MINISTERIO DE INDUSTRIA PLAN NACIONAL DE LA MINERIA
DIRECCION GENERAL DE MINAS

PROGRAMA NACIONAL DE INVESTIGACION MINERA

OoO2l\\

INSTITUTO GEOLOGICO Y MINERO DE ESPARNA

DISPOSITIVOS DE MEDIDAS
DE VIBRACIONES

ANEXOD 1

=

JErEE e

B



ANEJO N° 1

00211

DISPOSITIVOS DE MEDIDA DE
VIBRACIONES.



INDICE

P4gs.
lo- INTRODUCCION LI A I I I R R R O A I A N A A N R R l
2 Ll - ASPECTOS TEORICOS ® & & 0 O O 6" NS eSS 3
2.1.- MEDIDORES DE DESPLAZAMIENTO .veveescocaes 5
2 . 2 « MEDIDORES DE VELOCIDAD R EEREEEEEEE I 6
2.3.- MEDIDORES DE ACELERACION ....cc.» cecasens 7
3.~ DESCRIPCION DE UN SISMOGRAFO TIPICO ..eeceeecoes 9

4.- DISPOSITIVOS DE REGISTRO CONVENICONALES ....... 12



1.- INTRODUCCION

En los filtimos afios se ha escrito en abundancia sobre
sismégrafos especiales con vistas a registrar las vibraciones
producidas por voladuras. En este sentido, los diferentes ti-
pos han venido 'denominidndose con nombres como los de ' regis
tradores de la "aceleracién", de la "velocidad" o del "despla
zamiento" segfin el paré&metro a medir. En cualquier caso, nin-
gGn sismbégrafo deberia caracterizarse de tal forma sino en un
sentido relativo. Ello, debido a que cualgquier sismbgrafo con
un factor de amortiguacién de 0,6 da una respuesta proporcio--
nal al desplazamiento de la particula para vibraciones del te
rreno mayores que las frecuencias de los miembros de inercia,
en tanto dque, el mismo miembro de enercia, responde proporcio-
nalmente a la velocidad de la particula para frecuencias del
terreno iguales o menores que la mitad de su propia frecuen -
cia, y, por el contrario, tiene una respuesta proporcional a
la aceleracidn cuando las frecuencias del terreno son menores

que la mitad de su frecuencia propia.

Asi pues, la primera consideracibn que debe tenerse en
cuenta bien al disefiar un .sismégrafo o al elegirlo para una
campana vibrogr&fica, es decidir o conocer el intervalo de -
frecuencias que van a medirse. En efecto, las vibraciones pro
ducidas por voladuras en rocas producen frecuencias que osci-

lan entre 25 a superiores de 100 c.p.s., en tanto que, en sue



los, tal variacién se encuentra generalmente entre 3 y 25 c.
pP.S.

De estos datos, podemos decif gque para registrar las
vibraciones originadas por voladuras, necesitamos un sismbgra
fo con respuesta plana, esto es, con un valor de la constante
"Z" - factor de resonancia o amplitud relativa- de 3 a supe -
rior a 100, y, asi, nos encontramos, que finicamente un sism6-
grafo en el que su frecuencia natural sea menor o préxima a la ‘uni
dad cumpliréd tal condicidn en el caso de vibraciones produci-
das por voladuras.

El sismbgrafo portdtil tipico consiste de un transduc-
tor (transducer) sismico, un medidor de tiempo y un sistema -
de registro. El dltimo, puede ser eléctrico, fotogréfico o me
cé&nico. El medidor de tiempo es simplemente un generador de
frecuencia,muy preciso, que imprime, sobre el registro sismo-
grdfico, lineas a intervalos regulares de tiempo. El transduc
tor sismico, por su parte, cumple la misién de convertir las
vibraciones del terreno en un voltaje variable o en un movi
miento similar de un emisor de luz, la cual se registra en un

rollo mévil de papel sensible a la luz.



2.- ASPECTOS TEORICOS

Un transductor sismico puede proyectarse para respon
der un modo lineal bien al desplazamiento de la particula, a
la velocidad o a la aceleracibn.

Dicho transductor puede representarse por un modelo -
discreto tal como el representado en la fig 1. La ecuacibn -

de movimiento de dicho sistema sometido a una oscilacién for-

zada es:
m X + r x + s x = F coswt e (1)
Fuerza fuerza Fuerza Fuerza -
de iner eldsti de amor oscilante
cia. ca. tiguacién
en donde
F = amplitud de la fuerza
\ = frecuencia angular =2 M f
f = frecuencia de excitacibdn
m = masa de inercia
X = amplitud instantdnea de la onda de desplazamien
to. .
r = factor de amortiguacién

= constante del muelle
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Fig. 1.- Modelo discreto de un transductor
(tronsducer) sismico.
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Fig. 2.- Curvos de respuesta tedrica de un
transductor (transducer) del desplo-
zomiento o de lo velocidad.




Una solucibén de la ecuacibn es,

F cos (wt - §)
[rzw2 + (s—mwz)z‘]l/2

<= N )

en donde el &ngulo de fase o de decalage viene dado por:

g =tan— r w ceccecesses (3)

2
S -mw

La frecuencia de resonancia del sistema no amortigua-
do (r = o) es:

wo =2n*0 = s/m R (4)

El factor de amortiguacién critico r, viene dado por:

De las ecuaciones (4) y (5), las ecuaciones (2) y (3)

pueden transformarse en:

F cos (wt - f#) ... (6)
X = 2 1/2
nw? [4E)2 (Yo)? 4+ (Yo - 1?]

c \ w2

Y
w r

g =tan 1 2 (w5 ! rs) N &

1 - (2 2

Yo



Para un impulso sinusoidal la aceleracién midxima o de
pico, a, estd expresada en funcidén de la velocidad méxima

o
de pico, v, y del desplazamiento méximo o de pico, u, por,

y la fuerza necesaria para mover el sistema es:

F=ma

B -9

Los transductores sismicos pueden proyectarse, como ya
hemos dicho, para medir el desplazamiento de la particula, la
velocidad o la aceleracién del movimiento vibratorio. Por tan

to, resultan de interés tres tipos b&sicos de transductores.

2.1.- MEDIDORES DE DESPLAZAMIENTO

Para un transductor de desplazamiento el movimiento vi

bratorio queda representado por el desplazamiento méximo, u,
y la amplitud, Au, del registro y proporcional al desplazamien
to, x. Asi,

Au =kux................ (10)

en donde ku es la constante de proporcionalidad. De las ecua
ciones 6,8 y 9 la ecuacibn 10 se transforma en,

Au u cos (wt - @)

- ku
[+ (Ey2 (w02, wgl 1)2] 1/2 eveenn.. (11)
re w wz




Resulta evidente, de esta ecuacibn, Que cuando la fre-
cuencia del movimiento disminuye de w, a 0, la del registro -
rsismogrdfico tiende hacia cero, y que,para frecuencias del mo
vimiento elevadas comparadas con w,, la del registro es " pro
porcional al desplazamiento, transform&ndose la constante Kku
en el factor de aumento del transductor. Por tanto, un trans-
ductor ideal de desplazamiento deberia tener una frecuencia -
de resonancia baja, lo que requiere una constante del muelle
también baja y una gran masa inerte. El intervalo Gtil de fre
cuencias operantes estd por encima de la frecuencia de reso -
nancia.

Las curvas de respuesta tebrica de un transductor de -

desplazamiento se muestran en la Fig. 2.
2.2.- MEDIDORES DE VELOCIDAD

En un transductor de velocidad el movimiento queda re-
presentado por la velocidad mé&xima, v, y la amplitud es pro
porcional a la velocidad, derivada del desplazamiento medido
Asi,

_ d x
AV _kv dt................... (12)
en donde k, es la constante de proporcionalidad. De las ecua-

ciones 6, 8 y 9, la ecuacibn 12 se transforma en

k. v sen ( wt - @)
v
Av

= )
[4(% 12 (¥oy? 4 (‘_"3_2__ 1)2] vz ...3)
C

w



La ecuacidén 13 nos muestra que,cuando. la frecuencia -
del movimiento desciende de wo a 0, la del registro tiende ha
cia cero, y, cuando la frecuencia del movimiento es grande -
comparada con la frecuencia de resonancia, la amplitud del re
gistro es proporcional a la velocidad de la vibracibn y la
constante de proporcionalidad se transforma en la constante -
de aumento del transductor. Las curvas de respuesta tebrica -
para un transductor de velocidad son idénticas a las del de
desplazamiento (Fig. 2). Por tanto, un transductor ideal de
velocidad deberia tener una frecuencia de resonancia baja,
lo que implica un valor bajo de la constantedél muelle y una
gran masa de inercia, y el rango Gtil de las frecuencias ope-
rantes estd por encima de la frecuencia de resonancia del sis
tema.

2.3.- MEDIDORES DE ACELERACION
En un transductor de aceleracifn, el movimiento se re
presenta por el valor méximo de la aceleracién{ a, y el regis
tro es proporcional al desplazamiento medido. As{,

Aa =KaX ® % 5 % & ¢ 8 S 2 9 S % PP S S 0SS S e s 0 s s (14)

en donde k, es la constante de proporcionalidad. De la ecua-

ciones 4,6,8 vy 9, la ecuacibén 14 se transforma en;

m cos (- wt-f#)

ra =Xa?s ceeene. (15)
2
r 2 ,w,2 W 2] 1/2
[é(fc ( Wb) + (1 §;2 )



La ecuacibén 15 nos muestra que cuando w se incrementa
por encima de Wor la taza de defleccibn desciende ‘a: cero v,
cuando w desciende de w, a o, la traza de defleccidn es pro-
porcional a la aceleracién del movimiento. El aumento del -
transductor es (Kam) /s. Las curvas de respuesta tebrica de
un transductor de aceleracidén vienen expresadas por la Fig 3.
Por tanto, un transductor ideal de aceleracifn deberia tener
una frecuencia de resonancia elevada, lo que implica una cons
tante ‘del muelle asimismo elevadas y una masa pedqueha, y el -
rango GGtil de frecuencias operantes se encuentra por debajo
la frecuencia de resonancia del sistema.
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Fig. 3.- Curvos de respuesto tecrica de un tronsductor (transducer) de lo acelerocidn.
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3.- DESCRIPCION DE UN SISMOGRAFO TIPICO

Un sismSgrafo port&til tipico esta formado por un estu
che o caja rigida, motada sobre tripode con tornillos de nive
lacibn, que contiene un mecanismo medidor de tiempo, otro de
registro y tres pé&ndulos con sus ejes perpendiculares entre -
si y orientados de forma tal que el movimiento de uno de
ellos sea vertical y, el de los otros dos, horizontal. E1 mo
vimiento de los pé&ndulos queda representado por la reflexién
de los rayos de luz sobre el rollo de papel fotogr&fico. Di-
chos rayos se reflejan en espejos adecuadamente unidos a los
brazos de los péndulos. El desplazamiento real sufrido por el
equipo se incrementa 6ptica y.mec&nicamente de forma tal que
el movimiento registrado es generalmente de 25 a 150 veces su
perior al real. La frecuencia de resonancia suele ser baja -
(1-4 c.p.s.) y el registro obtenido proporcional al desplaza
miento. Por otro lado, el rango dinimico del aparato se defi-
ne como la razén de la mayor defleccibén del registro a la mi
nima que puede medirse, estando limitado, dicho rango, por la
estabilidad del instrumento y la anchura del registro sobre -
el rollo de papel. Debido a que el coeficiente de aumento es
fijo en este tipo de instrumentos, el rango din&mico queda 1li

mitado, aproximadamente, a un valor de 20.

Un sismégrafo tipico para registrar la velocidad con
siste de dos unidades. Tres medidores ortogonales entre st
alojados en el interior del elemento principal, y los amplifi
cadores, las baterias, el emisor de luz, el control de tiempg



10.

los galvanbmetros y la cémara registradora, alojados en estu-
che separado. El elemento principal se disefia de un modo tal
que pueda queda firmemente anclado sobre el terreno, no te-
niendo la misma limitacién del rango din&mico que la presenta
da en el caso de un registrador de desplazamiento. Los tres -
elementos de registro miden la magnitud de los tres componen-
tes ortogonales de la velocidad de particula, vertical, ra
dial y longitudinal. Cada elemento de registro puede quedar -
representado por el modelo ya visto en la Figura 1. La fre
cuencia de resonancia de dichos elementos es baja, generalmen
te entre 2 y 5 c.p.s., la masa del sistema es grande y la cte.
del muelle baja. Debido a que el coeficiente de aumento es va
riable y dependiente de los circuitos electrbdnicos, el rango
din&mico es grande. Por medio del empleo de circuito electré-
nicos estables la seral de salida de los gebfonos ( elementos
de medida) de la velocidad de particula puede registrarse di-
rectamente, o integrase los registros de desplazamiento o de

rivar los registros de la aceleracidn.

La c8mara registra las seflales de luz de los galvanéme
tros en un rollo mévil de papel sensible a la luz y en el que el
marcador de tiempo imprime el contaje. Estos sismbgrafos tie-
nen, aproximadamente, una respuesta lineal y de frecuencia en

tre 2-250 c.p.s.

Un sismbdgrafo porté&til tipico medidor de la acelera-
cibn emplea tres elementos de medida>externos, gebfonos, que
pueden colocarse para medir los tres componentes ortogonales,
la vertical y las dos horizontales, de la aceleracibén. Cada -
elemento de medida puede asimismo representarse por el modelo

discreto de la Fig. 1 y su sefial de respuesta es proporcional
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al desplazamiento sufrido por el mismo. La frecuencia de reso
nancia de tales elementos es elevada, generalmente 10 a 100
veces la frecuencia medida, la masa pequefia y la constante de
muelle elevada.

Existen dos sistemas generales tipico de registrar el
movimiento: (i) por medio de circuitos electrénicos que produ
cen una senal de salida proporcional a la gravedad, (ii) por
medio . de ~ galvonbmetros y emisor de luz que dan lugar a
un movimiento que se registra en un rollo de papel sensible a
la luz. El Gltimo sistema conserva la forma de la onda en tan

to que, el primero, indica finicamente la aceleracifn mixima.

Debido a que los gedfonos no est&n localizados en ol
elemento principal, puede someterse a un tipo de montaje que
no estd sujeto a las limitaciones del tipo tripode. El factor
de aumento de esta clase de sismbégrafos es variable, el rango
dindmico es amplio aunque estid limitado por la respuesta 1li-
neal de los circuitos electrbnicos, indicadores, cables y de
mds componenetes. Estos sismbgrafos tienen un intervalo Gtil

de frecuencias operantes desde 2 a 250 c.p.s. aproximadamente.

