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1.- INTRODUCCION

En los últimos años se ha escrito en abundancia sobre
sismógrafos especiales con vistas a registrar las vibraciones
producidas por voladuras. En este sentido, los diferentes ti-
pos han venido denominándose con nombres como los de regis
tradores de la "aceleración", de la "velocidad" o del "despla
zamiento" según el parámetro a medir. En cualquier caso, nin-
gún sismógrafo debería caracterizarse de tal forma sino en un
sentido relativo. Ello, debido a que cualquier sismógrafo con
un factor de amortiguación de 0,6 da una respuesta proporcio
nal al desplazamiento de la partícula para vibraciones del te

rreno mayores que las frecuencias de los miembros de inercia,

en tanto que, el mismo miembro de enercia, responde proporcio-
nalmente a la velocidad de la partícula 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 aceleración cuando las frecuencias del terreno son menores

que la mitad de su frecuencia propia.

Así pues, la primera consideración que debe tenerse en

cuenta bien al diseñar un.sismógrafo o al elegirlo para una

campaña vibrográfica, 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
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los, tal variación se encuentra generalmente entre 3 y 25 c.

p.s.

De estos datos, podemos decir que para registrar las
vibraciones originadas por voladuras, necesitamos un sismógra
£o 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, así, nos encontramos, que únicamente un sismó-
grafo en el que su frecuencia natural sea menor o próxima a la uní

dad cumplirá tal condición en el caso de vibraciones produci-

das por voladuras.

El sismógrafo portátil típico consiste de un transduc-

tor (transducer) sísmico, un medidor de tiempo y un sistema -

de registro. El último, puede ser eléctrico, fotográfico o me

cónico. El medidor de tiempo es simplemente un generador de

frecuencia,muy preciso, que imprime, sobre el registro sismo-

gráfico, líneas a intervalos regulares de tiempo. El transduc

tor sísmico, por su parte, cumple la misión 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 móvil de papel sensible a la luz.
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2.- ASPECTOS TEORICOS

Un transductor sísmico puede proyectarse para respon

der un modo lineal bien al desplazamiento de la partícula, a
la velocidad o a la aceleración.

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

de movimiento de dicho sistema sometido a una oscilación for-

zada es:

m x + r + s x = F coswt ...... (1)

Fuerza fuerza Fuerza Fuerza
de iner elásti de amor oscilante
Cia. ca. tiguacibn

en donde

F = amplitud de la fuerza

w = frecuencia angular = 2 M f

f = frecuencia de excitación

m = masa de inercia

x = amplitud instantánea de la onda de desplazamien
to.

r = factor de amortiguación

k = constante del muelle



1 (r)

(s) x

Moss (m)

Fcoswt
Fig. 1 Modelo discreto de un tronsductor

(tronsducer ) sísmico.
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Fig. 2 - Curvos de respuesto tedrica de un
tronsductor ( transducer ) del desplo-
zamiento o de la velocidod.
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Una solución de la ecuación es,

F cos (wt - �1 ) .......... (2)x
[r2w2 + (s-mw2 )

j
1/2

en donde el ángulo de fase o de decalage viene dado por:

= tan-1 r w ........... (3)
2S - m w

La frecuencia de resonancia del sistema no amortigua-

do (r = o) es:

w0 = 2fl } o = V s/m ............ ( 4)

El factor de amortiguación crítico rc viene dado por:

rc = 2 m w0 ......................... (5)

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

pueden transformarse en:

F cos (wt - 0 ) , , , (6 )
X 2 1/2

m w2 [4(r)2 (
wó

)2 + - 1)2,
rc w w2

y

1tan 2 )( ( rc .............. (7)p! =

1 - ( W ) 2
0
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Para un impulso sinusoidal la aceleración máxima o de
pico, a, está expresada en función de la velocidad máxima o
de pico, v, y del desplazamiento máximo o de pico, u, por,

a = w v = w2 u .................. (8)

y la fuerza necesaria para mover el sistema es:

F = m a ................. (a)

Los transductores sísmicos pueden proyectarse, como ya

hemos dicho, para medir el desplazamiento de la partícula, la

velocidad o la aceleración del movimiento vibratorio. Por tan

to, resultan de interés tres tipos básicos de transductores.

