERISTICAS POLVORINES

1.— Pendiente en Banqueta
2.— Dren Penmetral
3.— Pala y Pico disponibles
' 4 — Bote de Arena
5.~ Extinguidores {2}
6.— Puerta de Acero y Madera
con Chapa y Candado
7.— Tierra Fisica
8.— Rejilta de ventilacion con
proteccion antimoedor
9.— Libre de Humedad
10.— Pisos pulidos y lineas de accesos

z.70m

Cor:e Esquematico

1®



20 cms.

20 cms.

Planta Polvorin

11.— Separar estibas de pareges

12.— VIGILANCIA (24 Hrs.)

13.~ Cercado

14.— Parerrayos

15.— Aplanado y Pintura

16.— Tanma de madera

17.— 20 mts lbve ge mat orgamicz, alregedor
18.— Taud o protecs natural

S &

'SWo g



ot .-- v -'_::
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19.— liuminacion APE Nema 9 e B ARV
Controles por fuera 110 volls AUCINEEN
— Conduit de Pared Gruesa VAR E
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-—&HOSEYS ..:'I “‘-_'
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Carbon Activado |, .7 [v= %
- 03 [
-l.-':ﬁ . - . "
. Al . .
L e —
Variliz de Cobre
{Coper Waeld)
Lamparas Especales

N

Detalles de tierra fisica

20.— Libro de reqistro de enirzcas y szhidas
21.— Copia en cyuacro oel parmiso

22 — Umite maximo o2 personzs {letrero)
23.— Anuncios: :

24 — Tambores ge 200, con zou3

Polvorin Na.
Peligro Exploswos
Prohibido Fumar
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ANEXO No. 5
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MARCO DE PUERTA
POLIN DE MADERA
2 PZAS. DE 4"XB" ;
|
L e MADERA DE PINO DE 4"
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MODELO No. 4
: ANEXO No.7

SECRETARIA DE LA DEF. NAL. DIR. GRAL. REG. FED. ARMAS
DE FUEGO Y EXPLOSIVO*

CERTIFICADO DE SEGURIDAD
DEL
POLVORIN O ALMACEN No.

EL SUSCRITO PRIMERA AUTORIDAD.
{Nombre y Apellido) .

HACE CONSTAR Y CERTIFICA

QUE LOS POLVORINES UBICADOS EN:

. {Reteridos a puntos conocidos dei terreno para su facil localzacion)

DESTINADOS PARA ALMACENAR:
. (Potvora, dinamita, explesivos al nitrato de amonio,

artificios, clorate, nitrocelulosa, nitrato de amonig, elc.)

QUE SERA UTIUZADOQ POR:
. (Denominacion © razon social)
CON DOMICILIQ EN:

Localidad Municipio ' Estado
EN LA ACTIVIDAD DE;

{Explotacion de canteras, industna de la construccion, minerametzlurgica, ceriliera, de

pinturas, etc.)

POR SUS CONDICIONES, SITUACION Y MEDIDAS DE SEGURIDAD. SON ADECUADOS: NO PRESENTAN PELIGRO PA-

RA MANTENER EL ORDEN PUBUCO, ESTAN PROTEGIDOS CONTRA ROBOS Y GARANTIZAN LA TRANQUILIDAD DE
LA POBLACION.

a de de 19

- EL PREZSIDENTE MUNICIPAL
(Fi=%1A Y SELLO)

/8
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ANEXO No. &

. SECRETARIA DE LA DEFENSA NACIONAL
DIRECCION GENERAL DEL REGISTRO FEDERAL DE ARMAS DE FUEGO Y EXPLOSIVOS
LOMAS DE SOTELQ, D.F.
CERTIFICADO DE SEGURIDAD DEL LUGAR DE CONSUMO DE EXPLOSIVOS. ARTIFICIOS O SUBSTANCIAS QUIMICAS
RELACIONADAS CON LOS MISMOS, EXPEDIDO POR LA PRIMERA AUTORIDAD ADMINISTRATIVA.

PRIMERA AUTORIDAC

EL SUSCRITO:

ADMINISTRATIVA DE: :
HACE CONSTAR Y CERTIFICA:

QUE {Denominacion o razdn social)

CON DOMICILIO EN:

CALLE NUMEROQ CIUDAD, POBLACION O LOCALIDAD

MUNICIPIO O DELEGACION- : ESTADQO, TERRITORIO O DISTRITO Z.P. TELEFONC

EMPLEARA LOS MATERIALES SIGUIENTES:
(pdivora, dinamita, explosivos & nitrato de

amonio, artificios, rmrocelufosa.:clorato ¢e potasio, etc.})

TRABAJOS QUE EFECTUARA PRECISAMENTE EN EL LUGAR DE CONSUMO UBICADO EN:

(Referido a puntos conocicos de! terreno pera su faci localizacion) L.

EL CUAL POR SU SITUACICN, NO FEFRESENTA FELUIGRO PARA LA SEGURIDAD Y TRANQUILIDAD PUBLICA

a de de 18 ____

Sello y frma

24



ANEXO No. 8§

SECRETARIA DE LA DEFENSA NACIONAL
DIRECCION GENERAL DEL REGISTRO FEDERAL DE ARMAS DE FUEGO Y EXPLS

SOUCITUD DE PERMISO GEMERAL PARA DEDICARSE A LA COMPRA Y CONSUMO DE EXPLOSIVOS. ARTIFICH
SUBSTANCIAS QUIMICAS RELACIONADAS CON EXPLOSIVOS (ARTICULO 42 FRACCION | DE LA LF.AF.Y.f

A. DATOS DEL SOUCITANTE:

Apellido Paterno Apellido Matermo Nombre {s)

Fecha de Nacimiento Sexo Lee Escribe Profesion u Oficio Nacionalidad
Calle Numero
Ciudad, Poblacién o Localidad o Coaigo Postal.
Municipio o Delegacion Estado, Distrito Teléfono
Referencias del Domicilio cuando se requieran.

C. DATOS DE LA NEGOCIACION.

Denominacion o Razén Social

Calle Nirmero

Ciudad, Poblacion o Localizacion Codigo Postal

Municipi;a o Delegacion lEstado o Distrito

Actividad a la que se dedicara Teléfono _
EXPLOSIVOS SOUCITADOS MENSUALMENTE: {CANTIDADES) Y (TIPQS)

ALTO EXPLOSIVO
AGENTES EXPLOSIVOS
ARTIFICIOS

SUBST. QUIMICAS
OTROS

. Lugar v techa Fima Autorizaca.

/;-



’ ' | ANEXO No. 8.1

SECRETARIA DE LA DEFENSA NACIONAL
DIRECCION GENERAL DEL REGISTRO FEDERAL DE ARMAS DE FUEGO Y EXPLOSIVOS.
LOMAS DE SOTELO, D.F.

SOUCITUD DE PERMISO EXTF!AORDINAF!IO PARA LA COMPRA DE POLVORA DE EXPLOSIVOS DE ARTIFICIOS O
DE SUBSTANCIAS QUIMICAS RELACIONADAS CON LOS MISMOS ( ARTICULO 57 DEL REGLAMENTO DE LALEY FE

DERAL DE ARMAS DE FUEGO Y EXPLOSIVOS).

DATOS DEL SOLICITANTE:

PRIMER APELLIDO 'SEGUNDO APELUDO PRIMER NOMBRE " SEGUNDO NOMBRE

FECHA DE NACIMIENTO NACIONALIDAD SEXO LEE {ESCRIBE PROFESION, ORICIO
OCUPACION CALLE  NUMERO CIUDAD, POBLACION O LOCALIDAD

MUNICIPIO O DELEGACION ESTADO, TERRITORIO O DISTRITO . Z.P. TELEFONO

REFERENCIAS DEL DOMICILIO CUANDO LAS REQUIERA
DATOS DE LA NEGOCIACION

DENOMINACION O RAZON SOCIAL

CALLE NUMERO CIUDAD, POBLACION O LOCALIDAD

MUNICIPIO O DELEGACION ESTADQ, TERRITORIO O DISTRITO ZP. TEL

ACTIVIDAD A LA QUE SE DEDICARA -

CANTIDADES Y CLASES DE MATERIALES EXPLOSIVOS POR COMPRAR

TIEMPO EN QUE SE CONSUMIRAN LOS MATERIALES SENALADOS EN EL PUNTO ANTERIOR

PROTESTO. QUE LOS DATOS ANOTADOS SON VERIDICOS, CUE LA FIRMA ES AUTENTICA Y LA UNICA QUE UTIU-
ZARE EN LOS DOCUMENTOS QUE DIRIJA A LA SECRETARIA GE LA DEFENSA NACIONAL.

Luga y Fecha Fitma ael solciante



ANEXO No. 8

SECRETARIA DE LA DEFENSA NACIONAL
DIRECCION GENERAL DEL REGISTRO FEDERAL DE ARMAS DE FUEGO Y EXPLOSIVOS.
LOMAS DE SOTELO,.D.F.

HEFERENCIAS DEL LUGAR DONDE EL SOUCITANTE CONSUMIRA O USARA LOS EXPLOSIVOS ARTIFICICS O LJS
TANCIAS QUIMICAS RELACIONADAS CON LOS MISMOS, EN LAS OBRAS, OPERACIONES INDUSTRIALES O EXPLO-

TACION MINERA QUE SENALA EN SU GESTION PETITORIA.

{Denominacion o Razon Social del peticionario)

-

SITUACION EXACTA DEL LUGAR DE CONSUMO: -
(Referida a puntos conocidos de! teeno

para facilitar su localizacion).

UBICADO EN:
Municipio Delegacion Estado Distnto
DISTANCIAS MAS CORTAS, EN SUS ALREDEDORES A- MTS.
i Casas habitacion
MTS. MTS. MTS M
Carreteras Vias Férreas " Lineas elactricas Potvonnes -
“EXISTE O NO" BARRERA DE PROTECCION A:
Casas habitacion

Carreteras Vias férreas Lineas eléctricas Poivorines

LUGAR Y FECHA FIRMA DEL INTERESADO

NOTA: “"BARRERA DE PROTECCION", SIGNIFICA CUALQUIER ELEVACION NATURAL DEL TERRENO MURALLA AR-
TIFICIAL DE ESPESOR NO MENOR DZ UN METRO CONSTRUIDA CON TIERRA, ADOBES O SACOS TERRE-

a NOS. O BOSQUE DE TAL DENSIDAD QUE LAS PARTES CIRCUNDANTES QUE REQUIERAN PROTECCION NO
PUEDAN VERSE DESDE EL LUGAR DZ CONSUMO DE EXPLOSIVOS AUN CUANDO LOS ARBOLES ESTEN

DESPROVISTOS DE HOJAS.

rY
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ANEXO No. 10

ot \ w A . EJEMPLO DE LA
—~ \ LOCAUZACION DE UN
Q - ]
"":@o e \ GRUPO DE POLVORINES
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ANEXO No.-11

DIR. GRAL REG. FED. ARMA®
SECRETARIA DE LA DEF. NAL MODELO No. 2 DE FUEGO Y EXPLOSIVOS.

REFERENCIAS DE POLVORINES

REFERENCIAS DE POLVORINES DONDE EL SOLICITANTE ALMACENARA EXPLOSIVOS, ARTIFICIOS Y/O SUBS.. .+
CIAS QUE UTILIZARA EN OBRAS, OPERACIONES INDUSTRIALES, COMERCIALES O EN LA EXPLOTACION MINERA.

POLVORINES No. (o ALMACEN)

NOMBRE

RAZON SOCIAL
SITUACION EXACTA DEL POLVORIN

Referida a puntos conocidos del terreno para faciitar su colocacion.

UBICADC EN : 6
Municipio o Detegacion Estado Distrito Federal
TIPO ]
Superficial . Semi-enteytado Enterrado Socavon de mina Movil
DIMENSIONES INTERIORES ________ mts. mts, _______ mts. VENTILACION
Largo Ancho Alto :

MATERIALES DE CONSTRUCCION DE

Cimientos Muros Piso Puertas Techo

DISTANCIAS M._AS CORTAS DEL POLVORIN A: mis. mts,
Casas habitacion carreteras vias
mts. No. mts. Sl O NO EXISTE BARRA DE PROTECCION A: -
férreas polvorin ’
mis. mts. mts. mts. del polvorin
casas habitacion carreteras vias fémreas fineas eféctricas .

ARTICULO Y CANTIDAD POR ALMACENAR: :

tratangose de expiosivos, se tendra en cuenta: capacidad y tablas de “compatibilidad” y distancia cantidad
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UNDERGROUND MACMINE HOUSE
STRUCTURAL GEDLOGICAL MA4P

MADE BY INSTRUMENTAL AND TERRESTRIL METHOOS
[ o 20 J0 & 50

LEGEND: METERS
(o T ] wnew oeeose e SECOMGARY TYP{OF JONTS LPTO Zmen

MASSAY TRUSSEC LIMESTONE

o TRACE OF LARSER JOINTS [OVER J0mm) s
" INFERRED TRACE OF JOINTS E=—— - Exmomaromy a0ITS

——e=" PERTIARY TVRE OF JOMNTS [ UNDER KCmps, )
Oavanal CLEMENTS OF JOSNTS

MOy NIy

/ 3

Fig 1. Underground machine house
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Underground Hydroelectric Power Plants in Crechoslovakic 45

Fig. 2. Honzontal secuon of the underground openings. The main structural lines found in pilot tunnels
are indicated in the situation. All measured joints are evajuated 1n the rose diagram.

1 - penstock. 2 - inlet gate chamber, 3 — opening for the engine roam, 4 - inclined tunnel, 5 - discharge
tunnetl, V;-V3 - expioration core bonngs.

Fig. 3. Typical cross-secuon of the main cavern.

A - disirtbution of the anchored steel bolts proposed on the basis of the structural conaiuons o gran-
e found in pilot drifts B ~ structural conditions found during the full-scale excavation and boits ai-
ready fixed. | ~ lines of imersecuion of joint planes with the section plane, 1ype of jount is designed, 2 -
botts with lengths marked. 3 - schematic line of the full excavation. 4 — outline of the excavauon for
pilot dnfts. 5 - actual outiines of the full-scale excavanon. 6 - conerele protecung vault and concrete
seal 1n the rock face.
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2ni Suelos, enrocamienios y racas

Aa ¢l montaje utilizado por la Oficina. de Estu-
“dios Eaperimentales de la Comision Federal de
Elcctricidad. El couipo consta de un dispesitivo
de carga (gato, columna v placa dc apoyo), un

ato pieao Frevssinet ¥ un dispositivo de medi-
vion de os desplazamicntos superficiales (marco
fijo v rwcrometros). La prueba permite obtener
una relwcivn entre los desplazamientos superficia-

Jes w v la carga aplicada P. Para una placa de
carga d : radio a ¢ infinitamente flexible, la expre-
sion dv lucida de la teoria de la elasticidad es

w = 20 =) ?P”:‘z 'rl—-a—:sen'-'ade
=Eu- a ‘ r -
a 2 de :
.—-(i— = )J." f e (1135)
) \ 1 —?serﬁﬂ

ccuacién que se simplifica notablemente en casos
particviares: :

!

W = - ) r= 0 .3
-.E r slr=aqa ( 1 )

donde £ es el moddulo de Young, v la relacicn

de Poisson y r la distancia del punto-de medi- -

cion a! centro de la placa de carga.

Para una placa de carga infinitamente rigida
la ecuacion anterior se transforma en:

pL1=" 1138
W = ———r————
{r<a) 2Ea ( )
Presi6n de ‘
contacto,
&5 kg/em? i 109 cm :]]
(1] ol i 27 m 1
1 !_ o |
. | | ¥777 77 7
iqo cm Punto de medicién
R I
40—

' = 29000 kg/em?
= B == 143 000 kg/em?
Co = 0.008 mm/kg/cm?

]—»r

w = —
¢r>a) rida.

a
arcsen - .( 11.39)

Estas expresiones per.niten la determinacion
dcl médulo de Young E y la relacion de Pois.
son » de la masa rocosa, supucsta homogénea
y elastica. Sin embargo, la roca no es homogé:
nea v en la cercania de I= superficie siempre exis-
te una capa de material descomprimido y altera-
do. Con objeto de obviar esta dificultad, se ha
recomendado hacer las mediciones de los despla-
zamientos superficiales lejos de a placa de carga
(Duifaut y Lakshamanan, 1962). mcdiciones que
son mas representativas del comporiamiento de
la masa sana, o bien, basarse en el desplazamien-
to de un punto localizado sobre ¢! cje de la placa
de carga y a una profundidad tal que quede
localizado en 1a zona inalterada de la roca. En tal
caso, la placa de carga flexible es anular, de
radios interior a, y exterior a., a fin de permitir
el paso de un dispositivo de medicién del despla-
zamiento de un punto ubicado sobre el eje del
anillo de carga y a unz profundidad z. El des-
plazamiento w, de ese punio esta dado por la

ecuacion
P . n
{ [(1_;..v);- '

W, =
rE(a:—a:)

Jeas e il < o 1—-=?]

| [(ai-éz’)"-' - (a§+z’)"’] } (11.50)

] . Y. . .
Pero la roca no es un material eidstico lineal.
En efecto, al trazar las curvas de w vs P, no se

Fig 1126 Prucba de placa en sex
1tdo vertical. Presa La
Arcostura. Casa de mi
quinas, Galeria 3

y .
/ [ M&dulo de deform.cidn  global obtenido con la
/ farmula de Boussinesy para A-A

’ E Modulo de deformacidn elisiica de descarga obtenida
- com la férmula de Bousmine:g para B-B'

- Gy Coeficiente  de deformacion  imecuperable igual o
cociente de |a deformacicn :frecuperable y et valor

pondiente
! . 1
"
Desclazamiente, en 0.01 mm
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P 4. BACURATO, SIN. A
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lllllll

ESCALA: 11 10,000

L zoma oe EXCELENTE CALIDAD { V> 5000 m/s. , 200 < @ ¢ 7800 OHM-m)
E:] ZONA DE BUENA CALIDAD {3%64 <v < 4864 m/s., 138 <P < 717 OHM-m)

MM zowa e REGULAR CALIDAD [V Indelerminada, €64 OHM-m )

ZONA DE MALA CALIDAD [ 826 < V<1136 m/s., 34<P < 260 OHM-m |

Fig. 2 DETERMINACION DE CALIDAD DE ROCA MEDIANTE ESTUDIOS GEOFISICOS DE SISMICA
DE REFRACCION 'Y SONDEOS GEOELECTRICOS EN EL P.H. BACURATO, SIN,
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Ah Ia laduras subterrineas de nlta cficicncia s¢ hacen con.Noncl Pnmadct, ¢ sistemu mcudor con.
ora las voladu ; ) ol . .
retardo dcl tipuv No-Eléctnco que transmity confiablementc una senal al fulminante, sin alcciar ui

agentc cxplnsty
pudicran

o normalmentc vsado en ¢! barreno v taminen sin presentar los problemes de pnclacion guc
surgir con el uso dec los sistemas clécineos exislentes.

Konel es un sistema de transmesion de schal No- Eléctnca v no distuptive que micie con seguridud un
fi lmtﬁ:mc en.forma mnstantanea o con ¢l tiempo de returdo selcctionadu. Este =i~tema. pucde ser imcado
u . s

mediante un “detonador de 1mpacto”. cordén detonante o por un fulminantc ordinano.

‘ =

,/
4

Tipos v aplicaciones del sistema:

1.— Iniciadores con rciardo No-Eléetrico. tipo
*LP". nonc] primadet.

S¢ wtilizan como medie de imoiacion dentro de bo-
barren. .~ par o gencral donde hey una cara libre come
Tuaneles, uros. rampas, contrapozos. e, {EL tubne Nonel
es de color Amarillo)

Iniciadores ' con Retardo No-Eléetrico.
Tipo "MS”, Naoncl Pamudet.a

S utthzan comao medio de micwenon denteo de o
tarrenes. por 3o gencral donde hay 2 0 mas cares libres,
por ciemplo: Kebwies, trabayes de construccn., Bancos,
cre. (B tulwr Nenel ok de color narania)

Il.-

Caracteristicas Técnicas.

Ambaos npos de imowaores consian de 3 compeomentes
prnctpules

Vi Tubo Nonel, Exur oo ode plastien laminade g
CORHICTIC SonTe st s CFiG ST N Lcipechie inpa
e matenal reactivo, solsnwnie unua ibea (434 K )
de este matenad nor cada 70000 paes 021,330 a0
do tube nande o tano Noael e imciatdo vo e I
laingante oromano, cordos actanamt. v detonds e
de mnnueta, transante cantibicment e una senal v
hqlu CheTia de un unko u o, u]:rrlelmmlullwnt\' ol
GO0 e weg 12,000 Mis TR I
el peer v canniesael tan (LTSN IR T KT
Foaviivi, o la snperhere extenorn dol tobes S TTIRTI TSI
mtact duranie v despues del tunciongmienie, pesr tal
watvo el taba no deflaera, medetona ningnn tiws do
vxplosive comercugmenie disteanble con ¢l caal e
I eomlacto, wtocenienty aucie gl detonador con
returde no clectren

El extremo bbre del tubo contieny un yelle
ultrasomen que eVta la eniracda de sumcdad do!
ambicnte ul ntenor del tatsg

sl ) [

1
P

Lty

2

3

Detonador con retardo no eléctrico

Lo detonadores nomeléctricos con retardo som
miciatdos por Ja onde Que viaa o Trave ~ et tabe

Nongl. -~ .

En particulur los detonudores de los asacimas "L
¥ OUMET penen peencra equinalenie o la de oun -
fulmmanic No' 12; es1a carucienstica hace que los i

barrenos secos menores u 3 paleadas, oz cados
neumaticamente von ANFOY bien formntla: seun
confisblemente smciados por Jos detonatbon = o

wdecioicos None! Primader s ba avida de nnguna

Vs dhe CEHRO
Gancho 1™
Es un vanche de plastico tatalmente inert quv

tavibita la comexaom del tueeo Nonel con fa boea troncal~ -
e Cordon deboganie Primuscord

Vista frontal

Vista latera)



41 Etugucia

Enlnme componente ded simicma os une Cchigacta
von un oo de calores, e cual indicy 1 npo de
rotarde NS0 LT ek mumero de pernostdo deretarde.
a~1 ot o 1emipee nonunal de disparo

Ventajas:

sepuridad: Noeoreguiere do o meedif adciemes taics ot
R TR T TR T T PR E R P TINRN CORPN DN T PRP PO
Pritiadk 1 dotera nsarse Tan comio b ga o Bofa
ST st Lo BT E IO et aT a6y o o1ty bl s sh
s

Provras Nemich i nndde ser mncranio por Transmaisorg =
IF TS N TR IS IO VI SO TN TP TERCT O § 2 TT3 S TTR (R TR
VAT Laadta Ifleg i, 0 DTEina Joem CHioafi Tailies o)
LI VOt~ T T = Gy TGS,

Fre use semcillo s flexible: Lo conesum el sessema
PSS SHIEGG Vo e s GO eIt e s s sUT L
Cobaitha 1o st~ A ies mingun e
N IR U P LR L DT T SR T TRL W LI FRRET AR TTY PR F AT TR
LT e T

istema No=Flécimeo Nov o~ noaesares Ciirra e 8
L L T L T T Ty N VO B [ T A TR TR Y L TN I S (IS T LA
coctrioes iy cs ] stetema mios sl g =
sty DBl alateae e~ ehestieds Lha B 6 b o s the T Toe
the TodaTelos= 4 =~ TogQueTila

i oruido. boosastomie de o iom peedotrie o Noag !
PRt s immnnn e bee tivca s sl P b ot s

L LT IR LR LN ST LI T P
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Tabla 1

Iniciadores con retardo

no cléctricos
lonel Primadet

“Ms'.
Tubo Color Naranja

L e U R

s o]

13
13
13

Periodo

Retardo

- 23 Mibscgundos
- 50 .

- 75 b

- 100 "
-12% 0

- 150 -

- 1758

- 200 "

- 250 -

- 300 "

- 350 -

- 400 "

130
- 300
- 600

Tiempos de rctardo disponibles. |

Iniciadores eon retardo

no eléctricos

*LP' Nonel Primadet
Tubo Color Amarillo

Rewrdo
- 0.1 Segund

Periodo

1

1

1\

)
[

2iy

3
3

bl I I T

F ol

10
11

0

-

13
14
15

-0.2
-03
-04
-05
-06
-1.0
-14
-18
-24
-3.0
-3.8
-4.6
-5.5
-6.4
-74
-85
-96

"



Tabla 2

Tabla de equivaiencias entre retardos
de Nonel Primadet
l.MS" y “LP"

Para teoer un Retardo Ud. puedc usar cualquiera de los

dc. Tiempo de rewardo sjguienies productos.
(MSEG) Nogel MS Nogel LP
(Tubo Naruma) (Tubo Amanliio)

100 3 12

200 B H

300 10 lig

100 12 2

300 14 21y

600 15 3
Sermvicio

tae Mexwatta de Mevha nara Mites S~ 4 e 0 oS
dimprmicinn persanal ostrecialiZotio BUTa ascsararic
s b wihactonl gy Do prodductos NONEL PRIMADIT

Jedcthoes the manrent comstamecinonte b sabionens
CATSEU LR on DO Ve Dard satrsbac o f Ciaigin

Hovesidad ol et Bemiee pueestbiy

Empaque

Longitud .de Iniciadores Unidades Peso/ Caja
con rewardo. No-Eléctricos Cajn Lbe. Kge.
Nonel Primadet MS ¥ LP
{Pres) - (Mrs)
12 365 500 51 (zg/\
16 1.8 100 48 (21,
20 6.00 300 41 (18.6)
3n- 9.14 200 80 (18.6;
30* 15.24 100 30 (13.6)
60 18.30 104 32 (14.8)
80 24.38 100 37 (16.8)

Las dimensiones de la caix son 23 pulg. x 17 pulg. x 12 -
pulg (0.6]1 xU.43 x 0.305 Mus.}

* Las tongitudes 30.50.60 1+ 80 pies +on disponjbies
s6l paru los detonadores No-Electneos *MS™ Nonel
Prirnadct

Lnporiasne Debudo a los diversos tuciores fuera de
pucstro control, gog miervienen on ol onsa de esie
vy, o1 tabricunie no ofrecd carantia. i adeguicere

rl'\l"lll‘\.l.lﬂlllin“i aleung

W,

Considlicnaos:

Call Zacatccus Nl 120 6
Cromez Palucws, o, COF B30KG Mexice L’
Teldtmon O (171 14-03-TK v 14-tm-0si



XPLO

Emulsiones para Plasteo

Usos

Mrmeria a cielo abierto.

Mineria subterranea.

Canteras.

Construccion.

Este producto es especial para agueilas
operaciones gue requieren fragmentar rocas
fuera de especificacion, resultado de las
voladuras pnmanas por problemas ae
geologia estructural local u otros.

Beneficios

+« Por su alta presion de detonacion tiene
mayor poder de fragmentacion permitiendo
una alta productividad del equipo de carga,
acarreo y trituracion. '
e Por su consistencia permite una gran
adherencia en los puntos de aplicacion,
sin importar la accion de la gravegad.

m
3
£
2
o
b=
1]
]
o
&
-
Py
3
n
o
-
®
o

PROPIEDADES
Densiaad gr/cc 1.18
Vel. Detonacion m/s 5400
RwWS 84
RBS 128
ASV. (KJ/100g) 354
Resistencia al Agua Excelente -
Clasificacion de Gases N1
- Sensitividad > 0 *C Capsula No.6
P Nugo E - Cord Int

SIEMPRE

R W 5 = Potencia reiativa ar peso MANTENGA LOS EXPLOSIVOS BAJO
LLAVE Y ALEJADOS DE LOS NINDS.

f B S = Potencia relativa al volumen
A SV = Valor ge ia fuerza apsoiuta

Explosivos
50 =




EXPLO

Emulsiones para Plasteo

Empagque —_ Almacenamiento
» Este producto es empacado en bolsas — = Este producto c_iebe ser almacenado en
. -] de polietileno en forma de aimohadas de poivorines ventilados y fecos a temperaturas
2 1 Kg./cu. optimas menores de 25°C.
] . su venta se hace en cajas de 25 Kg. s Estibar no mas de-10 cajas.
a . s La rotacion de este producto debe ser en
° : forma sistemdtica para evitar rezagos.
PR Vida Util
ﬂ. : » Doce meses después de su fabricacit_‘:n en Transportacion .
! x g condiciones normales de almacenamiento. « En vehiculos autorizados por la Secretaria
' m -} de la Defensa Nazional con fundamento en
® la Ley Federal de Armas de Fuego vy
3 Explosivos y su reglamento, asi como
E por ia Secretaria de Comunicaciones y
W - Transportes con fundamento en 1a Ley de
Caminos, Puentes, Autotransporte Federal, y
el Reglamento para el Transporte de Materiale:
y Residuos Peligrosos.
ICI Expilosivos México
. E ' - gxplosrvos Mﬁxlcanos E‘C;.A. de \CI:'V'
an Lorenzo No. 1009 Col del Valle.
xp 0SIvos CP. 03100 Mexico D.F.
: Tel: 229-5900 Fax: 229-5929.

-

Estas intormaciones estan basadas en la experiencia de ICl Explesivos y se ctrecen como parte det servicio
a sus chentes.

Se recomienda que los Productos Explosivos sean siempre manejados y usados por personas ¢on el
suficiente conocimiento tecnico para poaer apreciar el nesQo Que acompane SuU USO.

ICI Explosivos NO GARANTIZA ios resultados FAVORABLES ni asume RESPONSABILIDAD alguna por.
cuanto a la aplicacion de sus sugerencias. (
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Emulsiones Sensitivas

Usos

Mineria & ciglo abierto.
Mineria subterranea.
Canteras.
Construccion.

Beneficios

+« Por su alta velocidad genera un mayor
poder de iniciacion de agentes expiosivos.

» Mayor poder de fragmentacién en el fondo
del barreno permitiendo un mejor despate.

¢ Se logra hasta un 98% de acoplamiento en
el barreno con cartuchos contadoes.

* Por su alta presion de detonacion desarrolla
mayor fracturamento en la roca.

PROPIEDADES Diametro | Didmetro | Didmetro
- Pequenio | Intermedio Grande
Densidad gr/cc 1.10 1.15 1.18
Vel. Detonacion m/s 5200 5400 5400
RWS 94 g4 94
REBS 123 128 132
ASV. (KJ/100 g) 354 354 353
Resistencia al Agua Excelente Excelente - Excelente
Clasificacion de gases N- 1 N- 1 N= 1
Sensitividad > 0 °C Capsuta No.6. | Capsuta No.6. | Capsuta No.6.
Nudo E-Cord int.t  E-Cord Int. E-Cord Int.
Sensitivinad A 0 <C Nuge E-Cord Int.!Nuao E-Cord iInt.|Nudo E-Cord int.

AW S = Potencia relativa at peso
R B S = Potencia retativa al volumen
A SV = Valor ge 1a fuerza absoluta

3

SIEMPRE

MANTENGA LOS EXPLOSIVOS BAJD
LLAVE Y ALEJADOS DE LOS NINOS.

Explosivos
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EmulsiEnxesPé'ensltivas

Empaque

« Este producto es empacado en cartuchos
con una pelicula trilaminada. la cual tiene
tas sicentes caracteristicas: -

« Altamente resistente al rasgado
¢ No trasmina aceite
e Contiene una barrera a gases

Tamano Cartucho
Cartucho por Caja
Pig. de 25 Kg. |
-1 X8 2105
2X 16 25
4X16 3]
5X6.25 4
Si1 requiere producto con otras dimensiones
favor ge comunicarse al Depto. de
Ventas al Tel. 221-5910

Vida Util

¢ Doce meses después de su fabricacion en
~ condiciones normales de almacenamiento.

Almacenamiento

+ Este producto debe ser aimacenado en
poivonnes ventilados y secos a temperaturas
6pt'mas menocres de 25°C.

Estibar no mas de 10 cajas.

= La rotacion de este producto debe ser en

forma sistematica para evitar rezagos.

Transportacion

¢ En vehiculos autonzados por la Secretaria -
de la Defensa Nacional con fundamento en
la Ley Federal ge Armas de Fuego y
Explosivos y su reglamento. asi como
por la Secretaria de Comunicaciones y (
Transportes con fundamento en ia Ley de
Caminos, Puentes, Autotransporte Federal, y
e! Reglamento para el Transporte de Materiales
y Residuos Peligrosos.

Explosivos

IC] Explosivos México
Explosivos Mexicanos S.A. de C.V.
San Lorenzo No. 1009 Col del Valle.
CP 03100 Mexico D.F.

Tel: 229-5900 Fax: 229-5929,

Estas informaciones estan basacas en la experigncia ae IC! Explosivos y se ofrecen como parte del servicio

a sus chentes.

Se recormienda que los Productos Explosivos sean siempre manejados y usados por personas con el
sufictente conocimiento tecnico para poder apreciar el nesgo gue acompane su Uso.
ICI Explosivos NO GARANTIZA ios resultados FAVORABLES nt asume RESPONSABILIDAD alguna por (

cuanto a la aplicacion de sus sugerencias.
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FOMEX “X”

Agente Explosivo

PROPIEDADES
Densidad gr/cc .80
Vel. Detonacion m/s 3200°
RWS 106
RBS 101
AS. (Kj/100g) 399
Resistencia al Agua NULA
Clasificacion de Gases N 2

Sensnivioad |

Alto exDrosive

* Esta velocigad es medida

en tubo de 4

R\Y S = Potencia relativa al peso
R E S = Potencia relativa al votume

A SV = vaior 0e 1a tuerza apsomwta

a]

Explosivos

z¥

Usos

Se utiliza como carga de columna en
* Mineria a cieto abierto '
¢ (Canteras

* Construccion

Beneficios

« Economia por su bajo costo.

e Moejor distribucion en el barreno por
su granulomerria.

s Producto con antiapelmazante.

+ Mayor contenido de energra.

¢ Mayor rendimiento.

SIEMPRE

MANTENGA LOS EXPLOSIVOS BAJO
LLAVE Y ALEJADOS DE LOS NINDS,
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ANFOMEX “X”

Agente Explosivo
Empaque - " Almacenamiento
» Es empacado en bolsas de 25 Kg. de papel « Este producto debe ser almacenado en
doble con forro interno de plastico. polvonnes ventilados y secos a temperaturas
optimas menores de 25°C.
Vida Util o Estibar no mas de 10 sacos.
U't e Llarotacion de este producto depe ser
» Tres meses después de su fabricacionen - sistematica para evitar rezagos.

condiciones normales de aimacenarniento. ..
- --  Transportacion

¢ En vehiculos autorizados por fa Secretaria
de la Defensa Nacional con fundamento en
la Ley Federal de Armas de Fuego y
Explosivos y su reglamento, asi Como
por ta Secretaria de Comunicaciones y
Transportes con fundamento en la Ley de
Caminos, Puentes, Autotransporte Federal, y
el Reglamento para el Transporte de Matenales
y Residuos Peligrosos.

ICI Explosivos México
E ' - - gxploswos Mexu:anog. SA deClV
an Lorenze No. 1009 Col del Valie.
xp ' OSIVOS CP 03100 Mexico D.F.
Tel: 229-59800 Fax: 229-5929,

Esias informaciones estan basadas en fa experiencia de ICI Explosives y se ofrecen como parte del servicio
a sus chientes.

Se recomenda que los Productos Explosivos sean siempre manejados y usados por personas con el
suficiente conocimiento tecnico para poder apreciar el resQo que acompane Su uso.

ICI Explosives NO GARANTIZA ios resultados FAVOHABLES ni asume RESPONSABILIDAD aiguna por
cuanto a la aplicacion de sus sugerencias.

55 / D @ impreso en Méxco.
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'BOOSTERS

'Eficiencia de iniciacion de
alta energia

585 | //

PENTOLITA
SOLIDA

Mejor
Desemperio, .

Confiabilidad -

Seguridad.



CALIDAD
CERTIFICADA
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INTRODUCCION

Cia Mexicana de Mecha para Mina:, fabncante ge iniciadores © - 21eCncos
para voladuras desde 1935, ha incorporado a su linea de produclos. Ios
niciadores de alta presion, BOOSTERS METHA PARA MINAS en anersas

presentaciones

Esta nueva linea de Boc-=rs. es producida en su planta de Dinamita. Dgo..
con la tecnologia ae Trc an Corporavan. lider m undiat en la fabricacion de
DOOsters y bajo 105 estandares a2 caiGad cenficada internacionalmente por la
sorma 150 9002, fc gue asegura su eficiencia en aplicaciones ae volaguras y
explorazion sismoarafica '

VENTAJAS

Los Boosters Mecna para Mina:, ofrecen un mejor desempeno. cuando son
uthizados con getonagore: comerciaes o cordén detonante, son confiables,
seguros y de alta eficilencia por estar formutagos con Pentolita (PETN y TNT).

No conuenen nitrogiicenna. son impermeables y su vida util es iimitada s se le
aimacena agecuadamente.

Ademas ds’ soporar Dajas temperaturas y ge no exudar pehgrosos acenes
explosivos. pasan las pruebas’ esiandar ae disparo con rifle y pruebas de fuego.
fricciton e impacto

Tx /2



BOOSTER MECHA PARA MINAS

L os Boosters Mecha para Minas, proporcionan la fuerza de conduccron
requerida para generar la maxima energia iniciadora en sus voladuras.

p Combinando. a2 velocidad de aetonacion. 26,000 pies/seg. {7.925 m/seg !
con gensicad ae i.60 gr./cC. se obene una presion de getonacion ds 250
Koar

p Incruven e su construccion una cavidad profunda que agmite cualaueer
asronaaor.

P Una curva en el interior del Booster sirve de protecc:on a la linea de sena
del geronador, Wbo. cadles electncos © mecha de seguridad.

' Presion = 2.5x Densidad x Velocidad- x 10°

PRESENTACIONES

o

16 - 25 32 - 25 . SECTON AONTITUDINAL

50 granos/ome

25 gravasrpwe
oMo

_;H_ _

*Curvd
or
Droreccdn

UNIDAD UNIDAD

16 ONZAS _ 372 ONZAS

454 grs 908 grs

2 1/4" x 4 374 31/8" x5

57 mm. x 120 mm. 79 mm. x 127 mm.

CAJA CAJA

60 Lbs. 760 uridades 60 Lbs./30 urndades
27 Kg./60 unigades 27 Kg./30 unigages

38 /2 -



ADVERTENCIA

ATENCION

L3 miCTImacion y recomencaciones
OesCritas en este . ~un. Mo cubren
LOCas ks DOSINEs J0eiCaCIONES On
ProGuUCTO © vanaciones oe ias
CONGICIONES DO W5 Cudles este
DUSCE SBf LITIZAGO LAS NeCOMenda-
CIONes FICIUICas e513N Da1daas en
ExDENETICIA  IVESLGACION y pruebas
oel faDAcante, Qusen [Fala oe je°
Preciso. pet T No 1o OIONgA NNGgRNa
GAINUA exDrésa O Jubuesla
AQSTNAS 135 esoecihIcACOMEs S0u
CONtErgas sON (00As NOMINAIes 13-
Cuales representan nuesira
PrOCLCCIon norrmal

El progucto aeictao puede ser peto
& camfvg Fansor oe comunicane con
el faDrcante Darad CluaGuer
2Ckaracon

NO GARANTIASL O

RESPONSABILIDAD

E1 DroguL10 oestrto aou €3 vencioo
COMO TAL y 3 rwnguna coranua
CEENELE O MUDWEid Cernvacy oe i
Lev 1 Ofra manera wciuswve
CUNICLIET Qararua sin kmies ¢
COMErCUMNIACION O COMMTeencia ce
CUILNET DrODASHO Ef Compraor y
ULIANG ACLETOSN Moemas kperar
VEIOPGON OF CUAIOLNErd v [OAS 1as
FEIDONLIDICIONT OeTBAds O 13
COMPra o w0 O Producto Sou!
OeILTRD. INOEDETANEXEMeTRe O
Que L NELDONSATRIGR €3 Cauaada

BOOSTER SISMICO

Mecha para Minas

FUNCIONAMIENTO

P Aplicacién en pozos profundos, 4.5 m. a 150 m. & mayor

P Su desempeno no 55 ve afedado por cofumnas higrostancas

P Alcanza su velocidad maxma de detonacion en pocos milimetros.
P Arenuia bajas frecuencias y acentua altas frecuencias.

P Fabricado con materiales virgenes de afta calldad. no se utilizan
subproductos © sensibiizadores internos.

P Conuene dos cavidades para aceptar dos detonadores.