Actualmente, el sistema descrito para los sismégrafos
registradores de la aceleracibén, puede aplicarse asimismo pa-
ra medir el desplazamiento o la velocidad. Asf, el elemento -
de inercia (masa) del geb6fono al moverse dentro del campo mag
nético y proporcionar la sefial de respuesta, si dicha_seﬁal -
alimenta un osciloscopio nos dari la velocidad en tanto que,

en el caso de la aceleracibn, alimenta un galvanbmetro.
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4.- DISPOSITIVOS DE REGISTRO CONVENCIONALES

A este nivel resulta conveniente prestar una informa-
cién entresacada de los contactos mantemidos con diferentes -
casas comerciales y que creemos servirdn de ayuda en estudios

posteriores. Las casas consultadas fueron las siguientes:

Vibration Mausurement Engineers Inc. (USA)

Sensor Italiana (Italia)

Vibra-Tech Engineer Inc. (USA)

Abem (Suecia). Representante én Espafia Vegarada S.A.
Slope Indicator Company (SINCO) (USA)

Nitro Consult (Suecia)

W.F. Sprengnether Instrument. Co. Inc. (USA).

Exponemos a continuacién las caracteristicas y precio

de los aparatos suministrados por dichas casas.
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The Seismolog photographxcally. records positive evi-
dence of earth tremors. 1t has the capacity to provide
vdoc;ty acceleration and encrgy ratxo mform'ltxon with
precision accuracy
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-The Seismolog is a precision built, highly sensitive but
" durable and rugged unit. Full operating directions are
inside cover. All controls are plainly labeled. Anyone
can set it up and operate it.
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The Seismolog in its carrying case weighs 45 pounds. It
is entirely self-contzined. Nothing else is needed. No
back-breaking, heavy lugging over those long distances
and rough ferrains.
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COMRPACT

The Seismolog measures 9" x 13" x 19”. It can be used
in cramped quarters, an important feature for critical
placement in buildings or when recording vibrations from
machincry. : ‘
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Seismolog is the registered trade name for an
accurate, compact, rugged, completely self-con-
tained portable seismograph. The Seismolog can be
operated by your own employees for inexpensive,
permanent camera recorded graphs of carth vibra-

- tion. The Seismolog provides. practical and effi-

cient control of blasting and other operatxons that
produce carth tremors

Seismolog is the product of many years of research
and hundreds of ficld tests. The experience gained
in nearly a quarter of a century of seismic engin-
eering practice and the recording of thousands of
seismographic measurements has been engmegrcd
into its design.

The Seismolog measures vibration amplitudes as
small as 1/10,000 of an jnch, photographed and
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magnified 50 times by a mechanical optical svs-
tem. Studics of the tape recording, calculated with

data on distances, number of holes, amount of ex- -

plosive charge, etc., enable VME to make authori-
tative analyses, reports and recommendations. Re-
cords are kept on file beyond statute of lunitations
periods as a protective measure.

It must also be emphasized that vibrational energy
transmitted to outlying areas is wasted energv.
Under proper seismic control much of the waste
can be converted into useful work, better break-
age, and increased production.
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oriers you a comgiste rental . - -
2 -’ 9 - - X . :
andG record ansiysis service |
(P Seismologs are made availakle > Upon arrival of the sealed cam- : AL
to you in conjunction with the era at the VME laboratory, the = R R ,
Record Analysis Service. A supply seal is broken and the exposcd 3
of interchangeable, sealed cameras . photographic record developed. The 3
(with mailing cartons) comes with cauaera is reloaded and returned to -a
the Seismolog assigned to you. ! your camera pool 3
€) You conduct the field tests VME analyzes the nraph and ' % .
with your regular employees. supporting  data, then sends 3 ‘
Any intelligent person can operate - Foutine reports by ﬁrst__class mail ¥
the Seismolog. Simple, clearcut 0 the day the camera is received, "-~
instructions in the cover of the - Color code forns advise “SAFE, X
© “CAUTION” or “DANGER” re- T
carrying casc detail the few steps to 1 e indicatine “DAN v
be followed. Color controls assure s Findings indicating “DAN-
errorproof GER” are reported to you imme-
proof operation.
‘ ) diately by phone. All records are in-
o ' dexed, certified by VME and ﬁled
& After the blast vibrations have for future reference.
been photographically record-
ed, the “exposed” camera is re- - (& VME custdmarily prepares a
moved and a fresh sealed camera base grid system for placement
slid into its place, ready for the of Seismolog instruments, reports
next shot. The exposed camera, its vibration trends as revealed by re- ™
seal unbroken, is put into the rug- cordings and advises improved pro- -’
gcd mailing carton and mailed to cedures’ as they are revealed by
VME., seismic studies.
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» Ditferant Kinds of Industry Shiice s=~ 25
VME’s profession is your protection. Wherever earth borne with strain gauges having the capacity to measure the
disturbances are created. VME has the equipment and the fatigue and stress effects of vibrations in ‘meterials, con-
experience 1o protect operators against unwarranted and - crete and metal. VME's Rock Mechanics Service has pro-
potentially costly damaga claims. vided clients with invaluzble money-saving information on
o the app!ication of explosives asa tool, _
VME offers a comp!ete seismographic service. It 'manufac-
wures, rents and sells the most sophisticated line of field- VME engineers provide emergency service nd consultatlicn
yoven vibration measurement equipment available today — with alf users of commercial explosives; federal, state end
>quipr'nent having the capacity to provide velocity, accelera- municipal government officials, underwriters, adjusters cnd
ion and energy ratio infermation with precision accuracy. attorneys. The fact that all records of- the seismograuhic
. , service are under seal to be broken only by the indcpen-
IME provides a ccmp!ete building survey service. It will dent, reputable and authoritative staff at VIME provides &
urnish expert ficld perscanel to conduct “before and legal safeguard against the inference that the instruments,
fter” building inspeciions. VME is equipped.to measure graphs and interpretations are a self-serving device of the
nd d:agnose the eifecis of sound waves. VME is equipped client. . :
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itNE O RPORATETD:

AL STREET -+ P.0. BOX 1502 « TELEPHONE DAVIS 5-0400 -

s are as follows:

1 new'Seismolog ihcludinguone camera

*y

1 rebullt Selamolog including one Cdmera

1 1t of spare parts -.
1l spare motor

. 5 spare batteries
2 spare bulbs
wrenches - pllers - nuts - bolts, etc.
20 rolls of film

._spare cameray

_ Ship

‘cays

in lots of 5
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$2,995.00 .
145.00

© $200.00
$20.00

ring weight including spare parts is aporoxlmately 100 lbs.

N

We can ship either a new or rebuilt Seismolog w1th1n 30

after recelpt of your valued order.

« I am advised by Pan- Amorlcan Air Lines’ that the Shlpblng
charges would be approximately $47.00 and the insurance would

be $0.12/3100 valuaglon.

days.

. The time in shipment would be .2-3

When you order one of these units, we requesL that you
open in our favor an 1rrevocaole letter Of credit conflrmed

by a Unlted States Eank.
i
' Very truly yours,.
VIBRATION MEASUREMEDNT ENGINEERS, INC. - -
: S //,47_b
_ o Paul c. Hoshlng, P.E.-
PCH/jes o
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Developments in rock blasting lc.cmnq!..c.,, including the use of rmultiple- row
blasting with short delay ignition have made it possible to ecxcavate rocks
c]o.. ¢ to or below bui'.dm':'r even in closely built-up areas.

: . . "

.
-

bla sting opexrations must be carcfully planned and carried ouf to avoid dis-
coraiori Lo persons or damage to property. This increase in the use of rock
blasting in city arcas alone has led to a number of problemns due to ground
vibrations, air shock waves, and the psychological effect of noise. While *
the latter seldom if ever causes damuge, it does create irritation and often
d)bCOIT}fO"t to persons lwmg, or working ncar the explosion sites. A result
of this is a stcady increasc in the number of complaints in respect of damage
to houses and other prcmicws. Many such complaints arc {mnumc and dam‘..pc
may undoubtedly be causcd when incorrect blawt*no t«.chmqucs axre used, Iue
vitably most, if not all, blasting operations are hSLd as a basis for complaints,.
even when the technique employed can cause neither damage nor discomfort.

The solution to these problems is two fold. Firsily to determine acceptable
threshbold values for varying degrees of damage, and secondly o have a’

rcliable, inexpensive instrument for measuring the ground vibrations that can
cause dam.:.gc-. ‘ L i

- . . ’ e . *
. . 3 .- E . R

'\ lxat causes dan‘lagc and (.hscomfcrt o . S
During the last ten years much experimental and practical work has been carrie d
out on the character of these ground vibrations. This work revealed that person
reacl strongly and negatively to vibrations that have amplitudes w ell below, mtcn
2-3 times, those nceded to cause damage to property. This directly means that &
large number of complaints are unwarranted. Amplitude, however, is only one o¢

- the factors to be considered; it is often the frequency of thc gruund sz ra tmn tha
is more sighificant as far as damage is concerm.d :
It !mq been =Ixown that hc damage factor (D) is in gencral directly pro‘)ortlo""l
~ to the magnitude of the ground displacement amplitude {(A) and to tlm frequency

- (f), and inversely proportional to the propagation velocity (¢) of the compressional

wave. C -
Expr essed n‘xathcnmﬁ.zcally this gives D = Constant - A - {
- c

In view of the difficulties of measurement of the prbm-gaiion velocity (¢), calcu-

latious of damage factor arc normally based on the values of the greatest accele-

ration (d.) and the greatest vibration vc.loczty (v). .
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These are cileulated from a I\nuwlodﬂc of ﬂ)c (hqﬂacc mem am'ﬂ tude

(A) and the frequency (’)

kS

a:d”
2T A -

i

v

- A (in 'rn/svec?‘)‘.

f (in mm/f-.(,c)

" Note that ZA is the peak to pcak amn])tu(.c meaqured between maumuzn
pOQIllVC to ma\unurn m‘gatwe deﬂectmn.

The maf*mtuc.cr of the four variables, frcqucncy, amplitude, accelers

tlon, and vibration vcloéity encounied in grou

- axc.

f=5-500 ¢/s;
T A = 5-800 4 ;

la = 0,_01-1_0 g

(loose formations, _
*  (Looser rock 30-40 ¢/s
(hard rock 40-100 ¢/s

vibration measurements

sand, clay, 5-20 ¢/s)

)

(14 = 0,001 mm) Y S

(accelerations of up to 1 g are normally

acceptable in bu11t-up arcas)

v

]

o 5-2500 mm/

In g(’,ﬂ(,l‘d.l low fr equcncy \rlbzauons with large amphtudes glvc ‘the highest

. vibration velocity. .On site measurements confirm that vertical vibrations

. have larger amplitudes than horizontal ones, and for most normal purposes
it is sufficient to.measure only these vertical vibrations. Since acceleration
(2) is proportional to the square of the frequency {f), a small ground dis- .-
placement at a high frequency will cause a high-acceleration. This can be

misleading, but if the vibration vclocity is ca']cuiated

at the same time it

will be found that the velocily is small and that the vibration is therefore
not as critical as the initial acceleration asse_,smcnt mdmdtcc. Thzs is

shown by the following exaxnple.

A Q17T M, f= 300 ¢/s
glves
=0,061 g

= 0, 32 rnm/sec

A =100 4,

- gives

” v = 8. ]6 mm/soc

whﬂe

a=¢0,068¢g

ot

While acccleration is almost the same, vibration velocity is more than -
20 times - higher:. This once again emphasueu the need for mcgmuzexncuts

. of both amplitude and frequen y.

~

From the numerous studies made of ground vibration it is pos;ible to
compile tables of amplitude a_nd velocity th1eshhold values for daruagc

a ssessmcnt

—

DISPLACEMENT AMPLITUDES
Type of building

Buildings owned or occupicd
by persons dirvectly interested

in the blasiin: p9 L,'l.lg"“ﬁ Qm./s,
clc. ‘
2. DBetachoed henscrn in goud condition,

workshops, office },In.,,]\.,

Maximum allowable
Amplitude

380 ¢ 15x1 O"3 inch,
/
T v -3,
190/-{.;' 7.5x10 Tinch.



. Mine shafts and gallerics; . .

>’

houses in poor condition, .

old age pensioners”’ , ' 3

dwellings, muscums 95 n 3.5x10 7 inch

 FREQUENCY R | S .

Type of damage o ' Vibration Velocity :
Nao noti ceablc' cracks o " 70-75 nnn/sec 3 inch/sec
lnsignificant Lrac}\mﬂ & Co. ' : | e )
fall u[ pl’\ ster : ; . leo-110 " - 4,5 M
Cracks D 180:160 v 6T m
Mo srious cracks = ~ ‘_"‘I; S 225-230 v .9 "

L}Z{OUi\D VIBRATION MI‘ASURFML\'TS ‘ .
\l\}'. SIMPLIE TO CARRY ouT .

Sin}plicity 'and reliability are the two major requirements for a

ground vibration instrument, In addition price should be such that .

1t encourages the use of the instrument for all b]a.,tmg operations

\\hc1 (hczc may be risk of complaints or damage to propexty. These
requireiments are met by the Kongsberg Tellus, developed in conjunc-

tion with the Norwegian Rock Blasting Institute and now ade available

throvgh Cra.chus, an Atlas Copco Company.

_"‘?’Thc Kongsbcrg Tellus consists basically of a weight system with a pen
arm that records on a wax coated circular chart. The entirc unit is
- fitted in a.robust waterproof casing and weighs only 4,5 kg (10 1b). The -
Kongsberg Tellus measures.the amphtudc and frequency of vertical
ground vibrations in the range 10-500 m and 15-170 ¢/s at a maximum
Ioa.d of 7 g. This measuring range covers the vibrations encountered
in most, if not all; rock blasting techniques that are used in civil
engineering today. The Kongsberg Tcllus is casy to set up at ground
level or on thc foundations of a building. It is placed in a special silu-
‘min bracket that is boltcd on the rock close to, or inside a building,
aO that bost possible rock contact is obtained. The bracket may be
ixed to any vertical surface of concrete, bricks, stone, or rock. An
c.]tcrm.u\-e method is to place the Tellus on a stand that has spring-
suspended heavy weights. This ensures contact with the rock even with
high downward accelerations and is most convenient to use when diffi-
culties occur in fixing the bracket in a suitable position. A similar
~ffcct to the loading arrangement can be achieved by pressing the
Tcllus by hand down against the rock surface,
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Choose frem two Tellus models

.Tellus M {m=chanical) has a

clockwork drive aud registers’
amplitudes only continuously

. over 7 days after cach winding.