2.1.- MEDIDORES DE DESPLAZAMIENTO

Para un transductor de desplazamiento el movimiento vi

bratorio queda representado por el desplazamiento máximo, u,

y la amplitud, Au, del registro y proporcional al desplazamien

to, x. Así,

Au = ku x ................ (10).

en donde ku es la constante de proporcionalidad. De las ecua

ciones 6,8 y 9 la ecuación 10 se transforma en,

Au = ku u cos (wt - 0)

�q (r) 2 ( wo) 2 + ( Wn._ - j)2] 1/2 ......... (11)
` rc w w2
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Resulta evidente , de esta ecuación, que cuando la fre-

cuencia del movimiento disminuye de w0 a 0, la del registro -

:-sismográfico tiende hacía cero , y que ,para frecuencias del mo

vimiento elevadas comparadas con w0, la del registro es pro

porcional al desplazamiento, transformándose la constante ku

en el factor de aumento del transductor . Por tanto , un trans-

ductor ideal de desplazamiento debería tener una frecuencia -

de resonancia baja , lo que requiere una constante del muelle

también baja y una gran masa inerte. El intervalo útil de fre

cuencias operantes está por encima de la frecuencia de reso -

nancia.

Las curvas de respuesta teórica 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 máxima , v, y la amplitud es pro

porcional a la velocidad , derivada del desplazamiento medida

Así,

Av = kv d t .... ............... (12)

en donde kv es la constante de proporcionalidad. De las ecua-

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

kv v sen ( wt - 0)
Av =

[4(r)2 ( Wo)2 + _ 1)2] 1/2 (13)
c 2w
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La ecuación 13 nos muestra que,cuando la frecuencia -
del movimiento desciende de w0 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 vibración y la
constante de proporcionalidad se transforma en la constante -
de aumento del transductor. Las curvas de respuesta teórica -
para un transductor de velocidad son idénticas a las del de
desplazamiento (Fig. 2). Por tanto, un transductor ideal de

velocidad debería tener una frecuencia de resonancia baja,

lo que implica un valor bajo de la constante del muelle y una

gran masa de inercia, y el rango útil de las frecuencias ope-

rantes está por encima de la frecuencia de resonancia del sis

tema.

2.3.- MEDIDORES DE ACELERACION

En un transductor de aceleración, el movimiento se re

presenta por el valor máximo de la aceleración, a, y el regis

tro es proporcional al desplazamiento medido. Así,

Aa = kax ........................... (14)

en donde ka es la constante de proporcionalidad. De la ecua-

ciones 4,6 ,8 y 9, la ecuación 14 se transforma en;

k a m cos (. wt-0)
Aa = a s ....... (15)

2
{4(r )2 ( w )2 + (1 )2] 1/2

rc wo wO
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La ecuación 15 nos muestra que cuando w se incrementa
por encima de w0, la taza de deflecci6n desciende •a cero y,
cuando w desciende de w0 a o, la traza de deflecci6n es pro-

porcional a la aceleración del movimiento. El aumento del -

transductor es (Xam) /s. Las curvas de respuesta teórica de

un transductor de aceleración vienen expresadas por la Fig 3.

Por tanto, un transductor ideal de aceleración debería tener

una frecuencia de resonancia elevada, lo que implica una cons

tante,del muelle asimismo elevadas y una masa pequeña, y el -

rango útil de frecuencias operantes se encuentra por debajo

la frecuencia de resonancia del sistema.