PRESENTACIONES

5.5 Ib.
UNIDAD UNIDAD UNIDAD
88 ONZAS 40 ONZAS 16 ONZAS L
< 495 grs. 1.134 grs. 454 grs.
21/4 x29 172" 2 174" x 15 3/4" 21/4"x 8
57 mm. x 749 mm. 57 mm. x 400 mm. 57 mm. x 203 mm.

50 Ibs./20 unidades
22.7 Kg./20 urudades

40 I1bs./40 unidades
18.1 Kg.740 unidadges

55 ibs.710 uridades
25 Kg./10 unigaaes

Compafifa Mexicana de Mecha para Minas, S.A. de C...
Zacarezas 120. Ote. Col. Las Rosas, Gédmez Palacio, Dgo.
C.P 35090 Tels.: {17) 14 0378 (17) 14 7006 Fax: (17} 15 0344

35 14
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il AGENTES o - Agentes EXPIOS_iVO S
| EXPLOSIVOS ANF O EMULGEL LD
ANFO EMULGEL C

Combinacién perfecta de potencia
sensibilidad y economia

Los agentes explosivos ANFO EMULGEL LD y ANFO EMULGEIL C se constituyen
como 12 alternativa més confiable dc ANFOS de alta potencia cn cargas de columna,
ofreciando un inmejorable nivel de confiabilidad en su inicacion.

Nuestros productos ANFO EMULGEL LD y ANFO EMULGEL C estan fabricados
bajo un balance exacto de materias primas de un aito nivel de calidad, evitando la
desintegracion del pellet lo que facilita su cargado, tanto en vaciado directo en
mineria a cielo abiertn coma un cargador neumatico en mineria subterranea. —

Asi mismo no contiene ningin componente que pueda causar malestar fisico, por lo
tanto representa una opcidn innegable como un producto seguro.

Al ofrecer dos alternativas de producto como son nuestros ANFO EMULGEL LD y -
ANFO EMULGEL C, ¢! usuarin cucnta con elementos necesarios de aplicacion que

- solventardn sus rcquerimientos tanto de concentraciéon de energia como de ahorro
por densidades, obteniendo los resultadus requeridos mediante una fracmentacion
adecuada y por consiguiente bajos costos. ‘ ' '

DATOS TECNICOS

Dinitramex C Dinitramex LD
Velocidad de Detonacién (pies/seg) 9,000-14,000 6,000-9,000

Densidad (grs/cc) 0.84 - 0.68
Valores de Encrgia (calgr) 926 . 840
Presién de Detonacion (Kbars) 65 56 .
Resistencia de Agua Pobre . Pobre
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Didmetro Critico ' 7/8" : 7/8" L
Sensibilidad al Cebo 7/8"x 5" al Cebo 7/8"x 5",

.. Para mayores informes consulte nuestro Departamento Técnico
y de Servicio EMULGEL 91 (492) 34136 fAX (492) 34173

ANF
Dinits
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Nonel Primadet conector bidireccional

Tiempos Codigo de enlor
(Mibeegundos)
9 Ms Verde
17 Ms Amarilic
25 Ms Rojo
a5 Ms Negro
65 Ms Blanco

Empaque :

Loe blocks de pléatico estun codificados coz colores.
segun los diversos tiempos de retardo. Cada caa
conuene 50 Conectores E:rurecaionales. La caja pesa 10
ll:»sj (4.54 kgs.) y mide 14 x12"x 7 8/3" (85x30x20
cn

Nonel Primadet linea de entrada sin raido

Longitnd de la Linca Unidades/Caja Peso/Caja Dimensiones de Ia Caja
200 pres 8 - 10Lb. 847 % 103" x Q"
(60.96 Mts.) (3.5 kgs) . N

* pres N 8 19Lb. %" x 160" x 7

240 ms.) (8.6 kgs)
1000 pies 4 18Llb. - L x 16% " x T
(301.80 m1s.) {8.2 kps)

Ventajas:

Seguridad: No reguiere modificaciones  taic~ como
COTLES  uniune~ O Scharfacionc~ El sisieme Nangl
Framaact debera usar~c 1x! enmoe llegu de fdbrve evitendo
asi la EeNCracn mMvequnlafyg e Comncianes gy 1engo

il Nomicl nopucde ser imacietio por trunsipsor «
do rade de alta frecuencia clectndidad estatica o
CXUraNa, NutDa, ITICG00 0 I b L~ ClicONLrd(o= on
CONAICIUNG S NI~ G0 CXPHOTavion

e nso nencille v flexible: La conexion del sistema
Cr Lastante sunpic e los VOHMPONCNics s surivs '
Totaimentc Cnsambiacos  Ademas. nmgnn vpe dy
CONCCIMIGTIG sobry coflexon de SO~ CleCtrie - v
Ny ndri s o

wistema No-Eléctmico: No os pocesdno enirenar v re-
Crirenas persoial en ool mancr g complene ciree e
vicctnivos  Este o ¢l sistema mas senacills
tispuny, pata aphcaciong = donue une bum:
Ue retlardos €5 DCCCsanas

Ty w0

o SUVHURCTY

Sin Ruidu: El sistema Noncl Pnmader no es ruidoso.
HIRO T yue vidia dentro del taoo o~ muda

Economia: La fexibilidad del sistemu ul combiner los
Concvrores Hudireccionales de superficie con cualquicra
dv dos productos Nonel Pnimadet mencionados. no hara
o csarto un alte insentarie de las dinersas longitudes v
pwcrindos oy retarde exasientes.
Servicio:

* e Mexacana de Mecha para Mimas. S AL, ponc
u s thsposcion personal especiahzado para
asceorarle en ol uso v aphcackin de los productos
NOXEL PRIMADET,

Ademas de maniencr consiantemensic la -
subiaente oxistenetd del prodocto pure satisfecer
Cualguier necesidad en ol menor uempo posibic.

Importuntg Debido a los diversos factores fuera de
nuesire control, qué intervienen en el uso de este
productg, el fabneante no ofrece garantia, ni
adqmnere responsabilidad alguna.

Consiltenos:.

IlLiz W.exicana de Phecha para finas. 5.7 de I°.5/
Calle Zucatecas No. 120 O

Gomcez Palacw:, Doo.. C.P. 33080, México //., =T
Telétmos Q1 (17) 1403-7R +- 1 no o

yefr




Este detonador miciaré 1odos lox boosiers
disponibles. asi como cualquier expivsive sensiblc

fulminante.

eptreda de humedad dcl ambiente al inierior del
tubo.

2.— Detonador con retardo no-cléctrico. Los
detonadores no elécinceous con relarde son micwdos
por ia onda gue viaje a traveés del tubo Nonel. El
deronador tiene mtegrado un elemento retardador
no elécirico de milisegundos. :

8 — Etiqueta. Una etiqucta mdica ¢l penodo ¥/0 -
ticmpo nomnal de disparo.
Esta etiqueta estd local:zada jusiamente abajo
del sello ulirasénico en ¢l extremo del tubo Nogel.

——— T, N —TY Y} e —— g e forw—y % 2 -

el AT

el e — - Ry a — —

Tiempos de retardo disponibies v empaque de Nonel Primadet de longitud larga
Nonel Primadet para trabajo pesado “*HD" para trabsajo pesado (L L H D)
Pedodo Retardo Perfodo " Tiempo
(Milisegundos) {Milisegundos). -
1 25 1 25
2 50 2 50
3. 75 3 7o
4 100 4 100
& 125 5 125
6 150 6 150
7 175 7 175
8 200 8 200
g9 250 g 250
10 300 10 300
11 350 11 350
12 400 12 : 300
13 450 18 - 350
14 300 14 500
15 600 15 600

Los HD son empacadoe en cajms de embarque,
contemendo 250 Unidades por caja. En esta cama de
embargue. hay 10 subempaques con 25 unidades cada
uno El peso total es de 14 Lbs. (6.350 Kgs) v midc
14"x 127 » 7 3/47 (0.35%x0.305 x 0.196 mts)

Empaque de Nonél Primadet dec longitud larga para trabajo pesado (LLHD)

Longitud Peso * Caja DHimensiones

{Fu (Mis) Umdades - Capu (Lbs) (Kgs) (Plgs) {Mts.)

20 6.09 200 39 17 69 o 24x17x12 0.61 x 0.43 x 0.805
30 914 150 41 18.59 24x17x12 0.61 x0.43 x 0.8305
40 12.19 125 - 19.96 24x17x12 0.61 x0.48x0.80
50 15.24 100°° 37 21.32 24x17x12 0.61 x0.43 x0.305
60 © 18.28 100 44 22.22 24x17x12 0.61 x 0.43 x 0.805
{80)* 21.38 30 a1 18.59 221/2x10x20 0.57 x 0.254 x 0.508
{(1001* 30.48 50 46 20.87 221/2x10x20 0.57 x0.254 x 0.508
(200)* 60.96 50 a2 23.39 221/2x10x20 0.537x0.254 x0.508

*Cada Unidud vienc en carrcies de 4™ x 3 f10em x 73 cemd < 2 o



Abota laduras ta eficiencia a cielo abjerto, o en las que se reguteres imtervalos de retardo debido a
mtmcl:o‘;:cv: por \1br?ci:1nes. se hacen con Nonel-- Primadet, €l sistema imiciador con rewardo del upo
No-Elécirico que wansmite confablemente uns sciial al fulminante sin afectar al agente explosivo normalmente
48ado en la colwmna del barreno y tambié  sin presentar loe problemas de iniclacitn que -:udiersn surgir con el
.80 de los sistemas eléctricos existentes.
Nonel es un sistema de transmisi6n de sefial No-Eiéctrica y Ni Disruptivo que inicia con seguridad wn

fulminante en forma instantfinea o con el tiempo de retardo selecciopado. Este sistema, puede ser tnictado
mediante un “detonador de impacto”, con cordén detonante © por un fulminante ordinario.
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Tipos v aplicaciones
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Iniciadores con retardo No-Eléctricos Nonel
Primadet

Fara trabajo pesado “H D™ 5S¢ utilizan como
medio de 1miciacion con retardo. dentro del
burreno en conyunto con Cordon Detonantc
Primacord de bajo peso de nacieo, Discnado para
funcionar en aguélias voladuras quc contiencn
barrenos de difcrentes longitudes o bancos o
diferentes alluras

La longitud del Tubo Nonel en estec sistema o~
fiya. 30 pulgs (0.762 mts.) Ep un extremo tienc
un fulminante de potencia 12 v en ¢l otro nene un
"onal” formado por tube Nonel, que e dimde we
~wicta ¢l cordon delonante. El “mal™ ¢sta suniado
por un sceuro plastco de color narame Exisien
13 weritklos de retardo disponibles

Nonel Pnmadet *HD™ wambién uene aphcavion
€n muncrie subicrranes, por eyempl en
barrenaciones en abanico.

Iniciadores con retarde No-Eléctrico Nonvl
Primadet de Longitud larga para trabajo
pesado “LLHD". .

Estun formados por un tubo Nonel disenads
P4Te 1CACT Mas TUSISICNCIA & o abrasion v ¢ du
lenson

Encucntran su principal sphcacion en burrends
dc mcdis @ gran profundidad. dondce se reguicre
une carge de colwnna con expiosive sensibic al
fulminanie, sin que ¢l wbo Noncl deflagre o
detonc lu carga explosiva. La potencia del
detonador con retardo no-cléctneo cqumvale & o de
un fuimmnanic Num. 12 v sc dispone de jos
mismuos penodos de retardo gue ¢n el *f1 D7,

Councctores de Retardo Bidireccionales pary
supcrficic Nonel Primadcet. e e .

Eswe accesono consta de un tubo nonel de
aproxmmuadumente 18 pulgadus (45.72 ¢m. ) do
longitud. de color transparente Cuvtm eXircmus
‘eslan sucios o wdenucos detonadores,no
clectneos von rowardo. equivalenies & un
fulmmante con potence No. B, GUC @ KU Vez sy
sncuarran imsertados on blogues de plastiea Il

V.-

sisteme de rewurdo entre barrenos cn un voladura
donde sélo Cordén decionantc es utihizadu como
linea troncal para nuciacion on supertion Este
propasite s¢ logra al corwar el Cordon detonanic
dc la cizada linca rroncal v umir los cxtremos con
los bloques dc plastico del Conccror. Estos
Conectores son bidireccionales porquc transmiten
la scial en ambos sentidos.

Iniciadores cdn retardo No Elécirico Nonel
Primadet. Linea de entrada sin ruido.

Esia disciado pars utihzarse como un micisdor
prirpario 1anto en mncrd COmo ¢n construccion,

Las lincus de cntrada sm ruido cstan
cmpacadas en carrctes para facilinar su aplicacion
v desplegado. Cuuwndo todo el personal v cquipn
han ~ido evacnados del area de la voiadura, ¢l
“pobladar™, une <! hlock nlasuco que connene ¢l
Primadet (deronador) 8 i liena tronce! de s
piantilla que va & ~ser volada.

El "poblador™ va descarrciando ¢l tubo Nonel
hasty un lugur <¢puro donde lo imciara

Lu imca de Lnirada am Kodo o ymciada
mwdnie un dispwrador de impacto Noncl.

Caracteristicas técnicas, componentes del
sistema

l1.-

ed

¥

Tuebo Nonel. Es un tubo de pléstico laminadd que
vonuene sobre su superficie mterma una pequena
capa de muteral reactivo; rolamcente una libra
(0 453 Kg.} dc este mutenal por cadu 70,000 pies
(21.336 m) de tubo

Cuando ¢! tubo Noncl es miciudo, va sea por un
“deronudur de impacto”, fullmnanie ordineno o
Cordon detonante, trunsmiie conhablemente una
senul de baja encrgia de un puno & otro ¥
aproximadamente & 2.000 Mts, 'Scp

La detonacion s sosienida por uns cantidad tan
pcyuchu de matenu! reacuve gue lu superficie

extenor del tubo permuncec intacta durante ¥

despues del funcionsmuento; por 12l mouve. el wbo
nn deflugra ni detona ningin upo de explosma

. comeraalmenie disponible. El extremeo hbre del

tubvr contiene un scllo ultrasomeo ane evira e

&>
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[ntroduccion

Ahora las voladuras subteraneas de atta eficiencia se hacen con Pnraaet, el
sisterna iniciador con retardo del upo “No-EI&ctnco™ y no dismuptivo, que
transmite confiablemente una sefal al fulminante con el tiempo de retardo
seleccionado, sin afectar al agente explosivo nommatmente usado en el bareno
y sin los problemas de iniciacion que pueden surgir con el Uso de I0s sistemas
eléctricos existentes.

El sistema Pnmadet. puede ser iniciado mediante un “Detonador de impacto”,
- cordon detonante o por un fuiminante ordinano.

Zaracteristicas Técnicas

Ei sisterna miciador Pimaget MS y LP consta de 4 2) Detonador con retardo no £iecnco

componentes prncipales, Estos detonadores son iniciados por 1a onda que viaja
3 traves del tubo Pnmadet y su retargo es gel upo

1] Tubo transmusor Primadet pirotécr 2. . I
Es un tuc-r de plastico laminado que contiene sobre su En partcular, los detonadores de los sistemas “LP
superficie «lema una peguena capa de matenal tenen una potencia equivalente a la ae un fulminante
reactivo: solamente una libra (0453 kgl. por cada 70.000 N® 12 y los sistemas “MS” a la gel N° &
pres {21,336 m) de tubo. Cuando el tubo es iniciado. Los detonadores contienen un elemsanio Gue previene
transrmite unia senal des baja energia a 6.500 pies/seg ia getonacion accidental por estatca
{1.981 m/seg.} La detonacion es sostenida por una -
cantidad tan pequena de matenal reactvo, que se N
propaga a traves de dobieces agudos. nuaos o ; 3} Gancho “J” e
torceduras en el tubo Wansmisor, aegiando ntacta la Es un gancho de plasuco totalmente mene que faciiita
superficie exteror durante su funcionamiento. es decir ia conexion del tubo transmisor Prmaaet con 1a linea
el oo no aeflagra, i detona ningun Lpo de explosvo roncal de cordon detonante Pnmacorg formando un
comerciaimente aisporible, con el cual entre en angulo de 90° entre el twwbo y el coraon getonante.

coniacto. unicamente imicia al detonador con retardo
no electrnico Bl diametro extenor.gel tubo es de 0.30

cm v liene una fesistencia mimma a 1a tension ae 30 4) Etigqueia
1bs 113.6 Kg} y una eiongacion de 200% El ulumo componente del sistema es una etiqueta con  _.
En el extrerno libre gel wubo hay un sello ultrasorico - un codigo de colores. la cual naica. el upo de ret2 7o,
para = jtar la entrada ae h..megaa ael ambente a su "MS” 0 “LP”, el numero de penodo de retardo. as
inter como e ttempQ nominal de adisparo

* Seguridad

Ef sistema Pnmagel evita la generacion involuntana ae conaiciones de nesgo, ya que €s utilizaao tal y como es
- recibiao de fabrica

E! tubo transmisor de Primader no puege ser imiiado por transmisores de radio de alta frecuencia. electncidad

estalica © extrana, flama, fnccion O 105 IMMpactos nomaimente existentes en ias condiciones de mimaao

¢ Senclilez y flexibliidad de uso.
La conexion gei sistema e rapida y extrernagamente sencilla, ya que 1os componentes se surten totalmente

ensamblados
—
* Sistema “"No-Eléctrico” j
Nc - uere ge entrenamiento al pers_onal en el mangjo de complejos CICUItoS eléctncos .
‘e J

¢ Sin ruido [
La senal transmitida por el sistema Pimaaer es totalmente silencioss ‘
|

2) Z=



t Iniciadores con reardo tipo LP,

{Periodo: larecs) Pnimaaer

Se utilizan como Medio de INICtacion denrro de_los
bamrenos. por io general, donde hay una cara libre como:
-Tunefes, uros. rampas. conrapozos. eic. (&l color det Tubo
-Pnmadert es amarnilloj. {Tablas 1 y 21,

I imicizZore: ©on retaras tipo NS,

(Minsegunacss! Primager.

Se aphcan como medto de niciacion dentro de 10s
parenos. generaimente donde hay 2 0 mas caras libres.
por efempto’ Repajes, rabajos de Consiruccron. bances.
etc |El cotor ael tubc Primaaet es nararya). {Tablas 1 v 2}

Tabia N°

. -

Tabla N° 2.

i

- .
U S P N S
T inel-Ret_ N jady
-

oo

SERIE “"MS"’.
Peripdo Retardo
25 MS
50 MS
75 MS
100 MS
125 MS
150 M5
175 MS,
200 MS
250 MS
10 30o0MS L
1 350 MS
12 400 MS
12 450 M5
15 500 MS
15 600 MS

O 0D~ O U Lo k) —

Longitudes

36m (12 pres!
49m {16 pnes)
61 m {20 oes)
91 m. {30 pes)
12.2 M 140 pies;
15.2m {50 pres)
18.3 m. {60 Di1es)

M v LF

SIERrOSI VI IIILLaD Qs ol as.

SERIE “IP”’
Periodo Retardo

1 0.25eg
2 04 Seg
2 06 5Seg
4 10 Seg
5 14 Seq.
6 1BSeg
7 24 Seg
§ 30 Sec.
9 385eg
10 465eg
i S5 %eg
12 £+ 5es
i3 745ec
1 835eg
15 96822

Longitudes
36m (12 Dies)
49m 6 mesi

61 m (20 Dresy

91 m {30 pes)

5 oy
Prifmoc=t <

Longhud
m. (pies)

36m (12}
49m (16)
&im. {20
g1 m {30
12.2m.i40)
15.2m {50}
18.3m 60
244 m.(80)
a5 m {00

Longhud
m. |pies)

36m [12)
49m [i6}
6.1 m {20}
21 m {30}

* Dinensiones as la caa' 41 X 315 x 20 ¢m

SERIE MS.

Plezas
por

caja.

150
100
300
200
125
100
100
100

75

SERIE LP.

Piezas
por
caja

150
100
300
200

ipDS A _'

g -
Smpagues.

-
™

s

Peso

por

caja
Kg. {Libras}

6.8Kg. {I5)"

59Kg. {13)*
1B.6Kg. (41]""
154 Kg. {34}
127Kg. (28"
13.6Kg. {30}*"
13.6 Kg. [30)*"
17.7 Kg. {394"

13.6Kg. (30" '

7.2Kg. 16}
5.9Kg. (13}
19.5Kg. 143]**
168Kg. {37)**

=" Dimensiones ae 1acad 609 X 432 X 305cm

244 m.v305m (80 y 100 pies|”

- Faprcacion especia

s




I.- Trabajos de desarrolio
y/o preparacion

Dependiendo det tamano vy la configuracion del area que
va a ser detonada. los Pnmadets pueden ser suyjetados 3
una linea troncal de “Cordon detonante™ usando el

“Gancho J”. —

Inic;acion del Primadet.

Los cordones aetonantes “E-Cord™ y “Detacord”, son
jdeales para imiciar toaos 1os sistemas Pnmaaet. Al detonar
desplazan una energia a lo largo de toda su longitud.
eguivalente a ia ge un fulminante ordinang y sUMINISTan
la potencia necesana para iniciar el tbo transrmisor
Primader cualguiera gue sea su posicion

Cargado

El pnmer paso de esta operacion, consisie en cebar un
canucho ntroduciendoie el fulminante con retardo
Prirmaget de forma tal. que el 100% del musmo quede
iInmerso en i3 masa expiosiva del cartucho.

Se recomienda aue al cargar el cebo, el extremo cargado
de fulminante guege onentado hacia ta columna
explosiva’

fFiguras 1y 2|

Figura 1. Cebado

Uso del “Gancho J
Las figuras 3. 4A y 48 muestran el procedimento para e
uso del “gancho J™.

Siempte conecte el “gancho J” a la inea troncal y 3 ia
disIancia mas coma posibie de la boca de! bareno. Asi. se
obtendr el anquio de 90° recomendado entre el tubo
Pnmadet y I3 tinea troncal

e

b TRV R} e [N

e P
T e kb O

P

Figura 4A: Como conectar Primadet a la tinea troncal con ef
“‘gancho J©.
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Figura 4B. Procedimiento para conecar Primadet




En la figura 5A se rmuestra una plantilla de desarrollo. La
linea troncal de cordon detonante es sujetada mediante el
“gancho J” a 13 boca de vanos bamenos alrededor de 13
cara en converrentes I0Calizaciones. de manea gue los
tubos restantes puedan ser sujetados facimente [Fig. 58).
Es imporante formar un Circunto cerrado con la linea
troncal al yulizar Pnmadet para obtener mayor sequndad.
ya que asi, se proveen dos Tuias de iniciacion para cada
tubo.

En frentes de mayor seccion, se pueden ulilizar estacas
para ayudar a martener fitme {a linea troncal.

Este metodo, tambien se recomienda en tros donde gran
<antidac de agua esta presente. {Fig. 8).

) Surrte o E-CoOre a estacay mantemendolc d
I [enso ¥y reNaao ae Dt ’J #

Figura SA. Disposicion de la inea troncal de E-Cord. sobre la cara
de yn wnel. i

! SAamenna s TUnsS Pimaoet nrmanar, AQUIDY rECtOs relDecto M E-Cond

Figura &. Conexn upica en un tiro utande *'ganches J°

n



Manojos de Primadet ) }
Los mangjos de Pnmaadel consisten en unir [antos tubos
transTisores, (Maximo 20 por manojo) como 13 longitud to
permita. enlazandoios Con un nuao de cordon detonante.

. Forma de hacer el manojo.

LOs manojos con tubos Pnmadet puede asegurarse con
a2 de aislar (Figura 7)

Las figuras-7 y 8 muestran la forma converiente de anudar
el cordon deronante despues de haber hecho los manojos.
Mas de 6 vueltas de cordon dstonante, podnan ser exceso
de potencia y ocastonar falias

En togos los casos. un circuito cerrado de cordon
detonante es recomenaado para proveer dos caminos ae
inIciacion en cada manajo.

Es imponante tener el coraon detonante tenso. recorar y
cnecar la colocacion ge sus colas. asegurandose de que
1ogos |os nuAos esten bien hechos. -

“El cordon detonante deper ser 1atado lejos del mangjo
para evilar su coniactq o una distancia de menaos de 6
putgadas ae 10s tubos Primaaet que wienen ae los
barenos al nudo del mangjo ’

S, el cordon getonante No trene adecuado contacto con el
DO, Su violenta explosion simplemente aestrura €l tbo.
peroc No 1o mciara ™.

Corte el exce30 e COIas de 105 Nudos Ot ‘
COrgon oetonants

B ar et e

Figurz 7. Metodo recomendado para hacer 05 manojos.

e ——

- - s - - - e T —

BT I T I i e s (e o
?A;:"" .«‘J, b I - y - hd ™ —rt N —~ '.\\:- P
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Figura 8. Conexion de nibos Prmadet Con Guatro manojos
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il.- Trabajos de produccion.

A continuacion se iustran aigunas de 1as aphcaciones mas
cormunes del Sistema Primaaet y ejemplos que muestran la -
versatiidad del producto y sus veniajas en voladuras
subterraneas,

Voladuras en 2banico.

La figura 9. muestra parcialmente la seccion transversal ge
una plantilla en abanico cargaga con Prmager MS.

Figura 9. Barrenos en abanito cargagos con Primadet MS.
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‘Barrenacian larga.

El sistema Primadet, también es utilizado en
voladuras de bancos con barrenacion larga Ver
Figura 10).

105 Barenos & CITGaN UTUZANGO UNJ CiYga de
olWMNa, cepo y Prmadet MS Teonca 0m E-Cors

——— T T T
b L il
TR Coumrn g =iz ||

ek T
[ I
DR A L,- ’_1

Figura 10. Barrer_aclcn larga.

Rebaje: con corte horizontal

Las plantilias en este upo de rebajes son muy simples, ya
Que NO €5 Necesaro crear una salida. (Figura 1i )

Rebajes con barrenacion vertical y,0

inclinada.

“Los Pnmaaet ipo MS son el medio de imciacion
adecuado para repajes de gran proguccion”.

Un infinito numero de periodos de fetardo es obleniao
megiante puentes entre cada una de [3s Sefes. ‘
Cuando se usa el puenteo. un repare ae cualguie!
longitua puege ser detonaao ultizanao INCrementos ae
retardo entre cada fila.

La figura 12, muestra ia secuencia ge 11empos para un
rebaje.
Note que el puente utilizado es un oenodo 12, para

. comenzar la siguente sene con un periodo 8.
Estos penodos de fetardo MS. son utilizados para puenteo
porque 13 lirnea trancal de ia proxima sere es Iniciaaa 4
filas antes de! final ge 1a serre precedente jretardando 105
bamenos de los extremos de caaa fila)
Si los bamenos extencres en una fila no son retardados un
penodo. use entonces-hasta el penoao 14 [500 MS| y
puentee con un penodo 1 (350 MS
Es muy imponante asequrar 1a inea ge cordon aetonante
La concusion gurante la primera serne pusde pcasionar que
I0s TUDOS aun No MICIAaos sean fuerternente sacudidos y
€l puente y la knea troncal pueden romoerse.

z —W PERIODO RETARDO
. ]'. ." .'. A'. ': " H ‘_‘;
UL - i
L . " i3
L -+ Mo
[TE R DU I A e
W SN v :{",:
LIRS |: ' L B
©o v L " 2an
R S A O N DAL 10 M
| e e —— ] 430
. v 12 M
14 FL. 0
14 fLLL
1] LLE

Figura 12. Secuencia de retardos sugerida con puUETREQ Dara

=~ rebajes largas.




Enlace las lineas de cordon detonante ~= maner que
fomme una red (ver figuras 13A By C, _uando conecte
un penodo de retario MS. como puente de una sene a 13
proxima, el extrerno cemado del fulminante del Pnmadet
MS. debe estar apuntando hacia 13 proxma sene que se
quiera iniciar.

Recuerde, éste es un puente unidireccional (Figura 14)

Lnea roNGa de COrgon detonante y KXagaon Oe puentes
7

Figura 13A. Conexion con “Gancho J” utllizado en un rebaje largo y angosto

! I Tunos Srmaget \ME ‘ Tubo: “rimager MS

\ =

AVAYAVAVAY:S-VAVAVAVA

Unea tronca ae E-Corc
—

.e L - «* 0, .; '-,-._eo .

.
e . RN - I o o L

&
L)

Figura 13B. Tubos MS conectados a la linea tronal
Escala aferente a la unizaca en 1 figura 13A

Las conenones CON DUSMEE SON MUy NTMDOrLaNtes
Tome s SOUETEES DIECAUCIONES

1« Que apunte eN L3 CTeCCIon COmecta

2 - Que e furmnante este D SUELO, {SNOMANO 3 12 1INy Toncal 0F i3 Procms

ene)
| 3. La cow ool Prmaoet es anudada 10 conectads medante ¢ “gancha J”i o inal
unea ttonca o6 E-Cors O 12 12 Sene. CON LN NUOO CUIaTG a La knea Toncal
4. Dmp\mnmmommmmmmpaw
Figura 13C. Vista frontat Figura 4. Puemeo con Primadet

M
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FOUR MAJOR METHODS OF

CONTROLILER
SLASTIRIE

- | The intormation in this publication has been developed by Du Pont- to
k ‘provide explosives consumers with practical knowiledge regarding the
art of controlled bltasting to reduce overbreak. -

s



An analysis of
the principles.
applications.
advantages and
limitations of
e line drilling -
e cushion blasting
e smooth blasting

[omy

e pre-shearing

& 79

Users of explosives have searched for and tried
many ways to reduce overbreak in biasting. For
reasons of safety, overbreak is objectionable wheun
it produces unstable backs, ribs or siopes and is
economically objectionable when excavation exceeds
pay line (extra concrete is required and shatter of
slopes requires costiv maintenance).

Numerous Controlled Blasting techniques are
used to reduce overbreak. However, all have one
common objective: to reduce aud bctter distribute
the erplosive charges to nmiintmizc stressing and

fracturing of the rock beyond the neat excararion

line.

Descriptive names associated with Controlled
Blasting techniques are numerous and. in some
cases, even confusing. This comprehensive report
has been prepared by Du Pont to clarify these
terms, as well as set forth the basic principles of
the various technigues.

From the first use of explosives in the mining
and construction industries. attempts were made
to develop formulas to provide “foolproof” methods
for controlling overbreak. In recent vears. the
approaches have been more sophisticated: however,
they are still essentially trial and error propesitions
so far as practical field application is concerned.
This is not really surprising when considering the
geological variables involved in blasting. It is
unrealistic to believe that the same blasting tech-
nigue would be equaliy successful in massiv

igneous formations as in highly stratified sediment _

ary deposits.

For many vears, Line Drilling was the only tech-
nigue used for overbreak controi. Line Drilling
simply involves a single row of unloaded, closely-

. spaced holes along the neat excavation line provid-

ing a plane of weakness to which the blast can break.

Over the years. modifications in Line Drilling
have prompted the introduction of other terms such
as: Cushion Blasting. Pre-Shearing. Pre-Splitting.
Smooth Blasting, Sculpture Blasting, Perimeter
Blasting and Contour Blasting. These techniques
differ from the original line drilling principle chiefly
in that some, or all of the holes, are loaded with
relatively light, well-distributed charges of explo-
sives. The firing of these ligrht charges tends to shear
the rock hetween the holes permitting wider hole
spuacings than when Line Drilling. Consequently,
drilling costs are reduced and in many cases better
control of overbreak is experienced.

The controlled blasting techniyues described in
this report are grouped into four categories:

{1) Line Drilling (3) Smooth Blasting
{2) Cushion Blasting (4) Pre-Shearing

Some of the above techniques have application-
in both underground and open work. This repor
lists their applications... advantages...and limy -
tations for various conditions.



Principle )

Line Drilling involves a single row of closely
spaced. unloaded. small-diameter holes along the neat
excavation line. This provides a plane of weakness
to which the primary blast can break. It also causes
some of the shock waves created by the blast to be
reflected which reduces shattering and stressing of
the finished wall.

Appiication - .

Line drill holes are generally 2 to 3" in diameter
and are spaced from 2 to 4 times the hole diameter
apart along the excavation line. Holes larger than
3" are seidom used in line drilling since the higher
drilling costs cannot be offset by increased spacings.

The depth of line drill holes is dependent upon
how accurately the alignment of the holes can be
maintained. To get good resuits, the holes must be
on the same plane: any wander or drift by attempt-
ing to drill too deep will have an adverse effect on
results. For hoies of 2 to 3" diameter, depths greater
than 3V f1. are seldom satisfactory.

The blast holes directiy adjacent to the hine drill
holes are generaliv loaded Lighter and are more
closelv spaced than the other holes. The distance
between the line drill holes and the directly adia-
cent blast holes is usually 50 to 75° of the normal
burden. A common practice is to reduce the spacings
of the adjacent blast holes the same amount with
a 20" reduction in explosives load. The explosives
should be well distributed in the hole using decks
and Primacord™ downiines.

Best results with line drilling are obtained in
homogeneous formations where bedding planes.
joints and seams are at a minimum. These irregu-
larities are natural planes of weakness that tend to
promote shear through the line drilled holes into
the finished wall. Therefore, thin-bedded sedimen-
tarv and more unconsolidated métamorphic forma-
tions are not welj suited tn line drilling for overbreak

57
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TYPICAL PATTERN AND PROCEDURE FOR LINE DRILLING

control unless drilling can be done perpendicular to
the strike of the formation. This, however, is not
practical in most excavation work. ]

Open Work—Figure 1 shows a typical pattern
and procedure for line drilling in open work. Best
results are obtained when the primary excavation
is removed to within 1 to 3 rows of the neat execa-
vation line. The last row or rows of holes are then
slabbed away from the line drill holes using delay
caps or "Primacord” Connectors. This procedure
gives maximum relief in front of the finished wall,
allowing the rock to move forward thus creating
less back pressure which could cause overbreak
bevond the line drilling.

F&



In thin-bedded sedimentary and uncqnso]ida'ted
metamorphic formations, results with line drilling
can usually be improved by light loading some of
the line drill holes. This procedure led to the develop-
ment of Cushion Blasting and Smooth Blasting.
Also, it was found that line drilling results could
be improved in some formations by light load-
ing and firing the line drill holes in advance pf the
primary blast, and this led to the introduction of
the technigue known as Pre-Shearing or Pre-Split-
ting. These modifications of line drilling all pro-
moted additional weakness along the neat excava-
tion line by using explosive force to shear the rock
between the hoies.

Underground Work —The application of basic
line drilling empioying only unloaded holes is very
limited in underground work. Generally closely
spaced holes are emploved but light loads are used.
This 15 the technique we prefer to call Smooth Blast-
ing and it will be described later.

Principle

Lushion Blasting. sometimes referred to as trim-
ming. slabbing or slashing. was introduced in
Canaa.. several vears ago. Like Line Driiling. it
involves a single row of holes along the neat exca-
vation line. Aithough cushion blasting as onginally
practiced involved holes of 4 to 612" diameter. this
tecnnigue is aiso used with smalier diameter holes
of -2 to 312", Cushion blast holes are loaded with
herht, weli-distributed charges completely stemmed
and fired after the main excavation is removed.
The stemming “cushions™ the shock from the
finished wall as the berm is blasted. thus minimizing
fracturing and stressing of the finished wall. By
firing the cushion holes with minimum delay between
holes, the detonation tends to shear the rock web
hetween holes giving a smooth wall With minimum
overbreak.

Pl s

Advantages

Line drilling is applicable in areas where even
the light explosive loads asso« . «ted with other con-
trolled blasting techniques may cause gamage
bevond the excavation limit.

When used with other controlled blasting tech-
niques, line drilling between the loaded holes
promotes shearing to improve resuits.

Limitations
There are a number of limitations of line drilling

which must be recognized:

o Line drilling is rather unpredictable except in the
most homogeneous formations.

e Due to the close spacings required, drilling costs
are high.

e Because line drilling requires a large number of
holes on rather close spacings. driliing becomes
tedious and results are often unsausfactory due
to poor hole alignment.

CUSHION BLASTING

Obviously, the larger the hole diameter the more
“cushioming” effect realized.

Application

In cushion blasting. the main cut area is removed,
jeaving a minimum buffer or berm zone in front of
the neat excavation line. The cushion holes can
either be drilled prior to any primary blasting or
Just before removing the final berm.

Open Work—The burden (berm) and spacing will
vary with the hole diameter heing used. Table I
provides a guide for patterns and joads for different
hole diameters. Note that the numbers shown are
an average range because of variations experience
with the type of formation being shot. The holes
are string-loaded on " Primacord” downlines with



full or partial 1 to 1}2” diameter by 8" cartridges of Figure 2.
dvnamite spaced 1 to 2 ft. apart. To promote shear-
ing at the bottom of the hole, 2 bottom charge 2 to
3 times that used in the upper portion of the hole
is generally employed. For maximum “eushioning.”

the charges should be placed as close as possible 10 _ !
the excavation side of the hole. To accomplish this. TRRMACORLY” Downn
back-filling is often used and sometimes wedges or J

blocks are placed in the hole (See Figure 2). _

Cartridges are either taped to "Primacord” down-
lines or drop-loaded at the desired intervals if they
have “Primacord” tubes. Spacing tubes can be used
. to obtain desired spacing between cartridges. If
spacers are_not used. stemming can be added
between the drop-loaded cartridges. If a full length
“Primacord” downline is pre-assembled by taping
the charges on it. the stemming is added after place-
ment of the entire charge. In this case, sand, crushed -
stone or gravel can serve as stemming provided it
is sufficiently free-flowing to fill the space between
. cartridges. Raising and lowering the downline
slightly as the stemming is added helps fill between
the cartridges. The top 2 or 3 ft. of the hole is com-
pletely stemmed and not loaded. The amount of top
stemming required varies with the formation being
shot. -

Minimum delay between cushion holes gives best
shearing action from hole to hole: therefore,
"Primacord” trunklines are normally emploved.
Where noise and vibration control are critical, good
results can be obtained with MS Delay caps.

The burden-to-spacing relationship will vary with
‘different formations but, to obtain maximum shear-
ing between holes, the spacing must alwars be less
’tl‘hzt;n the width of the berm being removed (See

able 11 . .

Cushion blasting can be practiced by bench 370 3 TIMES CHARGE/FY Il BOTTOM TO WSURE SHEAR AT FLOOR
methods or by pre-drilling the cushion holes to full
depth of the excavation. When benching is used. a
minimum 1 ft. offset per bench is usually left since
it is impossible to position the drill flush to the wall

e WEDGE

e FINISHED WALL

Hd o stemmin

of the upper hench. CHARGE PLACEMENT FOR CUSHION BLASTING
A T D o
- _TABLE.1-PROPOSED LOADS AND PATTERNS ~iz- . ...+t
- T gy FOR CUSHION BLASTING 7 {Teaisdis oo sy
e L TTRARER T i s e T AT T T e
Hole Dia. Spacing* Burden® Explosive Charge*t
Inches - Ft. Ft. Lb./Ft.
_ 2-2% 3 4 0.08 to 0.25
3-3% 4 5 0.13 to 0.50
4-41% 5 6 0.25 t0 0.75
5.5% & 7 0.75 to 1.00
6-6% 7 9 1.00 to 1.50

~Depenaent upon tormation bemhg shot. Figures given are an average.
ﬂoeang. gvnamite cartridge mameter should be no larger than 12 the diarmeter of the hole.
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The maximum depth that can be successfully
cushion blasted depends on the accuracy of the hole
alignment. With larger diameter holes. better hole
alignment can be maintained for greater depth-
Deviations of more than 6~ from the plane of the
holes generally gives poor results. Holes 90-ft. deep

have been successfully cushion blasted. The pene- -

tration rates of the drill should also be considered
when determining the depth to be cushion blasted.
If. for example. the penerration beyvond a given
depth becomes excessively slow, it may be more
economical to bench in order to keep penetration
rates realistic for a low over-all drilling eost.

When cushior blasting around curved areas or
corners, cioser spacings are required than when
blasting a straight section. Also, guide holes can be

" used to advantage when blasting non-linear faces.
On 90 degree corners. a combination of controlled .

blasting technigues will give better results than —

straight cushion blasting. (See Figure 3.)

In very unconsolidated sedimentary formations
where it is difficult to hold a smooth wall, unioaded
guide holes between cushion holes are recom-
mended. Generally, small diameter guide holes are
emploved to reduce drilling costs.

Where only the top of the formation is weathered.
the guide hoies need be drilled only to that depth
and not to the full depth of the cushion holes. This
procedure is common on the first lift or bench. since
backbreak is more probable there than on lower
benches. Figure 4 shows results of a combination of

Figure 4.