The.rcading is recorded on a

“waxcovercd helical-formed

paper disc. No attention is
required during the 7-day
period., The recording chart

is provided with a time reference
enabling the operator to record
vibrations with an accuracy of

45 minutes. : :

Tecllus E (clectrical) is driven
by an clectric motor and regis-

ters both amplitude and frequency.

of vibrations occurring during
the period the motor is switched
on, Two 1.5 V dry batteries are
fitted into the 1id; they have a
working life of 2 hours which is

- sufficient for several hundreds

of measurements. The recording
is done on a single wax-covered
paper disc which is rotating at

_a speed of 6 RPM. No synchroni-

sation with the ignition of the

blast is necessary.

Both models neced a m:inimum of
maintenance and attcntion,

2w

'\
Ay
v'/

S Oppdrgive e

Recording chart for KONGSBERGS

. TELLUS type M (Actval chart dia-

meter is 11 cm (4 5/16%))

Y Opplrgive ot o)

Recording chart for KONGSBERG TELLUS

type E, (Actual chart diameter is 11 cm
7T 16'1/) A o



Bd‘iu - } e

Registre ion with type E.

Registration with type .

"Start/Stop
switch type E
Tellus only

Vel AT RS LT
- Weight, 7.;‘,,;1“«-:«5;1:::'.@.-’:-’:75_.

Vax
. i covered
a =—""circular
N +) chart
;o ! '
.- A
v 3
R 3
] B
v |
Pen arm—-7 - % . :
5 — Scribing
- ’i point
- »
Scriben__ . * 3
platen ¢
Scaling
7\2 1.5y

Dry batterics
(type E on.ly)

Case locking screw

. Both Tellus M and Tellus E

instruments amplify the
vibrations before these are
recorded on the circular
chart. Amplification is
7.15:1, meaning that a
deflection of 1 mm repre-
sents 140 a1 peak to peak
amplitude. The scribing -
point gives clear sharp
traces and permits the use
of a magnifying glass for
measuring. If the glass has
a 1/10 mm scale, amplitudes
can be rcad to an accuracy
of 0,1 mm 4 0, 05, :

Xach Tellus is individually.

calibrated before delivery

and a calibration curve is
provided. This makes it
possible to convert chart
registrations (U) to actual
amplitudes (2A) according

to.the frequency of the vibra-

tion. Frequency detcrmina-

tion (with Tellus E) is simple,
and requires only the measure-
ment of the distance between:

-two adjacent peaks of one

complete oscillation on the

same side of the basc line.

This distance is converted

to frequency by a2 simple

substitution { = (D where
10 a

" D'is the diameter of the base

linc circle, and a'is the peak
sepasralion distance. .
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Coutrol is achioved when T ~lh s M

and Tellus 12 ave used tog{r‘thce r - o : .

Tellus M, driven by clockvork, runs for 7 dL.yx., and rccovds armhtudes '

only on its circular spiral chart. The chart scale is hours (1-24) and vib-
ration times are readable to pl\..,/mmuo five minutes. If a number of
Tellus M recorders arce placed out in the vicinity of the blasting siie, a
continous rccord of the v 1b1<11,1011 amplitudes occurring during a 7 day
period will be obtained. The Tellus E, batiery driven, .,upplcmc..nts the -
long period recording, and, in addition to amplitude, rch sters the fre-
qucney of the vibrations. The determination of frequency is of vital im-
portance at pcsilions tn’it are particularly C\po.,c,d The Tellus E is
switched on bzfore blasting starts. -

More than 60 Kongsberg Tellus instruments are now in use in Norway.
A'typical application of these reliable, robust recorders was their usc
in vibration control in connexion with the blasting of a double tunnel in
Oslo, the¢ Norwegian capital. The tunncls pass under-a built-up area,
and Tellus M recorders were placed fixed to the foundation wall in six
of the houses. In house No. 4, the.most exposed, a Tellus E was also
installed, This layout gives a complete picturce of the ground vibrations,
their [requency, amplitude, and time of occurrence. An analysis of the
charts coniirms the corrcctness of the blasting technique and pzovxdes
written confirmation of the damage factor, of vnal nnportancc m any
guestion of complaints, daxnag; or cmnp;.nsatlon

WISIGHTS & DI}-.'{ENSIONS

Lach Tellus is provided with a wooden carrying case with ho]dcr for

~a set of sparc cu‘cular charts. Dimensions are: B T
o Lengtli R De&th | Height X 7cwht A
Tellus instrument - 190 mm 130 mm 168 mm 4 5 kg ‘

7 1/2in 5 1/8in 6 5/8in 101>

v éarr ing case - B 245 mm 160 mm 200 mm .' 12""‘_'»' S
’ e - 9 5/8 in 6 1/41in 7 7/8in LT

Batteries (Tyée E only) 2 1.5V Transistor b»‘.ttm ics (25 mm §‘5

50 mm long) - _ RS

In accordance with our o The Kongsberg Tellus, deve-
policy of progressive loped in conjunction with the
development we reserve - Norwegian Rock DBlasting Insti-
the right to alter spec1— : tute, is marketed throughout
'flcﬁu)ns \"11.}101‘.1 notice. the world by Craclius, a mern-

.

ber of the Atlas Copco Group.
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I ,Selif-con_t'ained iightweight suitcase package' B Fourth channel -dB air concussion and noise

. . e recordmg"‘
Direct Particl locit
» & Direct Particle Velocity recording . B3 Peak meters for immediate results®
Et Calibration pulse every record to certufy ~ [E3 Tape data played back by V:bra-Tech for analysis
o equnpmentaccuracy : e and report
.. & Thre: channels for 3»comPonent wbrattonf E Size: 1915” x 74", Overall weight: 24 Ibs.

:m‘ormahon AL IS - | ‘Recording time: up to 1 hr. Standard “C" cells

2 Vibra-Tape™ advantages over conventional blast seismographs — Smaller
" size and weight — More portable and convenient — Simpler operation —
.. Snap-in cassette loading — Data mailing more convenient and economical
" — Much longer recording time -— Eliminates timing errors and missed blasts
— More practical and effective for pile driving and industrial vibration record- .

ing —Voice data and/or sound effects recording — More sophisticated record . .-

analysis — Tape ehmmates exposure risk and mconvemence of film and
camera. . , _

5 “Options — 3 component BLAST PEAK METER provides immediate vxbratlon

" effects and comparison with occupational vibrations for more effective com-
plaint settlement. Air blasts effects recorded on 4th trace in decibels and Ibs.
per sq mch thru hand held SOUND LEVEL METER.

ENGINEERS INCURPDRATED
1st & N. Church Sts.—-—- Haz!eton, Pa. 18201 — (717) 455-5861.

Pittsburgh, Pa. (412) 366-2773_ . (.harleston, W, Va. (304) 342~2894
Washington, D. C, (301) 762-8175 -+ Atlanta, Ga. (404) 939-8677 '
- Poughkeepsie, N. Y. (914) 297-6305- -+ Philadelphia, Pa. (215) 363-1655




URRENT PRICE SCHEDULE U.'S. A. EAST COAST VIBRA-TAPE? PLUS OPTIONAL VIBRA-TAPE®Y

QUIPMENT, CENTRAL PLAYBACK EQUIPMENT, RECORD REPRODUCER, AND RELATED ACCESSORIES, ETC.
ibra- Taoeay . | |

tandard "V1bra-Tape"@ 3 data channels and 1 voice channel. Ca11brat1on
ulse every record. Includes carrying case and 5 cycle low Tlimit 3 .

omponent transducer «===-mmmmmmmm— e - m—————————— $3200.00
jSame~~with.2 cycle Tow Timit transducer.--—-~-------—-—---—-Q----;—---; 3800.0b)
He find 5 cycle transducer satisfactory for 90%+ of situations) - -
\DDITIONAL VIBRA- TAPE®4OPTIONS o vk . o Lo " i.
3 component "1nstant" fead1no B1ast Peak Meters - add -;-—--;é;f-—-——A-;' 400.60 |

\ir concussion m1crophone and input c1rcu1try (Peak reading DB
yressure, subaudible and audible, 2 cycle low 1imit, fast r1se o
impact capability for-4th channel) - add --------- S ————— - 860.00

SENTRAL PLAYBACK SYSTEM FOR VIBRA-TAPES®

Standard central p]ayback system e e -~~ 4050.00
To include playback air concussion 4th.channel for 4 trace sound

record - add -—--1-—-—-——-———----——-——-—------—--------—-——---——7--—-—-e 228.00
{(Can serv1ce many Vibra- -Tape? Units) ' : . . ‘ ,

R R R R E R E R EE R R E E E E E R E E E R E E E E R E E R E R E E R

RECORD REPRODUCER

3 Galvanometer recorder for 3 component standard Vibra Tapéa records --- 1530.00
To 1nc1ude 4th Galvanometer for air concussion 4th trace add ~-memmm—n— 60.00
(Can serv1ce many V1bra—Tapé® Units) : ) :
"Direct write” record 3 5/8" paper - per ]00' e --  10.50
ACCESSORIES

Sound Level Ca11brator for per1od1c check of air concussion un1ts S 400.00

(Can service many Vibra-Tape? Units with air concussion opt1ons)
"“Super Dynam1c“ Cassettes (We use TDK €60 + C30--running ‘time “for our purpose
30 and 15 minutes). Head cleaner cassettes and c]ean1ng fluids, “soft-pak"

plastic containers and padded mailing envelopes.
Demagnetizer to erase and reuse cassettes.

Note: * We have annual rental prices for Vibra—Tapé@ in U. S. A.

Note: 1Items below asterisks may be available coﬁmercia]Ty in the open market.




VIBRA-TECH ENGINEERS, INC. -

. " VIBRA-TAPE
Partlcle Velocity Analog Recorder

COHPRfHENSIVE PROTECTIVE SERVICE

I1st Month —=~=cmmcmemmeees ~-~4~——-1e ---------- $ 350.00 in advance p]us record 1ncerpretat1on

2nd Month ---=-ewenaea —mmmm e e 250,00 " "o

Each additional month ~---mcemcmmmmmcc e '150.00 " " " oo

Annual Contract —e=e-memmcmm e $1620 00 Plus record 1nterpretat1on + taxes.
where applicable (Payable at $135.00 per month in advance). :

Annual Payment in advance =~=-memcmmeccmcmancas $1506.60 (Th1s is a 7% d1scount for advance
yearly payment). Plus record interpretation + taxes where app11cab1e .

| WITH VIBRA-METER ONLY - R

Immediate Peak Particle Velocity Indicating Meter :
To be used on]vﬁxn conjunction with recordings being analyzed from V1bra-Tage

Ist Month =ememme e e e $ 375.00 in advance plus record 1nterpretat1on
2nd Month ~e-emmemm e e 275.00 " .

Each additional month ----=s~emcemomoacenece e 175.00 " " "_ _” T "
Annual Contract ==----mcmccmm e $1920 00 Plus record 1nterpretat1on + taxes

where applicable (Payable at $160 00 per month in advance). '

AnnuaT Payment in advance ===-eeeeeeeacecaceans 1785,60 (This is a 7% dvscount for advance
year]y payment). Plus record interpretation + taxes where app11cab1e ‘

WITH AIR BLAST RECORDING UNIT ONLY -

1st Month ;-~~—-e¢--¥---~----e ----------- m—eee-$ 385. 00 in advance pTus record 1nterpretat1on‘
2nd Month —-mesemmme e 285.00 " "
Each additiona1 MoNth =-esemmecc e e 185.00 * v o "o "

Annual CONtract =-=-mmmmsmmmmememm e $2040.00 .P1us record 1nterpretat1on + taxes
where applicable (Payab]e at $170 00 per month in advance). ' .

Annual Payment in advance ~-----=--- ——reee——— 1897.20 (Th1s is a 7% discount for advance
year]y payment). Plus record. interpretation + taxes where app11cab1e

_UWITH BOTH VIBRA-METER & AIR BLAST RECORDING UNIT

1st Month ------—--4-—--—-5--~-------4-~-5 ----- $ 400.00 in advance p]us record 1nterpretat1on
2nd Month ~=-emsmemcc e e tm e 300.00 * " _ . .
Each additional month ==-wewew B 200.00 * " " “o ",
Annua] Contract ~---=-evomns S $2220 00 Plus record 1nterpretat10n + taxes

where applicable (Payable at $185.00 per month in advance).

Annual Payment in advance --------------------- $2064.60 (This is a 7% discount for advance
yearly payment). P]us record interpretation + taxes where app11cab1e

VIBRA-TAPE RECORD INTERPRETATION

Analysis in ~ With 4th Trace

‘ Peak Particle Velocity Air Blast Analysis
1st 10 records each month'--—-;—-~--4--~---¥e~-$ 12.00 each . Add two~
2nd 10 records each month ~e-emcmcecmacmcmmnean 10.00 each " ~ dollars per
3rd 10 records each month —weemecmecememcccneaa 7.00 each ‘ record
4th 10 records each month ~-aemmmmccmmcncanmaa. 6.00 each .

Records over 40 each month —==eeeecamcammenoano 5.00 each

1/1/73
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: If you plan a re1at1ve1v ]arqe operat1on I1ke ours with central
“playback system (s) you probably should have at central location (s) some
standard test equipment--oscilloscope, wave generator, etc A1l available
in Spain, no doubt. - S :

GENERAL COMMENTS

The very minimum you could start with would be 1 standard Vibra-Tapéz $3200.00;
or same plus "instant" reading 3-component Blast Peak Meters - Total $3600.00;
or same plus Blast Peak Meter option, plus peak DB Air Concussion for 4th ’
trace option - Total $4460.00.

With this you would have to airmail cassettes to us with shot data
sheet for our analysis and report, and costs for such. We are assuming
such mailing back and forth can be done without tariff difficulties. At-
your d1stance-—except for preliminary testing and familiarization--this m1ght
~-not prove practical, even though we could turn out and mail you reports
airmail back within a few days of the receipt of your cassette; also you -
would have the "lnstant" reading 3- component b]ast peak meter opt1on for :
quick results. . .