1
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3.- DESCRIPCION DE UN SISMOGRAFO TIPICO

Un sismógrafo portátil típico esta formado por un estu
che o caja rígida, motada sobre trípode con tornillos de nive
laci6n, que contiene un mecanismo medidor de tiempo, otro de
registro y tres péndulos con sus ejes perpendiculares entre -
sí y orientados de forma tal que el movimiento de uno de
ellos sea vertical y, el de los otros dos, horizontal. El mo
vimiento de los péndulos queda representado por la reflexión
de los rayos de luz sobre el rollo de papel fotográfico. Di-

chos rayos se reflejan en espejos adecuadamente unidos a los

brazos de los péndulos. El desplazamiento real sufrido por el

equipo se incrementa óptica y mecánicamente 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 dinámico del aparato se defi-

ne como la raz6n de la mayor deflección del registro a la mí

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 dinámico queda li

mitado, aproximadamente, a un valor de 20.

Un sismógrafo típico para registrar la velocidad con

siste de dos unidades. Tres medidores ortogonales entre sí

alojados en el interior del elemento principal, y los amplifi

cadores , las baterías, el emisor de luz , el control de tiempq
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los galvanómetros y la cámara registradora, alojados en estu-
che separado. El elemento principal se diseña de un modo tal
que pueda queda firmemente anclado sobre el terreno, no te-
niendo la misma limitación del rango dinámico 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 partícula, 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 electrónicos, el rango

dinámico es grande. Por medio del empleo de circuito electró-

nicos estables la señal de salida de los geófonos ( elementos

de medida) de la velocidad de partícula puede registrarse di-

rectamente, o integrase los registros de desplazamiento o de

rivar los registros de la aceleración.

La cámara registra las señales de luz de los galvanóme

tros en un rollo móvil de papel sensible a la luz y en el que el

marcador de tiempo imprime el contaje. Estos sismógrafos tie-

nen, aproximadamente, una respuesta lineal y de frecuencia en

tre 2-250 c.p.s.

Un sismógrafo portátil típico medidor de la acelera-

ción emplea tres elementos de medida externos, geófonos, que

pueden colocarse para medir los tres componentes ortogonales,

la vertical y las dos horizontales, de la aceleración. Cada -

elemento de medida puede asimismo representarse por el. modelo

discreto de la Fig. 1 y su señal 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 pequeña y la constante de
muelle elevada.

Existen dos sistemas generales típico de registrar el
movimiento: (i) por medio de circuitos electrónicos que produ
cen una señal de salida proporcional a la gravedad, (ii) por
medio de galvon6metros y emisor de luz que dan lugar a
un movimiento que se registra en un rollo de papel sensible a
la luz. El último sistema conserva la forma de la onda en tan
to que, el primero, indica únicamente la aceleración máxima..

Debido a que los geófonos no están localizados en rol
elemento principal, puede someterse a un tipo de montaje que
no está sujeto a las limitaciones del tipo tripode. El factor
de aumento de esta clase de sismógrafos es variable, el rango
dinámico es amplio aunque está limitado por la respuesta li-
neal de los circuitos electrónicos, indicadores, cables y de
más componenetes. Estos sismógrafos tienen un intervalo útil
de frecuencias operantes desde 2 a 250 c.p.s. aproximadamente

Actualmente, el sistema descrito para los sismógrafos
registradores de la aceleración, puede aplicarse asimismo pa-
ra medir el desplazamiento o la velocidad. Así, el elemento -
de inercia ( masa ) del geófono al moverse dentro del campo mag
nético y proporcionar la señal de respuesta, si dicha señal -
alimenta un osciloscopio nos dará la velocidad en tanto que,
en el caso de la aceleración, alimenta un galvanómetro.
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4.- DISPOSITIVOS DE REGISTRO CONVENCIONALES

A este nivel resulta conveniente prestar una informa-

ci6n entresacada de los contactos mantenidos con diferentes -

casas comerciales y que creemos servirán 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 en España Vegarada S.A.