CUSHION BLASTING NON-LINEAR FACES

cushion blasting and guide holes where the jatter
were drilled to full depth. Figure 5 shows results of
cushion blasting using smaller diameter holes and
unloaded guide holes.

Satisfactory results have been obtained in homo-
geneous formations by stemming only the top 2 or
3 ft. of the hole and not between charges. in this
case, the air between the charges and the borehole
wall serves as the protective "cushion.” When stem-
ming is not used between charges, the gases forme¢

‘:_""'"' =T

%-‘.:&'ﬂ_:k-

Figure 5.

CUSHION BLAST RESULTS
USING SMALL DIAMETER
CUSHION AND GUIDE HOLES
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Figure 6.

STAGGERED LOADS FOR OPTIMUM POWDER DISTRIBUTION

bx the explosion can find any weak zone in the for-
mation and tend to vent before the desired shear
between holes is obtained. Similariy, the gases may
find areas of weakness back into the finished wall
and produce overbreak. Unless the formation is very
homogeneous and hard. complete stemming netween
an. around individual chargs is recommended.
Also, though not generaliy - - iced in the ficld.
staggering of the charges bet: .cn holes us shown
in Figure 6 improves powder distribution .nd gives
hetter results.

Cushijon blasting in open work has appiication to
inciined as well as vertical holes. In both cases, good
huie alignmer: 1s essential.

Undergroend Worl-—8ince the most effective
cushion blasting results from stemming between
and around the charges, it has véry little applica-
tion in underground work involving horizontal.
small diameter holes. Obviously. stemming such
hoies is not practical although some advantage may
be obtained by air spacing. In shaft work, or any
operation underground involving vertical or inclined
holes. the same procedures apply as those given for
npek work.

To be practical. cont-olling overbreak in under-
zround headings must invelve only collar stemm:ng.
This subject will be covered under Smooth Blasting.

63

Advantages

Cushion blasting offers certain advantages including:

* Increased hole spacings to reduce drilling costs.

= Better results in unconsolidated formations.

* Possible to take full advantage of geological
information gained from shooting the main cuts
when «ading cushion holes—Iless guesswork.

* Results can be observed on first shot, which per-
mits adjustment of loads if necessary before
proceeding.

* Better hole alignment with large diameter holes’
permits deeper holes.

Limitations .
There are limitations in cushion blasting which

should be considered. Among these are:

+ Necessit) to remove excavated area before firing
cushion blasts,

* Not practical for cutting 90 degree corners with-
out also using Line Drilling or Pre-Shearing.

e Sometimes orerbreak from primary blasts com-
pletely or partially removes berm to be cushion

blasted; thus requiring several load adjustments
for different holes.

3=



Principle

Smooth Blasting. sometimes referred to as Con-
tour Blasting. Perimeter Blasting or Sculpture
Blasting. was introduced in Sweden and is the most
widely accepted method for controlling overbreak
in underground headings and stopes. Smooth biast-
ing technigues. as described by Ulf Langefors and
Bjorn Kihistrom in their recent book “"The Modern
Technique of Rock Blasting.” have application in
both underground and open work. However, since
the use of this technigue in open work is for all
practical purposes identical to Cushion Blasting,

only its application to underground work will be.

covered n this report. _

The basic principle of smooth blasting isthe same
as that for Cushion Blasting: holes are drilled along
the excavation himits and are lightly loaded to
remove the final berm. By shooting with minimum
delavy between the holes, a shearing action is
obtained which gives smooth walls with minimum
overbreak.

Application

Undergronnd Work —1n underground headings
where the back and ribs slough and cave because
of unconsolidated material, overbreak is common
due to the shattering action from the blasting.

By employving the smooth biasting technigue with
hght, well distributed explosive loads in the perim-
eter holes, fewer supports are required and less
overhreak occurs. Even in harder more homogeneous
formations. smooth biasting provides smoother and
firmer backs-and ribs. '

Smooth blasting in underground work involves
perimeter holes drilied on 2 burden-to-spacing ratio
of approximately 1'»-to-1, loaded with light. wel!
distributed charges, and fired with the last delay
period in the round (See Figure 7). These holes
are fired after the lifter holes to insure that the
"roken rock is displaced sufficiently to offer maxi-

um relief for the smooth blast holes. This relief
permits unrestricted movement of the final berm

4

SMDOTH BLASTING

and results in less shatter beyond the excavation
limit. To insure maximum relief. a pilot heading is
sometimes used. After the pilot heading has been
compietely excavated. the final berm is drilled and
shot. In this case, depths greater than the length
of a single round can be smooth blasted. The pilot
heading method allows the use of smooth blasting
around a greater portion of the periphery of 2
heading. When shooting smooth blast holes in
a round as shown in Figure 7. the confinement
relief is limited to the arch and partially down the
rib due to muck pile-up. Therefore, good smooth
biasting results generally are not obtained lower
in the ribs.

Figure 7.
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TYPICAL DELAY PATTERN FOR UNDERGROUND HEADING
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Although the 1'2-to-1 burden-spacing relationship
is recommended as a starting point. the formation
being blasted may warrant modifications. Also,
firing the smooth blast holes with minimum delay
between holes is not always necessary. The well-
distributed light loads in the perimeter-holes with
conventional patterns and delays have often pro-
duced satisfactory results. Table II gives the recom-
mended patterns and loads/ft. for smooth biasting.

Since it is not convenient or practical to attach
charges to "Primacord” lines in horizontal holes,
smooth blasting is usually done by string loading

Long. small-diameter cartridges of low densit
explosives give good powder distribution thro
out the length of the borehole. However, stan
8" long cartridges of standard diameter have begn
used successfully in underground smooth blasting
work when spacers were employved between-car-
tridges to give a low over-all concentration of load
(1b.7ft.). This technique, however, does result in
relatively high point concentrations and can give
inferior results in unconsolidated formations.
Figures 8 and 9 show results of the application
of smooth blasting. .

inches . Ft. Ft. Lb./Ft,
1%-1% 2 3 - 12..25
2 2% 3% .12.25

“In pendent upun formation being snot. Figures given are an average.

small diameter cartridges of low density dvnamite
to obtain the light loads as well as good &.stribu-
tion throughout the hole. It is necessary to plug
these holes with tamping piugs. clay or even a
tamped cartridge of the standard sized dynamite.
If the smooth blast holes are not plugged. the
string-ioaded charges will be sucked out from the
previous delaved holes. Plugging also prevents exces-
sive rifling and permits the use of lighter charges.

Figure 8.

Advantages
Smooth blasting has two principal advantages:
* Reduces overbreak from conventional meth/ ﬁ

* Requires less back supports. -

Limitations

There are two basic limitations to smooth blasting:

¢ Usually involves more perimeter holes than con-
ventional method.

* Will not work in all formations. If the ground is
too weak to support itself, smooth blasting will
not completely eliminate need for back supports.

Figure 8.
SMOOTH BLASTING

TO REQUIRED CONTOURS

Fram “The Motern Teehmque of Rock Blasting”
{John Wilely & Sons, Imc. New Yurk, 1583)
Courtesy Ulf Langefors

—
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Principle

Pre-Shearing. sometimes referred to as Pre-Split-
ting, Pre-Slotting, or Stress Relieving, involves a
single row of holes drilled aiong the neat excava-
tion line. The holes are usually the same diameter
(2 to 4”) and, in most cases, all are loaded. Pre-
shearing differs from Line Drilling, Cushion Blast-
ing and Smooth Blasting in that the holes are fired
before any adjoining main exeavation area is blasted.

The theery of pre-shearing is that when two
charges are shot simultaneously in adjoining holes,
collision of the shock waves between holes places
the web in tension and causes cracking that gives a

Figure 10.

PRE-SHEARING

wall, minimizing shattering and over_break. This
refiection of shock waves from the primary blast
also should tend to reduce vibration.

Application
Open Work—Pre-shear holes are loaded similarly
to Cushion Blast holes: that is, string loads of full
or partial cartridges of 1 to 1" diameter by 8"
long, spaced at 1 to 2 ft. centers. ~
Like Cushion Blasting. holes are usually fire ./
simultaneously using a "Primacord” trunkline. If

RESULTANTS DUE TO SOLLYSION OF SHOCK RAYS

HOTE: IF HOLES ARE OVIRLOADED SHEAR ZONE Wil EXTEND TO AND BEVOND INDRCATED TENSION TONE

RESIATANTS DUE TO COLLISION OF SHOCK RAYS

PRINCIPLE OF PRE-SHEARING

sheared zone between the holes. (See Figure 10.)
With proper spacing and charge, the fractured zone
between the holes will be a narrow shearcu area to
which the subsequent primary blasts can break.
This results in a smooth wall with little or no
overbreak.

The pre-sheared plane reflects some of the shock
waves from the primary blasts that féliow prevent-
ing them from being transmitted into the finished

e

excessivelv long lines are shot, portions can be
delayed with MS Delays or “Primacord” MS
Connectors.

In extremely unconsolidated rock, results are
improved by using guide or relief holes between
loaded holes to promote shear along the desired
plane. Even in harder formations, guide holr
between loaded holes give better results than—

" increasing the explosive charge per hole.

1257



The average spacings and charges per foot of hole
are given in Table II1. These loads are for normal
rock conditions and can be obtained using partial
or whole conventional cartridges of dynamite spaced
on "Primacord’ downlines. In an extremely uncon-
solidated formation, poor results were obtained until
the load was reduced to a column of 400 grain
"Primacord” in holes drilled on 12" centers. There is
also a case on record where it was necessary w
reduee the column load to 2 strands of 50 grain
“Primacord” in order to prevent excessive shatter
into a very unconsolidated finished wall. Therefore,
the loads and spacings given in Table I1] can only
be used as a guide and in extremely weathered for-

deviation of alignment. . _

Theoreticall.g:n the length of a pre-shear shot is
unlimited. In practice, however. shooting far in
advance of primary excavation can be troublesome
if the rock characteristics change and the load
causes excessive shatter in the weaker areas. By
carrying the pre-shear only one-half shot in advance
of the primary blasting {See Figure 11), the knowl-
edge gained from the primary biasts regrarding the
rock can be applied to subsequent pre-shear shots.
In other words, the loads can be modined if neces-
sary, and less risk is involved a: compgred_ to
shooting the full length of the neat excavation line
before progressing with the primary blasts.

Lo ARy e E R
OPOSED 10ADS AND SPAC
SHSSNaFOR PRESHEARING 3338

Hole Dia. Explosive Charge®}

inches Lb./Ft.

1%-1% 0.08-0.25% 1-1%
2-2% 0.08-0.25 1.2
3-3% 0.13-0.50 1%-3

4 0.25.0.75 2.4

*Dependent upon formation being shot Figures given are an average range,
+loeally. dynamite cartridge diameter ‘should be no larger than i: the diarneter of the hole.

mations a Du Pont representative should be con-
suited before proceeding.

All lpaded pre-shear holes are stemmed com-
pletely around and berween charges to prevent gas
venting into weak strata and causing poor results.
However. like Cushion Blasting. good results have
been obtained in the more solid homogeneous for-
mations by stemming only the top 2 or 3 {1, of the
hoie. Also. like Cushien Blasting. it is desirable to
increase the charge in the first few feet of the hole
tv about two or three times that used in the upper
portion. This premotes shearing at the bottom wnere
1t 1s more difficult to obtamn.

Pre-shearing loads are placed and detonated in
the same manner as described for Cushion Biastung.
The staggering of charges in adjacent holes 15 also
recommended for pre-shearing to give better over-
all load distribution.

The depth that can be pre-sheared at one time is
again dependent upon the ability 1o maintain good
hole alignment. Deviation greater than 6" from the

»sired plane of shear will give inferior results.

:nerally, 50 ft. is the maximum depth that can be
used for 2 to 32" diam. holes without significant

&8

13

Figure 11.
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RECOMMENDED FRE-S{!EARING PROCEDURE

Pre-shearing can be accomplished during the
primary blast by delaying the primary holes so that
the pre-shear holes will fire abead of them. (See
Figure 12.)

In many cases, especially when shooting non-
linear cuts, pre-shearing in combination with Line
Drilling will give good resulis. For example. when
it is desirable to maintain a corner of solid rock,
Line Drilling the corner mayx be used to prevent
breakage across it. (See Figure 13.) Guide holes wo
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Figure 12.
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DELAY BLASTING TECHNIQUE FOR
PRE-SHEARING DURING PRIMARY BLAST

promote shear aiong the desired plane are as advan-
tageous In pre-shearing as they are in Cushion
Biasting.

When pre-shearing in unconsolidated formations

and Line Drilling between the normally spaced -

noles, the Line Drilled holes may vary in depth from

Figure 13.
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PRE-SHEARING NON-LINEAR FACES
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the top few feet to the full depth of the pre-shear
holes. Backbreak is more likely at the top of a bench
or lift: consequently, Line Drilling between p
shear holes for the top few feet reduces the chance
of overbreak in all type formations. In very uncon-
solidated material. the explosive loads/ft. in the
upper portion of the hole should be reduced by 50
to minimize overbreak at the crest of the finished
wall.
Figures 14, 15 and 16 show pre-shearing results.

Underground —Usually assoctated with open
work, pre-shearing has some application in under-
ground headings and stopes for controlling over-
break to improve back and rib stability and reduce
concrete reguirements. -

If the perimeter holes of a heading are drilled on
the pre-shear principle. loaded lightly. and fired

" simuitaneously ahead of the main round. overbreak

can be minimized. In horizontal holes. however. it

is impractical to string load partial cartridges on
“Primacord”, or stem around the charge. Conse-
quently, in underground work. small diameter
powder can be used with spacers to minimize
load/ft. in pre-shear holes. It is necessary that some
form of plug be used at the eollar to prevent exces-
sive rifling. .

Although theoretically sound. pre-shearing tech-
niques are not often employed in underground
headings due 1o possible cut-off problems with the -
close spacings and burdens that are required in th- ——
primary blast. However. good results have bet
obtained using pre-shearing technigues in under-
ground headings.

One cuplication of pre-shearing in underground
work that is proving satisfactory is its benefit for
cave control in block-caving operations. By pre-
shearing the ore-body limits. ore dilution in the
caving operation is minimized. Also pre-shearing
the stope limits, promotes initial caving of the ore.

Advantages
Pre-shearing offers these advantages:
¢ Increased hole spacing—reduced drilling costs.

* Not necessary to return to blast slopes or walls
after primary excavation.

Limitations

In pre-shearing. it is difficult to determine resuits
unti! primary excavation is compiete to the finished
wall. Since pre-shearing is done before primary
blasts are made. it is not possible to take advantage
of the knowledge of local rock conditions that is
gained in the primary blasts. Aiso, the hole spac-
ings in Cushion and Smooth Blasting can usuall
be rrreater than in pre-shearing. thus reducing dril-
ling costs.

7/
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PRE-SHEARING ARDUND CORNERS—

Nt Lo drilling between noies at top to
prevent weernreis @t crest or nashed wall

COMBINATIONS

Az noted 1n the previous sections. it is often
desirable in unconsolidated areas wo Line Drill
between Cushion Blasting and Pre-Shear holes o
obtain desired results. Also it is frequentiy advan-
tagrenus to Line Drill or pre-shear corners wnere
Cushion Blasting 1= employved.

There is one case on record where Pre-Shearing
vas done inside the neat excavation line prior 1o
Jsrimary blasting. After removal b6f the primary
excavation tn the Pre-Sheared plane. the remaining

-

-
7/;/
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berm was removed by Cushion Blasting techniques.
This procedure offers the maximum protection to
the hmshed wall. since the Pre-Sheared plane
tends to reflect the primary blast shock waves away
from it. Also. full knowledge of the formation will
he available when removing the final berm by
Cushion Blasting. This technigue gives protection
vet allows for any miscalculation in the event the
Pre-Shear line is overshot.



SUMMARY

i ort has described the principal technigues
of grﬁ:cilljed blasting. It has defined the advantages
and limitations of Line Drilling, Cushion Blasting,
Smooth Blasting and Pre-Shearing. )

Line Drilling has been shown to be unpredictable
except in homogeneous formations. The close
spacings and large number of holes cause costs to
be high and drilling tedious. Cushion Blasting offers
definii- advantages over Line Drilling. including
increasey spacing and often better results. -

Smooth Blasting is basically the same in principle
as Cushion Blasting. By shooting with minimum
delays between holes, a shearing action is obtained
which gives smooth walls with minimum overbreak.
The u-- of this method underground requires cer-
tain special technigues and these have been covered
in detail.

Pre-Shearing differs from the other techhiques in
that the holes are fired before any of the adjoining
main excavatior_is blasted. It is unnecessary to
return to blast slopes or walls after primary exca-

vation. However, it is not possible to take advanta
of the knowledge of local rock conditions normal,
gained in primary blasts.

It is highly desirable that those engaged in blaxt-
ing work recognize in advance the advantages and
limitations of each technique. When using any of
the types of controlled blasting. it is recommended
that conservative trials be conducted to determine

-optimum loads and patterns. A few holes should

be shot and studied before proceeding. The expeni-
ence and knowledgs+ which Du Pont has gained in
controlled blasting under wide field conditions
provides the explosives user with an invaluable
source of knowledge. Du Pont field representatives
are ready to work closely in the determination of
the proper techniques to be applied in a given situation.

Further evidence of Du Pont’s know-how in the
fiela of controlled L.usting is represented through
the development or three grades of explosives
especially designed ror controlled hlasting.

DU PONT GRADES FOR CONTROLLED BLASTING IN OPEN WORK

7] SPECIAL GELATIN G- | RED CROSS EXTRA® C;

Size Ctgs/501thy Lb./Ctg.| Ctgs/50ib.] Lb./Ctg.
1 x8" 139 0.36 167 0.30
1% x 8" 114 0.44 137 0.36
1% x 8" 90 0.56 | - 110 0.45
1% x 8" 61 082 | - 79 0.63
2 xB" 36 1.40 42 1.20

Above grades in 11, diameter and greater are
either prepunched the full iength of the cartridge
or have an &7 "Primacord” tube attached for drop
ioading on "Primacord” downlines. "Primacord”
tunesz ¥ lonygr are also available for use as spacers
netween full or parual cartridges.

DU PONT GRADE FOR CONTROLLED BLASTING UNDERGROUND

STRIMTEX" is a °»" diameter by 247 low density
product with a suck count of 100 cartridges per 5U
pounds. thus giving i4 1b./ft. of cartridyre. Cartridges
are provided with coupler sleeves for coupling more
tnan 1 cartridge together to insure alignment 1n
the hole.

The light load per foot and air annulus between
the small diameter cartridge and the borehole wall
both contribute to obtaining a smooth perimeter
with minimum overhreak.

<4
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7. UNDERGROUND BLASTING
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Fig. 7.1 Tunnciing.

7.1 Tunneling. )
There arc two rcasons to go underground and cxcavaic:

~ 1o usc the excavated space. c.g. for siorage, transpoerl ctc.
— 1o usc the excavated materiul, ¢.g. mming.operahons.

In both cases tunncling forms an imporiant part of the entire operation. In
underground consiruction it s necessary 10 gain access to the construction site by

131
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tunneling, but the tunnel can be a purpose in itself e.g. roud, water, cable wunacly
etc. .

In mining operations wnnels are used as adits to the mining site and for prepura-
tory work as well as for internal communication.

‘Tunnels are driven mainly in horizontal or close to horizontal directions but also
inclined, from vertically upwards 1o vertically downwards. In the following,
tunneling, raise shafts and sink shafts will be dealt with in detail while storuge in
rock caverns and muning will be dealt with more briefly.

Tunneling is the most ffequently ocurring underground uperation which ulso
forms part of the construction of rock chambers etc. and is nornzally an integral
pan of mining operations.

The deveiopment of tunnel driving techniques has been tremendous during the
lust few yeurs. The drilling techniques have developed trom pneumaitic drilling
machines to electro-hydraulic drilling jumbos with & very high capacity. The
charging of the blustholes can be curried out quickly either manually with plasuc
pipe charges or mechanically with pneumatic charging equipment.

The development of explosives has moved in the direction Ol saler producis with
better fumes characteristics. Modern explosives like Emulite and Dynanica M
are well oxygen-batunced with a minimum ol noxious tumes.

Enitiating sysiems like NONEL have shortened the charging time and added
further safely to the blasting operation due to their insusceptibility to electrical
hazards.

The modern drilling equipment has shortened the drilling time, the NONEL
system has made connecting of the detonators safer and faster and Emulite, with
its excellent fumes characteristics, has shoriened the ventilation time.

All the above contribule to u faster work cycle:

— drilling

= churging
— blasting
-~ ventilulion
= scaling

— grouung (if necessary)

= loading and transport

= sciting out for the new blasi

The shorter work cycle calls for better work plunning us well us better precision
and accuracy in the different operations of the work cycle.

"In the following, the driling, charging and blasting operations will be dealt with.
b is obvious that it s of the uimost importance that the holes should be drilled at
the nghtiocauons and with the rightinchination. The marking of the holes on the
rock face as well us colluring and dnlling must be carried out accurutety.
Langefors in "The modern technique of Rock Biasung”, says aboul drilling
precision: "The scattering of the drill holes 4s a quantitative factor is ofien
disregarded. Itis included guite indefinitely in the technical margin topether with
the rock fuctor, ln discussing blasting as 2 whole it would be a great advantage il
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attention could be paid to the drilling precision in calculating the charges and in
constructing the drilling pattern; for the blasting of the cut it is essential.””

The main difference between tunnel blasting and bench blasting is that tunnel
blasting is done towards one free surface while bench blasting is done towards

tunneling and a sccond free face has to be created towards which the rock can
brcak and be thrown away from the surface. This second face is produced by a
cut in the tunncl face and can be either a paralle) hole cut, a V-cut, a fan-cut or
other ways of opening up the tunnet face.

Afier the cul opening is madc, the stoping towards the cut will hegin - The sioping
can be compared with bench blasting, but it requires a higher specific charge due
to higher driiling deviation, desire for good fragmentation, and absence of hole
inclination. In addition. overcharge of a tunnelblast does not have the samc
disastrous cffect as in an open air blast, where high precision in-calculation is a

must. R
,&"_ S ———Roof hoies

L
y Nl R
o/ . ) . . . \
/ \ Stoping hoies

4 | ¥
I o . b — —  » 9
¥
I

: .:. : }— waii hotes

. ® -,o :9::—5— . .# cut
O L .

> TRX I 7 Subr Sl ¢
Floor holas

Fig. 7.2 Nomenclature.

In the case of V-cuts and fan cuts, the cut hoies will occupy the major part of the
width of the tunnel.

The contour holes = roof holes. wall holes and floor holes — have 10 be angpled
out of the contour. "look-oul™, sa the tunncl will retain its designed area. The
“look-out™ should only be tig enough to allow space for the drilling cquipment
for thc coming round. As a pude value. the “look-out™ should not cxceed:
10 cm + 3 cm/m hotedepth
which keeps the "look-out™ to around 20 cm.
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The consumption of cxplosives in tunnel blasung ts higher than in bench blusting.

The specific charge is 3 1o HWmes higher than-that for beach blasting, depending
“mainly on reasons mentioned above like large driliing seatier, higher fixation of

the holes, hicave of Jower rock upwards 1o ensure swell and lack of cooperation

between adjacens blastholes.
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Fig. 7.4 Specific charge for different wannel arcus.
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Specific drifling, m/cu.m.

 d=38mm
dg=51mm

L AN e o . i 1

o_IJlTTr—rn;rrvn

0 & 10 16 20 25 30 35 40 456 60 &5 00 85 70 76 A0 85 90 96 100
' Tunnel area in sg.m. .

Fig. 7.5 Specific drilling for different tunnel areas.

The consumption of explosives will be greatest in the cut arca of the hlast. A 1x 1
m area around the empty hole/s in a paraliel cut will consume approx. 7 kg/cu.m.
and the specific charge will decrease with the distance from the cut until it
reaches a minimum value of aboul 0.9 kgfecuam.

7.1.1 The cul.

The most commanly used cut in lunnciiug today is the circular cut or Jarge hole
cut as most of the modern driliing equipment( is designed for hornizontal drilling
perpendicular to the rock face. (Other cuts will be dealt with in the end of this
chapter.) ‘

All cut holes in the large hole cut are drlled parallel to cuch other and the
biasting is carricd out towards an empty lurge drili hole which acty’as an opemng.”
The puratic! hole cut i a development of the buen cut, where all the holes are
parallel and normally of the same diameter. One hole in the middic is given a
heavy charge and the four holes around it are left uncharged, in other cascs the
muddle hole is left uncharged and the four holes are charged.

However, the burn cuts generally result in less advance than the large hoie cuts.
The burn cut will thercfore be disregarded und unly the large hole cuts wit! be
dcalt with,
The cut may be placed at any location on the tunnel fuce, but the location of the
cut influences the throw, the explosives’ consumption and generally the number
uf haoles in the round.
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Fig. 7.7 Location of the cut.

If the cut is pluced close 10 a wall, there is a probability of betier expluitation of
the drilling pattern with less holes in the round. Furthermore, the cul may be
placed alternanvely on the right or lett side thus placing the cut in refatvely
undisturbed rock. To obtuin good lorward movement and centering of the
muckpile, the cut may be pluced approximately in the middle of the cross section
and guite low down. This postuon will give less throw and less explosives’
cunsumpiion because of mare stoping Jownwards. A high position ot te cul
gives an exiended and easily louded muckpile, but higher explosives’ consump-
tion and normally more drlling due 10 more upwards stoping.

The normal lucanon of the cut is on the first helper row above the floor.

As mentioned before, the lurge hole cut is the most common cut toduy. The cut s
composed of une or more uncharged Jurge diameter holes which are surrounded
by small diameter blustholes with smalt burdens to the large hole/s. The blast.
holes are placed i squares arvund the opening.
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Fig. 7.8 Typical designs of large hole cuts.

The number of squares in the cut is limited by thc fact that the burden in the last
square must nol exceed the burden of the sioping hoics for a given charge
concentration in the hole.
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Fig. 7.9 The complete cut.

The cut holes occupy un arca of app}ox. 2 sg.m. (Small tunnel arcas. as a matter
of fact, consist only of cut holes and contour holcs.)
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When designing the cut, the following parameters are of imporiance for a good
result:

* the diameter of the large hole .
* the burden ¢ 300 f——-t ar21¢
* the charge concentrution. r,{.”@& &
1 - ,C-‘ a~16 ¢

»
o
o

In addition, the drilling preci-
sion is of the utmost unport-
ance, especially for the blasi-
holes closest to the large
hole/s, The slightest deviaion
can cause the blasthole 10

N
Q
[ =]

180

C-C distance belween the holes, m

meet the large hole or the bur- 100 2
den w0 become  cacessively
. . . —_ 80 :

big. Too big a burden will only The holes mee!

cause breukuge or plastic de- N . .

tormation in the cut, resulling 1] 50 100 160

in @ smaller or greuter loss in Diameter ot smply hols, mm

advance.- ' Fig. 7.10 Result when blastuing from varying
- distunces towards an empty hole of varying dii-

meter.
(The Madern Technique of Rockblasting)

One of the purumeters for good advance of the blasted round is the diameter of
the furge empty hole. The larger the diameter, the deeper the round may be
drilled and u greater advance can be expected. '

One of the most common causes of short advance is oo small an empty holc in
relauon o the hole depth.

100
88 1
86 -
94 1

. Advance per found %
o
=
'

70! T ~ i T T T 1

2.5 a a.s 4 4.5 5 5.5 B
Hole depth, m

£ig. 7.1 The relanon between advance in per cent of the drill depth and different
emipty hole. diumeiers.
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Ascan be secn from the graph, an advance of approx. 90 % can be expected for a

hole depth of 4 m and one empty hole with 102 mm diameter.-~ -
If several empty hoies are uscd, a fictitious diameter has to be calculated. The

fictitious dinmeter of the opening may be calculated in accordance with the
following formula: — .

D = dvn
where D = fictitious empty large hoie diameter
- d = diameter of empty large holes

n = number of holes

in order to calculate the burden in the first squate, the diameter of the large hole
is used in the case of one large hole and the fictitious diamcter in the case of

scveral large holes.

"Calculation of the Ist square. ~

If we jook at the graph 7.10 we find that the distance beiween the blasthoie and

the large empty hole should fiot be greater than 1.5 @ for the opening to be clean
_blasted. If the distance is longer, there 1s mercly breakage and when the distance
is shorter, there is a great-risk that the blasthole and empty hole will meet.

So the position of the blustholes in the 1st square is cxpressed as:

150

Where a = C-C distance between the large hole and the blasthole
@ = diameter of the large hole

u

In the case of several large holes, the relation is expressed as:

a =15D
Where a = C—Cdistance beiween the center point of the large holes and the
blasthole '

D = fictitious diameter

Charging of the holes in the Ist square.

The holes closest 1o the empty tiole/s must be charpged carefully. Too low a
churge concentration in the hole may not breuk the rock ., while too high a charge
concentration may throw the rock against the opposite wall of the large hole with
such high a velocity that the broken rock will be recompacted there and not
blown out through the lurge hoic. Full advance is then not obtained.
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Fig. 7.12 The mnimum required charge concentration (kgim) and maximum
C—C distunce (m} Jor different large hole diameters.

The requisite charge concentration for different C—C distunces between the
large hole and the nearest blusthole/s may be found in graph 7.10 tor diticrent
large bole diameters. The normal relation for the distance is a=15 . An
mgrease my the C—C distance between the holes will cause subsequent increment
of the charge concentration. :

The cut s otten somewhat overcharged 1o compensate for error in driling which
‘may cause 100 small an angle ol breakage. However, too high a charge con-
centralion may cause recompaction in the cut.

Calculation of the remaining squares of the cut.

The calculation method for the remaining squares of the cut 1s essentially the
same as for the Ist square, with the difference that the breakage 1s towards a
rectangular opentng insicad ol a circular. '

As s the case of the Ist square, the angic of breakuge must not be 100 acute as
small angles of breakage cun only be compensated to a certain extent with higher
chuarge concentralion.

Normally the burden (B) lor the remaming squares of the cut is cqual 10 the
width (W) of the opeming. B=W.
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Fig. 7.13 The required minimum charge concentration (kgim) and maximum
burden (m) for different widths of the opening.

The charpe concentration obtained in graph 7.12 is that of the column of the
hole. In order 10 break the constricted botlom part, a botiom charge with twice
the charge concentration and a height of 1.5% B should be used. The stemming

part of the hole has a length of 0.5xB.
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Design of cut.
The following formulae are used for the geometric design of the cut area:
The cut:

Ist square:  a=150 ;ET

: W, =aVv2 ‘ ,‘z,:.j’
@mm = 7 8 102 -127 154 a
amm = 110 130 150 190 230

W,mm = 150 180 210 270 320

’--.._'.
LT AN
2nd square: B, = W, o>
{.
C-C = 1.5W .
' 1 Tw, T
W, = 1.5W, V2
Omm = 76 89 102 127 154
W, mm = 150 80 210 270 320

c-C 225 270 310 400 480
W.mm = 320 380 440 560 670

it

3rd square: B, =W,
: C-C = 1.5W,
W = LSWLVZ )

@mm = 76 89 102 127 154 \
Womm = 320 380 440 560 670 2.
C-C = 480 570 660 840 1000 N,
Wimm = 670 800 930 1180 1400 , . EN
dth square; B; = W, .

C-C = 1.5W,

W, = 1.5W,; V2™
Omm = 76 8O W2 127
Wymm = 6700 800 930 1180
C~C = 1000 1200 1400 1750

W, mm = 400 17Tu 1950 2400

The ubove distunces upply to 38 mm blastholes. If lurger blustholes are used
which cun uccommodute more explosives, the values can be adjusted.
However, an increused umount of explosives in the cut holes may not increase
the burden 10 any greater extent.
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7.1.2 Stoping.
" When the cut holes have been calculated, the rest of the tunnel round may be
calculated. '
The round is divided into:
* floor holes
* wall holes

* roof holes
* stoping holes with breakage upwards and horizontally

* stoping holes with breakage .downwards
To calcuiate burdens (B) and charges for the different parts of the round the
following graph (7.14) may be used as a basis.

g t.2 1 : ’
& L~
'E .
=
o 1.1 -
1
0.9
0.8
016 0.8 1.0 1.2 14 - 1B 18 20 2.2 2.4 2.6
Charge concentration, 'b- kg/m
Blasihole 30 as 38 41 45 4 51
diameter, mm | _]_ I ' 1 18 t
Emulite 150 in paper cartridges.’Packing degree 1.20 kg/liter
Biaathole ao as 38 41 45 48 61
diameter, mm | | 1 | 1 1 1
Dynamex M in paper cartridges Packing degree 1.25 kg/liter
29 3‘2' 3Jg Pipe charge diameter, mm
Emulite 150 in ptastic tubes
318 41 4f> 48 511 Blasthote diameter, mm
|

ANFO, pneumatically charged

Fig. 7.14 The burden B in relation to the concentration of the bottom charge for

different hole diameiers and different explosives.
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For Emulite 150 in paper cariridges, the uppermost blasthole diumeter table s
used as input datu.

For Emulite 150 and Dynamex M in plastic pipe cartridges, the pipe diameter is
used as input data and for ANFO the lowest blasthole diameter table is used as
input data. .

When the burden (B), the hole depth (H) and the concentration of the bottom
charge (i,) are known, the tollowing table will give the drilling and charging
geometry of the round.

) Height | Charge
Part of . . bottom concentration
the . Burden | Spacing | charge | Boutom | Columin |Stemming
round: 1 (m) {m) {(m) {kg/m) (kg/m) (m)
Floor 1xB l.1xB 1/3xH l, - Lox], [ 0.2xB
Wail 0YxB | LIxB | L6xH I 0.4xt, | L.5xB
Root 0.9xB3 l.1xB MoxH L 0.3 xi, VAxB
Stoping: '
Upwards IxB i.1xB 1/3xH ly U.5xl, | 0.5xB
Horizontal 1xB 1.1xB | 13xH b | 0.5xi, | 0.5xDb
Downwards | IxB 1.2x8 1/3xH I 1 0.5xi; | 0.5xB

The design of the drilling pattern can now be carricd out and the cut located 1n
the cross secton w a suitable way.

7.1.3 The contour,

The contour of the tunnel is divided into floor holes, wall holes and roof holes.
The burden and spucing lor the tloor holes are the same as for the stoping holes.
However, the floor holes are more heavily charged than the stoping hules o
compensale tor gravity and for the weight of the rock masses irom the rest of the
round which luy over them ar the instant of detonation.

. For the wall and roof holes two variants of contour blusting are used, normal
prolile blasting and smooth blasting.

With nurmat profile blasting no purticular consideration is given o the appear-
ance and condition ol the blasted contour. The same explosives as in the rest of
the round are utilized (but with a lesser charge concentration) and the contour
holes are widely spaced. The contour ot the tunnel becomes rough, irrepular and
crucked. ‘The smouth blasting techmgue hus been developed 1o obtuin a
smouther and stronger tunnel prolile,

Smooth blasting 1s curnied out by drilling the contour holes ruther close 1o each
other and using weaker explosives (Gunit 17 X500 mm and Gurit 11 X460 mm
have been specially developed lor the requirements ol smooth blasting. )
Smwoth blusting is today o common wwehmyue in underground rock excavalion
as it produces tunnels with o regular profile, requiring substantially less rein-
forcement than if normal proule blastng is used. .
Smooth blasung is dealt with in detail in Chapier 8.4 Smooth blusting, where
charging tables for smwooth blasting can be found.
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7.1.4 The firing pattern, ,

The fliring pattern must be designed so that cach hole has free breukage. The
angle of breakage is smallest in the cut area where it is around 50°. In the stoping
arca the firing pattern should be designed so that the angle of breakage docs not
fall below 9U° -
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Fig. 7.15 Firing sequence for wnnct in numerical order.

It is important in tunnel blasting to have iong enough time delay between the
holes. In the cut area, the deliay between the holes must be long enough to allow
tume for breakage and throw of rock through the narrow empty hole. Itis proved
that the rock moves with a veloaty of 40 to 68 meters per second. A cut drilled 1o
4 m depth would thus require a delay time of 60 to 100 ms to be clean blasted.
Normally delay times of 75 10 100 ms are used in the cut.

In the first two squares of the cut onby one detonator of each delay should be
used. In the following 2 squares two detonators of cach delay may be used. Inthe
stoping area, the delay time must be long enough for the movement of the rock.
Normally the delay ume 15 [0 1o 500 milliscconds.

FFor the contour holes the scatter in delay between the holes should be as smalil as
possibie to obtuin a good smooth blasting eficct. Therefore, the roof should he
blasted with the same interval number, normally the second highust of the series.
The walls are dlso blasted with the same period number but with one delay lower
than that of the roof.

Detonators for tunncling can be electric ur non-electric.
The clectric dewonators are manufactured as MS (millisecond) and HS {half-
second) delay detonators.
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The non-electric detonators are manufactured as deci-second and half-second
delay detonators.
Recommended detonators for tunneling:

Electric detonators:

Interval No. - Delay time
VA/MS 1 25 ms
VA/MS 4 100 ms
YA/MS 7 175 ms
VA/MS 10 250 ms
VA/MS 13 325 ms
VAMS 16 400 ms
VYA/MS . ’ A8 450 ms
VA/MS 20 500 ms
VA/HS 2 1.0 sec
YA/HS - 3 1.5 see
VA/HS 4 2.0 sec
VA/HS 5 2.5 sec
VA/HS 6 3.0 scc
VA/HS 7 3.5 sec
VA/HS 8 4.0 sec
YA/HS 9 4.5 sec
VA/HS 10 5.0 sec
VA/HS 11 5.5 sec
VA/HS : 12 6.0'sec

The MS and HS series give 19 periods which is sufficient in most cases. The
VA/MS and YA/HS delonutors may be used in the sume round, as the electric
characteristics of the VA detonators are the sume, independent of the delay
Limes.

Recommended legwire lengths for a 4 m hole depth are 5.0 and 6.0 m.

Non-clectric detonators:

Interval Delay ume Delay ume
numbers . beiween
intervuls
Noael GT/T 0 25 ms
Nonel GT/T 1-12 106G—1200 ms 100 ms
Nonel GT/T 14, 16
18, 20 14U00-2000 ms 200 m»
Nonel GT/T 25, 30, 35
4u, 45, 30 °
55, 60 2500-6000 ms 500 m»

This tunneld senes gives 25 different penods and is thus even more versatile than
the clectne wunnel senes
146
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Recommended tube lengths for bunch blasting with Nonel are 6.0 10 7.8 m.
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Fig. 7.17 Typical firing pattern for VAIMS and VA/HYS detonators.

In the 4th square of the cut. four units of VA/HS interval No. 4 arc used. This is
made possible by wide range of scauer (200 ms) within the interval {for HS
detonators.
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7.1‘.5 Cuts with angled holes.

The Y-cut.
The most common cut with angled holes is the Y-cut.

A certain tunnel widih is required in order 10 accommodate the drilling equip-
ment. Furthermore, the advance per round increases with the width and an
advance of 45 to 50 % of the tunnel width is achievable.

The ungle of the cut must not be 100 acute and should not be less than 60°. More
acule angles require higher charge concentration in the holes.

The cut normally.consists of two V:s but in deeper rounds the cut may consist of
tniple or quadruple Vis.

Each V in the cut should be fired with the sume interval number using MS
detonators to ensure coordination between the blastholes with regard 10 break-
ape. As euch Vis blusted as an enuty one after the ather, the delay between the
different Vis should be in the order of 50 ms to allow time for displucement and
swelling.

Fiy. 7,18 V-cut.
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Calculation of the V-cut.

The following graph (7.19) gives the height of the cut {C) and the burdens B, and
B, for the cut. '
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0.8 =="Burden for the cul | e

] 1
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o6 0.8 1.0 1.2 1.4 1.6 2.8 2.0 2.2 2.4 2.6

Charge concentration. ib, kg/m

Helght ot the cut C

Biasihole aop 35 ag 41 45 48 51

diameter, mm | | | | i | .

Emulite 150 in paper cartridges. Packing degree 1.20 kg/liter

Blasthole 30 35 38 41 45 48 51
diameler, mm | | , | | | i

Dynamex M in paper cartridges. Packing degree 1.25 kg/liter

29 32 39 Pipe charge diameter, mm
| | !

Emulite 150 in plastic tubes

38 4 45 48 51 Blaathole diameter, mm
| | | ! i

ANFQO, pneumatically charged
Fig. 7.19 The burdens B,, B; and the cut height Cin relation to the bottom charge
for different blasthole diameters and different explosives

Charging the cut holes.