Assum1ng mailing cassettes to us is impractical for your permanent
“general use and plans--for a central location, or locations, you would
also need (a) at least 1 central playback system and (b) 1 record reproducer--
with or without extra options as indicated above; and any desired or needed
accessories also shown above--probably available in Spain. Remember (a)
and (b) above can serve many Vibra-Tape? Units in the field and unit costs
will decrease as divided by the number of Vibra-Tapes® they serve. You can
record one or many blasts on one cassette as convenient and appropr1ate

ELECTRIC POHER REQUIREMENTS

V1bra—Tape and its options operate from "standard" C sized alkaline batteries.
These batteries are good for many shot recordings and last for months

depend1nq on type of use, are cheap and readily rep]aceab]e here, and probab]y
in Spain. Battery test meter onh each V1bra—Tape

Both the central p]ayback systems and record reproducer requ1re 60 cyc]es-- '
115 volts power source. If such power supply unavailable to you possibly
this problem could be handled by transformer, or we could possibly have
current requ1rements redes1gned to conform to power.supply in Spa1n.

ALTERNATIVE

As our Vibra—Tapeéa over the last few years have begun to replace our former
standard usage of battery operated 3-component Sprengnether blast monitoring
seismographs, some of these self contained units may become available to you
as "used" but reconditioned, good operating condition instruments. These
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have standard 50 magnification and read out three traces--vertical, longitudinal,
and transverse--on timing Tine paper film (also direct write) in amplitude :
. and frequency. From such records various criteria can be calculated--velocity,
~ acceleration (which we disiike for blast.criteria) Enerqy Ratio, etc. These
currently cost new $2700.00 F. 0. B. St. Louis. As they are replaced by
Vibra-Tapeé® ve could make these available to you at approx. 1/2 new price- .
- plus or minus depending on age or condition, plus any extra cameras needed.
" They are self-contained units--25" by 10" by 8", weight 38 1bs. with
- interchangeable cameras.. : T . :

. Frankly, with advent of Vibra-Tapé@)we‘consider them "old fashioned"--

but they will do an accurate, good all around blast effect measuring job--and -
more economical for you. They require more careful measurement and interpretation
of amplitude and frequency to calculate into needed criteria. L

These may be used by your own men or to rent to clients and have  them:
mail the small camera back with undeveloped film intict and shot report for
developing analysis, and report. We also shortly may be able to offer you

- some used but good operative condition Sprengnether Velocity Seismographs.
-~ These retail new $3770.00. We could furnish you these at at least $1000.00
- discount, depending on exact condition and age. ' o '

. However, the convenience of mailing cassettes in vs mailing small cameras
is so attractive to our customers, that they prefer the more costly Vibra-Tapes‘9
almost universally. We prefer the "o1d" displacement instruments over
Vibra-Tapes only occasionally for our own engineer personnel use where we
need to examine some special low freauency blast vibration problems, and want

a direct amplitude-frequency read out. -

As stated before--so far as U. S. A. is concerned ve almgst entirely
y have gone to Velocity in/sec. criteria and the new Vibra-Tape? equipment
~ is designed to read out Velocity directly, with resulting speed and

. convenience. T R e

. So, use of these "o1d" displacement instruments. would have convenience
disadvantages to you compared to Vibra-Tape®. They have advantage to you of
low cost, and especially if your blast criteria‘requires direct amplitude

and frequency records.

Vibra-Tapeéy represent the very latest technology in the blast monitoring
field. However, we mention possible availability of these "used" displacement-
frequency and velocity seismographs as alternatives for your consideration '

_should costs, power supply system problems, etc., so indicate. - '

_ Please consider and advise if'clarification ofzany points needed,
_questions, etc. ; » . iy :
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. Thanks to devclopments in rock blasting techniques, build-
, ing contractors, quarry owners, and civil engineers are to-
day able to excavate rock material more efficiently and
much closer to buildings than for a few years ago. The in-
- creased use of explosives in.built-up areas calls for careful
planning of the blastmg operanons to avo:d damage and
frritation. .

- Excessive ground vibrations will cause damage to property.
People living or working near the blasting site experience
discomfort . . . even when the vibrations are far below the
level that will cause damage. This leads to complaints,
clalms for damage compensation, official inquiries, risk of
work stoppage and loss of production. '

Safe blasting in a damage sensitive environment calls not
only for careful planning and execution of the blasting prog-.
ram but also foir accurate and continuous measurement and
analysis of ground vibration levels. This is the only way to
eliminate unnecessary claims for damage..compensation

and to ensure that the blasting program meets spocmcd :

safely- requxremen{s

How is damane fac‘or determmed"

There- are four factors to consider when assessmg the
damage effect of ground vibrations caused by blasting:

Amplitude, Velocily, Frequency, Acceleration

A v f ‘g

For vibrations in the ranbe 15—150 Hz (c/s) — usual in rock
blasting — it has been shown that .

1) Damage factor is directly proportlonal to ampmude (A) )

and frequency (f), but inversely propomonal to
~ compressional wave velocity (c) . .
- D=K- At
. T . c -t
2) It is only necessary to measure the vertical co'mponeht
of the ground vibration, since this as a ru!e is the
significant factor.

}) Measurement of amplitude alone dogs not give a sound
basis for correct assessment of damage risk.

‘his is clearly seen from the results obtained at two
acasuring points on buildings some 30—-50 m (100—165 f1)
rom a tunnel construction. The charge was 45 kg (100 Ib)
/iith /2 second detonalors with maximum 6 seconds delay.
sharge was divided into 12 parts, detonated at /2 second
nervals.

. Point 1 Point 2
Cinp - 265 180
in Hz (c!s) ' 15 110
ing ' , . 0177 8.59
in mm/sec . 1884 . 124.34

he vibration velocity at point X was 6.6 times as large as
at at point 1, although the measured amplitudes had
e same magnitude. The need to know both amplitude and
equcney is cven more clearly scen when the above
bration data is cnlered in figure 1. :

und vibrations means safer

EFFECTS OF ViBRA‘(lONS ON BUILDINGS & PEOPLE
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V = 230 mm/s Conslderable cracking A = 2-6'-7— mm

V = 160, mm/s Cracking A = gst—smm

V = 120 mm/s Danger for some cracking A = 1'—9- mm

Uncertain sector
V = 85 mm/s — possible fina cracks & plaster fal
y g . 11 13.5
V = 70 mm/s Usuaily no risk of cracking A = T mm - - m
Powerlul effect on man A = g'-'o—irﬁm .

Uncomlortabie effect on man A= g';ﬂmmi

Barely noliceable by man A = !-!'—:E-mm

Fig1 ~ ’ ‘ .
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. 1 Weight
2 Transport clamp’

3 Chart guide _
4 Pen arm ‘ o R
5 Wiiting platen - - .
6 Sealing o
~7 Ca e locking screw . - , e .
Ja 2 1.5 V Dry batleries (type E only)
9 Scribing point :
10 Wax covered circular chart
11 Start/Stop switch Tellus E only

A sImple instru'nent for continuous wbrahon
measurements

The Konngerg Tellus is a single channel, dfréct writing, .

robust, and simple recorder that takes continuous mea-
surements of verlical vibrations caused by blasting. It
complements the various types of more complicated vibra-
. tion recorders that are in use, in that it requires no
specialist training to set-up and operate.

The Tellus consists of a suspended weight 1.2 kg (2.65 Ib) .

with frictioa damping, whose movement is recorded on
~ wax covered poper by a scribing point mechanically linked

fo the weight. The measuring syslem is fitted in a water-.

proof, cast-silumin case that, with its holder, may be belted
to vertical or horizontal surlaces. Total weight is only
_ 4.5 kg (10 Ib). Two versions, both for conlmuous recording,
. are available:

- . -

Base Line

Registrétioh With type M.

Fig 2

Tellus M has clockwork drive and records unattended
for 7 days on a helical chart. It records only maximum amp-
litude variations. The chart is hour graduated and vibration
times are readable to within % 5 minutes. Tellus M is pri- -

" marily for use in areas where vibration frequency is known

and where low cost, long period supervision is needed.

Base Line

— syl e e ane et

Registration with type E.

Tellus E has a battery driven electric motor, and records
on a single vax coverad paper disk that rotates at 6 rew/min.
It register both amplitude and frequency of the vertical
vibrations that occur while the disk is rotating. Tellus E may -
be switched on up 1o § minutes before detonation takes -
place, whereafter it is swutched off. A new chart is required
for each shot. .

H

Accurate readmg of amphtude and frequency

iFlgures 2&3 show how snmp!e itis to analyse a Tellus re-

cord, whether amplitude only from Tellus M, or amplitude

and frequency from Tellus E. The fine lines etched in the
wax by the scribing point are easy 1o read. Each Tellus is

faclory tested on a Ling vibrator and an individual fiequency/
amplilude calibration curve is provided, This means that

recorded amplitudes (U in fig 2 & 2) are quickly and easily

converted to actual peak-to-peak displacement valuss (2 A)

with respect to the frequency of the vibration. Determination

of frequency from a Tellus E record involves only the mea-

surement of the distance between 2 adjacent peaks on the

same side of the base line, and the conversion of this dist-
ance to frequency by using the formula;

7t « baseline diametér D

f= 10 * peak d_i:;tance-a :

Technical opecmcahows including operatmg ranges, of the
two versions are shown overlcaf
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A

n’hj be sel-up and used by non-skilled persons

Thanks to ils compaciness, robustness and simplicity, the
Tellus recorder is quickly moved between and set-up at
different measuring poinis. Its hoider ba'ts to veriical or
horizontal suirfaces; it naeds no specia! protection against
weather or flying debris.” it requires no supervision during
reccrding, and little or no training is required in its opera-
-tion. Tellus is the vibration recorder for the man-on-th2-job.

9

onlinuously a‘n-:f 'gives on-the-spot control

Recor .:'
si :’in‘j

of Lla

Direct and continuous recording on wax covered paper

cuils down data analysis time, and makes it possible to
adjust a blesting program as work proceeds. Rate . of
production gaoes up since maximum effective charges may
be uscd witheut risk for exceeding accepted threshold
values of vivration levels.

Low cost insurance against damage compensation claims

There is vs Ty little to. go wrong in a Tellus recorder; there
are few moving parls; maintenance is Pasy. service life is
long and troublefree. Al this means a low cost insurance
that provides written evidence to meet unwarranted claims
for damage compensation. With the increasing emphPsib
on preservation and improvement of our natural environ-

ment, the Telius vibration recorder is an insurance that no |

building contractor, quarry opérator or civil engineer can
‘do without, |

A Tellus chart take no moye than three minutes to rasove,

“read and anaiyse. Using the 8x magnifying glass with 2.1 13
gives amplilude p! c.<—oﬂ down to- 10 14 .

scale divisions
without difficulty.

The recorder is delivered in a wooden carrying box comp-

lele with magnifying glass, a set of disks for 1C0 recoids

“or a set of helixes for 70 days measuring, and a silumin

holder for bolting to vertical or horizontal surfaces.
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Use the Tellus for accurale vibration coptrol

‘The Tellus E gives spot measurements of vibration ampli-
tude and frequency, while the Tellus M gives continuous
amplitude measuremen!s over a 7-day period. Combined
use of the two lypes gives a complete picture of the vertical
vibrations occurring curing a blasting operation. Tellus
recordars complement the more advanced vibration
measuring instruments that are in use, and make it possible
1o widen the net of measuring points . . . with one of the
lowest capilal investmentis for this type of equipment.
The Telius operating range covers most, if not all, of the
range of vibraticn frequenme., and amphtudes met with in
rock b!astmg
Tellus range

_Frequency, "15—-170 Hz =~ 5—500 Hz (c/s) .
. . : Loose sand, clay 5~20 Hz
Loose rock 30-40 Hz
Hard rock 40-100 Hz
Amplitude 10-500 ¢ 5-800 4t (1 g0 = 0.001 mm)
Acceleration Upto7g 001-10 g :
X Length Depth Helght Weight
Tellus Instrument 190 mm 130 mm 168 mm 45 kg
. 72 in 5% in 6% in 10 b
Carrying case 245 mm 160 mm 200 mm 1.5 kg
. 9% in 64 in 7% in 3 ib
Sitiuns ho'der 245 mm 160 mm 240 mm 35 kg
9% in € ¥ in 8%/ in 7% b

Batteric (Type E on!y) 2 1.5 V Transislor balleries (25 mm O;
&0 mra .ong)

.

Ground vibration magniludes

Let a Teilus recorder cut the costs and time of your ground
v.br:luon measurements

Get in touch with ABEM to-day, either dlrect or lhrovgn
your local ABEM representative, and gel more information
about vibralion measurements. Learn how you also can
get a low cost insurance egainst unwarranied damage
clalms ; , .

O v gy

’J[\éj

S g o2 Paen -

BFLAS BC Jt-ﬂ@@ ATEEER
Jox ?DJSG. S-161 20 Bromima 20, Sweden

.

To;c'\l.on-e €028 €335
Talex 1453 Diabor S

RE PPFQE '\'Tr‘lNT[ EN ESPANA

Tty e R TR Ak ad R .
BRI
AR IR ,
SR
of . . .
l SUPRHFSCNL I SO K R SR APE T L PR ..:.{
Guzman of Buano, 121 . -..adndﬁ B

vy

TN e, ey

Lt s

- whaava



MAN EL BUENO 121 -

YRID (3)

F.2534200

-

" VEGARADA,SA

OFERTA N.° 11/3

'SA NACICNAL ADARO

Fecha

Pag.’

Divisién COMERCIO EXTERIOR

Dept.®

idod

CONCEPTO

Precio
unitario

TOTALES . |

"gistro de amplitud y frecuencia, completo con caja -

Gréficos de regiétro para TELLUS E, ref.:'4361180 .o

.~ 1 Brazo de escritura, ref.: 3364526.

REGISTRADORES DE VIBRACIONES ROVGSBQRG TELLUS.

MODELO "EM

Registrador TELLUS E, accionado por bateria para re-

de transporte de madera, 2 pilas de transistor de -
1'5 ¥V, 100 grificos circulares, 1 curva de calibra-
cién, instrucciones de funcionamiento y

1 soporte de siluminio fundido para acoplamiento ver
tical u horizontal, ref.: 3364546, y

1 Jupa de 7 aumentos, con escada de 0'1 mm., ref.:
4361212,

Reptiestos -

..0........',‘.......0.‘....‘....

Juego de piezas de repuesto recomendadas para TELLUS
E y TELLUS M, ref.: 33064, comprendiendo: =

- 1 muelle para peso, ref.: 3364538.
1 muelle para articulacién de pluma, ref.: 3364532
-~ 2 aros de sujecién de papel, ref.: 3364521.