Slope Indicator Company (SINCO) (USA)

Nitro Consult (Suecia)

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

Exponemos a continuación las características y precio

de los aparatos suministrados por dichas casas.
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"y` r ` Seismolog is the registered trade narre for an
`Ad ``í^-1 Q L accurate, compacta tuáged, completely self-con-

The Seismolog photographically, records positivo evi- tained portable seismograph. The Seismolog can be
dence of earth tremors. l t has the capacity to provide operated by your own employees for inexpeusive,
velocity, acceleration and encrgy ratio information with permanent camera recorded graphs of carth vibra-
precisian aeeuracy. tion. The Seismolog provides. practícal and effi-

cient control of blasting and other operations that
produce earth tremors.

��St��n,�iFnrtry�Rt¡�

Seismolog is ¡he product of many ycars of research
The Seismoloó is a precísíon built, highly sensitivo but and hundreds of ficld tests. The experience gained

' durable and rugged zenit. Fuil operaiong directions are in nearly a quarter of a century of seismic engin-
inside cover. Al! controls are plainly labeled. Anyone eering practico and the recording of thousands of
can set it up and operate it. seismographic measurements has been engineered

into its design.

9_ Prb The Seismolog mensures vibration amplitude's as
13 small, as 1110,000 ofán inclt, h -*raphed and

The Seismolog in its carrying case weighs 45 pounds. It magnified 50 times by a mechanical orti cal s's-
is entirely self-contained. Nothing else is needed. No tem. Studies of the tape recording, cnicuíated w�th
back-breaking, heavy Iugging over those long distances data on distances, number of holes, amount of ex-
and rough terrains. plosive charge, etc., enable V11E to malee authori-

tative analyses, reports and recommendations. Re-r�"w<- cords are kept on file bcyond statute of lirnitations
r�r�cc periods as a protective measure.

The Seismolog measures 9" x 13" x 19". It can be used It must also be emphasized that vibrational energy
in cram.ped quarters, an important feature for critical transtnitted to outlying arcas is wasted energv.
placement in buildings or when recording vibrations from Under proper seismic control much of the waste
maehinery. can be converted- finto useful work, better break-

age, and increased production.
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Seismologs are niade available Q Upon arrival of the sealed caro-
to you in conjunction with the era at tlie V\IE laboratory, the

Record Analysis Service. A supply seal is broken artd tlie exposed
of interchangcable, sealed cameras photographic record developed. The
(with mailing cartons) comes with ca.nera is reloaded and returned lo
the Seismolog assigned lo you. your camera pool. =t' 3

L_
You conduct tlie field tests VME analyzes the graph and •�;
with your reguisr emplayees, supporting data, then sends

Any intelligent person can operare routine reports by first class mail • a:v ,r. ,
the Seismolo . Simple clear-cut. on ihe day the camera is received. iré

Color codo forros advine 'SAFE,"instructions in the cover of tlie "CAUTIO\' or "DANGL'R" re- "�• s_ ::=; s a_, ,
carrying case detall ihe few stops to sults. Findings indicatin- "DAN-be followed. Color controls assure

GER are reported lo you imme-errorproof operation. diately by plione. All records are in- - "• -.�
dexed, certified by VME and filed ` '`"`�=sY 4

After the blast vibrations nave for futuro reference.
been plioto-rnpliically record-

ed, tlie "exposed" camera is re- • Q VME customarily prepares a
moved and a fresh sealed camera base grid system for placement
slid into its place, ready for the of Seismolog instruntents, reports ;.., , 5_' ; .. --. t,, t,, •• .
next spot. The exposed camera, its vibration trcnds as revealed by re- �; •. . ': `. + � `'r •*� •:r^' �" " �1N lleal unbroken, is put roto the ru, cordings and adornes improved pro- �;
ged mailing carton and mailed lo cedures' as they are revealed by
VMIE. seismic studies.
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VME`s profession is your protection. l^Jherever earth borne with strain gauges having the capacity to measure the
disturbances are created. VEME has the equipment and the fatigue and stress effects of vibrations in -materia!s, con-
experience to protect oparators against únwarranted and crete and metal. VAJE's Rock ilechanics Service has pro
potentially costly damaga claims. vided clients with invaluable money-saving information on