The charge concentration in the bottom of the cul holes (l,,) can be found in
graph 7.19. :

The height of the bottom charge (h,) for all cut holes is:
1
hy =T x H where H = hole depth (m)

The concentration of the column charge (1) 1s:

e = 301050 % of |,
' 149
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The uncharged part (stemming) of the holes in the cut (h,) is:

'hu = 03 X Bl

The uncharged part for the rest of the cut is:

h, = 0.5 x B,

For the rest of the round, the method of calculation is the same as that in Chupter

7.1.2 Stoping.

TFhe fan cut.

The fan cut is an other example of
angled cuts. Like the V-cut, a certain
width of tunnel is required 1o uccom-
modate the drithng equipment to at-
Lain acceptuble advance pef Tound.
The principle of the tan cut is to make
a trench Like opening across the tun-
nel and the charge calculauions are
similar to those in Chapter 5.6 Open-
ing the bench. Due to the geomet-
rical design of the cut the constriction
of the holes is not farge, making the
cul easy 1o blasi.

The drilling and charging of the holes
are simalar to that of the cut holes in
the V-cul.

~Q
o

20 #o&o

fo 39590
20 4063 .

Fiy. 7.20 Fun cut.



7.1.6 Example of caiculation.

The project is a 1,500 m long road
tunnel with a cross scction arca of 88
sq.oT.

A blasthole diamcter of 38 mm is
chosen as the tunnel contour is to be
smooth blasted. A larger blasthole
diameter might cause overbreak
from the stoping part of the round.
The drilling cquipment is an electro
hydraulic jumbo with 4.3 m sieel
length and feed travel of 3.9 m.
The expected advance 1s 93 % of the
blasthole depth.

The explosive is Emulite 150 in 29
and 25 mm cartridges for the cut,
stoping and floor. Gurit 17x500 mm
in plastic cartridges is used for the
contour. Nonel GT/T is used for ini-
tiation,

To attain an advance of more than
%) % of the blasthole depth, 3.9m. a
large hole diameter of 127 mm should
hc chosen.

2x 89 mm large holes can be an alter-
native.

Ist square.

The distance from the center of the
large hole to the center of the closest
blasthole is;

a=150

= 1.5x127 = 190 mm
The width of the 1st squarc is:
W, = aVvl

W, = 190V2 = 270 mm

The requisite charge concentration
for the holes in the lst square is 0.4
kg/m of Emulite 150. For practical
reasons Emulite in 25x200 mm cart-
ridges are used giving a charge con-
centration of .55 kg/m.

Agvance per round %

LX) .
Hole depth, m

E 25 ._.-
o8- @ _LO ioa
g 16 .
-.9_ 1" Large hole 154 / A 2¢
-l_.l_’ 12- uameter, mm o, 271 - V4
=
b mgn/ .
c / 4
508 ~a+ 150
w06 - ="
o s
Eo- "7‘ Y-
oz //¢ -

o- P L

0 010150.202502303504045
Max C - C distance. m
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An overchurge of this mugnitude
does not cause any inconvenience.
‘The uncharged part of the hole is
cyual to the C-C distance: h,=a
The charge of the hole is the length of
the charge H=h, times the aclual
charge concentration.

O = lc(H-hu)
Q = 0.55(3.9-0.2)
Q=20kg

Key data for the Ist square:
a=019m

W, =0.27m

Q= 2.0 kg.

2nd square.

The blasting of the 1stsguare created
an opening of U.27x0.27 m. The bur-
den in the 2nd square is equal 1o the
width df the opening created.

B, = W,

B, =027Tm
C-C = 1.5W,
C-C=0U4d0m
W, = L5W, V2
W. = U5 m

The requisite charge concentration
tor the holes in the 2nd square s
approx. 0.37 kg/m.

Emulite 150 in 25X200 mm paper

curtridges 1s used making the practi-

cal charge concentration 0.53 kg/m.
The uncharged part of the hole s
U.5xB.

Q = i(H-h,)
Q = 0.55(3.9~0.15)
Q=20kg

Key data for the 2ad square:
B=02Tm

W;: = 0.56 m

Q=20kg

152

7y

£1a ,'" E L ALY
:'5 K / W-0dm
g4 L LY /
f-'2 wel2m . ',-’, a."""rw 1
g ! ," / ,‘"”.""- LN
“ 0y ‘ e .—"'- o
504-___ ‘ ._“J”,.»C,/’: =

o2 "?J T

0 i

0 0y 02 03 ve 05 D6 OF 08 0w 10
gy DUfdsn m




3rd square.

The opening has now a width
W=(.56 m. The burden B is egual o

£
‘d

I
=
&
E

The requisite charge concentration is
approx. 0.65 kg/m. Now the 25x200
mm cartridges do not provide suffi-
cient charge concentration Lo ensure
breakage. A larger dimension of
Emulite 150 must be used unless the
cartridges are tamped.

Emulite 29x200 mm in paper
cartridges give a charge concentra-
tion of (1,90 kg/m. The hole will thus
be overcharged.

The uncharged part of the hole is
(0.5xB.

Q= L(H=h,)

O = 0YN(3.9-0.3)

O =32kg

Key data for the drd square:
B = 0.5 m

W, = 1.18 m

Q = 3.2 kg.

4th square.

The width of the opening 1s now 118
m. If B is chosen equal to W, the
burden will be greater than that of
the stoping part of the round. There-
fore, the burden must be adjusted to
that of the stoping ‘part and the
charge calculations are made as for
stoping holes.

The burden is chosen from the graph
71410 1.Om.
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The charge concentration of the
bottom charge is found in the same
graph to be 1.35 kg/m.

From the adjoining table the charge
of the hole can be calculated,

. = Yy b gy | Craige

lb 135 ki’/m Pen ol ! ! wouom { A o l

hb = IBH - Burdun | Spacng | cnwipe | Bosom i.Ca-.mn LT
wua oy L my | a1 By sy | ey

h, = 0.33x3.9 Fioo 1.8 §3vad | naen [y Veay | 02-1
waa Q9B [ 1128 | LE6aH 4 Oualy | Ousd |

hb = 13 m Rual 08«B | 1148 [ LbaN . 03k | 05-8

W | Swewng' I

Qb - behb . Upwads !-: 11eB | wlan . Qb+ | 956 |
IO L2 Gl 1. 14+8 ! LIeN Qb Va-B

Qb 1.35Xl.3 Ouwiwvards | . 1B ; 12:H l 13en i t Da-t ! Gaeb ]

In the bouom charge Emulite in
paper cartridges with 29 mm  dia-
meter is used and tamped well,

The column charge is:
I = 0.5x], ’

I =0.5%1.35

e = 0.67 kg/m

PR

The product with dimensions closest
1o this 15 Emulite 150, 29%200 mm
with un |,=0.90 kg/m

Practical 1, = 0.90 kg/m
h, = 0.58
hy, = 5x1.0=05m
h, = H=h,~h,

h, = 39-1.3-035

h,=2.1m.

Q( = lcxhc

Q. =109ux2]

Q.= 19kg

Qlul = Qh+Qc

Q. = 1L.75+19

Qi = J.65 kg
Key data for the dth square: T' T T a3se” T —+
B=10m , - e -
W,=22m '
Q = 3.65 kg.
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After the cut has been designed, the
rest of the round is calculated. 4

L1

This is most simply done in thc fol- s s
lowing order: i '
1. Floor holes. ~ : <
2. Wall holes.

3. Roof holes.

4. Stoping, upwards and horizontal.
5. Stoping downwards. 3 vy -

[ X3

— o .

1

The reason for starting with the pe-
rimeter holes is to decide the burdens
and spacings for the outer bounda-
ries of the round.

When these calculations arc com-
pleted the cut and the stoping holes
may be located in accordance with
the parameters which apply to them.

1. The floor holes.

In the caiculation of all perimcter
holes, the ’look-out’™ has 10 be taken
into uccoun{. As mcntioned carlier,

the "look-out™ should not excced 10 ... » w uw w o e
""""" i - 1 1

em + 3 cm/m of hole depth. 1n this (f......: T e e T e

casc the ’look-out™ should be limited ..., . woow . ¢ %
T m v .

to 20 cm. Drnames M 5 paner Carltidges Pacamy degide 173 barhie

The burden is 1.0 m according to the I e rear eme e ma

. . L 1 1 -
graph and the spacing is [.1xB M ey,
Due to “Iook-ou["' (hc holcs abovc e 4 8 LL] 51 Brasingis Hemerw: mm
. L 1 1 1
the floor holes are set out (1.8 m abo- T~

ve the floor. The spacing is 1.1 m,

Bottom charge:
v = 1.35 kg/m
h, = 173x3.90=130m

Qn = 1.35x1.3=1.75 kg N e owe ]|
'Paﬂ ol - oo I I nomuam l ucmrrm-;::m
. . s ul Soal n, i T2 I
Column chargf:' '-:..m i hnm : r-::wi c'::,‘ . |-gmmr (hgem} .lml 'v]'
*ifwo B n e Y -
l lh—l 35 kg/m HEP ulma'::-n ‘n‘.:; : :12: Ezgg'
! Honl U - [ . . ¥
b, = 0.2xB=0.2 m o TR Al A
= —_h —h = i Wi b N . ;0L .
- H hh hu"2-4 m |::m::|:| :-D ll:.n ! ‘!Jn : ! II‘.‘ | 05-:, I gz-: :
OC - 1.35):2.4:3.25 kg | Downwatoy el 12.H [T ke | Doy ! 0506 ¢
Total charge:
Q = 1.75+3.25=5.0 hg
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Key datu for floor holes:
B=10m

S=1L1lm

Q = 5.0 k.

2. The wall holes.

In this particulur case the walls are
very low and do not make a good
example tor the design of the driling
and charging pattern.

‘The drilling pattern is tahen from the
smuoth biasting tuble and the burden
is chosen 1o 0.8 m and the spacing Lo
0.6 m.

The uncharged part of the hole s
0.2 m.

The charge concentration tor Guri
17x 500 mm is U.23 kg/m. The holes
will be charged with 7 tube charges
and 1 stick of Emulite 150, 25x200
mun in the bottom. '

~ Bottom charge:
Qn=U11 kg
Column charge:
Q. =.1xU.115=0.81 kg
Totul charge:
Q= 0.11+0.31=0.92 kg
The "look-out™ has 10 be considered,

so the burden to be setout on the tuce
15 0.8—-U.2=0.6 m.

Key data for the wall holes:
B=08um

S=0.6m

Q=092 hy
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7.2 Shafts.

In mining, shafts form a system of vertically or inclined passageways which are
used for trunsportation of ore, refill, personnel, equipment, air, electricity,
ventilation etc. : .

In underground construction, shafts are driven for the building of pensiocks,
cable shalts, ventitution and elevator shalls, surge chambers etc. 1n addition,
shafis are driven as “glory holes” for trunsportation of material which is not
uccessible by other means than vertical or ciose to vertical tunnels,

Shafts are cither driven downwards, sink shafts, or upwards, raise shafts.

Fig. 7.22 Typical tunnel sysiem in a hydroelectric power plant.
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7.2.1 Sink shafts.

Sink shafts are passageways sunk from the surface downwards or underground
from one level 1o a lower one. The majority of the sink shafts are driven
vertically. —

Shaft sinking is one of the most difficult and risky blasting jobs as the work area is
normally wet, narrow and noisy. Furthermore, the drilling and blasting crews are -
exposed to falling objects.

The advance is slow ‘as the rock has to be removed between each blast with
special equipment which has limited digging capacity. The blasted rock must be
well fragmented to suit the excavation equipment. -

The design of the cross section of the shaft principally depends on the quality of
the rock. Nowadays most of the shafts arc made with a circular cross section
which gives better distribution of the rock pressure, thus decreasing the need for
rcinforcement, especially in deep shafts.

The most common drilling and blasting methods are benching and blasting with
pyramid cut.

The benching method, is a fast and efficient method as the time-consuming
cleaning of the floor between the blasts can be minimized. 1t is also easy 10 keep
the shaft free from water as a pump can always be placed in the lower biasted part
of the shaft. The drilling and charging pattern is similar to that of smaller surface
blastings.

~ The burden and spacing vary with the hole diameter but the drilling pattern is
more closely spaced than for surface blasting due to higher constriction.

) \‘E\‘\\\\M\‘\%"& s,

Sy

\. \\\\\\\\

Fig. 7.23 Shaftsinking by benching.
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Fig. 7.24 Shaft sinking with pyramid cut.

Shaft sinking with pyramid cals is similar to tunne!l blasting with V-culs. The
drilling is done with a “drill-ring”” which is composed of a circulur I-beam to
which the drilting machines are fixed. The "drill-ring" may bc fixed to the shaft
walls with bolts. Due to the construction of the “drill-ring”, the cut will be
conical.

The explosives used in shaft sinking must always be water resistant. Even if the
ground 1s dry, the flushing water from the drilling will aiways stay i the
blastholes.

For this reason explosives with excellent waler resistunce properties are pre-
ferred. Emulite 150 und Dynamex M are easily tumped to utilize the hole volume
well, thus-decreuasing the number of holes and the drilling and charging time.
The specific charge in shaft sinking is l'dIhl:r high, ranging from 2.0 kg/cu.m. 10
4.0 kg/cu.m. .

The initiation of the blast may be done with.electric detonators or non-electric
detonators. As a sink shaft is a small confined arca, thunderstorms are a
particular hazard as stray currents tend to be trunsmitied down the shatt on pipes
and cables. To uvoid probiems with evacuation of the blasting crew during a
thunderstorm, NONEL detonators should be used:

7.2.2 Raise shafts.

The drifting of raise shafts ~ shafis which are driven from blasted underground
chumbers or tunnels, verticully orinchined upwards — is one of the most difficult,
most costly and most dungerous undertakings in mining and construction.
As the drifting of raise shafts has increased in the world, new methods have been
developed to make the work more mechanized, cheaper and sufer,

Raise shaits were drifted in more or {ess the same way for decades until the
1950's when new types of raise shatt elevators were taken into use.
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Various raise shaft drifting methods where blasting is part of the method.

Older methods: - )
* Timbered shafis
* Open shafts

Moadern methods:
* Boliden elevator type Jora
* Alimak Raise Climber
* Longhole drilling

To start with the older methods, the timbered shaft method was the most
common method in Sweden until some 40 years ago and is still occasionally used
for shorter shafts. The raise shaft is driven vertically and divided into two
sections by a timber wall which is
extended before each blast. When
the round is fired, one scction is filled
with rock. The blasted rock will then
act-as a working platform for the next
round. In order to maintain the
working height at the face some rock
has to be excavated after each blast,
The second section is used as a lad-
derway and for transportation of
.equipment, drill stee!, explosives and
timber. The ventilation is also placed
in this section which is covered dur-
ing blasting.

Timbered raise shafts have been
driven up close to 100 m, but normal-
ly the maximum height should not
exceed 60 m, The cross seclion area is
usually 4 sq.m. and the advance per
round approx. 2.2 m.

Fig. 7.25 Timbered raise shaft.

The timbered shaft method was repiaced by open shaft methods when the cost of
timber became teo high. In onc of these methods a working platform of planks is
laid on timber which is supporied by bolts ini the shaft walls. New bolt holes are
drilled in the shaft walls when the round is drilled so the platform’can be moved
upwards as the work proceeds. "

Another open shaft method is to use steel tubes instead of timber. The steel
tubes are bolted to the shaft walls and the tubes support the platform. '
The open shaft methods are rarely used and when used, only for short raises, up
t0 25 m. From a safety point of view none of the open shaft methods is to be
recommended.

The cross section is normally 4 sg.m. and the advance approx. 2.2 m.



The JORA lift method.
Raise shafting using a lift cage hanging on a wire which runs through a large
drillhole has been used in Sweden und other countries since the 1940°s, but it was
not until'the 1950's when Boliden AB developed the JORA lift, that the method
came inlo wider use.

A large hole, diameter 110 10 150 mm, is drilled from an upper level in the center
of the intended shafi. Through the hole a wire is sunk down to the lower level und
a working platform with a lift cage is fastened to it. By a lifting gear the pl.morm
is elevated up to the shaft face by
remote control from the lift cage.
The drilling and charging are carried
out from the platform on the top of
the lift cuge and some scaling can be
done from the cage with the protec-
tion of the platform. During the scal-

ing, drilling and charging operations ‘ %, -

the platform is fixed with bolts 1o the % 4

shaft walls. Before blasting the plai- - 7

formis lowered down und plucedona ’

siedge like vehicle and towed aside. 74 W= :f’

The wire is lifted up through the large - L

hole before blusting. The lurge hole is 718 | I’ Z

used as cul hole in the blasting of the N R S

round. Due to the large sizeof thecut | Y - ¥ - 4§ RGBT
hole, advances of up to 4 m are ob- 77777 777 Ve
tained. The area is approx. 4 sq.m. ' . /
and the maximum height is 100 m. In a

this method it 13 necessary 10 have ™~

free space above the shaft for the

drilling of the lurge hole and fur the WWWWW
placing of the lifting gear. : . Fig. 7.26 The JORA W,

The ALIMAK Raise Climber.

The Alimak raise shatt driving method was introduced 1n 1957 and became the
most utilized system i1 the world because of us flexibiliny, safety, cconomy und
speed,

The equipment consists of a raise climber with a working platform, which covers
pracuically the enure area of the shuft. Under the platform there is a cage for the
trunsport of personnel, material and equipment. The raise chimber is propelled
by a ruck and pinion sysiem along u special guide rail. The rail system incorpo-
rites a tube system fur the air and waler supply 1o the drilling equipment. The
system also provides air for the blusung with NONEL and to ventilate the raise
after the blasting.
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The platform is equipped
with a protective roof under
which the blaster stands dur-
ing scaling and drilling op-
erations. I{ the inclination of
the raise shaft is 60° or less
the scaling may bec done
gradually during the ascent
under the protection of the
previously scaled hanging
wall.

The Alimak method can be
used for vertical as well as
inclined shafts. The Jower
limjt of the inclination de-
pends on the angle of repose
of the rock.

Unlike other modern meth-
ods for raise shafting, the ' - e -
Alimak needs only one point Fig. 7.27 The AL!MAK Raise Climber.

of attack, the lowerone. The -

upper break-through paint may be prepared while the raisc'is driven.

The lengths which may be driven are only ltmited by the time which is at the
blasting crews' disposal for ascent, scaling, drilling, charging. descent and blast-
ing. For an 8 hour shift, the upper limit should be around 2,000 m. The lengths
arc also limited by the type of drive. The air-driven raise climber may be used for
up to 150 m shaft length, electric drive up to 900 m. For longer shafts djesel-
hydrauhc driven climbers are used. N

The areais normally 4 sq.m., but inclined shafts have been driven full face upp to
36 sq.m. .

Dritlling and charging patterns are the same for all above mentioned raise
shafting methods. Normally a raise shaft of 4 sg.m. is driven upwards and then
the shaft is stoped to its final area. However, sometimes the shaft is driven
"fullface™ and as mentioned earlier arcas up to 36 sq.m. have been successfully
blasted.

The drilling and firing pattern for a raise shaft does-not differ from that of a
horizontal tunnel of the same size

165



The Alimak work cycie:
Drilling:

The drilling and charging is carried
out from the raise ciimber's platform

under a specially designed protective -

roof. Both air and water 10 the drili-
ing machines are supplied through
tubes in the guide rail sections.

Blasting:

After drilling and charging the
round, the raise climber is driven to
the bottom and under the roof of the
drift. During the blast, the climber is
therefore well protecied from fulling
rock.

.
i«

A :
2
7

Fig. 7.28 The ALIMAK work cycle.

Veatilation:
After blasting the raise is ventilated
and sprayed with water. The top of
the puide railis protected by a header
plate which also acts as a water diffus-
er during the ventilution phase,
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Scaling:
Scaling of the roof and walls of the
raise is done from under the protec-

tive roof which gives the workmen
good protection.



Geﬁeraliy large hole cuts are used and the design of the cut vanes with the
diameter of the large hole. {(Sec 7.1.1 The cut, in Chapter. Tunneling.)

The normal hole depthis 2.4
in and the expected advance

211022 m.
The drilling is done wih = e
,20

stopers, which are designed * "f‘r1l‘ 8 0
for raise driving, overhead ;i,g
drilling and roof bolting or . ) 2
drilling machines with jack
legs. )1 .
For the blastholes drill series . . 7! b 12 -
11 (34 to 32 mm) is used and 1- 4 .,
the large hole diameter is 2

.9 00O 10 as
normally 75 mm. 3
For the stability of the walls - )Q v ° 5 . a4
and to avoid overbreak, the -
walls of the raise are normal- ’
ly  smoothblasted. . The @ yd H re 'BJ

smooth blasting method is
a{so used if the shaft is to l?e Fig. 7.29 Drilling and firing pattern for 4 sq.m.
widened at a later stage in ;
: . : raise shaft.
order to avoid excessive sca-
ling and to decrease Uie risk
of rockfall.

A normal pilot shaft has an area of 4 sq.m. Normally one round is drilled and
blasted per shift with an advance of 2.2 m. Working 2 shifts per day, the advance
should be 4.4 m but taking disturbances in the work cycle into account, the long
term advance is approx. 3.5 m/day or 70 10 90 m per month. :

Shaflt raising by long hole drilling.

In this method, all drilling is done downwards with parallel holes and the whole
area is drilled at the same time:

Great precision in drilling and charging is a must and the lack of precision has
earlier limited the practical height to 25 to 30 m. Now, with new drillrigs e.g.
Atlas Copco Simba, the drilling can be carricd out with great precision in any
direction from vertical to 50°. With the Simba the deviation can be kept under
0.5 % for holes up 10 a length of 50 m.

The long hole drilling method is also advantageous from a safety point of view as
all drilling and charging work is carried out from a safe location.

Two different cuts are used:

~ large hole cut (blasting towards a
large hole).
— crater cut (blasting towards the
tower free fuce of the raise).
167
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Fig. 7.30 Simba.

The lurge hole cut came first and is sull the most common ong.
The drill holes in the round have u diameter of 5010 75 mm and the central large
hole is reamed 1o o diameter of 102 to 203 mm.

N Bl ot ol o N R
“|1Nn|e R 2i11| 14

12 |10 3| 10|12

.7—17
S EIMEEY

Large hole 163 mm >

Blastaoles 64 mm k
Fig. 7.34 Firing sequence for 4 sq.m. Fig. 7.32 Round sequence for raises
raise. " wuh lurger cross section.
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The design and charging of the cut follow the same principles as described in
Chapter 7.11 Tunneling, The cut. The firing sequence depends on the faulty
drilling so the hole with the smallest real burden is fired with the lowest period
number. It is therefore necessary to map every hole with regard to the faulty
drilling. '
The charging is done from the upper level. A piece of wood is lowered down
on a rope and when the wood passes the lower mouth of the hole the rope is
tightened and the piece of wood forms a plug for the lower part of the hole. The
charges are lowered to the bottom of the hole. The hole should not be stemmed
as the stemming may sinter and block the hole for the subsequent blast. The
holes may be relatively overcharged compared with a tunnel cut as the charges
are not confined at.either end. Furthermore, the blastholes are normally of
larger diameter than those used in tunnels. The risk of recompaction of the rock
in the cut section can be considered as low even if the holes are considerably
overcharged.

Crater blasting.

The biasting of a long hole drilled raisc can also be carried out towards the free
lower surface of the raise with a crater cut. No large diameter center -hole is
needed but the blastholes normally have a larger diameter than in the previous
method. The crater blasting method is used only for the cut section toopen ahole
of approx. 1 sq.m., then normal stoping will follow.

The crater cut consists of five holes, one center hole and four cdge holes. The
center hole is blasted first whereupon the edge holes are blasted one by one with
difterent delays.

Before charging, the holes are ,

plugged with a piece of wood which 1s Wotsr stemming
lowered down from the upper surface 3 -
on a rope and secured to the lower

rock surface. The hole is then filled

with sand to the calculated level of

the explosives charge. The charge

should have a diameter close to that Filling
of the hole. .

The charge is then stemmed with

water. (Any other siemming may 1 1 —
sinter and block the hole, making Wooden _plugs™
subsequent blasting operations im- i s\\
possible.) - ™ N
The requisite charge weight and o . e

depth of the charge are calculated : 1, yd
from Livingstone's theories as fol- ;.-

lows:

|
-

“Sond. |

T
- b.d-

r

i
S

lopr+4.0158

Fig. 7.33 Drillirzg, charging and firing
_ pattern for crater cut.
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1. The length of the charge shall be 6 times the blasthole diameter.
| = 6xd (mm)

2. The optimum depth of the charge is S0 % of the critical depth.
Lopt = 0.5xL, . l (mm)

3. The critical depth depends on the charge weight.
Lo = SXQ¥ (mm)
where S = the strain energy factor approx. 1.5 (depending on the

explosive used and the type of rock)
Q = charge weight in kg.

4. The charge weight is then
Ixdxoxp
Q = (kg)
2
where p = charging density (1.2 kg/liter for Emulite 150 and
1.35_ hg/liter for Dynamex M)

5. The optimum charge depth is then reluted 10 charge weight, .explosives
density, blasthole diumeter and struin energy factor as follows:

3 3 xaoxd

Lo =0.5%8 X xdx10 (mm)

.

The crater theory is valid only for the center hole. The chu.rgc of the edge holes s
placed so that the burden is less than the charge depth of the crater hole. The
charge depth increases with 10 1o 20 cm between each hole. .

A )

b o q—-E
A 0
AT
Fad|iha.
i "
.k

/ \\_'

[ ] [ ] \
. O. 2
A /—/
A

Fig. 7.34 Comparison of crater cut and siwndard lurge hole cut.
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3. The roof holes.

The conditions fer the roof holes are
egual to those of the wall holes. The
burden is chosen to 0.8 m and the
spacing to 0.6 m.

The charge concentration is the same
as for the wall holes.

The look-out™ must be considered
in this case as well.

Key data for the roof holes:
B=08m

S=06m

Q = 0.92 kg.

4. Stoping upwards and horizontally.

The stoping holes are calculated in a
similar way to the floor holes, but iess
explosives are nceded. While the
floor holes must be charged to com-
pensate for gravity and hcavage of
broken rock. the stoping holes can
normally contain less cxplosives as
the direction of breakgge is honzon-
tal or close 1o horizontal.

Charge: Bottom, tamped Emulite 29
mm, l,=1.35 kg/m.

Charge: Column, Emulite 29 mm in
paper cartridges with [.=0.90 kg/m.
The burden B is 1.0 m, according to
the graph 7.14.

The spacing S will be 1.1 m according
to adjoining tabic.

Bottom charge:

l, = 1.35 kg/m

h, = 1/3x3.90=1.30 m

Qo = 1.35x173=1.75 kg

Cotumn charge:

le = 0.90 kg/m -

h, = 0L.5xB=05m

h. = H=h,—h,=2.1 m
Q. = 0.90x2.1=19 kg

Total churge:
Q = 1.75+1.9=3.65 kg
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Key data for stoping holes upwards
and horizountal:

B=14m -
S=1llm ' : Pan ol o | soncamman r
Q = 3.65 kg — ne Bouoen | Soawaq | charge | Bouoin | Comenn
owa | e | | egen | g |y
F o .luB-—‘ 11af WIam % 10sy | BD2x8
Wak ORkaB | Y148 YT, Y Oanly | DoxH
Aol G#a8 | 1 1aB | LUban \ QI | LanB
Swpng
Uptergr 04 taB 118 | W)aH & Qhaly | O8up
MOOON 148 1128 1Jan iy Obaiy | D4
W Duwwmyaios| 128 1328 1| 1dan 4 Dbeg i 05-b
5. Stoping downwards,
The design of the drilling pattern for Css s
stoping downwards is similar to stop- e @ @ ‘=
ing in other directions with the diffe- . :°) % o o o o :.
rence that larger spacing may b':. per- E o . . o . o:
mitted. The charge of the holes is the 2o : r . . :
same in all stoping. o v e :{130 *
, . R ¢ o o °
Key data for stoping holes down- = ° . i i
waurds; M e [ ) )
B=10m ' 5T T : : -
S§$=1l2m Tttt tTEe -
Q = 3.65 kg ) )
SUMMARY

The round consists of 127 blastholes with 38 mun diameter and 1 large hole with
127 mm diamezer.

The round is charged as follows:

Partof the  No. of Kind of explosive Weight per Total
round holes ' : hole
(kg) (kg)
Cut

1st square 4 Emublite 150, 25 mm 2.0 8.0
2nd syuare 4 Emulite 150,25 mm 2.0 8.0
3rd squure 4 Emulite 150, 29 mm 3.2 12.8
4th square 4 Emulite 150, 29 mm 3.65 14.6
Floor holes 12 Emulite 150, 29 mm 50 - 60.0
Wall holes 8 Emulite 150, 25 mm 0.11 0.9
. Gurit 17 mm 0.81 6.5
Roof holes 30 Emulite 150, 25 mm 0.11 3.3
Gurit 17 mm 0.81 24.3

Stoping: . .
Upwards 8 Emulitwe 150, 29 mm 3.65 29.2
Horizonal | 16 Emulite 150, 29 mm 3.65 58.4
Downwards - 37 Emuiite 150, 29 mm 3.65 135.1
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Consumption per round: Emulite 150, 25x200 mm 20.1 kg

Emulite 150, 29x200 mm 310.1 kg
Gurit . . 308kg
Nonel GT/T -127 units

The expected advance per round is over 90 %. It is assumed to be 3.55 m.

Specific ch L1 1.16 kg/
‘wpecic charge! ———m——— = |, cu.m.
P B 3 55x88.0

Explosives consumption for the whole project:

Number of rounds: 1500/3.55=425"

Consumption of

Emulite 150, 25X200 mm 20.2X425 = approx. 9 tons
Emulite 150, 29X200 mm 310.1 %425 = approx. 132 tons
Gurif 30.8X425 = approx, 13 tons
Nonel GT/T 127x42S = approx. 54000 units.

.
o=
~e § o*

® .

oo wi(D e e
*

1

12

12

10

Fig. 7.21 Drilling and firing pattern.
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The advantages with crater cut compared to large hole cut are:

1. Lower cost for drilling and explosives as less holes are drilled in the cut. The
same hole diameter is used in all holes.

2. Drilling precision is-not as essential as for large hole cuts.

3. Simpler blasting practice with less need for well trained personnel.

'The disadvantage with the crater cut method is the relatively short rounds that

may be shot each time.

7.3 Underground chambers.

The military defense forces started early to utilize solid rock for construction of
fortifications which gave many advantages over surface construction. Solid rock
is difficull to penetrate and underground chambers are difficult to discover and
easy to guard.

The ficld of application is huge: Protection for guns, ammunition and soldicrs,
protection for submarines and smaller warships, storage for material, tuels and
foodstuffs and not least as air-raid shelters for civilians.

Oil was initially stored in surface tanks, but after WWII storage in unlined
storage chambers has become the most common method. The increased exploi-
tation of sub-surface storage has to a great exient been due to the rapid develop-
ment of rock blasting techniques. The increased mechanization of the operations
has resulted tn relatively unchanged construction costs over a number of years,
while at the same time the price of land has increased considerably.
Common 1o all types of underground chambers is that they ure well protecied
from a military point of view. They are well camouflaged and more difficult to
damage than surface storage facilities if attacked from the air or overland. They
require little land: surface space is only needed for access roads, ventilation etc.
From an environmental point of view sub-surface storage is safer, as leakage
does not often occur from underground chambers. It is safer than'surface storage
in case of fire, as the supply of oxygen is often insufficient to allow a bigger fire to
develop. ’ .

Underground chambers have many fields of application:

— storage for different products
~ cold storage for food, wines, water, o0il etc.
garages, telephone exchanges, swimming pools
— military and civil stores and workshops
— air-raid shelters for people
aircrafts
warships
archives
— storage for lightly contamunated nuclear waste
— storage of nuclear residue
— hydro-electric powerstations

Some of the applications may be combined. In wartime, the space which is
normally used for garages, workshops or swimming pools can be utilized as
air-raid shelters.



The basis for underground chambers is a qualitative sound rock to build in. Some
_ economic aspects have 10 be considered. If the chamber is located at too shallow

a level, the cost of reinforcing the rock may be high as the quality of the surface
rock is normally poorer than rock at decper levels. However, deep location
results in long access roads, which may cause problem both during construction
and when the chumbers come into use.

From the point of view of rock blasting techniques, the construction of under-
ground chumbers does not differ from that of tunnels of the same magnitude.
The width of underground chambers cannot be 1ao0 great due to the inability of
the rock to support the roof by its own strength. For oil storuge chumbers and
machine halls for hydro-electric power-plants, widths of 20 10 24 m have been
construcied without need for heavy reinforcement. The height of the chumbers
may be up 10 40 m. '
Small underground chambers, with a height of less than 8 m are blasted as
tunneis. In larger chambers, the operation has to be divided into several stages of
drilling and blasting in which ditferent methods are used:

* pilot tunnel with side stoping

* harizontal benching

© * vertical benching,

P

" - }\»m oSN 1
T /:,-/ x\\\‘(éx’\\y

Fig. 7.35 Drifting stuges in underground chamber.
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The pilot tunnel is drifted at the roof of the chamber to facilitate scaling and
reinforcement. The side stoping to full width is then carried cut. Scaling and, if
necessary, bolting and shotcreting of the roof are done simultaneously to avoid
future expensive reinforcement work.

Then blasting is carried out in one or several benches It is common for the first
bench to be a horizontal bench utilizing the drilling equipment for the tunnel.
Some rock chambers are also designed in such way that no space is available
close to the wall for the boom of the vertical drilling equipment. The disadvan-
tage with horizontal benching is that the height and depth of the round depends
on the drilling equipinent. The height is normally limited to 8 m and the depth of
the round to 4 m. Other limitation on the blast design is that the biasthole
diameter can rarely exceed 51 mm.

Excavation of the blasted material must be carried out between each blast.
Vertical benching is the dominant methad for benching in rock chambers. The
advantages with vertical benching is that drilling and excavation may be carricd
out simultaneously. The bench height may be varied within a wide range and
larger blastholes may be used, often with better economy as a consequence. It
is also easier to obtain a smoother contour with vertical benches than with
horizontal. ]

The charge calculations for the pilot tunnel, side stoping and horizontal benching
are the same as presented in Chapter 7 Tunneling, where the side stoping is
calculated' as stoping holes with horizontal breakage and the vertical bench as
stoping holes with upwards breakage.

The vertical benching is calculated in accordance with Chapicr 5 Bench blasting.
If excavation is not carried out between the blasts, the specific charge has to be
increased in order to compensate for movement of rock from previous rounds.

See 5.8 Swelling.
Access tunnels are required for each bench for the transport of rock and

equitpment. . R

In certain cases, restrictions due to -

geological reasons, ground wibra- e P - s.ae Ld‘a /'

tions etc., may affect the execution of ‘wﬁ;-_l%@- L raL /
ntontal 1 W R -

the work. s Nm SR b e

In Fig. 7.36 the roof must be bolted | { 2nd -7+ il ' -J ‘

with 8 m long bolts and sprayed with | .| a3 "---l- 7 14 L

concrete before any side stoping can ,,-__-{f_eﬁ"'-- - ;'{f R

be done. 4 SRR S -

The vertical bench is limited to a - f)“‘__‘-'; Hye L ’L

height of 4 m which makes it feasible {5 e ':tL" :"1,

to make a raise shaft, “glory hole", e .

for the transport of the blasted rock.
The raisc shaft is a long hole drilled
one, from the upper level and the
blasting starts at the lower level, See

- 2.2
Chapter 7.2.2. Fig. 7.36 Drifting stages for machine
hall in hydro-electric power plant.
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MATERIAL'S PROPERTIES PROBLEM ]

A certain ore deposit has been core-&rilled and results
from ladboratory tests oan the specimens were as follows:

SG& for solid ore = 3.0, SG,. for broken ore = 2.4,

0.'= 24,000 psi, @z = 2,000 psi,. - Porosity = 3 per cent,
€c = 417 microinches/inch at 3,000 psi compraseive load,
' &¢ = 104 microinches/inch at 3,000 psi compressive load

’

If one can assume that the material's dynamic and static
properties were similar, determine the following constants
expressed in the proper unitss::

(a) A¢ ,. (b) E., {c) G, (a) K, -(e) E,. (£f) S,
(8) ¥y (8 ¥y, (1) 4,7 (3). &% (k) 7z 3 and (5,

(m) Construct'a graph of Mohr's Fallure Envelope on the
assumption of a straight line relationship.

(n) Based on the assumption the above values all apply %o

dry rock, estimate the possible effect water satura=-
tion night have on the values of the varicus c¢ccnstantse.

;o
ST
DT
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In more simpie terms. the important points of the theory are
exptained with the iltustration in Figure 11-14_ A borehole is located
behind a free face with two discontinuities. a joint plane and a small
flaw. located between the borehole and free face. Assume all other
areas inthe medium to be homogeneous and flaw free.

Inunflawed material. only 8to 12 dominantcracks emergefroma
dense radial network around the borehoule. These dominant cracks
can travel significant distances and consequently form large pie
shaped segments. that alone are not conducive for good fragmenta-
tion. Stress waves continuing away from the fractured zone around
the borehole result in no further damage.

Joint

Plane
Borehole Flaw Face

w O ° (e) #

oy

NUCLEI THEORY
FIGURE 11.14
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5

Inflawed material or sections of the material which contain flaws.
fragmentation 1s quite different. Consider the P and S waves propa-
gating away'r from the fracture network around the borehole in Figure
11-14b and 11-14c. Refer to Chapter 12—Vibration/AirBlast section
foradiscussionon Seismic Waves. Nofracturing takes place until the
tlaw (joint plane) s initiated by the P wave tail and the ieading front of
the S wave. (Figure 11-14¢). The remainder of the S wave has
sufficient energy to keep the crack from arresting. A similar effect
occurs as the P and S waves move past the smatll fltaw between the
jontplane andthe free face, (Figure 11-14d).Itis importantto note that
cracs are nitiated at flaw sites remote from the borehole region by
the combined action of the P wave tail and the S wave front. Flaws
imtiated inthe rmmediate borehoie vicmnity of these waves have oniya
small effect. Note aiso. that the outward directed P and S waves can
nitiate flaws anywhere independentofthe presence of afree surface.

When a P wave encounters a free face (Figure 11-14d and 11-
14e).itisreflected andtravels backintothe mediumas atensile wave.
to meetthe outcoming S wave. Atthis stage, constructive interference
can occur which allows for further crack initiation or extension of
cracks previously formed. New wave systems (PP, PS, SP, SS. PP. and
S. PS. and S) will also form from the original outgoing wave system
upon refiection at a free surface or discontinuity. These new wave
systems can also contribute to crack extensions. Figure 11-14f and
11-14g illustrate further crack extensions when all wave systems
have been reflected back towards the hole.

The i—portant points of the nuclei or stress-wave flaw theory are:

® the fracture network spreads with the speed of the P and § waves,
whic nitiate fracture around flaws remote from the borehole

® in highly flawed material, fragmentation results fromthe nucieation
of new cracks at flaws and reinitiation of old cracks from the
refiected stress wave systems

® gas pressurization does notcontribute significantlytothe fragmen-
tation process

Computational models incorporating stres: wave/flaw interac-
tionas a mechanism of nucteating and extending cracksis growingin
popularity. (32-38. 40) Although the modeis differinapproach and/or
detalls. the main idea is that shock and/or stress waves fragment

11-32
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material and gas pressure acts to displace the broken material.
Stress wave functions notoniyto initiatefractures at or near the bore-
hole wall. but also initiate fractures throughout the rock mass being
blasted. : .
Hecent work in full scale production shots and in large blocks
added further insight into this phenomena. {35) Stress wave induced
fracturing at flaws and discontinuities removed from the borehole
was foundto be considerably greaterthan either spalling or borehole
radiat tensile failure documented by eariier works. Gas pressurized
radial fracturing. in typical bench blasting operation, was found to be
only a minor contributor tothe overail fragmentation of the rock mass

Some key points of Winzer's theory and observations are-

1) new fractures are seen to form at the face at about twice the
time it takes for the P wave to traverse the burden distance

ii) old fractures are the loci of new fractures or are re-initiated
themselives early in the event; they continue to be active far
several tens of miilliseconds after detonation of the explosive

ity fragmentation continues in blocks of rock. following detach-
ment from the main rock mass, by trapped stress waves ——

v} thefracture pattern on the free face is well developed priorto
theexpectedtime of arrival of radiail cracks fromthe borehole

v) In blasted faces from production-scale shots. fractures are
observed to have initiated at. and propagated from. joint and
bedding planes. suggesting the same operating mechanism(s)
asthose observedin homolite modeis atthe University of Mary-
land '

vi) gas venting occurs through aiready open cracks relatively
late in the event, indicating that the majority of tractures
observed on the free face are not gas pressurized

vii) 1n more mMmassive rock stress waves are transmitted with
higher velocity and less attenuation. but fewer fractures will
form because there are few fracture sites. However, more
radial fractures will form in massive rock, while fewer frac-
tures form at a distance from the borehole

11-33
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viii) large fragments will form early in the event. and as they mov
and fractures open. large segments of the rock mass will be
eftectively isolated from further stress energy

ix}) 1nmoreheaviiy fractured rock, the stress wave veltocity will be
lower and attenuation higher, but there are more fractures to
serve as initiation sites

x) the stress wave takes longer to penetrate the mass. and
movermnent of the rock can be expected to be slower as more
energy is absorbed by the rock mass

xi) cracks open more slowly, and smaller masses of rock are
isolated early inthe event, so that later arriving stress waves
can continue to increase crack initiation and propagation

TORQUE THEORY

The success of this theory is totally dependent on the absolute.
accurate timing of initiators. When two adjacent explosive columns
are ‘nitiated simultaneously from opposite ends. a compressionat
shock wave from each column traveling paraliei bu! nopposite direc-
tions is formed. (Figure 11-15) The greatest stress 1S always directe
perpendiculartothe primary shock front. This stress s also assumea
to be greatest near the detonation head in the explosive and dimin-
ishes with distance away from the detonation head. Anuneven stress
distribution is formed between expiosive columns whenthe columns
are fired simultaneously and from opposite directions. This action
tends to toss the I‘fagmented rock between explosive columns in a
counterclockwise motion. Reversing the primers of each expiosive
column will toss the material in a clockwise motion. This action is
precrsely what |s needed to obtain uniform fragmentation and avoid
tight muck prles such asinthe case of in-situ retorting. For this theory
to work, exact initiators are crucial; nothing less will do. especially
when using explosives with very high vetocity of detonation.