S0 89 00608850000 0000anPesens st

Soporte de siluminio fundido para acoplamiento vert

Ca.]. u horizontal, refo= 3364546 ooooco-o-cooco-oo‘oT
Lupa de 7 aumentos, con escala 0'1 mm., ref.: 43612

2 [ EXEEENE YN N IEENFNEERSNENNN NN TN ENESEE S NEREE N R NNNENYNEN]

Motor eléctrico para TELLUS E, ref.: 3361155 ceceeny
Soporte de bateria para TELLUS E, el par, ref.: 4361
156 S D O DSOS TOOORNORT OG0 O0PEC OIS ERNOESEBESETIESOPS OSSO TP
Pilas de transistor 2 x 1'5 V para TELLUS E, ref..
4361175 L N I.....‘Q.0.............Q.......‘I......?
Interruptor arranque/parada para TELLUS E, ref.: 436

M74 LA NN N N N J 0:.....'...0.....‘0".0..i...f..".l...‘!

TOTAL PESETAS ceccoeccapscenee

PESETAS

PESETAS

PESETAS
- PESETAS

PESETAS
PESETAS

PESETAS .
PESETAS

- PESETAS

'101.050'—

1.284'~

2,953~
4.6231=

2.825'-
1_2. 583 '

1.027'-
308!_:

258t~




HEETC VEGARADASA

TELF, 2534200 -

~ OFERTA N.°

Fecha

Pag.

Divisidn

Dept.®

-

Cantidad CONCEPTYO

Precio
unitario..

- TOTALES

MODELO "M - Hoja ne 2 -

1 Reloj TELLUS M, 7 dias, para registro de amplitud,
‘ | completo con caja de transporte de madera, 10 grifi

cos helicoidales de 7 dias, curva de calxbracxén, -

instrucciones de funcionamiento,

1 soporte de siluminio fundido para acoplamiento ver|

tical u horizontal, ref.: ‘1364546, >4

1 lupa de 7 aumentos, con escala de 0'1 mm., ref.:

4361212, | eessccsecesccccsceascrscstsnisnl .

Renueétos' s

10 | Gréificos de reglstro, 7 dias cada uno ‘para TELLUS M,

ref.s 4361180 civivocincroansicasessracccrsocscscnae
Juego de piezas de repuesto recomendadas pax_‘a TELLUS
E y TELLUS M, ref.: 3364, comprendiendo: .

- 1 brazo de escritura, ref.: 3364526. '

1 muelle para peso, ref.: 3364538.

1 muelle para articulacién de pluma, ref.: 3364532}
2 aros de quec16n de papel, ref.: 3364521,

Soporte de sxlumnlo fundido para acoplamento verti
cal u horlzonta.l ref.: 3364546 ®sscccccsecvssseccsoe
Lupa de 7 aumentos, con escala 0'] nm., ref.: 436121

2 ‘..............l.....Q..Q.....Q..O...‘I..O........

Miquina de reloj para TELLUS M, ref.: 3365016_’......

TOTAL PESETAS «ceceocsboccncsf

" PESETAS

PESETAS

PESETAS

,PESETAS
PESETAS

oS00 0G0 ese oS

PESETAS ‘

101.050!-

1.284'-

2.953'-
2.825¢-
8.475'~

1210210'“

= Precios: Almacén Madrid.
~ Plazo de, entrega: 60/90 dias.
~ Validez oferta: 90 dias.




S-20

) Seh‘ Contamed Rechargeable Batterles
Portable

Rugged Construcuon

| GENERAL DESCRIPTION

| component, portable velocity meter designed
| expressly for vibration monitoring. The system will
. record three components of vibration at two
' locations simultaneously on a single chart. The

‘i ‘iocations may be separated by as much as 20C0 feet.
| S B

|
1
4
i
{
1
1

. The recording oscillograph uses direct-writing, dry
photographxc chart paper providing a permanent
- record that is immediately legible. The chart speed
. may be vaned to sunt individual condmons

;.The system is self-powered and may be used in any

“ location. A rechargeable 12-volt hattery will operate

‘ the system for several days under normal conditions )

i

A remote control enables the instrument operator to. .

' have greater freedom- of movement to coordmate
'operatxons.
&

VIBRAT!ON M ONITOR!NG

onratlon momformg aid the control of damage
probiems caused by such factors as blasting, pile
dnvmg or the operatlon of heavy equipment. These
'mining, construction and engineering methods can

'create ground vibrations severe enough to damage

structures or to create the fear of damage.
{ N

Pt

| SINCO manufactures the S-2, a two-station, three- .

VIBRATION MONITOR

G Dlrect Prmt—Out for Immedlate Data Analys:s |

The measurement of vnbratlons is accomphshed b
sensitive, portable, electronic meters, provxdmg i
permanent, visual record that can be judged agains
standard damage levels. These levels have been deter
mined through extensive search by federal, state anc

“private organizations and are acceptable legal stan

dards.-

-

As a olanning aid, vibraﬁon monitoring is effectively

-applied by determining the safe limits of explosives
-that can be used. During actual operations it is the

definitive tool for measuring vibrations and in inval-
uable as a legal safeguard against damage claims.

Measurements can be recorded quickly and accurately
in any location, under all conditions. The equipment
is portable, yet rugged, and can be transported to any
location or installed semi-permanently at a specific

" site,

The intensity of earth vibrations is commonly ex-
pressed in one of two ways:

1. Energy Ratio {ER)} — calculated from frequency
and displacement or acceleration.

2. Particle Velocity — scaled directly from the:
record of velocity meter.

¢
t
i
|
i
'
|
P
{
i
|
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shave: control unit for the S-2 System

above right:- optionél 1000-foot trénéduéer cable o
. with breast rea] - B
:Ight: two transducer packages

article Velocity and f:fnerg'y' "Ratio aref"di'rectly'

roportional; e.g., a particle velocity of 1.8 infsec = . ;

R 1.0. The direct measurement of particle velocity
5 most convenient because it does not require
requency analysis of complex wave forms and can be
caled directly from a velocity recording by non-
echnical personnet. -~ . T TR

he $-2 VELOCITY METER visually énd permanent-

' records the actual net change in particle velocities

f the vibration or shock waves at the location of the
2iector package. - N IR

he three velocity detectors within each package are
cated along orthogonal axes. This coordinate
stem designated as L-V-T orients the actual direc-
n of particle displacemant or ground motion in
2ce in terms of particle velocity. The longitudinal
L axis is in the long direction of the transducer
ckage. The transverse or T axis is normal to the L
is and lies in the short direction of the package.
‘e vertical or V axis is narmal to both the Land T
es (i.e,, at 90 degrees). This gives two horizontal

- orthogonal axes system, . -

~_of the trace from

and one vertical direction, 'The:'s‘ysfem may thus be S
treated mathmatically as ‘the conventional XY-Z .

- The ‘indi;ridualidetectqrs.with'i'n'éaé'h .'béckagé recorda

trace upon the oscillograph chart. Maximum particle .
velocity is indicated by the maximum displacement L
the static level, that is, the

‘maximum_ peak rise of the trace from its normal

. Position. This is illustrated in the following diagram:

o e

TRACE
DEFLECTION AND
PEAK PARTICLE VELOITY

STATIC TRACE LEVEL

The maximum peak rise of the trace from the static -
trace level is measured directly on the chart in inches,

This value is multiplied by the  sensitivity setting
(clearly marked on the control knob) at which the

recording was made, The result.is. V, particle velocity.

Tt Mgt & ey ——— ¢

R - a1y P e
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ViBRATiON MON!TOF?

F’ric:e L.ist

all prices fo.b. seattléA

Complete Model S-2, two station Portable Vibration Monitor including
two sets of triaxial transducers, two 100-foot lengths of transducer
extension cable, internal rechargeable battery power supply, and
operator s nanual.

1000-foot lengths of transducer extension cable mounted on portable
aluminum breast reels.:

LRecording Cﬁarthaper 3~-5/8" x 100°

"Model S$~2  RENTAL SYSTEM .

-

- Complete Model $~2, two station Portable Vibration Monitor including
two sets of triaxial transducexs, two l00-foot lengths of transducer
extension cable, internal rechargeable battery power supply, and
operator 5 manual.

Mininum’ charge: $100.00 per day or $200.00 per weck plus $50 00 per

day- aftexr first week up to a maximum of $600. 00 per
month . .

1000 foot lengths of transducer extension cable mounted on portable
aluminum breast reels.'

SERVICES OF STAFF:

bnglneer to operate 1nstrument or traln client's personnel in use
-of 1nstrument. : . .

Field time and travel time (Seattle to job site
and return) . . ,

) Expenses: Transportation, per diem and
N ; Rhisc. travel expenses, at cost.

Engineer to train clxent's personnel at our Seattle Office, approxl-
mately 4 hours. .

3668 Albion Place North, Seattle, Washington, 98103
{206) 633-3073, cable: SINCO, Seattle
. Foundation and Structural Instrumentation

PRGN SIS S L A emean eate e | Be b Al G S gAY abe— 5 Aw W S v ps o e et b 4 e am
- H

November 1, 1972

' $5,950.00/each

$ 575.00/each

$ '9.00/xold

600.00/month

<\

'$  40.00/month

$ 18.00 éer hour

'$ 75.00

Slope Indicator Company



‘ECIF!CATIbNS |

quency responses . ' o " Transducer Package Size:

“lat within +10% in terms of wbratnonal particle . Height: 2.5 Width: 4.0" Length: 8 0"

selocity from 6 Hz to 150 Hz . _ . Weight w/o cable: 1.0 Ib. S ~
sitivity: , S oL B [‘”‘
ndividual controfs for each set of transducers 0.5, Tr:r;sgg(;ir cabi;!... Each t_ran;ducer s furnished with o
1.0, 2.0, 5.0 and 10.0 in/sec of particle velocity per - - cable S C i
nch of trace deflection of (1/2 peak to peak) Power Requirement: 117 VAC for battéry charger - {. K
corder: 6 channel recording oscillograph ' Instrument Case Size: : T

; r: Di - : . Height: 8.75" Width: 19.50" Length 15625" 1
art Paper: Direct-writing, dry photographic chart =~ Weight: 45 Ibs. _

art Size: 3.62” x 100 e Accessories: s : |
_ - ' 1000 ft. transducer cable mounted on portab!e

art Speed: Adjustable to 1,5, 10 or 50 in/sec cable reel, . L i

. - v Remote control. , T c i

el

LY 30 UL gl e AR oA LR S ANk LR RO S0 N T A A A A A T Pl Lot 3 YT v—t.w,—.- ST S et s v AP

"L Slope Indicator Company
1 f 3668 Albion Place North, Seattle, Washmgton 98103
(206) 633-3073, cable: SINCO, Seattle
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A The basis for advanced blastin
are fitted to surrounding grounds and buildings was made after the second w -
by introducing the short delay blasting technique and by the development of grou .
-, tion instruments, o RS TIS. , o
S The néce'ssi'ty of a technique for cptntrolled blasting has been accentuated 'through the in-
: ' ' tensive_construction activities in large communities, B T o ' ’



The demands for careful and qurck measurmgs mcrease when |
the knowledge about the technique Is spread,

more znd more “intricate” blasting sites will become actual (e. g. close to monumental— :
~ buildings, churches, ruins -and other cultural monuments), :

tha electronic equxpment in bulldmgs becomes more and more refmed and sensxtlve for,
ground vibrations, - b .

~ the demand rises to be able to make use of largest possxble rounds np ta a controlled :
~ maximum chargmg level : : .

In order to be able to meet the mentroned demands and at the same txme develop the tech-
nique, a new ground vibration’ instrument has been developed which in companson with the
already exnstmg equlpments has the following advantages : o B

1.

S,o.

,- The name Vlbracorder isa combmatlon of the words “vibration” "and “recorder". ln other :

Measures ground vzbratlons on several po:nts at the same tlme (Earller one lnstru-

 ment=one measurmg pomt)

ACalculates itself the values to des:red magmtudes These are the vrbratlon veloclty
. and the acceleration of ground vibrations (T hese must be calculated from theval-_e

ues from other lnstruments)

Watches the measurlng place (= workmg place) contmuously one month thhout

" supervision.” With the other instruments a combination of a weekly control of the

ground vibrations and a specxal control measurement on each shootmg occasron Is ‘

. applied.

Easy to read for the attendants at the premlses S0 that they can check that the A

* blastings are made below the admitted limit values

- Possible to develop in the way that transm ssion of data can be made by phone to a
- central for judgement of the results.’ ' . LA o

’Possxble to develop in the way that the measunng mstruments can be exchanged :
. for measurement of other dlsturbances - Sl e :

words an abbrev:atron of ground vibration measuring instrument. . -
With this complement to the earlier instruments, the Amphgraph and the Combxgraph we
o should be able to meet the demands at the premlses ina shll bet‘er way o

o Stockholm 1970

NlttO Consult Ltd

"Telex

Telephone  Cables

Addressf . o A
‘Box 238, S-127 25 Skarholmen S : 08-7100760 : ‘nitroconsult. Staockholm
. Stockholm, Sweden o © Bank

Stockholrns Enskllda Bank

17519 consult
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,How :t operates and how lt shouid be used

. e B P s o o ma o

-

‘The Amphgraph isa vnbrograph desngned for long penods of recordmg whlch

has been developed for continuous registration and mapping of ground vibra-

~‘tions caused by blasting and pile-driving or other vibrations of a similar type:
Because of the long periods of continuous recording, the speed of registration

" is low and this means that on!y the amphtude of the vubrations and the tlmes

at which they occur are noted. : : - -

- .When more detailed mvestlgattons are bemg made in crmcal cases, supple-

‘mentary measurements must be made with instruments on which both the fre-

guency and velocity of vibration can be calculated. These instruments are -

known as “Comblgraph" “UV Recorder” and “V:bracorder



- Technical data _ : | 'v .»

Reference weigﬁt -7 43 kg R ' ' : Lo R .

. Natural period of vibration - during vertical measurement 3.1 cycles/sec, during horizontal measurement 2.7 cycles/sec -

Amplification factor - T . - S I ' Lo AR

. Continuous recording time 8 days - LR ' - Lo A S

" Movement of recording paper 0.2 mm/min - l

Resolution time — 10 seconds, _ » o - .