the application of explosives as a tooL
VME offers a complete saismograp`ic'service. It "manufac
:ures, rents and selis the most sophisticated line of field- VME engineers provide emergency service and consuliaticrn
)roven vibration measurement equipment available today - with al¡ users of commercial explosives; federal, state ard
equipment having tha ca,,acity lo provide veiocíty, accelera- municipal government officia!s, underwriters, adjusters.2rd
ion and energy ratio information :•.ith precision accuracy. attorneys. The fact that al¡ records of• the seismogra:,•hic

service are under seat lo be broken only by the indapcr-
/ME provides a complete building survey service. tt will dent, reputable and authoritative staff at VME provides a
urnish expert ficid persennel to conduct "before and legal safeguard ag3inst the inference that the instrumen:s,
fter` building ins,^,_ctions. VME is equipped.to measure graphs and inte:pretations are a se)fserving device of the
nd diagnose the effects of sound waves. VrvME isequipped client.
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Prices are as follow : ,

1 xiew Seismolog including..one camera $2,995.00

1 rebuilt Seismolog including one camera $2,145.00

1 kit of spare parts -
1 spare r:.ótor
5 spare batteries

• 2 spare bulbs
wrezches - pliers - nuts -- bolts, etc.
20 , rolas of film $200.00

spare camera- $25.00

in lots of 5 $20.00

Shipping i.iéight including spare parts is approximately 100 lbs.

We can ship either a new o'r. rebuilt Seismolog within 30
cays after receipt of your valued orden

• 1 am advised by Pan American Air Lines that the, shippzng.
charges would be app_oximately $47.00 and. the insurance would
be $0.12/$100 valuation. The time in shipment would be .2-3
days.

When you order one of these units, we request that you
open in our favor an irrevocable letter of credit confirmed
by a United States

Very truly yours,

VIBRATION 14EASUREMENT ENGIN ERS, INC.

Paul C. Hosking, P.E.- / •

PCH/j es
Enc.
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blasting \vith.short delay 'inllrti0rl h.avemade,it posslble Lo e x ca.vate rock s
elo::e to or helo' cveri in closcly btiil.t.-up arcas.

13la:.stin g operations n ust be ca re£Lilly planned and carried oul: to avoid di c--
coro ort Lo pe rsons or daInage to prop erty. This increa se irl i.he use of rock
blasting in city arcas alone has l.ed to a )I.urnber of problema due •to ground
vibrt;tions, air• shocl. \vaves", and ¡he psycliolo, :.ca).l effect of nuise. Whil.e
thc l.rtter seldom if ever causes dani::ge, it does c*reate irrita t.ion and often
cl íscolnfort-to persons l iving or worl.:ii:; near t:l i e c>.plosion sit_cs. A result
oí-chis is a steady increase in thc.nurnber of complaints iil re spect of cia maxe
to liauses andotlier premisos. Many such compla2iiits are gemirte and damas e
may undoubtedly be cause(] when in correct bla .ting techniques are used . Irle-
vitably most, if not all , bla.sting operafions a re used as a b asís for c oii. ?aints,.
even m hen the t e. cli nique cmployed can cause neit:her damage nor discomf círt.

The solutioii t.o these problems is t,.vo fold. Firstljr to determin e acceptable
tlireshl)old valuc:s for varying "degrces of darinagc, and secondly fio llave á'
rcliable, inexpensi\ve instrulnent for measuring che ground vibrations that can
cause dainra ge:

•Wiu t causes darria ge ancl discomfor t

During the last ten years niucli experimental and pxactical worl: has Ueeii ca�.rried
out on the cha racter of tlicse ground vibrations. This \vorlc revealed that persons
react str.ongly and nega:tively Lo vibrations that Nave amplitudes vwell belo\v,, often
2-3 times, those needed to cause dainage to property. This diréctl.y Inearis tl::rt a
largo number of cornplaints are un varrantcd. An-iplitude, ho:'.wevcr; is onl.y orle of
the factors "te be ccillsidcred;' it is often the frequency of the 'ground vibration that
is more significant as far as damage is concerned.