CRATERING THEORY (41-45)

The conceptof cratering. its development. and resulting applica-
tions were originally proposed by C.W. Livingston and later modified
by otherssuchas Lang and Bauer. {(41) (43) (44) It involves a spherical
charge of iength to diameter ratio of less than or equal to 6 to 1.
detonated at an empiracally determined distance peneath the sur-
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When Explosive Columns Are
Primed At Opposite Engs
And Fired Simultaneously,
The Rock is Fragmented
And Tossed In A Counter

. . '
Direction Of Greatest Clockwise Motion

Stiress (s Perpendicuiar

To Primary Shock Wave
Detonation

Explosive Head

Column
Deck

Stemming
Deck

APPLICATION OF NEW BLASTING
THEORY TO IN-SITU RETORTS
BLASTING
FIGURE 11.15

face to opttmize the greatest volume of permanently fragmented
material betweenthe charge andfree surface Thisimpliesthat given
a specific explosive and material, there exists a burden distance
between the charge and free surface which yields the largest crater
{(Figure 11-16d) This burden s referred to as the optimum burden or
depth. Similarly. there exists another burden distance referred to as
the critical distance, which s too far below the surface to resultin any
crater or expulsion of material atthe surface. other than minor radiai
cracks. This s the point where materiai ‘at the surface just begins to
show evidence of falure, (Figure 11-16b).
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{a) B = 15

Compietely Contained.
Only Fatiure1s Puiven-
sation Near The Charge
and Radiat Tensiie Fail-
ure Aunning Oul From
It.

b)8B =12

Start of Surface Failure.
Burden Not Brokxen.
Some Doming of The
Surtace.

Doming Of
The Surisce

Critical
Burden

(<)

- {e)B=¢

Surface and Subsur-
tace Failure Aimost
Meet There Will Be A
Shell o Unbroken Rock
BetweenThe Two.Dom-
ing or Surtace Buiging.

Al

F
“a

Ir;

lyrock”

Assume Expitosive = 40 |b. ANFO

(d)B =6

Full Crater. Burden Com-
pietely Broken Qut. Sur-
face And Subsurtace
Failures Run Through
To The Surtace.

BURDEN ON CHARGES FIRED IN ROCK

FIGURE 1t.18

(e)B =%

Full Crater. Lower Voi-
ume Than Qptimum
Fine Fragmeniation,
Noise. Flyrock, Bowl
Shaped Crater

SCHEMATIC OF THE EFFECT OF DECREASING THE

Livingston determined, expertmentally and theoretically, that
there was a constantfactor betweenthis critical burden distance and
the cube root of the weight of explosive and expressed it as:

Strain Energy Equation

ms2Z
mn mt

1

ExW?

= critical distance in feet
weight of expiosive in pounds
proportionality constant or the strain energy factor

which has no units and is constant for one given expio-
sive - rock combination

if a sufficient number of tests are perfarmed as illustrated in Fig-
ure 11-16. then the strain energy factor could be caiculated. For
example If the critica! burden was found to be 12 feet when using 40
pounds of ANFQO. then
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E =
w3 ,
E ="—1—2—,-
(40) 2
£ 12
3.42
E- = 3.51

Strain Energy Factor = 3.51

This strain energyfactor, E, will differifthe same explosive s used
in a different materiat or th- same material is blasted with a different
explosive. Whenrock gets ~re brittle, Eincreases and the optimum
crater volume occurs at lowe vailues of depth ratio. In softer maternial,
E decreases and the optimum crater volume occurs at higher values
of depth ratio.

The strain energy equation can be written in another form that
relates the charge'depth from surface tothe depth ratio. strain energy
and explosive weight as: )

Upper Limit of Shock Range

1

de= AXxExW?3
where:

de = distance from surface to the center of gravity of the

charge in feet

depth of burial

A = depth ratio =
critical depth

W = weight of explosive in pounds

ifdeistheoptimumburdenthatyields the greatest volume of
fragmented material. thenitis referred to as dg and the opti-
mum depth ratio is referred to as /\ o

z =, 0 g
k/v';

s



Crater gata can pe ptotted in a number of different ways. Figure
11-17illustratestne effectof two explosives. A and B onthe amount of
fragmented material that each is capable of achieving at different

depths of burials. N

ote that the higher energy explosive always frag-

ments a greater volume of matenal at the same depth of burial as
explosive A. but that the optimum depth of burnial differs for each

explosive,
Exptosive B

E _-mT

3 e : \\ )
mg // E \‘
"E £ 7/ ‘Explosive & | \ :
I | \
LS \

5| s \

E

t \

3 \

\\
do For Explosive A }/Egplosive B \

increasing Depth Of Burnal

VOLUME OF FRAGMENTED MATERIAL VERSUS
DEPTH OF BURIED FOR TWQO EXPLOSIVES IN
THE SAME MATERIAL

FIGURE 11.17

Another method of representing crater dataonacommon baseis

by plotting V/W on

the y-axis and the depth ratic on the x-axis as

shown inFigure 11-18. (44) Visthe volume of broken materialin cubic

feet, Wis the weigh

t of explosive in pounds. and the depth ratio has

been defined as the depth of burial divided by the critical depth. The
important thing to note is that the optimum depth ratio. (Q ° ). varies
with each explosive-rock combination. The advantage of performing
such field experiments s that one would obtain crater data specifi-
cally suited to the user environment for a number of different explo-

/) C&
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sives. Although the curves in Figure 11-18 are fitted as smooth
curves. one should remember that some scatter of data 1s always
presentanditisimportanttotakethisinto accountforcrucial applica-
tions of cratering.

60— Thin Bedded Magnetite
/< 60% Giant Geilatin
50— I ‘ Granite - 60% Giant Geistin
' \ /,‘v Hard Ore ANFO
Soft Ore ANFO
40 ’ \ ) J_
3°L ’ iron Formation / \
I Slurry
7 Frozen Yellow Ore
50% Forcite
2w 7/
/ Frozen Overburden
7/ ANFO 4
o= Frozen Dscomposes
Magnetite - 60%: . Iron Formauon
Giant Gelatin =™ Siurry
| i A1 1 L 1
3 4 . .5 6 7 8 .9 .10

A

ROCK REMOVED IN CU. FT. PER LB.
OF EXPLOSIVE VS DEPTH RATIO
FIGURE 11.18 (44)

CRATERING MECHANISMS (4) (45)

Asthe highpressure explosive gases expand againstthe medium
immediately surrounding the explosion, a spherical shock wave s
generated causing crushing, compaction and plastic deformation.
{(Figure 11-19a) For commercial expiosives the initial shock pres-
sures are on the order of 100 to 200 thousand atmospheres (one
atmosphere = 14 7 pounds per square inch) As the shock front
moves outward in a sphernically diverging shell, the medium behind
the shock front s put into radial compression and tangential tension.
This results 1n the formation of radial cracks directed outward from
the cavity. The peak pressure in the shock front becomes reduced
due to spherical divergence and the expenditure of energy in the
medium For shock pressures above the dynamic crushing strength

11-39
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of the medium. the material is crushed. heated and physically gis-
placed.forming acavity. Inregions outside this limitthe shock wave will
produce permanent deformation by plastic flow. until the peak pres-
sure in the shock front has decreased to a value equal to the piastic
limit of the medium. This is the boundary between the plastic and
elastic zones shown in Figure 11-20.

, Apparent
Ap —ay _Crater
 Boundary

-

Surface

True Crater

-1
|
!
1
|
|
!
|
|

8Boundary
e \‘ VT

Ry = Radius of Apparent Crater ", - ° ) et 7
Ry : Radius of Lip Crest IR - .- ELASTIC
Rp = Radius of Rupture Zone e LT R ’ ZONE

. I
DOB = Depth ot Burial 1

PLASTIC
Hy = th
A - Depth of Apparent Crater ZONE

EMPLOYMENT OF ATOMIC DEMOLITION MUNITIONS

DEPARTMENT OF THE ARMY, WASHINGTON, D.C. AUG. 1971
FIGURE 11.20

Whenthe compressive shock frontencounters afreeface. it must
match the boundary condition that the normal stress or pressure be
zero at all ttmes. This results in the generation of negative stress, or

rarefaction wave which propogates backintothe medium(Figure11-19b).

Thus the medium which was originally under high compression is
putintotension by the rarefaction wave. This phenomenon causesthe
medium to break up and fly upward with a velocity characteristic of
thetotalmomentumimpartedtoit. In aloose soil material. thits spailing

makes almostevery particle fly intothe air individually, whileina rock:
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mediumthethickness of the spalled material s generally determined
by the presence of pre-existing fracture patterns and zones of weak-
ness. As the distance from surface increases. the peak negative

pressure decreases until it no longer exceeds the tensile strength of

the medium The velocity of spalled material also decreases in pro-
portion to the peak pressure. This breakage mechamsm s predomi-
nant only for charges placed at very shallow depths of burial.
Thetwo mechanisms described sofar are shortterm. lasting oniy
a few milliseconds. The gas acceleration mechamsm. however. 1s a
rmuch longer lasting process which imparts motion to the medium
around the detonation by the expansion of gases trapped in the
explosion-formed cavity. (Figure 11-19c and 11-19d) These gases
are producedinthe surrounding material by vaporizatio~ and chem-
ical changes nduced by the heat ang pressure of the explosion.
Venting occurs because the materialis nolonger cohesive enoughto
contain the explosion gases. As the gases are released. fragments
assume free ballistic trajectories. At d= 2ths of burial at which crater
dimensions are maximum, the gases produceq . 'l give appreciable
acceleration to overlying material during its escape or venting
through cracks er.2ndinc from the cavity to the surface At shaliow
depth of burials the spalil velocities are so high that the gases are
unable to exert any pressure before venting occurs. For very deep
expliosions the weight of the overburden precliudes any significant
gas acceleration of the overlying material. Gas acceleration 1s the
dominant mechanism at optimum depth of bunal. With a constant
weight of expicsive. the opumum depth of burial varies with the sur-
rounding material. :
At deep depths of burnial. the mechanism of overburden collapse
{subsidence) becomes dommnant. This effect is closely inked to the
crushing, compaction and plastic deformatiorn mechanism which
produces an underground cavity. Atthese depths of bunal. spall and
gas acceleration will not impart sufficient velocity to the overiying
rmaterialto physicaily ejectitfromthe crater. Mostthrowout returns to
the crater as fallback material. In a rock medium the buiking action of
therock, whenitis disortented fromits original fracture pattern. could
produce a volume greater than tr - underground cavity. This could
resultin no crater or a moungd above the ground rather than a crater.
At even deeper depths of bunal, about twice or deeper of that of
optimum. another type of subsidence occurs. In thus case the spall
and gas acceleration has no significant effect on the overiying mate-
rnal. Only an underground cavity 1s formed. When the pressure in the
cavity decreases below overburden pressure, the roof of the cavity
begins to collapse In most media this collapse will continue upward

-
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forming a chimney of collapsed material. In soil. where the density of
the material will not significantly change afterit has falien.the volume
of the undergrcund cavity will be transmitted to the surface.

Figure 11-21tillustrates surface'time protiles after detonation of a
40 pound equivalent charge of ANFQO. buried 8.0 feetin an unconsoli-
dated. sedimentary type material. (46) High-speed photography was
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used to document the effects of shock and gas pressure. The first
observation was that of bnisance or the refiection of the compressive
shock at the surface a few milliseconds after detonation. Thisisind:-
cated by the dotted eclipse immediately above the charge hole or
surface. With sufficient camera coverage and appropriate viewing
angles. this shock ring can often be used to estimate. in rough. the
degree of crater damage. Inthis case, sufficient viewing angies were
not availabie and so only part of the total reflected shock could be
resolved. Because the charge was placed at a aepth significantly
greater than the optimum depth of buriai, no appreciabie spaliing
occurred, Gas pressure was the dominant mechansm responsible
for upifting and ejecting materiai radially outward

-As gas expansion occurs around the charge cavity. the matenal
above the charge 1s compacted and heaved upwards Between Oto
45 miliseconds after detonation. the uplifted material 1s resihant and
compacted enough to mantain sufficient conesion to contain all
gasesresulting from expansion. At60 ms gas venting beginstooccur
directly above the charge and continues to expand in a well defineq
arc with respect to time. If the gas venting contacts at each end of
each time profile are connected with straight lines. the ines will most
always point toward the top or the center of the charge. In this case.
the gas venting angle was measuredto be approximateiy 45 degrees.
The gas venting angle.is useful in determining how much of the top
part of a cylindncal charge. as found in production holes, actually
contributes to gas venting, cratering and/or lost energy through tack
ot stemming confinement. At either side of the gas venting angle, no
gas venting occurs, but material fragments are displaced and/or
ejected outwardiy Material fragments are also ejected from within
the bounds ofthe gas ventingangle Owingtoacharge depth beyong
optimum, thefinalresultisa moundratherthan acrater The moundis
indicated by the shaded section underneath the 60 ms time profile.

The imtial instantaneocus uphfting velocity above the charge I1s
generally high but ditninisnes to zero when the material has reached
its highest displacement. In reference to Figure 11-21, the average
initial velocity along the vertical displacementvectorup to 45 msis 68
ft/sec. The average veiocity from 60 ms to 239 ms is 54 ft/sec The
difference 1n velocity is attributed to the effects of gas venting and
expansion beyond 60 ms. These velocities are dependent on maternial
type and structure. explosive and depth of burnial In general. the
velocity will decrease exponentually with depth for a given expiosive
and materal type as shown n Figure 11-22. (48}
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FIGURE 11.22
DECOUPLING

Decoupling is generaliy used as a control to reduce backbreak to the

final planned excavation limit for pit wall siopes in open pit mnes, shafts,
arifts. dritches. road cuts and mine benches.

Since the borehole pressure 1S quite intense for a fully coupled bore-

(A

hole. exceeding many times that of the dynamic compressive strength of
therock. it mustbereducedto avoid extensive damage. The three principal
modes of rock faillure occur by exceeding the dynamic compressive, shear
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or tensile strengths. Ideally. the borehole pressure should be somewhere
between the compressive and tensiie strength of the rock. so as to avoid
extensive crushing at the borehole wall. yet provide enough pressure to
extend a single predominant crack between any two perimeter holesin the
control hne of hotes.

A good example of decoupling in air and water in relation to fully
coupled holes 1s illustrated in Figure 11-23. (47) The pressure imparted in
the rock mass at 36" away for the same explosive s shown for four
conditions:

1) a 6" diameter explosive in a 6” hole

it} a 2" diameter explosive in a 2" hole

nit  a 2" diameter explosive in a 6”7 hole (arr decoupled)
v} a 2" diameter explosive in a 8" hoie {water decoupled)

l ' ’ 1.0
) 36" -— qars
— T —— Distance To Point I < 0.50 b
Borehole O1 Observation 4025
Wali
- s e e e s EE W S o Ee e = =10
Explosive I n
| | 4 o.50
—_— 2 - Borehole Wall | ~ 0.25
h A G S ane SED Wy Gy T T TS SE s - 0
]I Explosive I -
| Borehole I - 0.50
Wwali
4 0.25
Expiosive l 0.2
- AEh GED GhE GEp G Iy GED GED SN SRS D G St ey 0
Ar
I 7
b -4 0.50
Water I
Expiosive < 0.25
- G I AL WIS G dae e S D oue dEe A G A -0
Borehoie |
|

EFFECT OF AIR AND WATER DECOUPLING

VS FULLY COUPLED HOLES
FIGURE 11.23 (47)

All measured stress levels are compared relative to the 6" diameter
explosive in a 6" diameter hole. A number of important points are imme-
diately evident. The greatest stress ievel was achieved with a fully coupied
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explosive ina 6" diameter hole. The next highest stress level was achieved.
again, with a fully coupled expiosive. even though the hote diameter was
reducedthree-foldtoa 2” diameter. Water decoupling followed nextand air
decoupling produced the smallest stress level. Thus. an air decoupled
charge is the most effective means of reducing borehole pressure and
consequently the peak stress level within the rock mass. '

A reasonably reliable method of calculating the borehole pressure 1§
with the foliowing formula which takes into account two decouphng ratios.
(48) (49) (50} '

26
Py = 1.69x10‘3xprOsz VC-X_di
dh
where:
Pp = Borehole pressure in PSL
p = Density of explosive in g/cc s
vOD = Velocity of detonation in ft/sec
¢ = Percentage of explosive column loaded expressed as a
decimal
de = Explosive diarmeter (in.)
dh = Hole diameter (in.)

This formuia is best suited for explosives which contain no metallic
elements or relatively small amounts. since the addition of energizing
metals towers the detonation veloctity of the explosive and hence. the
borehole pressure as caiculated by this eguation Computer codes such as
TIGER and EXPLODE are used to caiculate borehole pressures from
explosives contatning metallic elements.
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CHAPTER 1

THE DETONATION PROCESS

1.1 Introduction

(1) steady state detonation along a

According to Persson
cylindrical charge can be regarded as a self propagating process
in which the axial compressive effect of the shock front
discontinuity changes the state of the explosive 50 that
exothermic reaction setﬁ in with the requisite vglocity..

This reaction in homogeneous 1ligquid explosives. such as
nitroglycerin is completed in a time interval of the order of

-12 (1).

10 seconds In high explosives, such as RDX and PETN it is

completed in about 1lHsec . In composite explosives containing
AN the reaction times are considerably longer. The significance

of this will be demonstrated later.

1.2 Shock waves

Compressional waves of small intensity are propagated in
gases at the velocity of the sound. .Let us suppose that a column
of gas is set in motion by a piston which is accelerated into 1t.
Let us alsé consider that the velocity of the piston 1s a
staircase function of time. Each step transmits a small
compressional wave which advances through the gas already set 1in
‘forward motion and heated by the previous waves. Since the
velocity of the wave 1s larger at elevated temperatures, the new
wave overtakes éhe prevxous(z). Therefore the velocity, pressure
and temperaturs gradients in the front of the wave grow steeper

[
¢‘:

7o - ,_?6



[ 2]

with time. If there 1is no dissipative mecharisnm (e.g.

m
t

diffusion) the gradients become infinite(z).

This type of wave, in which a discontinuity has developed: is
known as a shock.wave. The arez of pressure rise 1is ealled the
shock front. The front advances with a speed higher than the
sound speed. The shock velocity depends on the conditions behind.
If the pistons continues accelerating so does the front. If the
piston maintains a constant velocity, the £front maintains a
constant velocity as well.  If the piston decelerates a wave of
rarefaction is formed ahead of it. Finally this wave overtakes
and weakens the shock front.

It follows'that the velocity of the front is determined by
the conditions behind the front. The wave does not maintain

itself. Rather it depends on the suppeort provided by the pistr

1.3 Detonation w.ves

Howaver €rom our experience we know that steady detonation
waves exist. In this case the role of the piston 1s played by the
reaction taking place in the detonation wave.

Let us consider a plane detonation wave which has been
established in an explosive (Figure 1). The wave front advances
into the unconsumed explosive‘with a constant velocity D and it is
followed by the reac:ion zone. If an observer 1s moving with the
velocity D of such a front, the wave will appear to him/her as in
Figure 1. Undetonated explosive flows into the shock front AA'
with constant velocity U0 = =D, Its pressure, temperature

density and -internal energy per unit mass are P,, T,, #&;, E, at

all points to the right of AA'. The wave front is considered to
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3
"'be a discontinuity in comparison to the changes occurring behind

it. Therefore at AA' these values change to values Pz' Tz’ 52.

Ez. These values change at some lateF stage.

The apparent velgsity of the mass leaving the front .is -
(D-Up} where Up is the particle velocity (mass velocity} in the
zone between AA', BB', relative to the fixed coordinates.

If we consider a reéion of flow surrounded by a tube of unit

sectional area and two planes, one 3Jjust before the detocnation

front and one right after it, the mass flowing in must equal the

mass flowing out ( conservation of mass ). The mass flowing 1in

per unit time is oln dt. The mass flowing out 1is :2tD-Up)dt.

Therefore . .
pln = pz(D-UP) (1)

Furthermore the difference in momentum should be equal to

the impulse of the net force. Thus:

PIDdt D - glbdt(n-ulﬂ) = (Pz-Pl)dt
or P2-P1 = pIDUp (2)
P1 is very small compared to the detonation Ppressure.

Therefore it can be ignored and equation (2) can-be written as

P, = £.DU (3) o

2 1™7p
From equation (1), one can obtain:

Ul = (1-9,/6,)D (4)

P
W (3)

According to Coo Up/D and plﬁoz are slowly variable

functions of the original density. Thus:

Up = f(ol)D ; (5)
where f(eo_ )= 1 - 1
1 f=}
2
Therefore eguation (3) can be written as:

- 2
P2 -plf(aljn (6)

For most cases (exp1051yg$ having a density betweenRn 0.9 =

FART
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1.4g/cc) 1t is sufficiently accurate to assume f(;:1 ) = 4.0
Under this approximation, the detonation pressure in atmospheres
when the velocity of detonation is given in meters per second, 1is
given by the following equation(a}:

P. = 0.00987 o D°/4 (7)

2

This is a relationship of éreat practical value, It allows
the estimation of the detonation pressure when only the detonation
velocity and the initial density are known. It 1is worth
mentioning that the detonation velocity can be measured accurately
in the laboratory.

" Apart from equations (1) and (2) other equations are used in
the theory o¢f detcnation. Many of these fall outside the area of
interest of thase notes. They are mentioned in the following ’to
assist the reader in further studies.

The conservation of energy 15 expressed by the following
equation: ‘
2 Ep = 3 (PP (Vv (&)
Thiec is known as the Rankine-Hugoniot equation.

E

A fourth equation is the equation of state of the reaction
products of the explosive.

The above four basic equations are not enough to calculate
the five unknown quantities behind the detonation £ront (energy,
density, detonation velocity, pressure and particle velocity). A
fifth condition is necessary. This is the Chapman- Jouguet
hypothesis stating that the detonation velocity equals the 1local
sound speed pius the particle velocity at the detonation state.
Thers<fore:

D=C¢C=+ U_ "~ (8)

P
Equations (1;,(2},(8),(9) and the equation c¢f state of the
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detonation products are essential for the calculation of the

detonation parameters in the thermohydrodynamic codes.

1.4 The Detonation Head Mode] (3+4)

Practical explosives are used normally in the fgrm of
cylindrical charges. Cook's detonation head model illustrates the
sequence of events taking place. Figure 2 shows the detonation
head formation in a cylindrical unconfined charge. With strong
priming a detonation wave travels out from the primer and along
the -charge. ' This 1is responsible for the promotion o¢f the
necessary exothermic detonation reactions within the explosive
charge. At the back of the primer the high pressure gases expand
into the surrounding air. As this expansion takes place 1t
permits a release wave or a rarefaction wave to travel down the
charge behind the. detonation front. This always lags the
detonation front for reasons which were explained earlier. 1In a
cimilar manner at the sides of the charge immediately after the
detonation wave the gases expand inte the atmosphere. Again two
release waves are travelling into the charge.- The detonation
front, rear release wave and side release waves define a region
called the detonation head. The detonation head 1is a region
associated with high pressure and high density. The shape of the
detonation head depends on the geometry of the charge and changes
as it travels out from the initiation source. This is due to the
approximately constant relaticnship between the release wave
velocity and the detonation veiocity. Initially the shape is that
of a section of 3 truncated cone with curved f£front and rear

surfaces. Further away from the ainitiation the length of the
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&etonation-head grows so that it is controlled from the side
release waves which meet on the axis of the charge forming a cone.
It has been found (X ray radiography).that the length of the ceone
when the detonation is fully developed is approximately equél to
the diameter of the charge. The density inside the detonation

head is constant and approximately equal to 4/3 2. where o, is the

1 1
initial density of the explosive. The distance from the initiator
to the point where the full head is formed is approximately equal
to 3 1/2 <charge diameters- for unconfined charges. As the
explosive enters the détonation head it reacts. If it 1s in a
granular form (e.g ANFO prills) the reaction starts at the surface
and proceeds radially towards the centre of the prill. As it was
mentioned in - the previous the energy liberated supports the
detonation. If the reaction is not completed inside the head the
energy liberated is 1less than the maximum available and the
detonation veloclty is less than the maximum. This 1is what is
normally known as non-ideal detonation. It is worth mentioning
that non ideal detonations can bs stable; indeed a great number of
commercial explosives uéed by the mining industry today detonate
at nén ideal velocities at the diameters at which they are used.

The detonation velocity is the most important parameter of
the detonating explosive. It is well known that the velocity of
detonation is a constant characteristic of a particular explosive
when the other parameters are kept constant. It was explained
that the knowledge of the detonation velocity can lead to fairly
accurate estimates of the detonation pressure which 1s of
particular importance and cannot be measured directly. In the
next chapter the parameters influencing the detonation velocity

will be discussed.
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11.

detonation- products without considering their chemical
composition, He showed that the emp.:rical values of the covolume
fall in a8 commen (V) curve, :

2. The Becker - Kistjakowsky - Wilson Eguation of State.

The most popular equation of state is the BKW equation.
The equation has the following form:
PV £x
RT
K L

V(T+a)"™
and K = n:kixi
with <.,&,1',» and ki empirical constants. The constants ki of each
molecular species are the covolumes. For the mixture each ki is
multiplied by Xio the mole fraction of species i, and summed to

find the effective covolume.
: According to a parameter study performed by the Los
Alamos Laboratory, one may adjust the BKW parameters «<,f,+ and #&

and the covolumes of the detonation products. Cowan and Fickett':2
have shown that for a given o« and & one may adjust + to obtain the

experimental velocity of detonation. The slope of the curve rela
ting detonation velocity and density can be changed by changing £.

By using one explosive as a standard it was possible to
ohtain a set of parameters which can be used for a variety of
explosives. BKW has been calibrated for RDX and TNT. The most

common parameters used today are shown in Table 1(3'4)). It has
been found that the RDX parameters result in realistic values of
the detonation parameters ( pressure and velocity of detonation ).
The parameters which have been developed based on TNT as the
standard produce reliable results for_ very oxygen deficient
systems which produce large amounts of carbon in the detonation
products.

=1 + Xxe

where x=

The best £fit for RDX parameters should not be used in
predictions of the detonation state parameters. This set was
developed in order to have (dP/dT)v > 0 at pressures of the order

of 0.5 Mbar. It has been found that this set of parameters
results in poorer predictions than the RDX set.

3. Other Eguations of State

Other equations of state have been developed by Fickett

and by Jacobs, Cowperthwaite and Zwisler(Q).

These egquations are similar and they are based on
statistical mechanics. They use the Lennard-Jones potentials to
describe the interactions between the molecules. The general form
of the intermolecular potential energy is shown in Figure 2. When
the molecules are sgueezed together, the nuclear and electronic
repulsions dominate the attractive forces. The repulsions
intrease steeply with decreasing separations. One approximation
is the the hard sphere potential where it is assumed that the
potential energy rises abruptly to infinity as soon as the
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CHAPTER 2 10.

EQUATIONS OF STATE

An equation of state is normally a pressure - volume
temperature relationship. Ideal gases have an equation of state
expressed as:

PV = nRT

is the pressure

is the temperature

is the number of .moles of gas

is the universal gas constant ang

is the volume. ’

However real gases do not always behave according to the
previous equation. It is obvious that a real gas cannot be cooled
to zero volume. Under certain conditions gases turn into liquids
or solids.

The origin of the deviations from ideality 1is the
interaction between particles. Molecules excercise attractive
forces when they are separated by some distance and repulsive
forces when they are very close together.

Repulsive forces are short term interactions while
attractive forces have a relatively long range. Figure 1 provides

where

<U3 370

@ plot of the compression £facteor 2Z- = PV/RT against pressure
aprplied on the gas. One can obtain an indication of the
imperfection at different pressures. For a perfect gas Z = 1
under all conditions. For a real gas the case is somewhat
different. At very low pressures all gases behave almost ideally
{ Z =1 ). At high pressures the repulsive forces dominate and 2
> 1, while at moderate pressures 2 < 1 due to the attractiv-
forces, Obviously an. equation of state for the detonati.

products has to reproduce this behaviour of real gases.

EQUATIONS OF STATE FOR DETONATION PRODUCTS.

The equations of state used for detonation calculations
are of two types: those which do not treat chemistry explicitly
and those which do. The latter contain individual equations of
state for the component molecules and a mixture rule for combining
them to give an eguation of state ior any composition. The
composition o0f the detonation products is calculated by assuming
chemical = uilibrium.

At this point it is worth mentioning that much of the
work involving the development of an equation of state has been
employed in an inverted form. Experimental values are used to
calibrate an assumed form of an esquation of state. Attempts to
develop & general, completely theoretical equation of state have
failed to produce a good result. .

The most common equations of state for detonation
products are:

1. The Abel Eqguation of State.

The Abel equation of state is a form of the Van der
Waal's equation of state. [t can be expressed as:

P{V-i) = nRT

where + is a constant. .
It was found that this form did not produce acceptable

results for many cases of condensed explosives. Cook(l) provided

a modification expressing « as a function of the volume of the
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particles come within some separation distance o ( collisi
diameter ).

Normally the intermolecular potential is written as:

. C _C
vV = n/Rn G/RG

This is the Lennard-Jones (n,6) potential. Often the
(12,6) potential is written in the form:
v = 4zt (/R3Y2 - (am)®)
where = is the depth of the potential well and
T is the separation distance at which V=0.
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NO. PARAMETER SET B < a 8

1 Fitting RDX 0.181 14.15 0.54 400

2 Fitting TNT 0.09585 12.685 0.50 400

3 Best fit for RDX 0.16 10.91 0.50 400
with (3P/aT) >0

4 Default 0.10 11.85 0.50 400
parameters

¥

b
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FIGURE 2: POTENTIAL ENERGY BETWEEN
MOLECULES
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is increased as well., However when a certain diameter 1is reached,

further increase in diameter does not result in an increase of the
detonation velocity.- At this point a. maximum detonation ve;ocity
of the explosive is reached. This velocity is called the ideal

detonation velocity of the explosive and is the value predicted
by thermochydrodynamic codes.

The detonation head model as developed by cook!l! can be
useful in explaining the shape of the observed detonation velocity
- diameter curves. Figure 1 illustrates the length of the
established detonation heads in charges of various diameters And
indicates what happens when a solid particle of ‘explosive enters
the detcnation head. For the small diameters, the degree ©of
reaction is small and the energy liberated is not -enough. to
support a detonation. As the diameter is increased the detonation
head length is increased and for the same size of particle the
degree of reaction increases. At the critical diameter the degree
of reaction is sufficient to support stable detonation. If the
diameter is increased further a larger amount of explcsive reacts
in the detonation head. when the ideal detonation . occurs, the

full amount of explosive reacts in the detonation head.

3.2.2 Effect of Confinement

The effect of confinement is to lower the rate of expansion
of the gases off the side of the charge(z). This 4in turn slows
down the rate at which the lateral rarefaction travels into the
reaction region. As a result it takes longer for the side release
waves to meet on the charge axis. The length of the detonation
head is thus increased. This is shown in Figure 2(1), where the
development of the detonation head is outlined fcr Loth the

’
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18,

‘confined and the unconfined cases. Therefore, if the explosiv
was not reacting fully at a particular charge diametér, the effec._
of confinement would be to increase the degree of reaction and
consequentlybthe dethEtidn velocity.at.this diameter. Similafli,
confinement will reduce the critical charge diameter (Figure
32},

However confinement cannot be quantified. Steel, glass,
various kinds of rock and soil will produce a different effect.
For this reason most of the tests are done with the explosive

charge unconfined.

2.2.3 EFfFfect of Farticle Size

If the si1ze of the explosive particles is reduced at a given
charge diameter in the non ideal velocity region, the degree of
reaction is enhanced because of the increase of the surface arec
Furthermore since the grains are smaller, they are consumed faster
in the detonation head. As a result the «critical diameter i1s
decreased and the explosive reaches ideal detonation at a smaller

diameter (Figure 4)(2).

3.2.4 Effect of Densrty

If the density is increased, the specific energy is
increased; as a result the ideal detonation velocity is increased.
It has been found that the detonation velocity and the density are
related linearly. Figure 5{3) ghows the detonation velocity
denéity relationship for various explosives.

However if the density is increased beyor3d a critical point,
steady state detonation :is not possiblé. The phenomenon is calle

dead packing and a qualitative explanation can be given by the
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fact that the volume of the entrapped air is insufficient to
provide enough hot spots for the reaction to proceed(Z).
The relationship between critical diameter and density is

6{3). 1t is obvious that apart from the density

shown in Figure
in which the material is dead packed there is a critical density

below which the expiosive will not shoot.

2. 2.5 Effect of Temperature

The initial temperature of the explosive has a small
influence on the velocity of detonation at diameters well above
the critical. However the critical diameter is dependant on the
initial temperature. Figure 7 shows the effect of the temperatyre
on the critical diameter powdered TNT“’.

In the case of commercial liquid explosives the effect 1is
more pronounced. Figure 8 shows the effect of low temperatures on
the critical diameter of. typical slurry explosives{s). The

effect on solid explosives is almost negligible.

3.2.6 Effect of wWater

Generally dynamites are not affected by the presence of water
inside boreholes. Ammonium nitrate mixed with fuel o0il has no
water resistance. The product absorbs water and soon becomes
desensitized. Generally performance drops drastically as the

weight of water in the composition is increased.

3.3 Detonation Pressure

The detonation pressure is a very important parameter. It 1S
an indicator of the ability of the explosive to produce the

Y
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20.

desired fragmentation in the rock. However, .due to its high
magnitude the detonation pressure cannot be measured directly.. -
For this reason the experimental determination is difficult.

The detonation pressure is relaied to the sguare of éhe
detonatioh velocity. Parameters which influence the detonation
velocity have a very. significant effect on the detonation

pressure.

3.4 Detonation Temperature

- The detonation temperature is the parameter about which the
least amount of information is available!®), The detonatien
temperature is measured from the brightness o¢f the detonation
front as it is observed by a sensor. However it is not known how
much radiation is absorbed from the partially decohposed materia.
between the sensor and the front. Furthermore, any gas bubbles in
the material will flash brightly when they are impacted by the

detonation wave. This, obviously, will affect the measurement.

3.5 Fumes

It must be assumed that in all cases explosive fumes are to
some degree toxic. Excess oxygen causes the formation of nitrogen
oxides while oxygen deficiency causes the formation of carbon
monoxide.

In the United sStates the fumes of any explosive are
classified after detonating the explosive in a Bichel bomb and

analyzing its fumes. The following classes exist(T):

= v



A. Permitted explosives (USBM)

Fume class ToxiC Gag Toxic Gas
££3/1p 1/kg
A <-1.25 < 78
B 1.25 - 2.50 78 - 156
C 2.50 - 3.5 156 - 234
B: Rock blasting explosives
Fume class ToxliC Gas Toxic Gas
£t3/1pb 1/kg
< 0.16 10
0.16 - 0.33 10 - 21
0.33 - 0.67 21 - 42

Canada uses the same standards.

2 or 3 cannot be used in

application has been made to and permission is received

authorities (EMR).

It is worth mentioning here that the relative toxicity of the

fumes 1s impcrtant and this is not shown in the above tables. NO

However explosives of class

is much more toxic than €0 (about & times as much)(e).

It has been found that the fumes depend on(z):

1. The oxygen balance
2. Marginal priming
3. Water attack

4. Critical diameter
5. Gaps 1in loading

6. Deflagrations.
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3.6 _ggggggﬁoftsxplosives

Explosives are substances that rapidly 1liberate their
chemieal energy as heat to form gaseous and solid decompositioﬂ".
products at high temperature and pressure. The hot and dense
detonation products producg shock waves in the surrounding medium
and upon expansion impart kinetic energy to the surrounding
medium. The energy released in the detonation process is given by
the following formula: o

Q = AHg(products) - &H.(reactants)
where 4H, is the heat of formation.

The energy‘pEr unit weight is called the weighf sfrength of
the explosive. '

The energy per unit volume is called the bulk strength of the-
explosive. N

Sometimes it is useful.to express the weight and the bulk
strengths as relative values obtained by dividing the strength
(weight or bulk) to the corresponding strength of a  standard

explosive. The commercial industry normally uses AN/FO as the

standard explosive,

3.7 Shelf Life

The shelf life of an explosive determines the maximum time
period the explosive can be in storage. various explosives age

and their use is unsafe or they cannot be detonated reliably.

3.8 Pressure Desensitization

Commercial explosives can be susceptible to hydrostatic

o Y6




heads. Hydrcstatic heads can compress the explosive to hagh

densities and "dead packing" can result.

3.9 Measurement of the Detonation Properties

3.9.1 Detconation Velocity

There are various methods of measuring detonation velocities.

These are outlined in the following:

{ The continuous probe method,

The system consists of the explosive charge, along fhe
central axis of which a uniform resistance probe 1s inserted, =a
constant current scurce, a triggering source and an oscilloscope.

The resistance probe consists of a resistance wire inserted
into a small diameter bréss tube. The resistance wire -is a
nichrome wire having an accurately known linear resistance.

The oscilloscope is connected in parallel to both the current
source and the probe (Figure 9)(5), At detonation the wire
resistance probe is consumed., However the circuit remains ciosed
due to the fact that the detonation wave is sufficiently ionized.
The circuit follows Ohm's law. Therefore, since current 1is
constant, the voltage change with time shown on the oscilloscope,
is proportiocnal to the resistance. Knowing the full voltage drop
across the probe and the length of the probe, the voltage drop can
be converted to distance along the charge. Therefore the velocity
of detonation can be calculated by interpreting the voltage drop -

time record provided ty the oscilloscope.

-_—
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(1. Start-stog nwethod

Two probes are placed at a known distance apart in the

explosive. Each probe consists of two wires placed in
close proxXimity. wWhen the detonation wave contacts each probe it
shortens the circuit by bringing the two wires i1in contact. By

measuring the signals obtained by either a counter or an

oscilloscope one can measure the detonation velocity.

iti. Streak camera method

The method is shown in Figure 1959). The streak camera uses
a mirror which rotates at the centre of the drum. The £ilm is
placed on the drum. . The field of view of the camera lens is
masked except for a narrow slit. The charge is aligned so that
its axis is parallel to the slit of the camera. The 1ligh
generated by the detonation front enters through the slit and
after being reflected on the rotating mirror, leaves a mark on the
film. Thus the streak camera trace is essentially a time distance
record. The slope of the trace made by the luminous wave provides
the velocity of detonation. A typical streak camera record is

Y
shown in Figure 11(10’.

tu. D'Autriche Method

This is the least sophisticated metho&. It is outlined 1in
'Figure 12(9). The method uses a detonating c¢ord both ends of
which are inserted in the explosive at a known distance apart. A
metal witness plate 1is placed close to the middle of the
detonating cord. The detonation wave in the charge initiates the-
detonating cord at both ends. when the detonation waves

travelling in opposite .directicns in the detonating cord collice,
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they leave a dent in the witness plate. This helps to find the

position in the detonating cord at which the collision took place.