, External dimensions’ - width X hejghl X depth = 285 X 175 X 70 mm T
Tota! weight S 7 kg . . S -

The instrument is firmly screwed onto a wall, beam or other supporting st‘ruc:tur‘e' o Lo . .
in the building where measuremants are to be made. T TU

b

A

AR R AN T

Instrument installed for \'ertiqél measurement. . - G s
In the case of vertical vibration measurement the instrument is installed with the

" carrying handle upwards. For vertical measurements the weight must hang in the
spring. O T T P

Instrument installed for horizontal measurement. : Lo
In the case of horizontal vibration measurement the instrument Is installed with the

end where the lock is fitted facing upwards. When the instrument—with the weight :
stilt secured—has been firmly attached to the wall, the large spring at the arrow is "
unhooked from the bright pin on the weight. R o

A template can be used when the holes are drilled
for the attaching screws. This template together with
screws and expander bolts with screws and special

- nuts, is supplied. It is essential for the instrument to-

' be firmly screwed in position if the correct readings
are to be obtained. If plastic plugs and wood screws '
zre used, then the screws must have countersunk - . ’
heads. ,;_':.'- : EEE R

The Ampligraph must be blocked when it is being

" moved, while the clockwork mechanism is being
wcund up and while the recording paper is bélng in-
serted. (The locking buttons can be seen at the ar--
rowon Fig. 1) - - - - oo e

* While the ins!fument is being transported, it is ex-
tremely important to ensure that the wooden support
block is in position. If this block is not correctly
located, the instrument can be damaged.’ o



FE

The clockwork mechanism is wound up by turning

~ [ the serrated cover over the clockwork housing in a

- clockwise cirect

ion until fully wound. .

 The recording paper helix is fitted as follows.
- - -Remove the lock (ing from the square head on the.
. ~clockwork mechanism. Lift up the black tapered roller
-+ from the recording plate. Fit the recording paper—.

on the s'quare.,head of the clockwork mechanism.
See the illustration. NOTE. The recording paper is’

' 5 -~ . iocated under the recording blate‘ a) the guide plate

.. b} and the guide arm c). oL

. Press the lock fing Tirmly into position and move up
the initial tab on the first recording paper disc be-

Turn the outer disc forward so that’

‘ it corﬁpléte!y
. roller at the arrow so that the t_ﬁsi:_is pressed agaihstv
" the plate. . o o o

" Release the weight by pressing in the green button

“on the weight so that registration can occur. if
necessary, adjust needle pressure by using the ad-
juster screw on the recording arm at the arrow so
that the line marked is only just visible to the naked
eye. S o :

.- which consists of eight waxed discs taped together— -~

L tween the guide plate and the actual recording plate.

" covers the recording plate and then lower the thrust =

{‘W Y g . ;
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. Us2 the graduations on the recording disc to set the
recording needle at the correct time marking. This is
Incicated by a fixed pointer. (See the point of the re- -

~_tent so that it cannot jam on the underside of the -

" The position of the zero line during vertical measure-

i T v . . . .. I

cording needle in the illustration.)

Make sure that the initial tab on the first recordihg
gisc is bent forwards so that it is definitely taken in
‘ront of the guide arm. The point on the tab must be

cover while the instrument is operating. " = -

,

The instrument in operation,

~ments can be adjusted by raising or lowering the
. main spring suspension nut. {See arrow.) First loosen
the lock nutand then turn the screw. -~ . - - o

When Chénéi_ﬁg “r.eco-fdihg‘diécs' a'\'nd"u.rhen' “taking" -
-down the instrument—do not forget to block the -
B weight by pressing in the red button. L g

' ‘.-'-)hen preparing for transportation, make sure that the
«#ocden support block is in position and that all the
accessories have been replaced in the case.

< e, g et e
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Some practucal hmts

i When carrylng out eva!uatlon |t :s convement to cut the recordmg dlsc hehx at
the taped joints. Before cutting, note the date and other mformatlon on the

- Ampligraph recording disc. - L.
When the Ampligraph is started, the time at whxch thxs is done shou!d be SR
_ Qmarked in some way on the recording disc, for example by rockmg the wetght

o so that there is a transverse lnne (see arrow) on. the zero lme., D

Evaluatmg the Amphgraph dISCS' R | B }j -

'When the Amphgraph is operatmg and no vnbratuons occur, there is only a hght
“marking (zero line) in the direction of rotation of the paper. Each vibration
registered by the Ampligraph takes the form of a transverse marking on the
zero line. The length of this transverse Ime indicates double the amphtude (2A)
multiplied by the degree of instrument amplification (5 times). e

The actual amplitude of the vibrations (A) is obtained by dlvadmg by 10

"~ -Example: A regnstered value of I = 0.7 mm, then the actual amphtude |s
‘ 0.7 . SRR SR
A = —— = 0.07 mm-
' 2x5

The amplitude is often expressed m i and since 1 .1 = 1/1000 mm, then A m this

- example becomes 70 &,

An amplification factor of five is usually suff:c:ent in all practacal measurements
" of vibrations from blasting. If a magnifying glass is used, this amplification
factor enables vibration amplitudes of down to 5 1 to be read off with a satus—

- factory degree of accuracy



o Some mstruchons concernmg the use of the Amphgraph

: ln order to obtain long penods of reglstratlon the recordmg speed is |ow and
i this means that only the amplitude of the vibrations can be registered. Informa- = -~
' - _'tion concerning distance and prevailing ground conditions can be used to ..
. estimate the frequency of the vibrations and a maximum amplitude can be stated
.o as permissible. If vibrations attain or exceed the maximum permissible values o
- supplementary measurements should be carried out by using instruments .
> capable of recording the frequency of the vibrations so as to obtain more exact
. values in this connection. Several mstruments are avaulable for this purpose.

in the form of the “Combigraph”, “UV Recorder” “and “Vibracorder”. = - .
We should be very pleased to provide you with more detailed information con-

cernmg the use of the Amphgraph and the evaluatxon of Amphgraph recordmgs C

Nm@ &msuit AB

rock blasting techmques v:bratwn measuremems |

" Box 238, S-127 25 Skarholmen 1, Sweden. Tel: 71007 60

Cables: nitroconsult Stockholm. Telex: 17519 consults

Printed in Swaden. For distributig
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-".‘:'How it operates and how at should be used

The Comblgraph is.a v:brograph of the comblnatuon type lt consxsts
of a low-speed registration section for long periods-of recording of the same o
type as that in the Nltro Nobel Amphgraph and also has a hlgh-speed reglstra- S
' tion section. - '
‘The low-speed reg:strahon sectlon is for contmuous reglstratlon and mappmg of
L ground vibrations caused by blasting and pile-driving.
The high-speed regxstratlon section is for the measurement of wbratlons durmg
critical blasting operations and registers the appearance of the complete
vibrations from which amplitude and frequency can be calculated as well as the
rate and acceleration of oscillation. :
" The instructions for the Amphgraph apply to the low-speed regrstratson sect:on
‘of the Combigraph. - :
" The high-speed reg:stratnon section of the Combxgraph has the drive motor ,
located in the cover of the instrument. The recordmg paper—known asa combn-
gram—:s located on the mssde cf the cover )



Reference weight -7 43kg

" Naturzl period of vibration - -~ - . -
during vertical measurement .. 3.1 cyclesf/sec
during horizontal measurément 2.7 cycles/sec

- Amplification factor L85 :

. ". Continuous recarding.timé o 8 days

... Movement of recording paper = 02 mm/min- . -
"o .Resolution time - . 10 seconds . . ..
. External dimensions . . -‘widthXheightXdepth
R S e L = 285X 175X 70 mm
.. Total weight - - 75 kg .-

.- Rotation speed, ~ - type CV 5= 5 revolutions/min
" high-speed secti'on'v type CV 10 =10 revolutions[min :
B type CV 15 = 15 revolutions/min

-~

" Low-speed registration section at arrow a.’ v .
. High-speed registration section in the cover at ar-
Doorew e s e
" . The right-hand recording arm in the instrument hous-"
. .+...Ing at arrow b registers on this paper disc, which
... Is fitted on the square head in the cover, xa

' The disc must be inserted into the slot at the top of -
“the' recording table and in t‘he‘ guide slot to the right
~ on the recording table. . - AR T U

o

R

.P.ress‘ the fock ring .f'i:rm!y. ifxto'position and wn"it.e' the -
. location and time of the measurement on the record-
 ing disc. - . S - : » ‘

3 fegistered vibration (exaggerated In -

s An example of a
. the picture).




. When taking down the Instrument for movement or

“transportation, the wooden transport block must al-
. ways be correctly located. If th:s |s not done the ,
" instrument can be damaged. - 0 - s
"Make sure that all the accessories are packed in the B
,transport case. . LiL e R

I COnnectlon and edjustmenl

" The mains cable supplied Is connected to the plug ln the
molor casing and to an earthed power mains outlet. The mo- .

" tor is started by means of the switch on the cable. =

* . 'Needle pressure must be adjusted so that even if the record- . =
" ing disc rotates several revolutions during one ‘registration -
.-, period, only a thin circular line is obtained. The instrument is -

“'"des:gned for this. if the combigram rotates several revolu-

tions before vibrations are registered, then the vibrations can
'be noted in the form or a curve ona zero Iine

The instrument cover must be properly closed and Iocked be T

) fore the recordmg arr_n__regrsters on the recording disc.

- Eva!uallan

- The rapidly rotehng dnsc in the type CV 5 Comblgraph turns L

one revolution in 12 seconds, in the type CV 10 one revolu-
-+ tion in 6 seconds and in the type CV. 15 one revolution in 4
" seconds. Reg:stratlon speed is then dependent on the circum-

_ference of the cxrcle reglstered and the rotattonal -speed of,

the recordmg disc

a The trequency

. the length of the cycle concerned, where the maximum values ~

" that respect must be taken to the curvature occurring during

- _registration. This curvature occurs since the registering arm’ }:_.:3‘_
... is the radius of a crrcle w:th the regnstermg arm bearmg as ) Lo
: -;",kcentre. . : S ’

Calculaﬂon of frequency (f) in cyc!es/sec

a+d-n. .

s0-2t o
'd = diameter of zero lune crrcle ln mm
n ‘= speed of recording paper in revo!utions/min .

. 2t. !he reglstenng speed for a cycle ln mm

" In order to determme !he frequency of the vxbrahons. then

v:i for frequency and emplitude are located, must be measured. 5 }»

7 In cases of doubt, measurement is carried out at several -
" points on the combigram. The frequency Is -determined by -.
~ .dividing the distance for one second by the length of one
" cycle. The answer is in cycles per second. Remember when =~ '
"+ calculating frequency at high frequencies or large amplitudes o '

Acceleraﬂon

_f in cycles/sec

The ampmude . . ' .
The amphtude is reglstered with an amphfucetnon factor of 5_ v
on the combigram.” The amplitude is the -distance between

" an imaginary zero line and the maximum positive or negative

value of the vibration. It is often difficult to determine the - -
zero of vibration curves. In such cases it is best to measure" .
amphtude by noting the distance between positive and nega-'.‘; .
_ tive peak values and then dividing by two. This figure is then o
diwded by the amplmcation factor 5 of the Combngraph '

Calculat(on of ampmude (A) In mm

2 A,.,,_. = Double the amplnude registered
\[lbrahon ve!ocity : S
The formulae below mdlcate the procedure when calculatmg
"the vibration velocity and acceleration of the vibrations.
Calculanon of vnbrahon velocrty (v) in mmlsec

V Ox- f Amm/sec :
~f in cycies/sec v
A m mm. ’

Calculatuon of accelerahon (a) in m/secz ".

a-—4:z- £ - Am/sec- SRR

- A in metres o
(10 m/sec2 =1 ¢g)
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Co.mpare the examples ‘aboye showi>ng vibrations with different - " -
éppe__arance;. QA = Double the amplitude registered) ' '

 NitoConsult AB

rock blasting techniques . vibrati,o'n mheasurement-s
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e 'amphtude

The ‘beracorder isa um»ersal vxbrauon recordma mstru- ]

* ment for civil engineering, construction, mining.

Blasting, demolition, pnle driving, highway and ranl-traffxc,ﬂ e
all cause vibration. Enameers builders, architects and

authorities require complete data on this vibration for a

" wide variety of reasons; safety, work planning, design, en- .
legal requxrements and :

vironment protectxon, research
damage claims. - :

New problems contmua]ly arise. Thc wxdespread and in-
creasing installation of computers—extremely sensitive to
- shock—is an extra factor to be considered, especially in

.municipal or industrial areas. New construction matérials,
“often. lighter than conventxonal matenals '1eed rewsed
wbranon considerations.

-Modern blasting techmqucs enable envmeers and builders -
_to keep vibration to a minimum. Nevertheless constant
" measurement and recording of veloc;ty and acceleratlon of ,

. vibration are very esseatial. -

. Vibration velocity measurements are used mamly for studles :
.~ of damage to buildings and structures. Vibration accele-
" ration measurements are used in connection with blasting |
." and- construction that can’ affect delicate electric or elec-. | |
- tronic mstallataons, such as computers, telephone exchanges

vsthchmo apparatus, etc

Major cracks
Cracking
Insignificant cracking
No noticeable cracks

v150 200 300 400 frequency

3 Dza"ram above is an examp!e of damaoe occurmg to stan-i_

~dard dwellings, with foundations on granite rock, when vi-

* bration velocity reaches v=110 mm/sec. Other diagrams arc -
e obtamed when measurmﬂ other structures and foundatnons.

, Nlth Consult AB. mlematnonal consultants in blastmg,
-have completed some 250,000 vibration measurements over

the years, while working on some of the world’s most sen- .

_ sitive construction ]nbs. This experience lies behind Nitro
-Consult’s development of a series of vibration measurementr

- and recording instruments. :
The V xbracorder is a four channel recording umt allowmg
constant measuréement and recording of v:bratxon velocity

- or acceleration from one to four separate points. The unit
works automatically. It can be set up quickly and eas:ly,v

and is built for robust handling. Results are displayed in
termis of time and magnitude, with both horisontal and

vertical vibration recorded. The Vibracorder operates. cone .

tinually for up to four weeks without attention.
Technicians can be trained quickly to set up and operate the
Vibracorder. It is supplicd fully equipped, including a test-

- ing system insuring correct operation for each instailation. .

" Photograph shows an actual installation, with- contact
below, attached to a wall. The Vibracorder itself, picture
above, presents results on graph paper. Results can t

. quickly and easily interpreted. Vibration results are show

" in photo at right. Using this information, engineers c&
determine vibrations resulting from various blasting charg

~quantities in relation to distance from the blast. Such ii
. formation can be charted in graphs as that on the left.
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_Instrument is dust-proof. :
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. 0100 mm/second
; (For special purposes,
0—200 mm/second
_also available)
T 0—10gs :
~ (For spec:al purposes,

'5——-500 Hz

- operation for approx.