It has been sl)omn that the damage factor (D) is in general directly propcirtional
to the magnitude of thc ground displacernent ampl.i.tude (A) a.nd to tl)c frcquency
(f), and inversely proporcional to the propag-atiori velocity (e) of the compre ssionai
wav e .

Expres sed Inathenrtically tris gives D = Gonstant A f
c

In view of the ciifficulties of Ineasurement of tlio propagation velocity (e), calce:-
latio),s o¡ clarnage factor are'normally based on tlic values oí the i;reartest acee:.e-
:'ation (a) a vid tlic grcate st vibration velocity (v).

FACi S;''C ":-i.►.,U i 1, �'.._ ..� ' i.:::;::1LA:.+ ."+ii�:,: i:► i 5; 3�).?ti:!!.t 1£irY. 1+„al "1'r:�i'ri: + :�E +;,j
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'1hc:sc: arce cz.lculated frorna lcnu'ileclt;: of thr. cl i;,i�lacrnz��nt i�1:lplitctclc;
(A) raid the f requency (; )

• x �l (f 2 1 2 A (in rn/s.ec

V = 2`f A £ (in xnzn�sc c)

Note that 2A is the peak to peak. axni�litude rneasured bctwc:cn nlaximuIn
positivo to ina'ilnurn negative, clefl.ection.

• Thc magnitudes of the Tour variables, frequency, amplitudc, accelera-
tion, and vi brat ion velocity encounted in g round v ibration measurements
are:

f 5-5 00 c/s; (ioose forznatioí s, san.d, clay, 5-20 c/s)
(Looser rock 30-40 c/s • )
(hard roe.;: -11 0- 100 cjs }

mm)A = 5-800/4 ; (1f4 0,001

a 0,01-10 g; (accelerations of up to 1 g are norrnally
acccptable in built-up arcas)

v = 0,5-2500 mm/sec

In general low f reqúency. vihrations with large amplitudes givc t1ie highe st
vibration velocity..On site lncasuretrents confirm that vertical vibrátions

'c larger amplitudes than horizontal ones, and for Inost normal purposesha'
it is sufficient to.ineasure only these vertical vibrations. Since acceleration

• . (a) is proportional to the square of the frequency (f), a srnall jrouiicl dis-
a placement at a high frcqucncy will cause a high acceleration. This can be

rnisleading, but if the vibration velocity is calculated at the saíne time it
wi.ll be found that the velocity is srnall arid that the vibratíon is thcrefore
not as critical as the initial acceleration assessrnent índicated. This is
shown by the following example:

while
A 1,17/V £ = 300 c/s A = 100 13
give s give s
a=0,0,61 g a=0 0,68g
y = 0, 32 rnm/sec v = S. 3.6 mm/sec

While acceleration is almost the same, vibration velocity is more than .
20 ornes- Iligl.er. This once again empliasizes the neeci for ineasurements
of botl2 arnplitude and frequency.

From the numerous studies made of ground vibration it is possible to
compile tables. of amplitudc and velocity threshllold values for daiyun.ge
assessment.

DISPLACEMENT AMPLITUDES

Type of building Max i mum a1 1lowable
A1-J plitucle

1.' I3uildings ov.'ncd or occupied
by persons dit•cctly inlcre sstcd
in tbe Quays, 3
cte. :i i;0f�. I ��sl b- ineb.

2. l)ct cúnditi.on, -3
o1 f:e 1i 1elCks F9 7,.?X10 inch.



:. Ithi.� shafts and ga11cries;
)j m :;c s ii peor colulition, ,

oi d age pensioners' _
dwcllings, n�iz:,cums 95 1 1 3. 5 x 10 3

inch

1 . 1�1i }�1�1��V1

,►�.i�c c�f daz��ae Vib ratíon Velocii:}� .