Thus, the distance, and therefore the time, each wave travelled in

the detonating cord can be found. The difference in the times the
two waves travelled in the cord provides the time it took the

detonation wave in the test charge to travel the distance 1.

1.9.2 Detonation Pressure

The measurement of the_detonation pressure is normally based
on photographic techniques. These techniques require a streak
camera and accurate experiments (aquarium technique). . In. the
aquarium technigue, a transparent liquid serves as a pressure
gauge for measuring transient pressures. The transparent 1liquid
has to be selected in such a way that the reflected wave at the
gauge-liquid interface is either a weak shock or a very weak
rarefaction. The technique, as described by COOR(B consists of
the following two stages:

i. 1Initially the Hugoniot of the liquid which serves as a gauge

is determined. The experimental set up is.shown in Figure 13, Thg

method consists of the simultanecus measurement of the shock®

velocity at the free surface and the free surface velocity as the
ehock emerges from the transparent medium. Observations of the
shock velocity and the free surface velocity are made by using a
streak camera. By changing the height (h) of the 1liquid inside
the container, one changes the shock velocity and the free surface‘
velocity. By assuming that the particle velocity of the liquid at
the interface is half of the free surface velocity the
relationship between shock velocity and the particle velocity in

the liguid {(Hugcniot) 1s obtained.

T
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26.

ii. The experimental set up for the second part of the technique
is shown in Figure 14. In this experiment, the velocity of
detonation in the explosive charge and the initial transmitted
shock velocity in the l;quid are measured. From the transﬁitted
shock velocity in the liquid and the known Hugoniot of the liquid,
the initial pressure in the 1ligquid c¢an be calculated. The
corresponding pressure in the detonation head 1is calculated by
using the following relationshib:

Pg= Py [(PUG) 41 + P1eVsel/(2(PUL)4q)

where

Py is the detonation velocity

ie is the initial density of the explosive -

Use is the detonation velocity 7
(oUs)il is the initial impedance of the liquid and
P,y 1is the initial pressure in the ligquid.

The initial pressure in the liquid is calculated by the well
known relationship

P ~,U_,U

11 T 711 pl

where Pil is the pressure in the liquid
Usl 18 the shock velocity

Upl is the particle velocity and

o i the initial density of the liquid.
1

Because of the difficulty in p :suring detonation pressures
it is often necessary to calculate the detonation pressure' from

the detonation velocity by using the approximate formula:
p o 2D
4

where P is the detonation pressure
& is the initial density of the explosive anad

D is the measured detonation velocity.
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FIGURE 3: VOD - CHARGE DIAMETER CURVES
FOR CONFINED AND UNCONFINED ANFO
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FIGURE 4: EFFECT OF THE PARTICLE SIZE ON
THE VELOCITY - DIAMETER CURVE OF AN/FO

Detonation velocity (m/s)

SO00
- -+
4000 R
3000+
+"
2000 |-
1000 1
0 ] 1 1 L 1 L

0 5 10 15 20 25 30
' Charge diameter (cm)

—— Prilled AN/FO  —+— Crushed AN/FO

density =.0.85g/cc



FIGURE S: DETONATION VELOCITY - DENSITY
RELATIONSHIPS
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FIGURE 7. EFFECT OF TEMPERATURE ON THE
CRITICAL DIAMETER OF TNT
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FIGURE 8: EFFECT OF TEMPERATURE ON THE
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CHAPTER ¢4

GAP AND FRICTION SENSITIVITY OF EXPLOSIVES

4.1 Introduction

The gap sensitivity of explosive represents its ability ¢to
propagate through barriers. The gap sensitivity of an explosive
is an important property to be considered in blasting operations.
If the sensitivity is low, the detonation in the‘borehole can be
interrupted because of obstacles (rocks) or air. gaps. Oon the
contrary, an explos;ve which is very sensitive can be dangerous .to
handle and can detonate sympathetically in the boreholes. Cross
propagation of adjacent holes is very undesirable since thir
eliminates the effects -0of delays and results in excessis .
vibrations and poor fragmentation. | 7

However one has to differentiate between solid gap and air
gap sensitivity because the phenomena involved in each case are
considerably different.

The friction sensitivity determines the safe handling of
explosive charges. <Charges can be subjected to friction £forces

when loaded in blastholes. These can be o¢f a significant

magnitude especially where pneumatic loaders are used.

4.2 Underdriven and Overdriven Detonations

The detonation state (C-J state) represents a dynamic stable
conditicen. If the detonation wave encounters a small gap in ¢t
explosive charge, it will weaken temporarily and will come back to

the original stable condition once the perturbation 1is passed.
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The same will happen if the detonation wave encounters a part of
the explosive which has greater energy. Temporarily it will
sgrengthen but later it will reach the stable condition.

Consider the situation shown in figure 1 a. A detonation is
transmitted from a donor explosive to an acceptor explosive. In
this case there are three possibilities; the shock  wave
transmitted in the acceptor can be stronger than the detonation
wave in the acceptor, the shock.wave can be of equal magnitude to
the detonation wave in the acceptor or the shock wave can be of a
smaller magnitude than the detonation wave in the acceptor. The
first case is called overdriven and the last case underdriven
detonation. It has been found that in the case of an overdriven
wave the strenéth always decays until the C-J condition 1is
reached. In the case of the underdriven wave the detonation
builds up to the C-J value. However, there is a limiting strength
below which-the wave decays and detonation does neot propagate.
This limiting strength is of importance since it determines the
conditions required for safe handling and reliable inifiation of

explosive materials.

4.3 The Gap Test

Experimentally a simple way to determine the sensitivity of
an explosiv; to initiation is represented in the gap test. The
gap test is shown in Figure 1 b. The experiment consists of a
donor charge, an attenuator and an acceptor charge. By varying

the attenuator thickness, different underdriven waves are

transmitted to the acceptor. The thickness of the attenuator at

which 50% of the times the acceptor detonates is called critical
/25
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gap thickngés. At that thickness the shock wave in the accepto
has a limiting wvalue above which the acceptor‘ has a high
probability of detonation. ‘ The gap material is normally a
standard solid material. Air gaps are not desirable because hot
decomposition products of the donor explosive will iﬁpinge
directly on the acceptofi

‘The result of the gap test depends on the geometry sf the
donor and acceptor charges as well as the attenuator matefial and
the donor explosive. For this purpose various laboratories
standardize gap tests by using the same donor and the same
attenuator material. Thus the results of the tests  are
indicative of the explosives shock sensitivity. )

Typical gap tests are shown in Figures 2 and 3.

The following factors affect the result of a standard ga—
test: .
1. Density. The effect 6f density 1s. shown in Figure 4(2J where
the critical gap pressure is plotted against the percent o¢f the
theoretical maximum density. It is obvious that the explosive
becomes less sensitive as the theoretical maximum density is
approached. This 15 a general trend obtained in a variety of
explosive compositions(Z}.

2. Temperature. The effect of temperature is shown in Figure 5.

This is a general trend for any material in which the reaction

rate increases with temperature(z).

3. Composition. It is obvious that the result of the gap test is

compeosition dependant. It has been found that if wax is added to
RDX or TNT, the shock sensitivity is decreased. However 1if wax i~
added to ammonium nitrate, the sensitivity is drastically

increased. This happens because of the combination of an oxidizer
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with a fuel and the dominant factor is the oxidation-reduction

reaction. Figure & is typical of this phenomenon(z)u

4. Acceptor diameter. Initiation is controlled not only from the
magnitude of the impacting shock wave but from its duration as
well. The reduction of the diameter of the acceptor has changed
the duration of the shock wave. -It is recommended that . the
charges are tested at a diameter above the minimum diameter for
ideal detonation, where this is poesible. According to Price the
critical initiating pressure - diameter relationship should follow
a curve as in Figure AR Experimental results by Moulard
indicate the same trend for Composition 8(6!

5. confinement. Price has found that confinement of the acceptor

in the test prevents the lateral rarefaction from producing a

large disturbance. The confinement gives a result which 1is

comparable to that which would be c¢btained for a very much larger
diameter unconfined charge. The result may approach that which
would be obtained in the one dimensional £1ow{2). In Figure 8 the
critical gap pressures for confined charges are compared to the
critica. cap pressures of unconfined charges. .. It is obvious . that.

confinement increases the sensitaivity 0of explosives.

4.4 Alr Gap Sensitivity

This .term denotes the initiation of an explosive charge
without a praiming device by the detonation of another charge in
the neighbourhoed. The transmission mechanism is complex. The
important parameters are the shock wave, the hot reaction products
of the donor and the flying parts from the casing of the donor

charge. Various tests are conducted to determine the air gap
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46.
sensitivity of explosives. In Europe the smallest diameter of
manufacture is used in the test charges which are tested
unéonfined(a). This will provide the largest gap below Fhich
detonation will always be observed. Confinemenf however affects
the result. For this purpose coal mining explosives are tested
in pipes which simulate boreholes. It is recommended that gap
tests simulating the conditions of application are performed to

determine the gap sensitivity of a particular product.

4.5 Initiation by Friction

The mechanism of heating by fricticn has been investigated by
Bowden and co-workers. When solid bodies are pressed against each
other contact will occur only at the summits of the surface
irregularities. The total area of contact is a small fraction of
the total surface area(4r. when the bodies are sliding against
éach other heat is developed at the regions of contact. Hot spots
are created at the points of contacf and their temperature depends
on the pressure, sliding velocity and heat conductivity of the
sliding material. The contact material with the 1lowest melting
point determines the hot spot temperature. When melting occurs 1its

supporting capacity is taken over by cother points(‘).

According
to Bowden if the melting point of the slider is below the critical
hot spot temperature for the explosive, detonation does not occur.

Several friction tests have been developed. The Swedish(4)
developed a friction tes* in which the explosive is subjected to
stresses similar to those when the explosive is charged in
boreholes. The test consists of a block of granite which has a

semi-cylindrical groove. A thin layer of explosive is placed in

Vo 70
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the groove and a slider moves on top. Various loads are put on
the slider. The slider moves at a constant speed and the result
is recorded as a function of the load.

In Germany a sample 1s placed o¢n a roughened poréelain

plate(3).‘

The sample is put on top of it and a porcelain cylinder
is placed on top with various loads. The plate moves at a certain
speed and the result is recorded as a function of the load.

similar tests have been developed in other countries.
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FIGURE 4: EFFECT OF DENSITY ON
CRITICAL GAP PRESSURE
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FIGURE 5: EFFECT OF THE COMPOSITION ON
CRITICAL GAP PRESSURE
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FIGURE 6: EFFECT OF TEMPERATURE ON THE
CRITICAL GAP PRESSURE
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FIGURE 8: EFFECT OF CONFINEMENT ON
CRITICAL GAP PRESSURE
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SURFACE
BLAST
| DESIGN

This articie 1s an excerpt from Bureau of Miles circular IC 8825,

“Surtace Biast Design.”

BLASTHOLE DIAMETER

The size of blasthole is the first consideration of any biast
design. Tha blasthole cilameter, aicng with the type of explosive
being used and the typs of rock being blasted, will determine
the burdan. Al other blast dimensions are a function of the
burden. This discussion assumas that the biaster has the free-
dom o seiect the borehoie size. In many opearations one is
lirmited 1o a specific size borehoie based on avalable driling
equipment. .

Pracucal blasthole diametars 1or surtace mining range from

L]
1
"- Driling ong bioshing Coste
300"
: %
, bt
. B
a ::.v’:
| 0
t Loading hdubng and crushing cosrs 'o:':i:
] . R
: -.so
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I WSy

50°~ l-so'4

Blas) area *15,000 sq ft
Boranola giomater = 200
Numbar of holes = 4

¥

Blast aren # 15000 sq 1
Borenole giameter : 210
Numzar of hoes « 400
Tota) coranoie ored 1,256 59 n
Burdan s 50N
Spn:mﬁ =75

Total borencie area *1,2%6 34 1n
’ Buroen = 511
Spacing + 75 11

Figure 65.—EHect of iarge and small blasthoies on

unitcosts.
/FP
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2 to 17 in. As a general rule, large blasthole diameters yield -

low dnliing and blasting costs because large holes are cheaper
to anil per unit volume and less sensitive, cheaper blasting
agents can be used in larger diameters. However, l[arger iame-
ter blastholes also result in large burdens and spacings and
collar distances and hence, they tend to give coarser fragmen-
tation. Figure 65 illustrates this companson using 2- and 20-in-
diameter blastholes as an exampie. Pattarn A contains four
20-in blastholes and pattam B contains 400 2-in biastholes.
In all bench blasting operations some compromise batween
these two extremes i1s chosen. Each pattern reprasents lhe
same area of excavation, 15,000 sq fi, each involves approxi-

mately the same volume of blastholes, and each cgn be ioaded

with about the same weight of explosive.

In a given rock formanon, the tour-hole patiern will give rela-
tively iow dnlling and blasting costs. Dniling costs for the large
blasthoiles will be low, a low-cost blasting agent will be used,
and the cost of detonators will be minimal. However, in a difficult
blasting situation, the broken material will be biocky and nohun-
itorm 1n s12e, resuiting in huigher loading, hauling, and crushing
costs as weil as requinng more secondary breakage. insuffi-
cient breakage at the toe may also resuit.

On the other hand, the 400-hole pattern will yield high drilling
and blasting costs. Small hoies cost more Lo drill pet unit vol-
ume, powder for smali-diamater blastholes is usually more
expansiva, and the cost of detonators will be highar, However,
the fragmentation will be finer ang more uniform, resuiting I1n
lower loading, hauling, and crushing costs. Secondary blastng
and toe probiems will be mintmized. Size of equipment, sub-
sequent processing required for the blasted matenal, and
economics will dictale the type of fragmentauon needed, and
hence the size of biasthole to be used.

Geologic structure is a major factor in datermining blasthole
diameter. Planes of weaknass such as )oinis and beds. or
zonas of SOft, Incompetent rock lena to isolate Jarge blocks
ot rock 1n the burden. The larger the blast patlern, the more
likely thase blocks are to be thrown unbroken into e muckpile.”
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Flgure 66.—~Effect of ]olntlng on selection of blasthole
size.

Note that in the top pattern in figure 66 some of the blocks
are not penetrated by a blasthole. whereas in the smalier bot-
tomn pattemn all of the blocks contain at least one blasthole.
Owing to the better explosives distribution, the bottom pattem
will give better fragmentation.

Ag more blasting operations arg carrted out near populated
areas, environmental problems such as airblast and fiyrock
often occur because of an insuffictent cotlar distance above
the explosive charge. As the blasthole diameter increases,
the collar distance required to prevent violence increases. The
ratio of collar distance to btasthole diameter required to prevent
violence varias from 14:1 to 28:1, depending on the relative
densities and velocities of the explosive and rock, the physical
condition of the rock, the type of stemming used. and the
point of initiation. A larger collar distance s required where
the sonic vetocity of the rock exceeds the detonahon velocity
of the explosve or where the rock Is heavily fractured of low
in density. A top-initiated charge requires a larger collar dis-
tance than a bottom-mnitiated charge. As the collar distance
increases, the powder distribution becomes poorer resulting
in poorer fragmentation of the rock in the upper part of the
bench,

Ground vibrations are controlled by reducing the weight of
explosive fired per detay interval. This ts more easily done
withr smalt blastholas than with large biastholes, In many situe-
tions where an operator uses large-diameter plastholes near
populated areas, several delayed decks must be used within
each hole to control vibrations.

Large holes with large blast patterns are ideaily suited to an
operation with the following charactenstics: A large voiume of
matenal to be moved. large loading. hauvling, and crushing
equipment; no requirement for fine, unrform fragmentation; an

AOO

easily broken toe; few ground vibration or airblast problems
{tew nearby neighbors); and a relatively homogeneous, easity
fragmented rock without excessive, widely spaced pianes of
weakness or voids. Many blasting jobs, however, pres n-
straints that require smaller blastholes.

in the finai analysis, the selection of blasthole size is based
on economics. It is impaortant to consider the economics of the
overall excavation or mining systemn. Savings reatized through
indiscriminate cost cutting in the driliing and blasting program
may well be lost through increased loading, hauling. and crush-
ing costs and increased litigation costs owing to disgruntlied
neighbors.

TYPES OF
BLAST PATTERNS

There are three commonly used drilt patterns: square, rectan-
gular, and staggered, The square drill pattem (fig. 67) has equal
burdens and spacings, while the rectangular pattem has a
larger spacing than burden. in both the square and rectanguiar
pattemns, the holes ot each row are lined up directlty behind the
holes in the preceding row. In the staggered pattem (fig. 67).
the holes in each row are positioned in the middie of the spac-
Ings of the holes in the praceding row. in the staggerad pattern,
the spacing shouid be larger than the burden,

The staggered drilling pattern is used for row-on-row firing;
that Is, where the holes of one row are fired betore the holes
in the row irmmadiately behind them as shown in figues 68, The
square or ractangular drilling patterns are used for firing V-cut
{fig. 69) or echelon rounds. Either side ot the blast round in fig-
ure 69 by itself would be called an echelon blast round. In V-cut
or echelon biast rounds the burdens and subsaquent rock dis-
placement are at an angle to the original free face. Lo~**
figure 69, with the burdens developed at a 45° angile
original free face, you can see that the originally square drlling
pattem has been transformed to a staggered blasting pattem
with a spacing twice the burden. The simple pattems discussed °
here account tor the vast majority of the surface blasts fired.
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Figure 67.—Thres basic types of drill pattern.
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Figure 68.—Comer cut staggered blast pattern—
Simuitaneous inltlation within rows (biasthoia spacing, S,
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_ istwice the burden,B).

191 13



F

MEP St S ez pplte et ST = WS HES hii =

" Figure 69.—V-echelon blast round (true spacing, S, is
twice the true burdaen, B).

BURDEN

Figure 70 is an isometric view showing the relationship of the
vanous dimensions of a bench blast. The burden 1s defined as
tha distance froim a blasthole 1o the nearast free face at the in-
stant of detonation. In multiple row bilasts. the burden tor a blas-
thole 1s not necessanly measured in the direction of the original
free tace. One must take into account the free faces deveioped
by blastholes fired on iower deiay penods. As an example, in
hgure 68, where one entire row |s blasted before the next row
begins, the burden 1S measured in a perpendicular direction be-
tween rows. However, in iqure 69 the blast progresses ina V-
shape. In this situation, the true buraden on most of the holes is
measured at an angie of 45° from the onginal free tace. as
shown inthe figure.

Itis very important that the proper burden be calculated, tak-
Ing tnto account the biasthole diameter, the relative density of
the rock and the explosive, and to 5ome degree, the iangth of
the blasthole. An insufficient burden will cause excessive
airblast and Hyrock. Too large a burden will give inadequate
tragmentauon, toe probiems, and excessive ground vibratons.
Whare it will be necessary 10 dnill a round bafore the previous
round has been excavated, iI1.1s imponant to stake out the tirst
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Figure 70.—Isometric view of abench blast.
14

Fo/

rt;w of the second round before the first round is fired. This will
assure a proper burgen on the first row of blastholes in the sec-
ond biast round.

The burden dimension is a tunction of the charge diameter.

. For pulk-ioaded charges, the charge diameter 1S equal to the

blasthoie diameter. For tamped cartndges, the charge diamater
will be batween the canndge diameter and the blasthole ciame-
ter, depending on the degree of tamping. For untamped car-
tndges the charge diamater i1s equal to the cartndge diameter.
Whaen biasting with AN-FQ or other iow density blastng agents
with densites near 0.85 g/cu cm, In typical rock with a gensity
near 2.7 g/cu cm, the narmal burden 1s approximateiy 25 tmes
the charge giameter. When using denser products such as siur-
nes or dynarmites, with densives near 1.2 g/cu cm, the normal
burden 15 approximately 30 umes the charge diameter. It shouid
ba stressed again that these are hrst approximations, and field
tesung often resulls in minor adjustments to these values. The
burden-to-charge-diameter ratio 1s setdom less than 20 of sek
dom more than 40, even in extreme cases. For instance, when
blasting with a iow density blasung agent, such as AN-FO, in
a dense formaton such as iron ore, the desired burden may be
about 20 times the charge diameter. When biasting with denser
sturnes or dynamites In low density formations such as some
sandstones or marbles, the burden may approach 40 times the
charge diameter. Table 4 summanzes thase approximations.

Table 4.-Approximate B/D ratios for bench blasting

Ratio
AN-FO( .B5 g/cu cm): -
Light rock (density-2.2 grou om) .. reeer et tenanasn et 28
Average rock (densty—2.7 G/CU CM) ....c.coccievieecmineaninisnans .25
Dense rock (density—3.2 g/Cu €M) ......
Slumry, dynammne (genssty--1.2 gs/cu cm).

Light rock (densty—2.2 g/Cu cm) ....
Average rock (densay—2.7 g/cu ¢m)
Denss rock (density—3.2 g/cu cm)

8 Burgen

=
33
30
27

D Charge diameter

High-speed photographs of blasts have shown that flaxing of
the burdan plays animportant role in rock fragmentation. A rela-
tively long, slender burden flexes, and thus breaks more easily
than a shor, stitter burden. Figure 71 shows the difference be-
tweean using a 6-in blasthole and a 12%-in blasthole in a 40-h
bench, with a burden-to-charge-ciameter ratuon of 30 and ap-
propnate subdriliing and stemming dimensions. Note the inher-
ent stffness of the burden wth the 12Yi-in blasthole as com-
pared with the 6~in blasthole. Based on this consideration, iower
burden-to-charge-diameter rabos should be used as a first ap-
proximaton when the biasthole diameter s large in companson
to the bench height Care must be taken that the burden ratio
1S Not so smali as to create violence. Once the burden has been
agetermined, it becomes the basis for caiculating subdrilling, col-
lar distance (stemming), and spacing.

SUBDRILLING

Subdnlting is the distancae drilled below the fioor lavel to as-
sure that the full face of rock is removed. Where there is a pro-
nounced parung at floor lavel, to which the expiosive charge can
convenently break, subdriling may not be reguired. In coal
stnpping, il is common practice to dnli down to the coal and then
backtiit a foot or two betore loading explosives, resulting mn &
negative subariil. In most surtace blasting jobs, howsever, it is
necessary to do some subdriling to make sure the shot pulls
to gradae. A good first approximanon for subdniling under aver-
age conditions 15 30 pct of the burden. Where the toe breaks
very easily, the subdnll can someumes be reduced to 10 to 20
pct of the burden, Even under the most difficuit conditions, the
subdnii shouid not exceed 50 pct ot the burden. If the tog cannot
be pulled with a subdritl-to-buraen ratio of 0.5, the fault probably
hes intoolarge a burden.
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Figure 71.—Comparison of a 12'.-In-diameter (A} blas-
thole (sti{f burden) with a 6-in-diameter (B) blasthole (flexi-
ble burden) in a 30-1t bench.

Priming the explosive column at the toe teve! gives maximum
confinement and normally grves the best breakage. Other tac-
tors berng equal, tos pnming usually requires less subdrilling
than collar paming.

Too much subdrilling is a waste of driliing and blasting ex-
pense and may also cause excessive ground vibrations owing
to the high degree of confinement of the expiosive in the bottom
of blasthole, panticularty when thea primer is placed in the bottom
of the hole. In multipie-bench operatons, excessive subdriiling
may cause undue fracturing in the upper portion of the bench
below, creating difficulties in collanng holes in the lowar bench.
tnsufficient subdrilling will cause high bottom, resulting in in-
creased wear and tear on eguipment and axpensive secongary
blasting. Table § summarizes the recommended subdrilling ap-
proximations. .

Table 5.-Approximste J/B ratlos for bench blasting

Open bedding Plane at 108 .........cccmeiininnnesomsians
Easy 0B .......coocvvermereesrannnn

Normal 108 .....cococvvecreicreranns .
DIMICUR 108 ...ttt rtece e rs e aaeceranssemanareneasanens 4 5

BBurden  JSubdriling

COLLAR DISTANCE
(STEMMING)

Collar distance is the distance from the top of the explosive
charge to the coilar of the biasthole. This zone 1s usually filed
with an inert matenal called stemming to grve some confine-
mentl to the explosive gases and to reduce airblast. Research
has shown that crushed, sized rock works best as stemming but
it is common practce to use drll cuthngs because of
economics. Too small a collar distance results in excessive vio-
lence in the form of airblast and flyrock and may cause back-
break. Too large & collar distance creates boulders in the upper
part of the bench. The seiection ot a collar distance is often a
tradeott between fragmentanhon and the amount of arbiast and
fiyrock that can be tolerated. This is especially true where the
upper part of the bench contamns rock that is difficuit to break.
In this situation the diference between a violent shot and one
that tfails to fragment the upper zone propery may be a matter
of only a tew feet of stemmung. Coliar priming of blastholes nor-
mafly causes more violence than center or toe priming, and re-
quires the use of 8 longer coilar distance.

Field expenence has shown that a collar distance egualto 70
pct of the burden 1s a good first approximation except where col-
tar pnming is used. Careful observation ot arrblast, fiyrock, and
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fragmentation will enable the blaster to further refine thes dimen-
sion. Where adequate fragmentation in the collar zone cannot
be attained wtile still controliing arblast ang flyrock, deck
charges or satsllite holes may be required.

A deck charge is an explosive charge near the top of the blas-
thole, separated from the main charge by ineit stemming. it
boulders are being created in the collar zone but the operator
fears that less stemmung wouid cause violence, the main
charge should be reduced siightly and a deck charge added.
The deck charge is usually shot on the same deiay as the mamn
charge or one delay iater. Care must be exercised not to place
the deck charge 100 near the top of the blasthole, or excessive
tiyrock may resull. As an aiternative, short satellite hoias be-
tween the main biasthoies can be used. Thess sateliite holes
are usually smallerin diameter than the matin blasthoies and are
loaded with a light charge of oxplosives. .

From the standpoint of public reiations, collar distance is a
very important blast design variable. One violent biast can per-
manently alienate neighbors. in a delicate situation, it may be
best 10 start with a collar distance equal to the burden and
graaually reduce this if conditions permit. Cgllar aisiances
greater than the burden are saldom necessary..

SPACING

Spacing is detined as the distance between adjacent blas-
tholes, measurad perpendicular to the burden. Where the rows
are blasted one after the other as in figure 68, the spacing is
measured between holes in a row. However, In figure 69, where
the biasi prograsses on an angle to the onginal free face, the
spacing s measured at an angie from the onginai free face.

Spacing is calculated as afunction of tha burden and also de-
pends on the iming between hoies. ToO Closa a SpaciNg causes
crushing and cratering betweean holes, bouiders in the burden,
and toe problems. Too wide a spacing causes inadequate frac-
tuning between holes, accompanied by humps on the face and
toe problems between holes (hg. 72}.

When the holes in a row are initiated on the same delay
penod, a spacing equal lo twice the burden will usually pull the
round saustactorily. Actuaily, the V-cut round in figure 69 also
illustrates simuitaneous nibation within a row, with the rows
being the angled lines of holes fired on the same detay. The true
spacing i1s twice the true burden even though the holes were
onginally drilied on a square panesn. .
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Figure 72.—EtHects of insufficient and excessive spac-
ing.-

Figld expenence has shown that the use ol milisacond de-
lays between holes i & row resulls in better fragmentation and
also reduces the ground vibrauons produced by the blast. Whan
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millisecond delays are used between holes in a row, the spac-
ing-to-burden raton must be reduced 1o somewhere Detween
1.2 and 1.8, with 1.5 being a good hrst approximation. Vanous
deiay pattems may be used within the rows, iInciuding altemate
delays (fig. 73) and progressive delays (fig. 74). Generaliy,
large-diameter blastholes require lower spacing-to-buraen
ratios (usually 1.2 to 1.5 with millisecond delays) than smail-di-
ameter biasthoies {usually 1.5 to 1.8). Because of the com-
plexities of geciogy. the intaraction of delays. ditferences in ex-
plosive ana rock strengths, and other vanabies, the proper
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Figure 73.—Staggered blast pattern with aiternate de-
lays (spacing, S, Is 1.4 times the burden, B),
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Figure 74.—Staggered blast pattern with ‘ﬁmgrssslvo
deiays (spacing, S, Is 1.4times the burden, B).

spacing-to-burden ratio must be determined through onsite ex-
penmentaton, using the preceding values as first approxima-
tions.

Except when using controlied blasting techniques such as
smooth blasting and cushion blasting, the spacing shouid never
be less than the burden.

" HOLE DEPTH

In any biast design it is imporant that the burden and the
blasthoie depth (or bench height) be reasonably compatible. As
a rule of thumb for bench blasting, the hole depth-to-burden
ranuo should be between 1.5 and 4.0. Hole depths less than 1.5
times the burden cause excassive airblast and flyrock and, be-
cause of the shon, thick shape of the burden, give coarse, un-
even fragmentatnon. Where operational conditons require a
rauo of less than 1.5, the pnmer shouid be placed at the toe of
the bench to assure maximum confinement. Keap in mind that
placing the pnmer in the subdrili can cause increased ground
vibrations. If an operator continually finds use of a hole depth-
to-burden ratto of less than 1.5 necessary, consideration should
be given to increasing the bench herght or using a smailer dritl.

Hole depths greater than four imes the burden are also unde-
sirable. The ionger a hole is In respect 1o its diameter the more
arror there will be in its location at toe lavel, which is the most
cntical portion of tha blast. A poonly controlied blast will result.
Extremety iong, slender holes have even bean known to inter-
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High benchas with short burdens also create hazards, such

as a small drill having to put in the iront row of holes near the
edge of a high ledge or a small shovel having to dig at the toe
of a precariousty high tace. The obvious solution to this probiem
is to use a iower bench height. There is no rea! advantage to
a high bench height. Lower benches give more efficient blasting
results, iower drithng cost and chances tor cutofts, and are safer
Irom an equipment operation standpoint. If it is impractical to re-
duce the bench height, larger driliing and rock handling equip-
ment should be used, which will effectively reduce the blasthole
depth-to-burden ratio.

A major problem with long slender charges is the greater po-
tential for cutofts in the expiosve column. Where it is necessary
to use blast designs with targe hole depth-to-burden ratics, mul-
tiple pnming should be used as insurance against cutoffs,

DELAYS

Millisecond delays are used between charges i a blast round
torthree reasons: )

1. To assure that a proper free face is developed to enable
the explosive charge to efficiently fragment and dispiace its bur-
den.

2. Toenhance fragmentation between adjacent holes.
3. Toreduce the ground vibrations created by the biast.

There are numerous possible delay patterns, severa! of
which were covered in figures 68. 69, 73. and 74.

Andrews, of du Pont,-conducted numerous field investiga-
tions to determine optimum delay intervais for bench blasting
and reached the following conclusions.
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Figure 75.—The eftect of Inadequate delnys between
rowsa.

1. The delay time between hoies in a row should be batween
1 and 5§ ms per foot of burden. Delay times less than 1 ms per
foot of burden cause premature sheanng between holes, result-
ing 1n coarse fragmentation. f an excessive delay time is used
between holes, rock movemnent from the first hole prevents the
adjacent hole from creating additional fractures between the
two holes. A delay of 3 ms per foot of burden gives good resuits
in many kinds of rock.

2. The delay ime between rows should be two 1o three times
the delay time between holes tn a row. This 1s longer than most
previous recommendations. However, (n order to ¢btain good
fragmentation and control fiyrock, a sutficient delay is needed
so that the burden from previously fired holes has enough time
to move forward to accommodate broken rock from subsequent
rows. If the delay between rows is 100 short, movement in the
back rows will be upward rather than outward {fig. 75).

3. Where airblast is a problem, the delay between holes in
a row should be at least 2 ms per foot of spacing. This wril pre-
vent airblast from one charge from adding to that of subsequent
charges as the blast proceeds gown the row.
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" 4. Forthe purpose of controlitng ground vibrahons. most reg-
ulatory authontes consider two charges (o be Separale events
if thay are separated by a getay of 9 ms or more.

Following these recommendations shouid yield good blasting
results. However, when using surface detay systems Such as
detonaung cord connectors and sequental tming biasting
machines, the chances for cutofts will be increased. To soive
this problem, in-hole delays should ba used in additton {0 the
surtace delays. For instance, when using surtace detonatng
cord connéctors, one mught use a 100-ms delay 1n each hoie.
‘This causes ignition of the in-hote delays wellin advance of rock
movemaent, thus minimizing cutotfs. With a sequential imer, the
same effact can be accomplished by avoiding the use of elecinc
caps with delays shonerthan 75to 100 ms.

From the standpoint of simplicity in blasl design it is best it
all the explosive in a blasthole 1s fired as a single column
charge. Howevaer, itis somebmes necessary, where firing large
blastholes in populatea areas, 10 use two or more delayed
decks within a blasthole to reduce ground vibrations. Blast
rounds of this type can becomes quite complex, and should be
designed under the guidance ot a competent pefson.

All currently used deiay detonators employ pyrotechnic delay
elaments. That 15, they depend on a burrung powder train for
their delay. Although these delays are reasonably accurate,
overiaps have been known 1o occur. Therafare, when it is es-
sential that one charge fires betore an adjacent charge, such
as in a tight comer of a blast, it is a good 10s8a o skip a delay
period. Davelopment of blasting caps with etectronic delays I1s
a good future possibility, -

POWDER FACTOR ' .

Powder tactor, in the opinion of the authors, 1s not the best
tooi for dasigning biasts. '

Biast designs should be based on the dimensions discussed
earlier in this chapter. However, powdar factor 1S a necessary
¢aiculation for cost accounting purposes. In biasting operations
such as coal sthpping or construction work where the exca-
vated matenal has littleé or no inherant vaiue, powder factor 1s
usually expressed i terms of pounds of explosive per cubic
yard of material broken. Powder factors for surface blasting can
vary trom 0.25 to 2.5 Ib/cu yd, with 0.5 to 1.0 1b/cu yd being most
typical.

Powder facior for a single biasthole 1s calculated by the fol-
lowing tormuia:

. L(0.34050}(D?)

P.F.
) (BNS)(H)/(27)

powder factor, pounds of sxpiosive per cubic
yard of rock,

length of the expiosive charge., feet,

density of tha expiosive, grams per cubic cen-
tmeter,

charge diamater, inches,

burden dimension, ieat,

spacing dimension, teet,

bench height, feet,

where P F.

InwmO ar
nanan

and

Many expiosives companies publish tables that give loading
densities in pounds per oot of blasthole for different combina-
tions of d and D, Powadaer tactor is a function of type of expiosive,

rock density, and geology. Table & gives typical powder factors

for surtace blasting.

Higher energy explosives, such as those containing large
amounts of alumunum, can break more rock per pound than
lower energy expiosives. However, most of the cormmonly used
exptosive products have fairly similar energy values and thus
have similar rock breaking capabilitres. Soft, ight rock requires
less expiosive per yard than hard, dense rock. Large-hole

Y5

1€9



pattems require less explosive per yard of rock blasted because
a larger proportion of stemmung 1s used. Of course, larger bias-
tholes frequently resuit in coerser fragmentation because of
poorer powder distribution. Massive rock with few aexistng
cracks or pianes of weakness requires a higher powder factor
than a formation that has numarous, closely spaced geglogic
. llaws. Finally, the more free faces a biast has to break Io, the
lower wiil be the powder factor. Fot instance a corner cut, with
two vertical free {aces, will require less powdar than a box cut
with only one vertical free face: and a box cut will require less
powder than a sinking cut, whuch has onty the ground surface
as a free face. In A sinking cut it Is desirable, where possibie,
lo open a second free face by using & V-Cut Somewhere Near
the center of the round.

-

Table 6.-Typical powder factora for surtace blasting

Degree of difficulty

Powder factor,

. Inrock breakage ey yd
Low ... 0.25-0.40
Medium ... . SR N, 40- 75
L+ 4 OO U 75125
Very high ..

1.25-2.50

When blasting malerials that have an inherent value per ton,
suth as limestone or metallic ores, powder factors are SOmMe-
limes expressed as pounds of expiosive par toh of rock or tons
of rock per pound of explosive.

SECONDARY
BLASTING

Some primary blasts, no mattar how well dasigned, will isave
bouiders that'are 100 iarge to be handled ethciently by the foag-
ing equipment or large enough {0 cause plugups N crushers or
preparation plants. Secondary fragmentation lechnlques must
be used to break these bouidars.

In the case of boulders too large to be handled, the loader
operator will sel the boulders aside tor reatment. ldentitying
matenai large enough to cause plugups 1s not aiways quile so
apparent. The operator must be instructed to watch for matenal
that is small encugh for convenien! loaging but which s, large
enough to cause g bottieneck iater i the processing cycie.

Secondary fragmentation can be accompiished in tour ways:

1. A heavy ball suspended Irom a crane may be dropped re-
peatediy on the boulder unt! the bouldser breaks. This Is a rela-
tively inefficient method. and breaking a large or tough (nonbnt-
tle) rock may {ake a consiaarabie psnod of time. This method
{s adequate whare the number of bouiders proguced is not ex-
cessive.

2. A hole may ba drilled into the boulder and a wedging de-
vice insarted to split the boulder. This Is aiso a siow method but
may be sausfactory where only a limited amount of secondary
fragmentanon is necessary. An advantage of this method)s that
it goes not create the flyrock assoclaled with expiosive tech-
niques or, to some degree with drop balls.

d. Loose explosive may be packed Into a crack or gepres-
Sionin the boulder, covered with gamp earthen matenal, and
tired. This type of charge is called a muadcap, piaster, or adobe
* charge. This method 1s inetficient because of a lack ot expiosive
continement, and relatively large amounts of explosives are re-
quired. The result 1s considerabdie, noise and Hivrock, and often,
an inacdequately broken boulder. The syslam t. nazardous be-
cause the pnmad charge, lying on the surtace, 1s prone to acci-
dental tniiabon by external impacts lrom faliing rocks or equip-
ment. Extarnal charges should be used to break bouldars only
where drihing a8 hole is impracticai, and when used, extrame

-t
TS -,
[

caution conceming noisa, fiyrock, and accidental initiation
through impact my:st be exercised. If il is found necessary o
shoot a multipie mudcap blast, long delays or capandt  are
notrecommended. -

4. The most efficient mathod of secondary fragmentaton is
through the use of small-(1- to 3-in) boreholes ioaded with ex-
plostves. The borenhole Is normally collared at ihe most conve-
nient location such as a crack or a depraession in the rock, and
Is directed toward the center of mass of the fock. The hole 13
drilled two-thirds to three-fourths of the way through the rock.
Because the powder charge 1S surrounded Dy tree faces, less
explosive is required 10 break a given amount of rock than in
pnmary blasting. One-quaner pound per cubiC yard wili usually
do the job. Careful iocation of the charge 1s more important than
its precise size. When in doubt It is best Yo estimate on the low
side and underioad the boulder. With iarger bouiders it s best
to arill sevaral holes 1o distribute the exptosive charge, rather
than placing the entire charge in a single hoie. All secondary
blasthotes shouid be stermmed. As a cautionary note, secon-
darybiasts are usually more violent than pnmary biasts.

Any type of initiation system may be used to initiate a secon-
dary blast. For connacting large numbers of boulders, where
noise is not a problem, detonating cord is often u$ad Elactnc
blasting s aiso Ireguently used.

Although secondary ‘blasting employs relatively smali
charges, its potential hazards. must not be undergsuimated.
Flyrock Is often more severe and more difficult to paedict than
with pnmary blasting. Secondary blasts require at I8astas much
care in guarding as do primary biasts. Secondary blasting can
truly be called an art, with expenence baing an important key
to success. -,p,

[F6

D



LAS TROJES, coL.

PROCEDIMIENTO DE EXCAVACION DEL VERTEDOR

T1PO DE ROCA
Origen:

Estructura:

Clasificacibn:

Resistencia:

860831

Radl Cuellar Borja

Ignea, pirocldstica

Pseudo estratificada, formada por estratos cuyo espesor
varia entre 2 my 10 m en actitud sensiblemente horizon-
tal.

Brecha volcdnica con fragmentos anguiosos de andesitas de
color gris y rosa cuyos tamanos varian desde 3 cm hasta

1 m, empacados en matriz vitrea andesfitica de color gris,
de bajo grado de cementacidn.

De esta manera se tiene una secuencia ritmica de estratos
compuestos por brechas con matriz tobdcea y tobas bre-
choides dependiendo del porcentaje relativo de matriz,

aprecidndose variaciones desde 50% matriz 50% fragmentos:

hasta 80 a 90% matriz y 10 a 20% fragmentos.

Los fragmentos o clastos andesiticos deben tener mds o
menos 1os siguientes valores: \

Compresidn simpie: 300 a 700 kg/cm?
Dureza Mohs: 6.5

Indice de abrasibdn: 0.30

Indice de perforabilidad: 1.0

La matriz tobdcea es blanda con gfado de cementacidn va-
riables desde deleznable a compacta.