N -f; 8 hours during main -~
" power interruption

© (110,115 V/60 Hz

Rcchareeable battenes bmlt into gas—twht contamer. , -
- Also wired for long distance transmxsszon of vxbratlon in-

formation by cable or telemetry. - .- .7 -

2465(265><’366 mm

. Size of recording mstrument._ S
Net weight: - ' 22 kilogram
. Gross wclght

tincluding all acccssoncs)

- 35 kl!Oﬂram

Recording instrument deswncd for edsy carrymg

{Shipped in special carton for air-freight hdndlmf’)

Cover: Photo shows demolition, superviscd by Nitro Con-

sult. of a building in the centre of Gothenburg, Sweden,

0—20¢’s also available) )

© 220 V/50 Hz, or battery :

‘.Subsxdlary compames
system can be supphed) -
- .| Oy anrock Ab

t Ag'ehts"l&

L

Dehvery syecxﬁcanons

_"The beracordcr is supplied fully cqulpped and is dclncm
- ready fot immediate operatnon. The complete Vibracorde
_ system mc]udes the followmg

Vibracorder -
Power cable
Earth cable . : RN '
4 geophones, vertical type and/or honzontal type
4 geophone attachment blocks :
4 cable reels, each with 65 metcrs of screened cablc ‘

- 3 balancing plugs -

4 rolls of diagram paper -

5 Expander bolts (for gcophooe altachment blocks)

Set of tools for operation and adj Justment '
Testing unit and test data sheets -
Lockmg and sealing equlpment

: Instructxon manuals - - : . e
Extra aocessoneS' Addmonal cable, connectors, geophone.

‘service kits, testing equxpment and frc-
qucncy absorbers : .

_Leasmg
: The VIbrdCO!’dCI‘ can also be }eased or rented when th:s
© suits a customer’s requirements. This can be particularly

" "advantageous when measurements are to be carried out ona’
short-tcrm baSlS. I ST N

Alexandersgatan 21 A Helsmkx 10 leand

- Nitro ConsultSRL. S

Via G. Fara 3, 20124M11ano Italy RS

 Vibration Measn‘l‘rement Engineers LT
1732 Central Street, Evanston Illmoxs 60204 USA

- Imperial Chemical Industnes ,
‘Nobel House, Stevenston, Ayshlrc, Scotland

' Terrexpert AG -
" Schlachthofweg 130 3014 Bem Sw:tzer]and

Schaffler

'ISSturzaasse 34, 1150 Vienna, Austna S ; o AR

- Heine Brothers SR RN
- 14 Bcrry Street, North Sldncy, Austraha
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Cablae: SPK[NCO
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PICE

. VS=4000

| VS-40uu-p
g

- » V5=L10u=-a> dSpure Paper supply Magzazine S 40400

3 : V5-110u~aTl Spare Paper Lake-Up Magazine TTL00.00
Y Vb—llOO—B sStandard Photograpinic Paper B SRR 7;»N
e s (15u' ®Koll Rodak 1534)° l lU Kullb;' f7;7Uv

s VD llUO—L Direct-vwrite Puper :
. (1507 Koll hodalke 2022) l lu 1\0115 ; 9 3)
: Vb llUO D X100 External b;gnal Ampllllcr g{275.00
- VS-11luu-b Kerraction Cable “a, - 185.00

© V5=-11l00-F uUrigin lime Geophone “"f. R 125,00

- V5-1100-G 10C Pt. snielded d>eis. Extension Cable 130.00

kL - Vo-11lovu-il 200 Ft. sniclded seis. Extension Cable 1ys§.00

. VS-11u0-J 500 Fr. sailcelded Sels. txtension Cable 360.00

S © V3-1100-K 10 Ft. aemote Cuntrol Cord

. PR : with switcen and Plug v 1y.50

e VS-110u-L+= 10 Ft. stemote Control Cord Only 3.00
o ‘V5-1luu-M 10 Fu. sempte Control Switcii'unly . 8.35
a VS-110u=-N Leveling screw asscmbly 17450
T ey V5-1100~K Time Mark Generator %udulc . 200.00
T ¥s5=11luu-> dual Specda uption . 325.00
IR T sM-1 air Wave petector L SE360.00

Modification

~ < Uptions - : -
Fourth Trace EBEvent Marker

.. Fourth Trace
. Direct-Write

yACCGSSUPieS

Vb 4000

Tvsiilee

(lgU’

‘ A ST,
Engineering sceismograph

- V5-40uv-a Spuare Camera =
SVS- 4000-B Stundard Pnuto’rapulc Pdpur
LJ.;;U' noll Kodualk 1364)\ 1- lO l\olla .
-Direct Wwrite Paper .
Koll Rodak
V5—4OOU—E 12 Volt Kechargable Battery

>0ptions to v341100“

~- Fourcn signal Chunnel

Acceessories tu Vos-l1luvu

- Blast Sedismougrapn witn birect-write SIS

1

(Instrument Keturned tu Facbory)
Lvent Marker

2022) 1- lu uullb'

’$2,97u.uo
RGN

"’j"275.ou

3,190 00

365 00

“f' LU .00

7.70

. y.35
Lo 324000

150,00

e S

- o g

300,00
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,MANUFACTURERS OF SEISMOLOG:CAl GEOPHYS!CAL AND ENGINEERING INSTRUMENTS
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MISSOURY 63110 U.S.A.

PKICE L15T

. . o R Selismosray-lis
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MODEL DESCIKLPILOK

NUVEMBSLiy 1073 - &

l
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UN1IT
PR1CL

V5-1200 ‘bnﬂlngcrln" and Kesearch Seismograph .

Coptions o DT

'nlei' Fourtn blgndl Lndnncl
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8 High Gain TRI-MODE Seismcgraph
Displacement to 20,000 in./in.
Velocity to 2000 in./in./sec.
Acceleration to 200 in./g. -

# Shallow Refraction System
Hammer or Charges .

E Fourth Channel Ophons :
Sound Pressure Level
Direct Energy Ratio

- Shear Wave Discriminator
Low Gain Trace
_ Auxiliary Sensor
Time Break '

& Direct-Write Photographic Recording
& Ophonul 1v Outputs for Tape Recordmg
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o -~ The newVS-1200 ENGINEERING AND RESEARCH SEISMOGRAPH isthe
10000 / 5000 \) most versatile portable seismograph system available. The proven field-
DISPLACEMENT / / \ " worthiness and precision of the VS-1100 unit is expanded to provide a
o 1000 |—+— 1000 system capable of answering virtually every demand for seismographic
. / / 200 \ - Instrumentation arismg mvxbratlon a.nalysxs or geophys;cal en"meermg.
£ . N\ _ ‘
‘; 10 / // 2 ) Advancements mcorporated in the VS-1200 are basu:ally three:
1o} r/ y 2 \ An increase in sensitivity of 100X over the VS-1100 with
. / ‘ attendant wider application capabxhty such -as shallow re-—. -
. ‘-“M ) o o a0 fraction surveys. R o S
10000 .
) h o~ . . -
VELOCITY 2000 The ‘TRI-MODE feature of 2 200 hz flat response to st

o0 r - placement, Velocity, or Acceleration, selectable by switch,

. o ) 500
L Af \ A wide range of optional data pres‘entation’s ifor the fourth
. o IJ 100 £ 10 ' - channel including a new Sound Level Sensor. Engrgy Ratio
1 // 20 \ . and Shear Wave Discriminator modules are being developed
’ \ (VR - as additional options. :
R 10 / 1 5 \ . .
/| HIGH SENSTTIVITY VS-1200
. : 3 ~ / . B .
e / \ . Increased sensitivity in the VS-1200 results in a 3-component seismo-
. oal_// graph which can be operated at its highest sensitivity only in very quiet

areas, This results inthe capabilitytouse the highest possible sensitivity

l T 500 level at any given site., Magnification at a velocity sensitivity of 2000

100 T % ) will be some 20,000 at 2 hz, which is equivalent to the operating character-:
ACCELERATION . / \ istic of many observatory grade instruments, Thus, vibration studies.

‘ - 10 10 \ can be conducted-far below the perceptibility threshold level.
- o - . : . ;

~ N/ 22 & . Animmediate application of such increased sensitivity lies in the addition

REERET - B 1035 \ of shallow refragtion capabilities tothe system. In addition to the capa-

- /] / i ot \_ bility of conducting point by point surveys withthe standard 3-component

: o1 ‘/ ] \ sensor, another system is offcred. To cffect a convenient refraction

o 1 TORT ) system, an accessory refraction cable is offered which connects to the
FREQUENCY (Hz) = - 5 : '

-



recorder unit in place of the standard seismometer
cable, Outputs from three vertical geophones are thus
displayed on the records in place of the usual L,V,T
traces, Thefourthtrace presentsihe source time from
a single geophone at the impact ox shot position, This

_ source geophone and cable is also available as a VS-

1200 accessory. The direct-write mode of recording
is particularly advantageous in field monitoring of re-

' sults and modification of survey procedures,

)

' TRI-MODE VS-1200 |

Perhaps the greatest advancement presented by the
VS-1200 lies in the TRI-MODE feature of selectable
response characteristics, flat to Displacement, Velo-
city, or Acceleration at high gain levels, Maximum

-sensitivities of 20,000 in./in., 2000 in./in./secc., and

200 in./g, are available, with an atlendant range of
5 additional lower gains in each mode.

For the wide variation of energy levels and frequency
content encountered in the signals considered by the

. - general field of structural and ground vibration. mea-

surement, a need has long existed for a wide-band,

- multiple sensitivity, multiple response detector, In

some states building vibration safety codes are written
interms of maximum permissible ground displacement
invarious frequency ranges, while in others the specifi-

- cation is in termsof ground velocity as recommended

by the U.S.Bureau of Mines (R.1. 5968), The building
codes for these same states may, however, require
design for a specified value of_ ground acceleration,
The study of normal modes 2¢.structural vibration,?
" on the other hand, generally mvoh es the measurement
of building displacement atvarious levels, Identifica-
- tion and study of wave types (compressional, shear,
surface, air) rely heavily onparticle motiondiagrams
constructed {rom displacement seismograms. The

‘frequency band of interestinthese applications ranges

- - -4
S 1m ey e ue ey A o

from lessthan1cycle per second to hundreds of cycles
per second,. Consequently, tliis wide variety of re-

. quirements in vibration studies may necessitate that

any one or combination of displacement velocity, or

v acceleration be determmed over a wide frequency
.| spectrum,

The same motion_ recorded inthe three differént modes .

will produce strikingly different records. Small dis-
placements at high frequency will yield the same accel-

- erationasalarger displacement-lower frequency com-

bination. Or, in other words, a constant displacement
.will produce a velocity proportionalto frequency and an
acceleration proportional to frequency squared, Con-
sider the case of a constant maximum particle velocity
- ground motion spanning some range of frequencies.
“The seismogram irom a Veloclty Selsmograph would
resemble:

-~
-

A Displacement Seismographwouldyieldaseismogram
.-of the same ground motion as:

o L T

 be 100 times as layge as the 200 iiz component.

“where, for cxample, a 2 Hz component afmotion will
An

-Accelerometer would write the motion as:

J

’ _ . {
.where for this record mode a 200 Hz motion will be
100 times as large as the 2 Hz motion,

With the TRI-MODE one has the capacrly to select at
will any of these three modes of measurement simply
by turning a switch., The acceleration mode is most
often used in building design and machinery vibration .
{ypes of problems where specification of the value of
the acceleration is required. The velocity mode has
been associated with structural vibration damage
criteria while displacement measurement enters into
structural normal mode analysis, blasting monitoring,
and investigations that requires particle motxon dxa.-
grams, v

FOURTH CHANNEL VS-1200 '
Several optxons are available for utilizing the fourth
traceinthe VS-1200, The conventional inputs as offer-
ed on the V§-~1100, where either an external signal or
an external contact closure will activate the fourth
galvanometer, are available at the input termmals on
the VS-l 200 control panel. .

A low frequency sound level transducer is offered as
a newaccessory input device for this auxiliary channel.
This sensor provides 2,0 mm, of trace displacement at
the 100 db. acoustic level and 20.0 mm, of deflection
at the 120 db. level..

Two new special function modules, internal to the re-.
corder unit, are being develaped for the VS-1200 fourth
channel, Energy Ratio (Crandell, F.J., Journ, Boston .
Soc. Civil Eng., 1949, pp. 222-245) will be presented
directly asacontinuous functionof time throughout the
record interval by this module. Perhaps even more

valuable, especially in the case where in situ estimates - -

of the elastic moduli are being based on shear veloc-
ities, is the option of presenting the product LxV.
This product is an excellent discriminate between com-~
pressional and shear motion (G.H. Sutton and P.W,

" Pomeroy, Journ, of Geoph, Res., Vol. €8, n. 9, 1963,

pp. 2791-2815) and can be of great va1u° in studxes
relying on positive identmcatwn of S wave motxons.

GENERAL FEATURES'

The VS-1200, like the VS-1100, is 2 completely self-
contained and portable system. Operation is fror: an

- internal, rechargeable battery with 3 hours capacity at

continuous run, The threc-component seismometer is
inaseparate 7 inch cube for remote emplacement. For
- refraction work, two light weight cables are furnished
and they cormect to the existing panel connectioas,
Saveral accessories using the fourth trace option are
available, Also available optionally are 1 volt outpuls
for driving auxiliary tape recorders, alarms, etc,

Start time in recording is virtually instantaneous, and
a remote starting connection is provided. The camera
accepts standard ({or archwal quahty records or direct

v e e - -



write (for imnxcdxafé lnspvcctxon) 70 nn. photographic

. paper, The supply magazineis capable of holding 200

" fect of paper while the take-up magazine is light-tight
for ficld removal of records if desired. The automatic
calibration feature at instrument turn-on of the VS~
1100 has been retrained and cal - pulse shape defines
the mode of operation or well as sensitivity setting.

Timing lines are standardat .02 sec, witha paper speed
of 100 mm/ sec, For refraction applications,the camera
speed is readily changedto 400 mm./ sec. with .005 sec.

* timing line separation.

The versatility of the VS-1200 ENGINEERING AND

RESEARCH SEISMOGRAPH is unsurpassed. From pre-
cision research projects relying on accurate particle
trajectory definition to destructive g value measure-
ments lies anearly unlimited range of applications for
this instrument, In this small,portable, self-contained

- instrument lies the. capability to deal with virtually

every seismographic problem in Engineering Seismol-
ogy. - o

SPECIFICATIONS = ° -1

SYSTEM

SEISMOMETER ,

Frequency Response:  Flat (3db) 1.8 Hz to 250 Hz

Sensiﬁ;mesz ‘ : U
Displacement: . . . 10,50,200,1000,5000,20000inch/inch
Velocity: ..... 1,5,20,100,500,2000 inch/inch/sec

0.1,0.5,2,10,50,200 inch/g
Voltage Sersitivity of 30mv/inch

.Acceleration: ...
Fourth Channel:. .