N . noticcable cracks 70-75 muy/sec 3 inch/sec

i¡u:ig;»ificant cracking 8c
f.L11 of plaster 100-110 4.5 "

k,racl::: 150-160

' rious cracks 225-230 �� 9 n

i;ROUNI) VIBRAMON MEA,SUREMLNTS
ARE SIMPLE TO CARRY OUT

Siznplicity ancl reliability are the two major requirements fa r a
o round vibration instruznent. In addition price should be such that
it encourages the use of the instrument for all.•b)asting operations
tivhere therc may be risk of compla.ints .or damage to property. Thóse
requircments are rnet by the Kongsbcrg Tellus, developed in conjunc- -'
tion \vith the Nor\ccgian Rock Blasting Instituto and now mace available
throut;Ii Cra,clius, an Atlas 'Copco Coxnpany.

'110 Kongsberg Tellus consists basically of a wei.ght system with a pen
arzn that records on a wax coated circular chart. The entire un¡( is
fittéd in a.robust waterproof casing and weighs only 4, 5 kg (10 lb). The
Kon;sbc rg Tellus nzea'sures.the aznplitude and frequency of vertical
ground vibrations in 'the rango 10-500 Ju and 15- 170- c/s at a inax.imum
load of 7 g. This measuring rango covers thc vibrations encountered
in most, if not a1l; rock blasti.ng techniques that are used in civil
enginecring today. T1-íe 'Kongsberg Tellus is casy to set up at ground
level or en the foundations oí a building. It is placed in a special silu-
mín by.eket I.izat is boltcd on the rock Glose to, or incide a building,
so that bo..st possibl.e rack contact is obtained. The bracket mnay be
fitied to any vertical surfac'e of concrete, bricks, stone, or rock. An
alternativ-e 'inethod ís to place the Tellus on a stand that has' spring-
suspended. heavy wei ;hts. This ensures contact with the rock oven w*with
high dov.n ward accelerations and is n,ost convenient to use when diffi-
culties'oc.cur in fixing the bracket in a suitable position. A similar
f.ffcct to the loading arrangcment can be achieved by pressing the
j'ellus by hand dotan against the rock surface.

,- - •r; ;

r-._�,,,�. i.. vrS- } •'--.:n ..•r-.-F;tr; t..+'..M.*.s`.rr.�r^�

F • �' .. ? - ' �.;,-.,..,..•.r *.. yes- r• : . .. : y.... ` rv,.:..:�. ..�:... _ - .- ...-s ,_.. - �•q



Choosc freza two Tc11us modcis }- - -^-- ?

Telita h2 (i�::�chanic�tl } ha s a j�í = • -
clockvvorl: drivc cu d r, egiste r f �• , i:.:.�``"'
aiimplít.ucles'only conti :uuousl }* /,,,f 2_f�� �,, -̀>••̀��i�
over 7 d ,..tys alter each winding . /.r U;�;�d reiV.:

Thc.rcading is recordad on a
E 1waxcovcrcd he1ica1 - forrned I .(". 1

TFLLUS TFLLUS -
papar cIisc.. No attention is
required during the 7-day
period. !'he recorc? ir,g chart
ís provided with a tinte reference
enabling tito opa ra tor to record � .,;: Ej c• .�, i�
vibraaions witlt an accuracy of
±5 minuto s.

Recording chart fo r KONGSBEf,GS
TFLLUS type N Jlctual chart día-
meter is 11 cm (4 5116"}}

Tellus E (clectrical ) is driven
by an electric motor and regís-
ters both amplitude and frequency .
of vibrations occurring during='
the period the motor is switched
on. Two 1.5 V dry batteries are
fitted fintó the lid ; they have a + ff.+ ti
working lile of 2 hours which is
sufficient for several hundrcds TFLLUS TFLLUS
óf measurements . The recording
¡S done on a single wax-covered
paper disc which is rotating at
a speed oí 6 RPM. No synchroni .
sation with the igniti.on of the
blast is necessary .

Both modcis need a rr.inimum of
maintenan¿e and attcntion.

Recordin chart for I 'ONGSBTRG TLLLUS
t e E. (Actual chart diameter is l i cm

5/16"1}



Regí stratioín ►ííli t pe E. Reg¡.trtioli with typo M.