Debe tener mas o menos los siguientes valores de resis-
tencia:

Compresi6n simple: 15 a 300 kg/cm?
Dureza Mohs: 6
Indice de abrasidn: 0.6

Indice de perforabilidad: 2.0

2O 2
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2. USO DE EXPLOSIVOS EN EL CANAL VERTEDOR

DATOS : |
Constante de roca: 0.280 kg/m’
Explosivo: Tovex 700; Densidad 1.2 g/cm’® (tedrica)
Densidad 1.1 g/cm® (practica)
Anfomex: Densidad: 0.75 g/cm®, en saco; = 0.65 g/cm®, prict.

Altura de banco:; 10 m

E1 bordo méximo en funcién de la potencia del Tovex 700 es 40¢
Bordogpsx = 40¢ ; Utilizandog = 4"
Bordo prdctico = B, = Bpgx - Falla de barrenacion

Falla de barrenacién = F = (error en emboquillado + % desviap.)

. Bpax = 40 x 10.16 = 406.4 cm
F = (0.10 + 0.05 x 10) = 0.6 m
s. By = 406.4 - 60 = 346.4 cm

oy xe 192



Consideraciones sobre el bordo maximo

1),E] bordo m&ximo tedrico para el Tovex 700 es:

B=dx 30 —9qxs ' A FOormula actual

en donde:
. d = didmetro del barreno

g = densidad del explosivo, prdctica
S = Potencia del explosivo en relacidn a la de un explosivo
con NG = 40% y densidad p = 1.4 g/cm®: Para Tovex 700
$=0.9 : .
f = Factor de confinamiento = 1.02
E/B = 1.25

¢ = Constante de roca + 0.05 kg/m’
( Factor de seguridad)

1.1 x 0.9
Bnax Tovex 700 = 10.16 x 3°¢//6.33 x 1.02 x 1.25

. Bmax = 10.16 x 30 x 1.5339 = 467.5 cm

e) Considerando el bordo miximo Bpsx = 45¢

B = Bos l//_Pcn:. Tovex 700 x Densidad
max Tovex 700 = ®max Pot. NG 40% x Densidad

8 - B Factor de roca 0.4
méx Tovex 700 * © max/ Factor de roca 0.28

/ 0.75 x 1.1 o
Bméx Tovex 700 = 45 X 10.16 W = 457.2 x 0.77

= 350.96

. ) 0.4 '
.. Bmalx = 350.96 m = 419.47 cm

B L
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Utilizando el valor menor del bordo mdximo se tiene:
Bmax = 406.4 cm
Fallas en la barrenacién F = (0.10 + 0.05 x 10) = 0.6 m

en donde 0.10 = falla de emboquillado y 0.05 es el % de desviacidn de la
barrenacidn.

‘. Bpractjco = B, Bmax - Fallas

B, = 406.4 - 60

346.4 cm

Para un espaciamiento E, 1.25 B,

resulta;: £, = 1.25 x 346.4 = 433 cm

. E,B;= 3.464 x 4.33 = 15 m?

Utilizando B; = 3.5 m
Resulta E, =4.5m

Altura de carga de fondo = 1.3 B

350 .

B=-§--115cm

—

Sub-barrenacién =

Altura de carga de fondo = 1.3 B
~. Altura de carga de fondo = 1.3 x 3.5 = 4.55 m

Carga de fondo = 4.55 x-8.107 £ x 1.1 %f = 40.58 kg

A
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Altura carga de columna = Altura banco - 2B

Altura carga columna = 10 - 2 x3.5=3m’ '

Carga de columna = 3 m x 8.107 &£/m x 0.65 kg/L = 16 kg
Carga total = 40.6 kg + 16 kg = 56.6 kg

-

.. Factor de carga F.C. = 36.6 = 0.360 kg/m?

T 10 x 3 x 3.5 x 4.5

Realizando voladuras con sistema de ignicibn en V, se tiene:

B =3.5%x 1.414 = 4.95 m .—>4.5

.

4.50 , 450

i_ 4.50

Factor de barrenacién = 15 x\ iléli g = 0.0451 m/m *

- Joo
@300ms  (zsoms  @usms - @resms  @risms @esoms @
// e N N
e d N N

// . // \ \\ 250
5,7 N\«
“250m5 @/z'?.é'Ms D255 ®/25M5 775Ms
7 Nt o AN N

~

56.6

- - 3
Factor de carga 'F.C. " P x4t x53E " 0.229 kg/m
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Factor de perforabilidad:

Velocidad de perforacidn:

De los datos Ingersoll-Rand

Para una roca: Granito Barre

con Trackdrill CM 350 y perforadora VL-140
con Compressor DXL-750; v = 44 pies/hora
con Trackdrill ECM 350 y perforadora VL-140

con Compresor DXL-750; v = 48 pies/hora

Factor de perforabilidad de la brecha

H
(-

Para matriz 50% y fragmentos 50% (2 x 0.5)
1.6

Para matriz 80% y fragmentos 20% {2 x 0.8)

Factor de perforabilidad promedio = 1.3
*. Velocidad de perforacibn = 44 x 1.3 = 57.2 pies/h

‘. v =17 m/h

Duracidn de brocas

Indice de abrasidn = 0.6

Para el granito Barre la duracifn de brocas ¢ 3" varia entre 400 a 900 ft;
promedio = 650

o

322 = 1083 pies = 330 m 350 m

Duracidn de b;ocas =350 m

L | g3 197



PROPIEDADES DE LA ROCA
Resistencia en compresidn simple; R. = 40 a 80 kg/cm’

Mbdulo eldstico: E

20 000 kg/cm’; Toba

112,000 kg/cm®; Andesita

m
n

- Relacibn de Poisson: v = 0.3 supuesta; p = 2.2 ton/m?

Velocidad de transmisidn de ondas de compresibn V|

. EQ] -
V= 1 +(G)(1ﬂ- 557 X 9

-Para la Toba:.

ton y ton
200 000 21 (1 - 0.3) 200 000 o2

Vi = m? x9.81 g0 = D% 1.3462%9.81 £y
2.2 128 (1+0.3)(1-0.6) 2.2 188

m

vi = 1 200 565 Seq?

Vi = 1100 m/seg = 3600 pies/seg

Para E'= 112 000 kg/cn’ = 1 120 000 25

resulta: V¢ = +22%000 5 ) 3642 x 9.81 = 6 723 167 m?/seg?
VL = 2600 m/seq = 8500 pies/seg

7

(A

P



DISENG DE UN SOLO BARRENO

DATOS:

Roca masiva

Altura de banco = 10 m = 52.8 pies

Densidad de roca SGp = 2.2

Velocidad ondas P: Vp = 3600 pies/seg; Rel. Poisson v = 0.3
Compresitn simple = 80 kg/cm? = 1140 1b/pulg?®

De
On

Didmetro del explosivo

Didametro del barreno

]

Densidad encartuchada del explosivo SC = 117
Didmetro critico O; = 1"

Velocidad confinada del explosivo:

1t
n

Ve = 12 500 pies/seg para De = 3%

t
o

Ve

1t

15 000 pies/seg para Dg =
SOLUCION

ta relacibn entre Vg
la expresifn:

De en el intervalo 1" a 5" puede determinarse por

~

Cx
Y 3 Tox & donde y = Vag; X = Dg - D¢

De donde:
C({De - D¢)

d r b(De - Dc)_

Ve

Sabemos que D = 1" y que:Vg
Ve

15000 pies/seg para Dg = 5"
12500 pies/ seg para De = 3"

g5 199



- ", = CL3 - 1_)_ - 2[:
Para De = 3"; 12 500 = = BT -1 - T+ 20

Suponiende C = 5000 como valor de constante

Se tiene: a + 2b = 200 -%° 0.8 (1)
- cu - _C(5 -1} _ _4cC
Yy para De = 5" 15 000 a+b(5-1) " a+db
_ 4 x 5000 _ 4 _

a + 4b 15000 -3° 1.33  (2)
Agrupando: a+2b=0.8 (1)

a f 4b = 1.33 (2)
Restando (1) de (2) 2b = 0,83 .. b =0.27

Sustituyendo en [ a + 2(0.27) = 0.8
- s.oa=0.26

Por 10 tanto: a = 0.26, b = 0.27 y C = 5000

Empleando la expresidn: Ve = 3 zssgog(gg(aclz 1}

con De variando desde 1" a 5"

Comprobacibn: _
.= 0. - 5000(3 - 1) _ __10 000
Para Dg = 3": Ve = g6 + 0.27(3 = 1] ~ 0.26 + 0.54
. Ve 7 12 500 pies/seg - 0.K.

e,y . 5000(5 - 1) . __ 20 000
y para De = 5% Ve = gog 0 5.27(5 - 1) - 0.26 + 1.08

-
n
[}

14 900 pies/seq - 0.K.

/75 94
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Para De =

Para Dg

Presifn

TR 5000(2 - 1) _ __ 5000 .
» Ye T 0.26 + 0.27(2 - 1) ~ 0.26 + 0.27
4%y Vg = e 50004 - 1) 15000 _

0.26 + 0.27(4 - 1) ~ 0.26 + 0.81

de detanacidn:’

_ 6.06 x 107 VZ(SGe)
1 + 0.8(SGe)

Densidad del explosivo: SGe = T = {y5 = 1.2 g/em’

-

La densidad prdctica del Tovex 700 es SGg = 1.1 g/crﬁ3

De donde:

Para Dg

Para D¢

Para D,

:Pd

. Pg

4“;

3“;

9450 pies/seg

10.

14 000 pies/seg

_6.06 x 107" x 15 000° x 1.1 _ 6.06 x 2.25 x 10° x 1.1

1 +0.8x1.1 ‘ 1.88

mix = 796 790 1b/pulg = 56 182 kg/cm’

9450

Pg = Pq max(TEgeg)” = 797 790 (0.397)

Pq = 316 723 1b/pulg® = 22 304 kg/cm®

Pq = Pg max(igggg)z = 797 790 (0.87)

Pq = 694 077 1b/pulg® = 48 878 kg/cm’

Pqg = Pq max(%%%%%)z = 797 790 (0.69)

.« Pgq = 554 021 1b/pulg?® = 39 016 kg/cm?

1fs

s - 77



11.

Determinacidn del bordo 6ptimo

Utilizando la expresién: = 30(150)”“( )“B(lzgog)gh

en donde: : .
= 62.4 (SGp) = 62.4 (2.2) = 137 1b/pie?

siendo:
dyr = peso volumétrico de la roca
SGe = Densidad préctica del Tovex 700 = 1.1 g/cm’®
Ve = Velocidad del explosivo Tovex 700 * 15 000 pies/seg
12 000 = Velocidad de un explosivo base
30 = Relacién de bordo promedio = 30
1.3 = Densidad del exp]bsivo base
- 160 i3 1737 15000, 245
g = 30(1375) ¥ (1530 (13500) ¥
- 30(1.05)(0.95) (raf ) % = 29.8(ril )5
’ ) 12000 ==—='12000
Para tener el bordo en pies:
_ Kgle _ 29 8 21
8= (12000) De

v
B = 2.48 De(iﬁé%a)z“

Vv | o
/7 7y 202



Cdlculo del bordo:

i v
En forma general tenemos B = 2.48 De(iié%a)%“. pies

i
]

Para Do = 2" B

2.48 (2) lgggg)w

Para'De = 4" B 12060

2.48 (4)

Para Dg = 8" B

12000
Para Dg = 6" B = 2.48 (6) (igggg)%ﬁ -
Para De = 3" B = 2.48 (3) (15300)% =

Velocidad de propagacidn de fracturas:

v .
Vf = jg; V¢ = §%$9-= 1200 pies/seq

Tiempo de arribo de fracturas al frente libre:

B

3 = . = ", 2 ——— 3:
Si t= Vs Para De = 2"; tf = 1355 = 3-5 ms
Para Dg = 4"; tf = qy55 = 9.2 ms
Para De = 3"; tf = %3%5 = 6.4 ms
Para Dg = 5"; tf = %%5%— 12 ms

(G

4.96 (0.85)

. B

0.92 (1.11)

-.B

2.48 (5) (12290y25 15 4 (1.16)

14.88 (1.16)

.- B

7.44 (1.03)

12.
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Tiempo de arranque de la roca:

-

La velocidad de desprendimiento de la roca es #

pagacidn de las fracturas.

=B
te
Para: De = 2%; t =30 pies
seg
_ ogn. - 11 pies _
De = 4"; t = llples
—_ [ 1] - 7.55
De = 3%  t=%mp
. _14.39 _
De = 3%  t= 50
De = 6%t =540

Vg = T "¢ " 200 pies/seq

= 0.212 seg x 1000 = 21.2 ms

0.055 seg x 1000 = 55 ms

= = 0.383 seg x 1000 = 38.3 ms

0.072 seg x 1000 = 72 ms

= 0.0864 seg x 1000 = 86 ms.

VA /SO0

de ta velocidad de pro-

2oy



14.

Bordo Minimo

Utilizando la relacidn de bordo en funcién de las velocidades de la roca
y del explosivo se tiene:

Ky = 7 ‘ donde: Ve = Velocidad explosivo
' Vp = Velocidad roca

= 3600 pies/seg

VP -
Tabulando valores:
De" B, pies Ve, pPies/seg Ky
1 0 0 0
2 4.23 9 450 2.63
3 7.65 12 500 3.47 -
4 11 14 000 3.89
5 ©14.39 14 900 3,14
6 17.27 15 000 4.17
Bordo minimo para el primer o cebo a nivel del piso
B, = 3L . L =-32 8 pies (alturé banco)
gy, + 2 )

' - go. . _ 3 x 32.8 _ 98.4 _ .
Para Dg = 5"; B' = Sx 415 +2 3976 - 2.51 pies

De la tabla B = 14.39 > 2.51 Se puede reducir el didmetro

3 x 32.8 98.4

Para Dg = 6"  B' =g 717+ 7 3553 - 2:49 pies. Se puede redu.

el didmetro

S . //éib/



15.

Para Dg = 4", B' =

De- 1a tabla B_= 11 pies > 2,96 Se puede reducir el didmetro

’ = N, 1 ___3 2-8 - 98.4
Para Dg = 3%; B' = " =

5 * 3503 2.96 pies

De la tabla B

7.65 pies > 2.96 Se puede.reducir el diametro

3 2.8 _ 98.4
X 3+

= ou. ' x 3 = - .
Para De' 2" B T % 76 7 % 35.67 3.83 ples.

De la tabla B = 4.23 > 3.83 pies

E1 valor de Bordo O6ptimo B de la tabla y el bordo minimo son aproximadamen-
te iguales para Dg = 2". Por tanto, deberiamos utilizar Dg = 2“.

JO2_ <o
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Bordo minimo para el primer o cebo al centro de la carga de columna.

. 3L
, B' = T8k, = 1
3x32.8 _ 98.4

Para De = 5"; B' =

18 x 4.14 + 1  75.52 1.30 pies

De la tabla B = 14.39 >> 1.30 E) dismetro puede ser mucho mds

pequeno

3x32.8 _ 98.4 _ .
I8 x 3.47 + 1 63.45 - 1-55 pies

Para Dg = 3"; B' =

De la tabla B

I

7.65 >> 1.55 El1 didmetro puede ser mucho menor

3x32.8 9.8 _ _
18 x 2.63 + 1  48.34 2.04 pies

Para Dg = 2"; B' =

De la tabla B = 4.23 > 2.04 pies

Se observa que el didmetro que mas se aproxima es Dg = 2; Deberfiamos
usar Dg = 2"

/O3

(
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17.

Graficando la relacifn entre los bordos y los didmetros se tiene:

De 8 L . S
T v /[ B'(orimeralceniroge C.c.
iy L F /2 )
5 ) )
b ? ¢ B'(primera mve/ 8 (bordo éphmo)
3
2
I 4
0 i 1 i 1 1 1 1 1 1 1
2 4 6 8 0 12 & 16 18 20

Bordo, B, pies

Graficando el diametro contra la velocidad del explosivo

25000 |- ¥ PENTOLITE KE 50/%0
/ _ GELATINA PURA 60 2%
| - - |

%

20000} /

/

I /’5544/5& ATIHA 45 %
. X X S

o O O
[ SLURRY GEL BA

15000 H

= [ ANFO FREMEZCLADO

10 000 H

Velocidad delexplosivo, Ve, pies/seg

.|
|

l 1 ! 5 . 1 ! L 1 1 ] |

1 2 3 4 5 6 1 8 9 {0
/X Diametro delexplosivo, De, pulg. JD< 208




RESULTADOS :

METODO SUECO

Didmetro de barrenoc ¢ = 4" (10.16 cm)}
Bordo mdximo = 346 cm = 34 ¢

Bordo prdctico = 350 cm

Espaciamiento = 350 x 1.25 = 437.5 * 450

Patrén de Barrenacibn

B

3.5 m

E=45m

. METODG AMERICANO

Di&dmetro barreno ¢4" (10.16 cm)
Bordo 6ptimo = 335 ¢m = 33 ¢
~Berdo prdctico = 350

Espaciamiento = 335 x 1.25 = 418.75

Area = E x B = 3.35 x 4.1875 = 14.028 m?

Espaciamiento = 14.028/3.5 = 4.0 m

PatrOn de Barrenacidn
B=3.5m
E=4.0m

a4 /PS5

18.



19.

. -

RECOMENDACION

Utilizar el patr6n resultante del Método Sueco realizando la voladura com
secuencia de ignicién en V, de manera que el bordo miximo se presente en
forma diagonal resultando entonces un patrén rectangular de 4.5 x 5.5 que
tiene un bordo diagonal de 3.48 m.

Resultando:

4.5 m Dismetro barreno ¢ = 4"

L=~
]

Explosivo: Tovex 700, 3" + Supermexamdn
Carga de Fondo = 41.5 kg = 72%
Carga de coiumna = 16 kg = 28%

Total 57.5 kg

‘<, JOL

210



\
‘t? Inelinacron
o .

Barreno 4"

1.25m

Factor de carga

57.5 kqa .
® 10 x 4,5 x 5.5 m?

F.C. = 0.232 kg/m°

Factor de barrenacion

11.15

F.B. * 16455353

= 0.045 m/m® = 4.5 cm/m?

Velocidad de barrenacién en¢d4" -~ 17 m/h

Duracibn de brocas: 350 m

NOTA: De la pdg. 13 se observa que el tiempo de arranque de la roca
para ¢= 4" es de 55 ms por lo que se recomienda que 1a $§ egarac1on
entre lineas sea de 50 ms.




21.

COMENTARIQS
Las voladuras de Pehitas, Chis. tuvieron las siguientes caracterfisticas:

Didmetro de barrena: ¢ 2 1/2"

Patrén de barrenaci6n:
2.5 x 3.0 m
2.75 x 2.75 m
3.0 x 3.0 m

Factor de carga: - -— 0.180 a 0.36 kg/m?

Factor de barrenaci6n: 0.12 a 0.14 m/m?

. . 10.8 . ;
~Suponiendo un banco de 10 m 0% 7.5 %3 0.14 m/m
___10.8 . 3
10 %3 53 0.12 m/m

Ejemplo: Patrén 3 x 3 m _

F.C.=0.256 Ky /mi®

Relacifn de cargas:

C.F. = 29%

|
|

C.C.

71%

.Relacibén didmetro a bordo:

Para B = 2.5 m; ¢6.35 cm; Ky = 39 ¢
B=2.75m ¢6.35cm; Ky = 43 ¢
< 0.8m
B =3.00m; ¢6.35cm; Ky = 47 ¢ 1

NOTA: Se tiene la experiencia que di& buen ;;suliﬁasﬂgn roca blanda.

S22
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22.

UTILIZANDO EL SISTEMA DE CARGA
' EMPLEADO EN PERITAS

N /_’ Garreno fﬂf‘-’

l/&5m

ALTERNATIVA 1 ) ALTERNATIVA 2

- 60 - 3
Factor de carga = T0x 3.5 x5E - 0.242 kg/m

= 242 g/m’
. _ 11.15 _ 3
Factor de barrenacifn = 0 x4 :x55 " 0.045 m/m
= 4.5 lem3

NOTA: Esta carga es mas econOmica que la indicada en la pag. 20 y debe
dar buen resultado ya que no se requiere explosivo muy potente, pues __
la roca es blanda y por tanto se debe usar la mayor cantidad posible
de ANFO, recordando que conviene utilizar veiocidad de explosivo igual
a velocidad de roca. Es mejor la Alternativa 2.




23.

PROPUESTA:
VERTEDOR TROJES
Sept. 2, 1986
Diametro de barreno ¢ 2 1/2" (6.35 cm) A = 31.67 cm?
Plantilla de barrenacidon 3I mx 3 m
¥4
-4 o
Borreno 2z
]b('a
Cc
AV 2 z/s
7 SYoer 75-9/.;_70?
X190 .
4'&‘(:?//&:7’9
J%Q7ﬁi?, =30y
THe
j —
t7
. _ 23 kg - 3
Factor de carga 0 %3 %3 0.256 kg/m
. o 11.15 12 ]
Coeficiente de barrenacifn = T x3 %3 0.0124 m/m 12.4 cm/m
Rendimiento de barrenacién = 17 m/h

Utilizar 6 tiempos: 25 ms, 50, 75, 100, 125 y 150 ms.

74

/4729 2y



CANTERA TROJES
(CORTINA)

24.

Sep. 2, 1986

Di&metro barreno ¢ = 3" (7.6 cm) A = 45.6 cm?
- Cambia a:
Plantilla de barrenacidn 2.5mx 2.9m => 2.7 mx 3.0m

Tovex 4.56 &/m x 1.1 kg/% = 5.02 kg/m

ANFO 4.56 &/m x 0.65 kg/& = 2.96 kg/m

i~ ‘2o
10m -‘rC:Cf‘ '
‘? " 6w aﬂé@ '
; ‘4/71"0.“:.0 /77 "‘/25‘9 -
| /a%%f«'za,;. =1
i : C .

aéﬂné
. a?
W 203547 124,
1B TRy

z\
4 I3,
00 .5/9

- 33.5 _ ’ 3
Factor de carga 10 x 25 x 75 - 0.536 kg/m
N——— ——!
2.75 x 3
‘ ce 11.15 _ 3
Factor de barrenacibn = 0 x 25 x 25 ° 0.18 m/m
. .
2.75 x 3 ;
= 18 cm/m
= 13.5 cm/m—"-:>

Rendimiento de barrenacibn: 12 m/h

Utilizar 6 tiempos: 25, &0, 75, 100, 125, 150 ms.

,/L3c5 ‘ . /4/9/
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|
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SINGLE BILASTHOLE DESIGN PROBLEM

A deposit is quarried in 30-f%t high benches for crusheds
Btone. The Iock 18 quite masslive and has the followWling proper-

SGr = 2.9' VP - 17.000 fpﬂ_' ﬂ: 0.25’ Sr = 0.7—,.
¥ = 45 deg, Gc= 25,000 psi, and G, = 1750 psi.

Blasted rock is loaded by a 5 ¢y front~end 1oader. The
blastholes are drilled vertically and bulk loaded (D, Dy )
with an explosive having an SO0 = 117, D, = 1 in., ang con;ined
veloclities of 12,500 fps at 3 in..and 1§,ooo fps at 5 in.. and
larger charge diametera. The relstlionship between v§ and Dp ~ -

o

" tie81:

-

in the 1 to 5 in.. range can be assumed to be in the rr of°
ex
¥ = .
a + bx’ :

Drainage at ths operation ie such that blastholes generally

are alvways dry, and there 18 no free parting in the rock avalil-
able that can.serve as a floor. For estimaiing purposes tae
average blast area A of . material cratered by & single blastnole
would be equal to 1 482, :

A.. QOonsidering the foregoing -nrormaticn,,rind the following—
Properties for the intact rock: i

(1) 75, and (2) E..

B.. For charge diameters Dy of (a) 2 in., and (h) 4 in., deter-
mine each of the following estimates:

(1) Vg (2) By, (3) B, (8) B, (5) 7, (6) d,
(7) E, (8) w, (9) t¢, and (10) tae

0. At the given bench height L deternmine %ae respectiva D,
values that define each of the following coaiiticas:

(1) The B' that insures all of the explosive column will
react befors any cracks will have propagated to any opea
face when using a single primer located at (a) Floor level,
and at (b) The Osnter of the charge column.,. .

(2) The B" at which overbreak guite likaly may begin %o
occur .when the primer is place at floor level,

Id

/35
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CHAPTER 1 1
BLASTING THEORY

by R. Frank Chiappetta
INTRODUCTION .

Blasting theory is perhaps one of the most interesting, thought provok-
ing. challenging and controversial areas of our industry. It encompasses
many areas in the science of chemistry. physics. thermodynamics,. shock
wave interactions. and rock mechanics. In broad terms. rock breakage by
explosives tnvolves the action of an explosive and the response of the sur-
rounaing rock mass within the reaims of energy. time and mass. Past. cur-
rent and new blasting theories are presented along with the factors affect-
ing fragmentation and general blast design criteria. The chapter content
has been carefully selected to emphasize the concepts associated with
each biastung theory rather than a rigorous mathematical. physical. or
chemicaltreatmentthroughformulae. Where formulae are introguced. they
are merely to enhance the concepts presented.

Inspite of the tremendous amount of research conducteainthelastfew
decades, no single blasting theory has been developed and acceptedthat
adequately expiains the mechanisms ofrock breakage in ali blasting condi-
tions and matenal types. Given specific test environments,. condrtions and
assumptions.individual researchers have contributed vaiuable informatior
andinsight asinputs into bltastingtheories. althoughasimple "plug-in"ty
formula for predicting “optimum fragmentation’ s still largely unresolved
There 1s as yet no consistent and widely appiicable theory of tirasting. but
only a numper of hm-ed and disconnected theories, many or which are
emprrical in nature and pased onideat blasting conditions. Blastingtheories
have been formulated and based on pure speculation. years of btasting
experiencecnatrial and errorapproach. laboratory testing. freid investiga-
tions. and mathematical and physical modeis adapted from other Qisci-
phnes of science.

Primary breakage mechanisms have been based upon:
e Compressional and tensile strain wave energy

Shock wave reflections at a free face

Gas pressurization on the surrounding rock mass

Flexural rupture

Shear waves

Release-of-lcad

Nucleation of cracks at flaws and discontinuties

in-tlight collisions

Since somany schools ofthought surround blastingtheory. one mustbe
prepared to investigate not only the theories. but the overall fiela input
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Often more than one theofy is needed to clarify or explain certain
results. Paraliel this approachtothe physicisttryingto explnain light with only
one theory. that is. the wave theory. With the passage of time it became
apparent that everything associated with light could not always be ade-
guately explained with this theory alone and hence. another theory. the
particle or "packets of energy’ theory was developed to explain the phen-
omena of lightin which the first theory failed. With both theories. the physi-
cist could now explain many of the mysteries surrounding light which even-
tuaily ledtonew developments such asthelaser. Similarty. intryingto define
the mechanisms of rock breakage by explosives, more than one theory or
explanation is often needed. In any case. a blasting theory shoutd not only
attempttoexplainandpredictthe breaking process. but moreimportantly. it

should suggest and allow new methods and techniques to improve on
current blasting practices.

TIME EVENTS FOR THE BREAKING PROCESS

There are basically four time frames designated as T1 to T4 in whigh
breakage and disptacement of material occur during and after complete
detonation of a confined charge. )

The time frames are defined as foliows:

T1 — Detonation

T2 — Shock or Stress Wave Propagation
T3 — Gas Pressure Expansion

T4 — Mass Movement

Each time frame is first discusseag separateiy. and then discussed in
conjunctron with blasting theories for an overall. more detalled exptanation
and meshing of events. Although these are treated as discrete events. it
shouid be emphasized that in a typical shot hole or production blast. one
eventphase canoccur simultaneously with another at specific time intervails.

a, T1 —DETONATION

Detonation is the beginning phase of the fragmentation process.

The ingredients of an explosive consisting of a fuel and oxidizer

combination. upon detonation. are immediately converted to high

pressure. hightemperature gases. Pressures just behind the detona-

tion frontare inthe order of 9 Kbars to 275 Kbars. while temperatures
range from approximately 3000° to 7000°F .1
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detonation head is totally unaffected until the detonation head passt
throughit.inatypical 30foot exptosive column loaded with an explo-
sive having a characteristic velocity of detonation of 10.000 ft/sec.

‘complete detonation and energy release within the enure column

18

16

14

12

10

VE

would occur in about 3 milliseconds. For an explosive with a vetocity
of detonation of 20.000 ft/sec. detonation and energy release would
be complete 'n 1.5 milliseconds. Detonations of this kind are self-
sustaining due to the inertia of the explosive itself that proviges con-
finerment necessary to maintain conditions for fast chemical reaction
rates. .

Figure 11-2 and 11-3 illustrate two typical hole load configura-
tions. Velocity of detonation within the explosive column was mea-
sured with the SLIFER System develogped at SANDIA NATIONAL
LABORATQORIES. -For a continuocus 11 foot column of cartridgea
ANFQO. the velocity of detonation was measuredto be 12.200ft/sec as
indicated by the siope of the straight line segment between pomnt (a)
and (b) in Figure 11-2. The straight line is-indicative of a consistent
explosive composition, constant density and a stable velocity of get-
onation. As detonation progresses along the column. not cnly is a

Hole Dia. = 6.5

- - ) o A
. Surtace
B {c)
5 /Slemmmg (Crushed Rock)
Y HJ4-50 - .
[, Slope 2 = Shock Velooity
L,1 Siiter Through Stemming
r:l Cadle 2.900 fl./sec.
-t Explosive
| (Anto) . —
Slope 1 = Valocity Ot Detonalion
| = 12,200
4 " .- -
’_[ - Cast
Primer
Backhll
+ a
4 5 6 7 8

Time Milliseconds

LOCITY OF DETONATION MEASUREMENT USING THE

SLIFER SYSTEM DEVELOPED AT SANDIA NATIONAL

LABORATORIES
FIGURE 11.2
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low order ANFQ detonation can act as a very effective primer for the
emulsion cartnidge. The decrease in veloeity between points (D) and
{C) 1s attributed to water trickling into the bottom part of the hole from
the surrounding rock mass. Although ANFQO cantolerate uptoa 10%
water saturationlevel, it does so atthe cost of biasting efficiency Ifthe
center emulsion cartridge was not present. one of two things would
have occured. It may have sustained a low order ANFO detonation
with a veiocity of 2.045 ft/sec throughout the remaining explosive
cotumn. or it would have soonfaited. It has been demonstrated infield
trials that where an explosive of higher velocity of detonation s
embedded sparingly within the column of a main explosive with a
lower velocity of detonation, that better results are generally achieved.
The greater the difference in detonation velocities and the harder the
material to be blasted. the more pronounced are the results.

T2 — SHOCK AND STRAIN WAVE PROPAGATION '

The second phase. immediately following detonation or in con-
junction with the detonation phase of T1.is the shock and strain wave
propagations throughout the rock mass. This disturbance or emitted
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THEORETICAL POSITIONS OF THE OUTBOUND DISTURBANCE
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FIGURE 11.4
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The pressure nexttothe borehote wall willrise instantaneocustyt
its peak andthenrapidly decay exponentially. The quick gecayis due
to cavity expansion of the borehole and increased gas cooling. Cavity
expansion around the borehole can occur through crushing. pulveri-
zation. and/or displacement of material and can range anywhere
from about one to three hole diameters depending on the medium
and explosive used. Generally. extensive compressive. shear and
tensilefailure occurasaregion of pulverized material sincethe wave
energy Is at its maximum near the borehole wall.

As the strain wave front proceeds outward. it has a tendency to
compressthe materialatthe wave frontthrough avolume change At
right angies to this compressive front. there exists another compo-
nent referred to as the tangential or “'hoop’ stress. The tangential
stress. iftarge enough. can causetensilefaillures atrightanglestothe
direction of propagation. The targest tensile falures are expected to
occur clese to the borehcle where the tangental stress i1s high
enough forfailureto occur. Boththe compressive andtensilecompo-
nents of the wave front decay with distance from the borencle.

When the compressive wave front encounters a discontnuity or
interface. some of the energy 1s transferred across the discontinuty
and some reflected back to its point of origin.*'For the most part. the
partitioning of energy depends ontheratio ofthe acoustic impegance
of the materiais on either side of the interface, as illustrated in Figure
11.6. Acoustic impedance. Z. for any material is defined as:

Z=pXVp
where: 4 = acoustic impedance
p = density of material
Vp = sonic velocity of material

Inreference to Figure 11-6. where the ratio of the acoustic impe-
dance of material 1 to matenal 2 is less than one. some of the wave
energy 1s transferred into materiai 2 and some reflected back. but
both waves remain compressional. When the acoustic :/mpedance
ratio 1s 1. all of the energy I1s transferred into material 2 and no
reftected wave gccurs. When the impedance ratio 1s greater than 1,
then some of the energy gets transferred into material 2 as a com-
pressive wave and the remaining energy gets reflected at the inter-
face as atensile wave. When a compressive wave traveiling through
rock encounters an interface such as a free face. nearly all of the
energy willbereflected back as atensile wave. Ifthe burden distance
between the free face and explosive column 1s relatively small in
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T3 — GAS PRESSURE

During and/or after strain wave propagation. the high pressure.
hightemperature gasesimparta stress field around the blasthole that
can expand the original borehole. extend radial cracks and ;ét into
any discontrnuity. It is durning this phase where some controversy
exists as to the main mechanism of fragmentation. Some believe that
the fracture network throughout the rock mass is completed
while others beiieve that the major fracturing process s just beginn-
ing inany case. itisthe gasesthat havejetted into discontinuities and
the fracture network thatis either fully developedor being developed.
which are responsible for the displacement of broken matenal

Itisnotciear astothe exacttravel pathsthat gasestake withinthe
rock mass. although itis agreed that they will always take the path of
least resistance. This means that gases will first migrate into existing
cracks. joints. fauits. and discontinuities. in addition to seams of mate-
rial which exhibit low cohesion or bonding atinterfaces. If a disconti-
nuity or seam between the borehoile andfreefaceis sufficientlylarge.
the high pressure gases will immediately vent to the atmospheré.
rapidly reducing the total confinement pressures. angd results in
reduced displacement of broken and fragmented mater:al ‘

The confinement time of gas pressures within a rock mass vary

significantly depending onthe amountand type of explosive. material -

type and structure. fracture network. amocunt and type of stemming.
and burden. ATLAS. studies, with the use of high-speed photography
in full scale bench blasts. have shown that gas confinement ttmes
before the onset of movement can vary from a few milhseconds to
tens of milliseconds ' To date. confinement times have been mea-
sured to range from 5to 110 milliseconds for a variety of materiais.
explosives and burdens. Generally. but not always. confinement
times can be decreased by employing higher energy explosives.
decreasingthe burden. or acombination of both. This appltes equally
to material at the bench face or at the bench top. as n the case of
stemming blowouts or cratering. Refer to Figures 12.35 and 12.36
Vibration/Airblast for spectfic examples of gas confinementtimes for
stemming blowouts. It 1s evident that only suitably burdened and well
stemmed charges can deliver their full potential of additional gas
extension fracturing and mass movement

T4 — MASS MOVEMENT

Mass maovement of materal 1s the last stage inthe breaking pro-
cess The maorty of fragmentation has already been completed
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expansion through crushing of the borehole walls has taken pilace.

This produces compressive stress waves with tangential compo-
nents emanating from the borehole walls and progressing outward in
every direction with a velocity characteristic of the sonic wave veloc-
ity of limestone. Ittakes approximately 1.0 msec forthe compressive
strainwavetotransverse 15feetof burdentothe freeface. Behindthe
strain wave propagation some radial cracks start to develop in the
crushed zoneregicon of the borehole with a velocity rénging from25to
50% of the P-wave velocity for imestone If the intensity of the com-
pressive strain pulses high enough. new cracks and/or extensions of
pre-existing cracks andflaws canbeinihiated anywhere betweenthe
crushed zone next to the borehole and the free face. The greatest
number of cracks are generally found closest to the horehole
Whenthe compressive wave sirikes 4 free face. ihisimmediately
converted to a tensile strain wave which slarts at the free face and
traveis brack through the rock mass towards the borenole Owing to
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intense damage. This zone s aiso referred to as the hydrodynamic zone in
which the etastic rigidity of the rock becomes insignificant. (6)

Next to the crushed zone is a region defined by a severely fractured
zone referred to as the non-linear zone. Here fracturing can range from
severe crushing through partialfracturing. to piastic geformation. Extension

o e ——

Legend

1 Crushed Zone

2 Severely Fractured Zone

3 Moderately- i-‘ractured Zone
4 Least Fractured Zone

5 Rock Undamaged

Criginal .
Borehole
Radius
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\
A
Expanded 7
Borehole v
After Ny
Detonation

e
————

ZONES OF RUPTURE RADIUS
FIGURE 11.9

of cracks can occur from previously formed cracks by the tangential com-
ponent (hoop stress) of the shock wave. Iinfiltration of gas pressure ang at
flaw sites.

In zones 3 and 4 (elastic zones) tensile failures and crack extensions
cccurinalessintense mode because the stress wave amplitude has atten-

uated significantly. Much of the originai energy from the getonation has -

been consumed inthe form of heat. friction. and fractur'ng in zones 1 and 2.
The peak amplitude of the compressive stress s now much smallerthanth2
compressive strength of the rock so no new fractures are tikely inthis wa e
type. However. the tangential stress component of the wave is still subsrar
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BLASTING THEORIES (Past & Present)

inthis section. blastingtheories ofthe pastanad presentare discussedn
concept form. Taple 11-21s 2 Iist of some of the More common tndughts
regarding breakage mechan (nsandtne reseurchersresponsibie fortheir
introduction This list is by e woeans cormplere, but 1t does illustrate how
certain thoughts on Lldastiteg e v taried wil: the simple reflection theory
after World War il and brogre-.--_t.-r.i to the e complex nucie or stress-
wave flaw theory of the prewcni

Since each theory has minerent strengtns and weaknesses. the main
concepts of eachtheory aie fieste<plained with abbrief description, Blasting
theories discussed are.

a)
b)
c)
d)
e)
f}

g}
h)

i)

Reflection Theory (Reflected Suess waves)

Gas Expansion Theory

Flexural Rupture ,

Stress Wave:c & Gas Erpunsion Theout y

Stress Waves. Gas Expansion & Suess-Wave/Flaw Theory
Nuctei or Stress-Wave/Flaw Theory

Torgque Theory

Cratering Theory

Cratering Mechanisms

REFLECTION THEORY {Retiected Siress Waves) (17, 18, 19. 20}

One of the first attempts to explain. analytically. how rock breaks
when a concentrated explosive charge 1s detonated in a borehole
near a free surface was with the reflection theory. The concept was
simple. straightforward. and based strictly onthe well known fact that
rock is always less resistant in tension than in compression. A
compressive strain pulse 1s generated by the detonation of an
explosive charge. moves through the rock in all directions with a
decaying amplitude. andisreflected only atafree surface. Atthe free
surface.the compressive strain pulse s converted into atensile strain
pulsethatprogresses packtoits pointoforigin. (See Figure 11-10). Since
rock 1s weakest In tension. It 1s easily pulled apart by the reflected
tensiie strain pulse and damage at the face appears in the form of
s'paning_ The high pressure. expanding gases. are not deemed
directly responsible for the major degree of fracturing that occurs.

A more detalled explanation follows: Detonation of an expiosive
charge in rock generates a large quantity of high temperature. high
pressure gas /n a very short time Typically. this occurs 1in a few
microsecondsfor small cyhindrical chargesandinafew mitiseconds
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The effective transfer of detonation pressure to stress in the rock
depends onthe impedance match of the explosive torock A smaller
explosive to rock Impedance ratio was shown to provide a more
effective transfer of this pressure to.stress The concept of reflection
breakage ts illustrated in Figure 11-10. The tme order of key events

are:

Free Face
7
tg
Spall-Type
‘ . Failure of
C1 hed - Material In
rushed 2. Tension
Fractured
Zone .
8

Material Dispiaced
Qutward From
~ Face

Free Face

ty —

|2'|4

tg-lg —

detonation, generation of high
pressure, high temperature gases

borehole walls are crushed anc
shgnhtly tractured due to nhigh gas
pressure. and borenole expands

cOMmpressIonal strain pulse propa-
gates outward in all airections

part of compressional strain puise .
impinges on tree surtace

part of puise continues (o travel
outward and part of i1:s reflecteq at
the free surtace as a tensite strain
pulse

slab of rock begins to detach from

- free face and moves torward

RELECTION THEORY
TENSILE FRACTURE BY RELECTION

OF A COMPRESSIVE STRAIN
PULSE AT A FREE SURFACE

FIGURE 11.10

other compressive stress pulses
arnive atthe newly tormed tace and
repeats preaking process

Siaps broken off closer to the hole are displaced with lower
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this theory. ninety percent of the total energy to break rock is in th
latter. Detonation pressure acts only momentarily against any o!
part of the borehole's internal surface area. while gas pressure 1s
sustained considerably longer until some form of cavity volume
change occurs. Gas pressure, then. is the major component respon-
sible for fragmentation and flexural rupture.