Step inocceleration (33 ma incalibrate
" coils) cutomatically applied 1 second

ofter start of recording or can be upp"ed
. munuolly ot any fime :

Colibrations . . .. . .

PHYSICAL

A Seismometer Comera Case
~ Sizes - ~ 7x7x7 inches 9x11x13 inches
Weights 195 Ibs 33 Ibs
Density: 1.6 gm/cc L
!
o1
° *

" # Inertiol Mosss .. ...

’ APaperSp.e.ed: e

Three Orthogonal Components with ldenhcul Characterxs.tcs
2Hz . )

0.5 kg

6 mm peak ~to-peck

300 ohms ~45 volts/m/sec

Naturol Frequency

Range of Motion:. ..
Signal Coils: . ....

Damping: ....... 0.6 critical
Calibration Coil: .. 0.44 newtons/ampere
Temp. Range :

Between Stops. .« =20°F to 140°F

CAMERA

Poper: .........
- direct write in up to 200 ft roils
100 mm/sec (Approx 10 minutes record=

_ Ing) :
Timing Lines: . .. ... Stondard - Euch 0. 02 sec
CGalvonometérs ... 200Hz -

12V DC Internal Baﬁery (ApproxS hours
_ or 15 rolls (200') continuous recording)
" Built-in 110V, 60 Hz charging unit

Power: «vueeeens

7Cmm (2.75") stondard photographic or .



JUpreS S iaTa s e e e e e e o

XY :

MANUFACTURERS-OF -~

" SEISMOLOGICAL GEOPHYSICAL-AND-ENGINEERING-NSTRUKENTS. - 4557-SHAN-AVE- e

" Records Particle Velocity
Directly - N '

a Uses Either Standard or Direct-
~ write Phofographic Paper
a High Sensifivity with -
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The rapidly expanding application of geophysical techhiques to subsurface

exploration and surface vibration monitoring in engincering, quarrying
and construction projects has led Sprengnether Instrument Company to

*_develop a completely new ENGINEERING SFISMOGRAPH, the VS 1100.

This new instrument has been developed by Sprengnether specifically for
these modernapplications. The major design features of the system are
the detector module and high speed camera.. The detector consists of
three orthogonal ELECTROMAGNETIC TRANSDUCERS contained in 2
seven inch cube weighing 19.5 pounds (soil-matching density of 1.6 gm/cc).
The camera features both standard and direct-write photographic re-
cording in a portable unit operating from a self-contained rechargeable
baitery with panel mounted footage counter and system voltage level
meter, » ' . : .

An outstanding characteristic of the VS-1100 is the flat (3 db) response
to ground particle velocity in the 1.8 to 250 Hz vibration ranges (see
Figure 1). By virtue of this FLAT VELOCITY SENSITIVITY, the seis-
mograph fulfills a need for a monitoring system in blast and vibration
work that directly records particle velocity, the recommended criteri-
on for vibration damage to structures, (U.S. Bureau of Mines, Report
of Investigations 5968: Review of Criteria for Estimating Damages to
Residences from Blasting Vibrations). Uncertainties in numerical differ-
entiation to obtain ground particle velocity are thus completely elimi-
nated. Particle displacement or acceleration, however, are obtainable
from the record by a single numerical integration or differentiation,
respectively, " '

The complete VS-1100 system consists of the Sprengriether three-com-
ponentshortperiod seismometer as the sensing unit and a compact con-

trolunit (33 pounds) containing the new 4 channel constant spced camera

using high frequency galvanometers. The seismometer unit, approxi-
mately a seven inch cube, is separated from the control unit case for
convenience in remote emplacement and {o avoid noise gencrated by U‘\e

~ operator. Inaddition, use of a connector provided on the panel allows

. M|
e

- L} - .
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V5-1100 RESPONSE CHARACTERISTICS
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remote starting {r om any dxsl'mcc. Thc seismometer unit may be buried
if desired and has been designed with the densily of an average soil to
reduce resonances frequently {roublesome in soil emplacements, Be-
cause’of the wide excursion range of the sensors, only rough leveling
by mcans of a coarse level bubble on the case top is required, The en-
tiresystem is very rugged — NO CLAMPING MECHANISMS are neces-
sary in either seismomeler or camera. The camera ncccpls[light-tight .
supply and take-up magazines holding up to 200 feet of 70 mm (2.75")

photographic paper (approximately 10 minutes continuous recording).

The camera can be loaded in the field using these magazines, ' DIRECT-

WRITING PAPER may also be employed {thereby permitting immediate

evaluation of resulls., Paper speed is 100 mm/sec with timing lines |
impressed at 0.02 second intervals. A high sensitivity fourth trace is

available optionally for external event or tinw marking or another trans-

ducer signal such-as an air wave device. The system is entirecly self-

contained, operating {rom a rechargeable internal battery and built-in

charging unit, '

.FOUR SENSITIVITY RANGES, sel ectable by a sw1tch on the control

panel, provide from 0.2 to 20 mches record motion per inch/sec ground -
velocity., With this flat velocity sensitivity the magnification (record
motion per inch ground dlsphcement) increases linerarly with frequency.
At a velocity sensitivity of 20 in/in/sec, magnification ranges from 250
to 25,000 inthe 2 to 200 Hz interval and is 2500 at 20 Hz (see Figure 2).

CALIBRATION PULSES are automatically impressed on the record each
time'the instrument is turned on, thereby identifying the sensitivity
setting in use and insuring normal operation (Figure 3). Manual actu-
ation of the calibrate circuitry, as a check, can be accomplished at any
time by means of a sthch. o .

Noelectronic amph‘ﬁcatxon is used in the standard VS-1100, the battery
powering only lights and camera motor drive. Available gain ranges are
a result of seismometer and galvanometer basic sensitivities, thus elimi-
nating any concernover variations in gain due to electrical malfunctions -
or deterioration of amplifier performance,.

For applications requiring greater sensitivity, an accessorﬁ amplifier
module (VS-1100-D) is available which connects in the seisometer cable
at the camera. With the amplifief module in use the four sensxthty

'ranges are increased by exactly a factor of 100,

The VS 1100 can be used in SHALLOW REFRACTION surveying in two
ways, depending upon information required. In both techniques, the
fourth trace is vsed for origin time from either hammer or smull ex-

. plosive sources. This may be accomplished using the accessory origin.

time geophone and cable (VS-1100-F). In one application, where only
the conventional first-motion profile is needed, an accessory cable with

. three vertical geophones (VS-1100-E)replaces the three-component

sensorand the three tracespresent signal arrivals at the three geophone
locations in the standard manner. The alternate refraction technique
uses the standard VS-1100 sensor and a three component record is pro-

duced at cach distance. This permits the determination of additional

engineering information over that ordinarily obtained from single-com-

" .ponent (vertical) refraction method. Information that can be derived

. {romthree component recording, in addition to conventional layer depth -

data, includes SHEAR VELOCITIES of the underlying layers, which to-
gether with COMPRESSIONAL VELOCITIES, lead to in-situ estimates

" of ELASTIC MODULI, POISbO\l S RATIO, ROCK RIPPABILITY, SOIL'

amrmte i atmes o tma WS o =it - il

FIRMNESS, etc. -

The new VS-1100 is the most versatile engineering seismcgréph available,
New design features yield a light-weight, portable, rugged, self-con-

. tained, accurate, three component system which is extremely reliable

and sxmple to operate. The latest concepts in vibration measurement
and blasting damage investigation have been incorporated into a wide
range of sensitivity and frequency response presented in adirect re-
cordmg of parucle velocxty. _

s b dE R B S T e e R i A S AC e it
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Poper: ...secve
TLoc st t 1o 2001+, rolls {(Approx. 30 minutes conhnuous recording)

SYSTEM

SPECIFICATIONS -

Frequency Response:

-Sensitivities: « .o
- Colibration: .....

Options: . v eva.i
Accessones. cacoce

Flat (3db) 1.8 Hz to 250 Hz
0.2,1,5,20 inch/inch sec

Step in ccceleration (33 main calibrate conl)automahcally

applied approximately 1 sec after start of recordmg or can
be opplied manually
Fourth channel forevent mc;kmg or auxdmry input sngnal
X100 emplifier medule - .
Refraction cables '

Dampingt”eeevsse

_ Celibration Coil:. ...

Temp. Range -

Between Stops:. . .

CAMERA ~

Ajr wave detector :
© SEISMOMETER * C A ;
E churol frequency:s 2Hz e o i‘-'_‘
" tnertial Mass:. . ... 0.5kg ' - .
Ronge of Motion:. .. 6 mm peak—fo-peok ‘
Signal Coilsz . . . . .. 300 ohms=45 volts/m/sec

0.6 eritical
0.44 newtons/ompere

-20°F 10 140°F |

" Timing Liness . o0

Power: .'...‘......
S o - rolls(200'each)conhnuausrecordmg. Buslt-mllOVéOHz

Galvanometers:. . . .

PHYSICAL

200Hz -

-

70 mm (2 75" stondard phoiogrcphxc ordirect wnhng inup
Each 0.02 sec

12°VDC-Interncl Baftery cllowmg Cpprox. 3 hours or 15

charging unit.

Size: ;c.o..-qon
Weight: ........
Density: . covevas

. Seismometer ;@ = . CameraCose
7x7x7 inches T 9x1k13 i‘nchefs
19.50s - 331bs : S
1.6 gm/cc : 4 R e
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The Sprengnether Portable Blast and Vibration Seismograph is a2 com~
plete, self-contained, three-component seismograph system. It hasbeen
specifically desicned for recording groundmotion causedby blasting and -
- industrial operatxons, in the frequency range from 1 to 100 cycles per
sécond. Hundreds of these units are in service in various applications
requiring precise measurements of ground dlsplacements. -

PORTABILITY AND EASE OF OPERAT*O‘I

The entire seismograph is self-contained in a rigid aluminum case:
"measuring 25 x 10 x 8 inches, The unit weighs only 38 pounds, and re~
Hati} quires no external connections of any kmd. ’

= T .

H i The instrument can be set up leveled, and made ready to operate ina.
: . few minutes at apy reasonably level location, indoors or out, The nec-

lu essary contrdls for adjusting and operating the unitare all easily avail-

11 able and plainly marked on the top panel. Only brief instruction is re-

i quired to teach the operator the use of the equipment.

li

i

i
1
|
!

i o
is

)

S 11wk e oy ey | -
: i "ﬁ“f; i;; L Ht,':},, i :ghf, i;,!:m Tests intentionally subjecting the seismograph to jarring shocksfar be-
TYPICAL RECORD - ’ - yond any that would be encountered in ordinary use havc proven the

{with optional Event Markec} ruggedness and field-worthiness of the design and construction,
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R L R I R e T I e e o T R

|



MOMETER SYSTEM

Jhebasic seismometer system consists of two inverted
pendulums which respondto perpendicular components
of the horizontal ground motion, and aspring-supporied
vertical motion pendulum for recording the vertical

"motionof the ground, Allthree components are adjusted

to a natural period of 0.75 second.

Eddy current darnping is provided by a damping vane,
fixed to the pendulum, moving in the field of an Alnico’
V. magnet, Damping on all components is 0,55 critical,

The clamping mechanism, which securely locks the
entire assembly when it is not in use, also provides a
limiting device during operation, so that excessively
large excursions of the pendulum cannot occur.

The motion of the pendulum mass rel ative to theframe
is transmittedtoa precision mirror system for record-
ing.

THE RECORDING SYSTEM

-Motion of the ground as detected by the seismometer,
is recordedphotograplucally, withallthree components
- appearingonasingle strip of photographic paper 2.75
inches (70 mm) wide. Either standard or dlre».,l:-wmte
* photographic paper can be used.

The camera magazine and take-up spool are enclosed
in a light-tight container, which, after loading in a
- darkroom, is simply inserted into the instrument. A
. number of thesecameras canbe pre-loaded and carvied
. asspares inthe event that it is desired to run a series
of records without returning to the darkroom. The
* camera is drivenby a precision electric motor,with a
recording speed of about 70 millimeters per second.

‘The ground motion is magnified by a mechanical-op-
tical lever system by a factor of between 50 and 500,
This magnificationfactor may be specified by the pur-
chaser to suit his particular needs.” The most widely
used magnification is 50. The recording light spots
" are visible to the operator just as they appear on the
. _record, through a frosted viewing screen, This fea-
- ture not only simplifies the procedure for setting up

the instrument but also enables the operator to ob--

SPECEF!CATIONS

STATIC LMGNIFICATION
- 50 Standard up to 500 available

"'NATURAL PERIOD..............0755econd

g DAMPING 4,. 9.55 critical

"BATTERI‘ES- ' I R

12 volt rechargeable unit and charger contained
within instrument

WEIGHT oleaeelosederassnsanns - 35 pounds
- DIMENSIONS ..............25x10x8mches

OPTIONS

Dual Magnificatmn (VS-4002)
Event Marker Trace

e panm- e e e n e b s emeie, e meees

v . e A s e < b ot wa e o e v MY . v o e

serve the behavior of the seismometer while a record
is being made,

Also available, at extra cost, is a dual magnification
system, in which two magnifications, oric exactly twice
the other, are included. This feature adds furtherver-
satility {o the instrument by broadening the sensitivity
range,

Another option is a fourth trace event marker (sce
figure on front page of this sheet)-for recordmg external
timing or other signals.

THE TIMING SYSTEM . :

Timing lines are impressed on the recordat intervals
of 0.02 second, each 0.2 second being accented by a
slightly heavier line, The timing precision essential
for accurate determipations of ground frequencies is
assuredby the useof a special chronograph-controlled
motor, , _ s

POWER ‘REQUIREMENTS’

As stated above the freedom from any external power
source makes this seismograph especially attractive
for portable field use, The simple power requirements
are met with a single rechargeable battery enclosed
withinthe instrument, The battery is chargedby simply
connecting the instrument to the 110v line overnight. -

'~ ACCURACY

The seismographmagnification is derived froma pre-
cision mechanical-optical system. It is thus not pos-
sible for the static magnification to gracdually change
due to aging or use. RMagnification changes due to
damage of the system weuld be readily noticeable. The
instruments are accurately calibrated at the factory
and the calibration data are furnished to the user,

INTERPRETATION _

Since the response of the system isflatabove 1.5¢cycles
per second, simple division of the trace amplitude by
the magmhcation yields ground displacement, See the -
magnification curveon this sheet, Velocity andaccel-

_eration may be obtained by differentiation of the dxs—

placement trace,

}..'

€
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