Radial cracks form only 1n planes parallel with the borehole axis.
No cracks deveiop where the explosive is not in immed ate contact.
thus mostcracks formadjacenttothe borehole wall where tangential
stresses are produced within the borehole's wall as the cavity is
pressurized. Providing strain energies at crack tips are adeguate.
extension of fractures continue. Breakage by reflection of strain
energy at a free face is considered negiligible. Gas pressure drives
the radially produced cracks through the burden to the free face and
disptaces rock through bending and in the direction of least resist-
ance generally following naturally occuring pianes of weakness. itis
during this final stage where the major breakup of intact material
takes place. -

Breaking of rock by flexural rupture is analogous to bending and
breaking a beam as illustrated in Figures 11-11and 11-12. Arectan-
gular beam is used to represent the field configuration of bench
height. H, and burden, B. in the form of a modified cantilever beam
model The fixed end of the beam represents toe conditions while =
roller. placed directly opposite the center of the stemming colum.
represents the stermming function. The rolier allows the coliar reg:on
torotate and movelongitudinailly but does not allow deflection normal
to the borehole axis. Although not shown for clarity of concept. the
beam thickness in Figures 11-11 and 11-12 is actually equal to the
burden. Borehoie pressureisrepresented as a load distributed along
the length of blasthole containing the explosive. Rock weight of the
bench segmentis considered negiigible retative to the ioad resulting
from the borehole gas pressure. Maximum contribution of total rock
load acung at floor level s only at a ratio of about 1:100.000 or more
compared to gas pressure

The degreeoffragmentationis controlled by the stiffness property
ofthe burden-rock mass. This stiffness depends on existing restraints
to movement, rock (Young's modulus), radtally-cracked
block's geometric shape as defined by its average thickness. width.
and length. In terms of blast configuration. burden, spacing. and
bench height are the controlling factors for any given rock.

11-25
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Pulverized

Compresgive Wave
Stage 1 (a}

Pasitions
Radial Cracking
Free Face
Tensile
Wave
2
Stage 2 (b) Expanding Borehote | Spall
High Pressure
Explosive Gases
Stage 3 (c)

Expanding Borehole

FRACTURES OPENED UP AND PROPAGATED BY GAS EXPANSION
PRODUCING AN ISOLATED FRAGMENTED ROCK MASS OR CRATER

FIGURE 11.123

Stage 2—The pressure associated with the outgoing shock wave
of thefirst stage 1s positive. fthe shock wavereaches afreeface it will
reflect. but in so doing the pressure fails rapidly to negative values
andatensionwaveis created. Thistension wave travels backintothe
rock and since this material ts less resistant to tension than to com-
pression. primary failure cracks will develop due to the tensile
strength of this reflected wave. If these tensile stresses are sufficiently
intense they may cause scabbing or spalling atthe free face. (Figure
11-13b}

in rock breaking this spalling effect appears to be of secondary
importance It has been calculated that the explosive toad must be in
the order of 8 times the normal load to cause failure of the rock by
reflected shock wave alone

In the first and second stages. the function of the shock wave
energyistoconditionthe rock by inducing numerous small fractures.
In most explosives the shock wave energy theoretically amounts to
onty 5to 15% of the total energy of the explosive. This strongly sug-
gests that the snock wave is not directly responsible for any signifi-

11-29
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2.2.2.- Resiztencia em Compretizv chnple

E { cwu‘géz’(WMTO de la roce aamacts koo CrvABEAA i Lika-
axial eka wfivenciada Por hes anracterishcan atrincicas
de la Prueba covio 20w la relociow de ezee'twz, fa
Nziacidad de carga Y las condiciour: de tricciow e 2t
apoyes .

o sy eanius, e rzhacion 4o eshelter pesuiiia Mo | uedis
Leranvllarse Lot (lawe: e @ofavte por 2k efecte de Triccion da
hoo G poyos, rm&o wunn edar Mmiayor &Qﬂ\ rw;dt@mw
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2.3 Propiedades mapmerife de la roca’anuirdd

Enda Fig <e Prﬂ/..wia.. Lo, variacien del factor &
reducaon tenhr talidad de fa roca (RQL) a paifir
ae r\rm}m de (‘J\acp\ -\: lexalcle de 24" e diojwstn 2is
o(mp e do Ja Pryz Bwortrak , courderauds ol @ac‘t'nf
de vodnctioh cowcs fo rwm 2ufre ancduder ode's
de tawpo Y Lodoratorio. |
Ce alere T.J-uz Yor amodulss A= ol..éo—ma(u"m sew Qrwds-
Foduwede waes alfss ten La pm?wudadn Qe Les webduly
wﬁno\aﬁm LA e‘,ocL Mot’ eali ded &o voca J vt
4& (2 A e ov‘ovammm&ou. a lo i dod_,
S e F e 52 Proiudo ko variacien eutre Lo ealided
de vota , RQAD, 0, (.V:/vﬂz contra el Jacter de reduce
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2.2.1.. Resictentua al es Q—ujt‘zo cartaute

La recictaucia al .D/.-wéo cortante” du Lt depunde &
los '.'"\‘?.AJ\‘.QUE; {'—ﬂdoma . a) del wusteral de relleutn b
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Uso pE ExpLosivos en Roca

A NTECEDENTES
EL a0 de los explosives 24 uizs 1Ma teenica FuUL Lua UL .

Hasta alora el wdtods "was 2conduico para fraaw entar la roca

. an wmaediante el wss de prlosivcs,

"3

. L a teoria 2ta so?orJracla por la Pm'chc.a de fal wawm
n q:,w__.d. direds de voladuras se realiza ues por da
vedaciow autre Para'me-l-ros que updiamte Frmylas teorios

PO\’ J/ALw.JPf.o v Lo velacion tutre 2l didute Hro ‘3"9 bordo.

E< neesario eom‘ormdar como j‘mba{a JMPlosivo 2

la roca, para lo cued sz reawiere del eowocimisubode

las propiedades de los dos elementos, la roca g

los gz)c_{a\os'wos. A

Ewn relaciowa la roca se Puede decir (o siquisute:

- Calidad. - Touawos vna gran variedad tu lg Calidad
de los wieuzes rocosos Lu {uucion de su Lstructora,
Y (RSiStaucia (Cavacter Zaciow clel Wacigo rowso ). Este
Fermine de calidad involucra muchas propiedades del
MO O FOCOSO D, % yelocidad de traus mision de owndas
de cowpresion P, vesisteucia e cowqpus\o'm simple, deusi-
dad , dureza, auisotro pia, howodeundad , {lujode

- agua , wa-{mm‘wm Y 2stado de u#wi‘eos lnterno

2o algqumas de lan pmp/‘xﬂd;AMMaZMFoHau-

.. _‘“_h&i de lan rocas toam SN uﬂuaaao{f\ LA LQ

.d'\SL{,—Lo de voladuras., -
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M ecanismo de fragmaeutacion :

Ewn todos los i pos de roca tauatuos Que \a resistau -
aia 2 @ompresiém simple 24 Mycho wayor que laresis
tauma uteausion, Grtaute o flaxion. (Del ordaude
O vecos para Tausion Y cortamte Y 4.5 veres pam'?luio'n)
Qe acwrdo tom lo amterior los Wecauismos de $mi-
Wauto Liow tam disedados Fam rowper la roca por

Yausion, Corie 3{@@_ MAS quL por compresioh,

Cuamdo 2xiste Una cara libre se produce el fendmous
de v tlexion y 1 Pracciol de (a4 sndas de cloque de
o,ovar’!as'\o'm o Prima\*ias P arlaudose Nibraciongs de
olta frecusucia (1504 200¢-p.s)) qul dam lugar o

AmPachS de fausiown intermiteutis por 4 zoW. de lafust-
ZA Cw%ff\uﬁa %asjm q,u_q Utas %mraas de nerciavYeu.

Com lo vesistaucia a la teusion de laroca y eutou-
c2s st praduce el desprandimisuto de %mgmm‘ros

de voca o Par#ir de |a {oﬂh?er'w. hacia el eautro.

- Por otro lado,las fracturas de tausion su ol Gilivdro de
Pm’ii %rwa AN QM 22U los %wa me‘mm 2in Sllay
$TOO{MO§PMdo 24 &MP,PQ 201 Luto d€ os %mgm%s de rca.

aw ol s2 Produca un e?ec% combinado , Suu-

_é\f'lm‘\’ﬂ. A LMo NAGA esn um apoyo %Pcﬂado 4

otro Libre Wayo la carga de. presion \oroéucicla
Ror el Q«xp\osiéo. | .
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S
P
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Ewv relacion algp\oswo se tiue Gur La gwré.o(aﬁ de
Ao 2y P\osicr'v; o veladura ocurre por. oxidacion o

. rrdoccion de cowmbustible a alfa presion.
Durcwﬁ'a L4t rmccio'm Se Producw *wpim'l'ums
de 5000°C y 4ases & presiones muy altas
g2 variam autre 1500 Yy 150000 Kgfew®.

Esta Prasio’m se produce Sobitamsute 2m forma de
i'mpad-o, Propagafmdosz. las oudasde oh.oca{u.z. e
woloudades eutre 2000 ‘4'! Vo) m/sag.

‘:'5_\ %mba}lo vresdi zado por | g de Tovex 24 de
580 ‘\'OV\-W\/ng 6 sta que pwde levautar Liom

o una altora de 580w Lu wu sagmdo,zw\(a-
Jawte a 5 800 KW, y 100 k% o 5B000)KW.

TNGREDIENTES ¥ ComPosicion beE Los ExpPlLosivos

Lo ayor par te de los Ly plosivos CouAer cAafes Sou
umLitlas de eampueitos w@,mhww\zi donsutos
basicos ©  Carbeh, H\droém, Nitrog ews Y oxigauo.

Otros compuastes eou sloutentos Tades eamo s -
sodio, alominio 4 caleio 52 w\aimém para produ-
Ur tiertos 2lectos desoados . |
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Couo Yegla quural 2stos cormponiuiles delrendar

un balamce de oxiqauo eorrecio.
Esto %i%u&%c:a Qi duramte La reaccion todo el

" ox{que disponible au la wmezcla reaccions sola-
Yooute Ratra Formar \a por de aau_a (H20) Y Gue
- ton el tarbohn veacsione para formar dwnica- .-
wiute bidxide de carbone (COz) tu orwa de gas
;"_.'fg 4 hi-\-m’gmo qxie;\e Libre Q—or maude <olo qas ni -

Troqamo (N).

70 uamdo Moy ofws ddawsutos adowas de los cuatr
T loasicos P 4. Sodio , debera induirse sv M cieuts, oxi-

q Mo odAch ol Pam lo%m\’ una cow binacion ba\auucf\-
? . a

O mauds M L ceso de ox\'giw_o di%pomble e
orodncn 9032 altam e Niuenosos twe Los
ASeS nitrosos NO & NOz. (dxidos de witroasue)..
< dos 9ases sov frciimante detectaboles por suwolov
4 wlor eafe- ro/é'i?:o.

Pov ofo lado, si 2stountos am defecto de ox{a Mo
=Ya %orma 2 amortal gas uonoxido de carkono

(00) 2l Gzl d esafortuma damoute Ao 24 defec-
tads por olor wi ecolor. |

s



Adawss de la formacioh de qaMA YULSOS po
_excedo o de ficimcia de oxiqeus s2 produet
una disminycion de ’erzmtu.m 0 e
cousetuoute vaduceitu 2u la presion de los ga-
SIS produc{dos.

- Pam ilostar los electos del balauce de oxi-
U 2l AN-FO (witmto de amonio- acsite
combustible) eowo aﬁwh J«x.{olos'wo_ RePUTIVER

| . Ox{qeuno balaunceado:

3 NHA, NO3 + CH, — TH,0 +CO2 + N2

o 3 (80) + 4
240 _q4.59, - 14 _ 5.5% 0.44 K cal/qr
3s4 - 4P 0 o5m= B P = /%

Nitrato de amonio + Aceite combushble (diesel)

- 2.2 Ox{qauuo au Axceho o (posikive)

5 NHaNO3 + CH |1H, 0+ COz + 4Nz + 2N0
— ) 96, Gd/’o + 3,470——9 0. 6l KCal/%l‘
— Adanas de qup se prodoce wasuos haw perbam 4
-;* - PY%'\O’V\ s¢ produer q o nitroso (NO) QUL 24 Lun
- - Q04 NLUWAWSE. o -

. - T
e _ — -



E Nerala Teorica Koal /\oi"

“3..Oxigemo de ficioute o (ne%alrivo)
2 NHe NO3 + CHz=> SHo O + 2Nz 4C0
42 Po 8% — ©.82 Kl /gr

Se Faue, W mor fau sz-l-ura 9 presion Y se Produce wonoxi-

do de carbowne (€O) qua A wortal.
La raaccion @ulmica wmas ebiciente para el ANFO 24 4%
de nitrate de amonio Y 6 % de acite combustible diesel.
Se puedeu producir ofws ageutes sy plosivos auts potaudtes
p,ﬂa vhlizamdoe aluminio -

INH4NOz + 2AL —> GH. 0+ Al205 + 3N2
240 - 2(21)

‘ 81.5 7 18.57 — 1.5 Keal /gr
La desveutaga de arte e.orvv\?uesjro para UsO comerciad 2
s alte costo. Se vsa €olo para explosivos wmilitares.,

.CaLor DE "
| 300 . ExPLosion _|I82
! ANFQ  Z|  x ANFO .
_800- | ol-149 “
| 4 v -—
i r4 ~
| 100 | 213y
| al <« DENSIDAD
l 85 ?
oo ! ©.85qr/cm ul 12 0.859r/cm
' .
i o —
| 500 ! 41 11
' + 1 - =
e e § _— [
[ d00 - 0, | O 310
' -
- - u-l * =
1 ) B ) o \ \ | : \ y 1
mi_ 4 .6 8 10 (2 vt 3 5 7 9 M 13 5
o Aceite ComeucTiBLE @ BARRENO, PULES.
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CLASIFICACION DE LOS EXPLOSIVOS.

Los ingredieutes vsados au la fabricacion de explosivos se defiu

 gowmo: L plosivos base;oxidan\-zs,w*ia;idos xalosorbwh.s.

Uw explosivo base 25 uw sclido ofiquide que ba.a'o la acciown

" de suhicieute aalor o impacto se+ra,us¥-ormawuupro-

" ducto gaseose Con Acompaiicdul uto de Mrc}w.ca-lorl%\ca

. Los combustibles ‘&oxxdwhs SLagregau para logmr 2 ba-
launce del oxigeuo., |

Un awmtiacido sz Q%w&a parg incrausdar (q Lstabilidad
2 ol waceua 4¢ Lé un ab sorbaute se agrega pard ab-
sor ber o Pro’w_%u 05 £x plosives bases.

n agw*z explosivo A wa\wr wateral o mezcla ecom-

pugsto por un combus¥ib le Y wn oxid3ante de tal wodo
GUL Wingono de SUS ingradisulss sta Lxplosivo base.
En 25Te taso \a weida ANFO w0 puede sLr detonade por
U Mbrl’n N2 8 QL QY 2 %t de rmma msdpgd.z.
B0 o de Pulminato de warcurio Y 20 % de clorato de

| (xmzs&o El ANFO ‘nmba/l\a rAsisT aia%mgud_e@

Lo adiciow de uningredisnte 2xplosivo eomo el TNT

" tawmbia la dasxﬁ’—\muow de la wezcla de gqeute s«-

plosivo o 2y plosive. |

Los aquala M-p osivos PALAMU Ser asi i cados o

- ng’m ioswos 92005~ o - Aquls ax plosivos
VY L ANFo (agqeute Mp\oswo sep) 52 inicio’au 1950 -

i ’ Ej/p :;

a— — -



H ic\rogel.ﬁs_

Los hidrogalzs gon los Ly plosiNos mas recieutewian e
desarrollados y actoal weute sow los mas utilizados.
Sefabrican wi formulacioun tauto de - aquit
- 2xplosivos como de & plosivos

Contizum alta proporcion de witrato de auwonio

arte dol cual 24ta” a4 solucidn acuosa Y de pandiou-

do ded resto de los imgredisut s purde ser claaiti-
Codo Louro ngﬁ Mp\os'wo o M(Jl.oslw.

Los agmiu Mp\os'wos ConHousm Auqedisidn wo sausi-
bilizadowss o awite eombuskble , arboy, azodre
o aluminio. Y 40 @.ws\-h‘mjw @_af\oSulm-SwsiHWSJ
Wi 2uf ran los £xplosivos budrogales si tontiouan
ngd/( Qowo TNT Q(wv.los ‘\Yausﬁ-okmamQa'/toSu-
laa-sausibivas , 2 THT salo 2 wma ea?fmb.—swsiiriua.
Lana MA}‘%LU; def it to de amwsun 4 Los aaites o fos
sausibilizadorss s2 uapuan o %Lh\-\ ?wf_zm Crw go-
AALA PONT, PYDPOYLATUAL YESISTU Cia Al o quUA.

Log hidrbaels sbn wias se%&s \Lé,:w detovau am barr uando sobre

cllos,y la el o sucde aLiaTivas,
Dinauita RUYa s

La dduwaint o PU FTRTY @,wpum"a por: N-H-rocia/b{c,o.rf-
va (NG) 4 %Lé\ic_e (5402) 2u Ko:;oﬁrcwfa 50 %o (NG) 4 50a (Sio)

125 ¢1qur o Herre de &y $ oin‘v_SOHM\,

faata 25% (N@) 44 15 7o (Si02) . Nor metmude <o fahrica w
204 0% (NQY Y 40a®0% (N C douwde NG =Nitmsiarch,

// e » o



TABLA 1. INGREDIENTES Usapos EN LGS B xPLESIVOS

Ordalncos \

INGREDIENTE FORMULA F uNcion
Nirroglicerina (NG) CaHs (Now)s | Explesive base
Trinitrovolvano (TNT) CoHz CHy (NO2), Tdaw
Dinitrotoleowo (prT) Cq N204g He Tduu
%i!\:\'ct?"\m : c(*é—\&\ Cz2 Ha (N03), Tduu, auticonge laute
Nitrocelulosa CoHy(NOs); 0, | Tdawiy qelatilizaute
Nitrato de amonio (Na) | NHa NO; Idum + oxidaute
Clorato dgpo{-as'\o K Cl0, T4 uum + oxidaute
Parclorats de ps fasic | KCLOa T daw 4 oxidaute
Nitrato de sodio (W) | NaNOs Oxidamte ,veduce @;ﬂ'wg:fftxﬂ‘:1
Nitrato de po)raSio K N0z Oxidaunte
Pulpa dewadera Co HiOs A lbsor baude , eom bustible
Aceite combustible CHa Combus tHible
Para Fiva C He Tdau
Aceite paro laiupara ¢ T daw
Qis | Ca (03 Antiacido- atabilizador
Oxide de zinc Zn0 T dow

~ Aluminio (wetal ) AL Catalizador
Moaguesio (wetal) Mg Catolizador

ieselgor Si0: Aosor bz audi-cake
Oxfg.mo \fqu.ido 'Oz O xidautz . - R
Azufre 3 Combushible . .
& .. f
E;}A?M%S nirosos. Na Ul k éxnjso\\r\vg;l '\g?&l.w:dj fv-\S's’bi\i- '

2040715y Aur Cake .

g
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TasLa2.- EnerGia CacoriFich (Q)Pars ALGUNOS TXPLOSIVOS

EXPLOSIVO PENSY Q (aalfgr)
Nitroglicerina (NG) A | 420
- PETIN | WA 14 00
Pevita eritri fetetranitrate |
R DX ' e 1320
Co\m?uls’ro B L6 \ 1 40
Tetril WA | 010
:. ‘NG, Gelatina 40% [.5 620
 Slurry (TNT-AN-B20) | 15 170
T0- 65 -15 .
NG, Gelatina (00 1.4 | 400 =
NG, Gelating 15% L ¢ 1150 | )
AN, Gelakina 15% 1.4 9490
NG, dinamita 40% | 1.4 930 & ..
AN, aclaking 40% | 1.4 300
NG, dinamita 0% | 1.3 990
PETN 1.2 | 200
Semigqalatina .2 940
- Vinamita wkra 60%| 1.2 330
A watol, 50/50 N ®a0 .
ROX 10 | 280 =
DNT 1.0 960 © ..
" TNT=AN (30-50) .0 q00 T Tl
TOONT .G 870 T
"TTANFO (A4-0) 09 | gdo T
AN ™ .8 ! '

A S

10



C— | - ed

Polvora megra .. Es 2L sxplosivo towercial gy amtique .
originalmule 2 wa umtyda de nitmio de pokasio, car-
boh veqetal y azufre , ahora seusa nitrato de sodio au
Jugar ded nitrato de potasio,
Co mpos'\cio’\n '.

o - Nitrate de Po‘msie .5 e
T Carloow vigetal .. .. 15 %
ST Azufre . . . . . , 10%

Coamndo SL 03 nitmlo de sodio se disminvye uu
pPoco su FC)YCLUL‘\‘OV&L o tntomd o .LQQOLY‘:JU{qH 28
_ ou()u{’m
L Tioue pmpu&a&h Ladovables pava su we mzen
- por la qua ha sideo S.Lm\-i{'mdq._ , B
T Rs Axtrowma damouts swusible od de%\at&dmz o Qe -
IO SR Mp\om&o a baga vado cidad (1300 pins[ug)
Y IRVINo Q' PV %ormo\ \imi’(‘c:ia\ 2 rocas blandas 2 - -
- Qwateras _

S f
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\/ ELOC\DAD DE De70NACION

La propiedad sola s amporfante o Govsiderar al 2velvar
A\ Po‘cwc)\o\ de um L plosive 4 au wrelocidad sohnica y
" puede sar embivada 0 o Embinada.

— o velocidad de detouaneh eoulivada o4 wna wedida ce lavele. - |
L dddad e gl ‘W\d’&,a e oudas de Lompresion a herwitn do wsca olucr
T desaplosivo deutn de s barmse w oho mpacio tow binads
wimtyes que Aa vedoudad wo tombuada w ot sw cwaude
e dekous A cplosive @ tisks abisrdo. .

G owo Jos sk plosis s wman e ciero gmdo de embiua -
_amatulo 24 s sigmi heabiva La valotidad towfivnada

T lavedecidad de detowation aoubinada wn los 2xplosives

trwerciads varia aatre ','5 000 v 250D pus /524,

Las veloudadss we m?-xAAaim seu del ordom de 30a

0 070 de la .velocidad cou?inadq.

FresionN DE DETONACION

La {av,wicr% de detovacion on mna faumcien de lavdoa—
dod de detownacion tade la deusidod del ixplosivo.
Usoalumade uo se maunciona eowo una propiaded. per oa
MUY Lmportamte Lala sdaccion dod Lplosive.” Couando

SR Mg uwia tam Libre se Pm&uau JAMS por 4im pul

"que sou el giados au la roca y sgu park 'lmﬁmﬂéau’re del

AML L AMNARUIL A 4 s vcAmiiem - v 0AMuntad,

2Rz



CALIDAD DE GASES [

Lo detouation ideal de los txplosivos Grwertielss delisw
Produur Vapor de LY bioxide de carbows Y nitrgue. Siu
wbqv%,o Q kAs V0SS oo 2k wionoxide de tarbowe y 0% A -
dos da wJWD%w—O (qasns witrses) se forman muchas viec,
Ew keavasowen o cielo abierl os qasns V2ULUOOS WO Sou
_mPor‘taM’w& y por o aontrarie 2u txcavaciows %«u.b’r-arm-
YT QAM@ que tauer widado cou ellos

C RITERIOY PARA SELECCION DE UM EX PLOSIVO

Para cada siHo habra” un 2xplosive gue proporcious Aog sut-

»&om raaudtados .

La sdecarn dad %Po wan odeouads 410 u E«w&m de \as

PYDP\Q&Q&M %LMWMCM ae la roca erwo som: M‘fruc’w.m,

éur{%a dausadad , resisteucia, humedad, vantilacien, ke

%de ?m%lmi’aum obtauida , alivra 4 proyeceirm del amco.

En rocas duras Y domsos como da Tacowata 4 Los Graustos m

WP losivo de &U.'o- valoudad Taudea’ butuos r2suifados sin

wbarado pos\b\mﬂm 2\ ANFO Fauslbiom dnzm uau resudta-
Ry :U-La/l- ﬂ.Q.D'U‘uGWACD

En.oton blandas dabiow auarse Sxplosives de bagar velo-

- dodey . .quLo Qo ti cuan Y baralbes Visiaidares - |

En ﬁmml Ao viedotidad de detouacion debe Ser Aquak o

C e rdlsidad somite del maczo roosp . (uelocidad de
loos ondas P de Qouapresion o brimarids)

/7S

14,



"~ CUuRVAS DE PRESION CALCULADA

L KD 2lv N Wil e ONAGIUNT=-= LTI A0V

(IO

La rehaciom 2ubre la veloudad de debovacion, la dewsi-
dad 4 la Pmsio'n de defonaciov 44 Comt piba'a.
La %A?Mw‘tq_ ,wprzzsxovx 0 uma de las QPI’DX!MD\O\M

obtouidas :

~3
P- 4.18x10 pct
1+ 0.8D

T deude P= prasion de detmacion w, kbar
| kbar= 14 504 ‘b/Puizaz
D= d2usad ad
C= Udocidad de detemaci om o Piﬁ/suz

Hay qur dlshncamrw*rra Pus\cm de Ae"'maamuk presion
de 1%\(\\(‘.\0\4 o de axplosion.

La {:rmon de Aguiciom o M\DLOS\W wla Guu pvoduu 2) thogue.
0 weaﬁo Y Tiue wnvalor dl doble dela pmswn de deto-
nacion, Esta preswv\ de cMogqut o Ackwucm (. oaractenza por

M. OM G muy wﬂagu . 10
\, 3
2

t8 -
} : {

Provte alacual Yoda fa watera |
M/\U\M%O\AQ Y Pu.LwErizo\da

0.5 I mS
TiemPg

o = =
| I S

l.- ANFO-94/6 Granulado
2.- ANFO-484/6 Fino
3..AN-Dinamita 0%

4 .. NG-Divamita 6¢0%

5 .. TNT-AN-H;0-20/65/15
. b - AN-GELATINA, 15 %

]

L

PReESoN, 100 000 psi

o ™~ P o
]

(]

BATO CONFINAMIENTO PeRFECTO

~
“U
\
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PROPIEDADES DE DINAKITLS FURAS
DE NITROGLICERINA

PORCIEWTO DEZIGIDAD VELOCIDAD REIISTETCIA CALIDAD

EN PESO CCIPIMADA DEL ASUA DE GASES
ries/seg
60 1.3 19,000 . Ruenn Pobre
50 1.4 17,000 Zegular Pobre
— 40 1.4 14,000 Refular Pobre
30 . 1.4 11,000 Pobre Pobre

20 1.4 9,000 Podbre Pobre

COMPOSICION DE LAS DINANITAS PURAS
DE NITROGLICERINA

FORCZTTAJTE ENW TZSO
0 40 50 60
0 390.0 49,0 56.8

CONPORZINTES
20

NITROGLICERINA  20.2

ny

3
9.
3.2 45.5 34.4 - 22.6

NITRATO DE 3S0DIO 59.3 5

ACEITE VESETAL 15,4 12.7  13.8  14.6  17.2
AZUFRE 2.9 2.0 - - -

" ANTIACIDO 1.3 1.0 Ny 1.1 1.2
ITUMEDAD .9 1.0 .a .9 1.2
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NUMERO DE CARTUCHOS POR CAJA DE 25 KGS.

LONGITUD DE CARTUCHO
DIAMETRO
203 mm (8") 305 mm {(127)* 406 mm (16”)*
25 mm. (1"} 209 13% 108
29 mm. {1 1/8") 165 110 ) 83
32 mm. {1 1/4™) 137 0 68
- “Langami spmperve
Gases toxicos: Minmos, clase | VenTOIC151

Requisitos de cebado:

Un fuiminante ordinario No. é. Por las
caracteristicas de ruptura del marerial
de la envoltura, para introducir el
detonador dentro del cartucho, se
recomiendo hacer la perforacién en un
extremo frontal junto al cierre
metdlico. No se recomiendo perforar
lateraimente el cortucho. Es
indispensable asegurar que en el
manejo del cartucho cebado, el
detonador no se salga del cartucho.

1.

Cargado: TOVEX 100 es sensible o
la capsuia. Se ceba y se carga de
manera similar o las dinamitas. Su
habilidad de compactacién
proporciona el maximo
acoplamiento al barreno y ia
maxima densidad de carga. Basta
un leve empue del atacador para
llenar el barreno.

Densidad: 1.10 gms/cc. 2. Plcs.feo y Moneo: Superiormente
efectivo para ambas operaciones.
Energia Excelentes plosticidod y
adherencia.
T Tov 1D
SR Oweea v @
IR Dreres Gascrs ©% 3. Gases Toxicos y Humas:
IR Orem Sevuira Minimos, clase 1.
I TR TR TR T .
BENTU TS = 1 4. Propagacién Entre Barrenos:
Velocidad Los hidrogeies TOVEX estan
: diseficdos para minimizar la
DIAMETRO M/SEG PESISEG | propagacion entre barrenos. Todo
32 mm (1 114" 4050 13300 -sistema de retardo para aumentar

Resistencio ol agua: Excelems. -S5in envoltura.

sumargido en ogua, Marmene sus OpPtEMAas
veiocikdad y energia,

+4a frogmentacion y paro reducir la -

vibracién funcionara
apropiadamente.

Epas miormocome, v tugerens 31 4103- pasOA0L e «C temerenz gne Du et S A T SteAsan tame e
OB $EM IO O 3k CONL M OIret Sa rrar rnne = = 1 0 Rea Uy ArDiTliAt Qe 1T IP Nerteny ton ey
WHEene (DNOCHNmnts "BIA S DA et GDRe S - 817 O, QCOMPONA YU 1T LD Tt T e O Pore no
@ArONN IO resultaoas 1O D7QM S N 1M S E0ALA0 (O0T QIQUAT DI (U 010 IMese - gl CILINENERL S 51, 1+ 1]
EPO MISrmecion Ao 3 Ders £3MN QAT 000N $3T2 1G5 O vHO CUBINUWE (OIRRIe gpttmmte

OU PONT $.A DE CV. CEPARTAMINTO DE IXPLOSIVOS
HOMERD Me 206 MIXKCO §, DF. TEL 250-90-13

/25
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TI0PIEDADES DE DIYA™ITAS DE AVONIO
DE AITA DENSID.D

PORCIENTO DEYSIDAD VELOCIDAD RESISTENCIA - CALIDAD

EN FESO CONMPIVLAIA DEL AGUA DE GASES
-— pies/seg '
60 1.3 12,500 Sefsuler Buensa
50 1. 3 11,500 Regular Buena
40 -, 1.3 10,500 Regular Buena
30 . 1.3 9,000 Regular Buena

20 1.3 8.000 . - ! Regular Buena

CONPOSICION JE LAS DINA™ITAS DE ATONIO

DE ALTA DENSIDAD .
CONPONENTES = -  PORCENTAJE EV TESO
20 30 40 50 - 60
NITROGLICERINA 12,0 12,6  16.5  16.7  22.5
NITRATO DE SODIO 57.3  46.2 37.5  25.1  15.2
NITRATO DE ANONIO  11.8.  25.1 3.4 43.1 50.3 )
ACEITE VEGETAL 10.2 e.8 9.2 10.0 - 8.6
"AZGTRE 6.7 5.4 3.6 3.4 1.6
ANTIACIDO 1.2 1.1 1.1 .8 1.1 .
H-’UTIEDAD -8 -8 -7 -9 -7
L e - -
Lo "o T S uf:;\.."".- -.

28
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> O HC O

ventajas:

Sensibie al fuiminante. No requiere cabo

suplementorio, =

. Versatilidad. Adecuvodo para uso en barre-

nociones de didmetro intermedio (desde 50
mm hasta 150 mm) en operociones subterrd-
neas y de superficie. Excaente para plasteo.

Cargo. La vanedod de didmetro en que es
obtenible permite gran fiexibdidad al disedo
de voloduros y ol cargado de barrenos.

Goses toxicos.- Minima produccién de goses
toxicos y humo.

. Seguriddd incrementada. Menos sensibili-

dod ol /mpocro, ai goipe y o fusgo.

. Resistencia ol Agua. Excelerme. Supenor o

la de los explouvos tradiconales.

. Prmopagacién entre Barrenos. Esxd doefiodo

para mimmizar la propagacién entre borre-
ros en plantilles normales; por lo ranto, todo
dueno de retordos con el fin de mejoror o
tragmentacidn y de reductr ia wibracidn, fun-
conard mds gpropiodomente.

Exras informociones v sugerencics estan basadas en la experancio de Du Port, $ A de C V v sa ofrecen como pore del

MTVICIO O 33 Conumidores  Se presunone gue 103 Productol EAPICIVOY JBFON LSOO POf peronms calt-al subiciene

CONCCIMeNts HXNICO FOra POdEr ODretior &l reIgo Que CCOTEARD v w0 La compodia Du Port no garannzn rasubiodos

fovorgbles m caume recomG: oD Cigung PO! CLaAS O 10 INFerOrRISCION de Ul woeroncas. Ewa informocién no w
L OIFecA COMO QUIONIOKION PATO VIl © WO CUaiQuier patemre eugtenie.

DU PONT, 5.A. DE C.V. DEPARTAMENTO DE EXPLOSWVOS
HOMERO 206 MEXICO 5, D.F. TEL: 250-90-33

r29%
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INICIACION

El iniciodor © crbo recomendado parc defonar e
Supsr Mexomon® D debe ser un explosivo poreme y
viciemo, ral como: 1) Tovex 100 ¥

2) Tovex 700. Ei cebo de iciocidn

debe consntuir un 15%.

aproximadamente, en pesa, del totol de la corga
explosiva en el barrens. En barrencs lorgos es
recomendable usar mas de | cebo de inciocién-y
cordon detonante “Primacord” o “E-Cord” a lo
largo del barreno, distnbuyendo los cebos o
imervaios maximas de 5 metros; es decir, debe
distribyirse el cabo toral o imenrvalos o o kargo dei
barrenc dexindo siempre en el fondo lo mayor
conndod del cebo miciador.

ALMACENAMIENTO

Super Maxomon®* D debe aimocenarse
considerandolo para &l casc, como cucltavier otro

explosivo. Es oconsejable dor romacién o las

exisiencias gimacenadas. usando siempre
primaro ol moreriol mas antguo.

CARGA

€n opercciones q cislo abierna, Super Mexomon® D
puede cargarse por gravedad, vaciodo. Lo rabla @
continuacian muestro aproxmaodamente (o3 kilos por
metro hineal de barrenos de varias digmetros.

Digmaetro Borreno

Kg. por Matro Linea!
cms. (pulgs.) de Barrenso

2.54 (1) 0.329
5.08(2) 1.318-
7.62 (3) 2.964
10.16 {4) 5.270
12.70 (5) 8.234
15.24 (8) 11.857
EMPAQUE

Super Mexamon* D s envasa-en boisas de papel
mutticapas con forro intenor de polietieno. Cada
saco connane 25 Kgs. nefos.

Emen nformaciones y sugerencias esdn bosadas en ko experiencio oe Duoom, 5 A, oe C V y se ofrecen como porme del
WO 0 Jus COMuMKores  Se Dresutone ue 104 DOAUCTos exoiosives serdn viodos por Deronas Con & whomme
CONOCIMINTO TaC/AICO BXIND DOOE! GOveciar ¢l ressgo Que ComOano su uid 10 componia Du Pont no goranti 2o resiooos
fovorgowes nl yume reEora0D! | OOa algung por cuomo o la nTeroretocion de tus sugerencios  Esta informacion no e
Direca COMO QUI7LZCKION DOrG Ul @ wIOKI? CuiGUHEr pOTERlS existente

DU PONT, 5.A, DE C.V. DEPARTAMENTO DE EXPLOSIVOS
HOMERC 206 MEXICO 5, D.F. TEL: 250-90-33
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ACCESORIOS

Ca’(jsulas de detownacion o ﬁs’ropmﬁ.sh

T Los mropiny edeckricos sow dos accatotos weh ukili-
" "zados para iniciar o-detewar los axplosives potautes.
Lo cdpsida puede ivgertarse directomute 2u 2l
- tartudeo o %ua‘d—arsz Fuertemmnte al cordon deto-

T wamte. | |
Vwa ca/[ﬂw 2 ek rico asusiste de dos alawbras
oislades insertados 2 una adpsuda de wetal que
ptam owectados por i delaads HAamouts de
oo bre @ru.t%rwm AL P.u.wil Este lawbre oQL
FU.D,uj:L AVLLA SL .FM{‘Q Low Lma .ouyéd_p\ de fostoro Ul
. preduce flama eowmo dos ceriflos.

Cuando oo le Q\OUCO\ la corrizute 2lectrica a tos
T alawmbres od Hlameuto de puaute. se. ealiouta £ ini-
0k uma Garga sastamtensamoute de uum Mp'losi vo alta-
T ameate susible o coder. La axplosion deod alowbre
T detoua uua primem Qargs La el o pu vty deto-
. na me&@ ckeuM,szPlosi\)o Po‘kam)@_ 2 2l
-~ Yowndo &a\a\'ecfiaSula Ta{ towo PETN & RDX,
—Esta Cargnde fondo Haue Po%—wc{a subicisute para
detouat o Qﬂ% So - xcploslua spusiHua o
~eds Cprimer) o bigh am Lorden detouante

20
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B . e

En laa C.G-CPWQM olchricas de vetardos , un doweuto
ve¥ardante de Mp\osivo 24 Poluo Se dapo'slha outre
- Blamsdls do pusute v la carga potoute dedfrudo.
Eote chowmanto de refardo sto Buaweate talibrade

wm dar um wmtervaly de pro .QAP.O.CC'?-(CO outre
\a. aiplication de la corrisute elettrica y la detouacisd
de lacarga de foundor ” |
b dos Seridy basicas derefardes Aisponib\es ©
de retardoS fortos o wmilise dos e incruwitos
de refardo de 25 ms 2u 2l duter valo <u fevior o SO
e el amtervalo superior; 4 retardos largos a wme-
wudo lamados retardos Laudos o siw plow sule refar
dos. o amcramentos de vetards de 0.5 nagq yimg:
Con 108 JA‘l‘opInm de MIXSO.@m&os <o pv duee wayor
f-m.qm'caa‘rﬁ Y s reduce Aa Pmsir’n de adre y \aa vibn
Loun del terveues. L
Los MJ(-U"VMWA Ao rz;{urd.o s anam b luwlbrevas o bu-
VIR pam dar Hmufo su bcioute od wovinisnb dela
roco. . Probablowuds <k PYDM& %amﬂc{rﬁ AL
GY 2581 @(uL la obtaumdo ton AM/{L‘SR-%MMAAS.

—
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.. CAPSULA

PL

ALAMBRE PROTEGIDD
CoN FUNDA DE

ASTICO

ELECTRICA o EsTOPIN

ExPLOSOR

SELLO IMPERMEABLE

AISLANTE PLASTICO ~—

_— E NGARGOLADS O TR0OGUELADD

ALAMBEE DE COBEE SOLDADO A L4

PLACA

~ PLACA DE COBRE CUBIERTA CON

FOSFORD

’/ Puente FusisLe (Famento)

— C AMARA

W\

SISLE AL CALOR

FULMINATO DE MeRcurio
- Hg(oNC), "

- CARgA Primaria
(PETN & ROX)

—
I

C ARGA DE ALTO PODER
(PETH & RDX)

CAPSULA DE ALUMINIO
o DE CoBRE -

A CAgGa DE RETARDO MUY SEN.

292
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.C ordov detonamie

El cordom detonamte cousiste de wmtwdo de plashics
rasisteute ol aqua quL st Pro’m%i Lo Mo eubigrta
o forro ‘Fq bricade Con o Cowmbkinacion de Yextiles,
| P\as’nco y olawbre o pruclm de AYUA. . Las cudrertan
" ¥Fiduen difereudss qrades de vasis