Both Tellus M and Tellus E
iln.strumYicnts amplify the

Start/Stop vibrations before these are
switch type E
Tellus oiay recordecl oii the circular

v�eight , chart. Amplification 1s
7 . 1 5:1, meaning that a
deflecti-on of 1 mm rc.pre-

( sents 140fi peak to peak
ihart a lnplitude. Thc sc ribing -
ruido point gives clear sharp

wax traces ai—ld perrnits the use
;¡-covcred of a magn.Uying glass for

• � �{ � _ circular
chart mcasuring . If the glass has

a 1/10 mm scale, amplitudes
<s �� can be rcad to an accuracy

pon arm-- a of 0. 1 mm -• 0, 05.
Seribing

i p°i"i ach Tellus is individually
sc r1 en calibratcd bcfore dcii-very
piafen

.:::.. and a calibration curve is
�.•:, �;w;:: provided. This nzalces ít

possible t:o convert chart
Scalfng registrations (U) to actual
r�' • .,f a mplitudes (2.A) according

to.the frequcncy oí the vibra-
f_I.5V tion. F requency de -crmiria-�` ¡. Arybatterfes

¡' z, e�• (type E onty ) t:ioil (witll 'Cellus E) is simple,
and requires only the measure-
nzent of the distailce betv1een
timo adjacent pealas of one
complete oscíllation on the
same side of the base line.
This distance is converted

Case ioclang acrewa to frequeney by a simple
substitution f = (_rn_. where

10 a
D -is the diazneter oí the base

iEne circe, and a s the peak
• :iepara t-ion dise nce. .



�_c'__L►ictc r�t,.?_ C.:c:►tir:�:ii'� 1 il>r.�.t ioii

Cni :ti r►1 i ti' acl:i,i'' cl v. II rn '1 o11 lvf

and T,�)IL S l:--av e usad t 0,g,411er

Tcllus M, driven by clacl;��rozlc, runs foz• 7 days,. and records ariplitudes
only on its circular spiral cbart. The chart scaie is hours (1-21) and vib- {
ratiori times are read-able Lo plu::/rnin.us fivc mi:r_utes. I£ a nun-ibcr of
Tel)its lvi recc.'rders are placed out in the vicinity of the b1asting- sito, a
continous record of the vibration a mplitudes occurring during a 7 day
period w:'i ll be ob tained. ''he ''ellus E, battery.driven, supplements tüe

• long pexiod recording, anct, in addition to aniplitude, registers 4-he £re--
cjuc2:cy o£ tiie vibraticns. The cletc'azr.;nation �f frequcncy is o£ vital iin-
portance at pcsitions that are particularly exposcd. Thc Tellus L is
switched on i)cSOre blasting starts.

More than 60 I�ongsher g Tellus instruments are now in use' in Norway.
A'typical application of these reliabl.c, robust recordcrs vas tlicir use
-in v i.b ration control in conncxion with the blasting of a double tunnel in
Oslo, tlzb N'orw'cgian capital. The tunn.cls pass unciera built-up arca,
anci Tellus M.f recorders werc placed fixed to tez foundation wall in six
of the houses. In house No. 4, the.most exposed, a Tellus E loas also

• installed. Thís layout gives a complete pi.cture of the ground vibrations,
tlicir freq•ec.ni:y, a.mplitudc, and time of occurrence. An analysis of the
charts confirnns the correctness of the blasting technique and provides
wri.tten confir!nation of tlie damage factor, of vital in-iportance in any
question of co,,.-nplaints, da.nnage or con-►pensatiori•

WDICIITS & D11.1ENSIONS
L

Eacli Tellu: is provided with a wooclcn carryzng case with holder for
a set of spare circular charts. Diincrísions are:

Len tli Depth Hei lit 1'►reight

Tel.lizs instrtiment .190 mm 130 mm 168 mm 4,5 kg _ i
7 . 1/2 in 5 1/8 in 6 5/8 in 10 lb

Carryiñg case 245 mm 160 mm 200 mm
9 5/8 in 6 1/4 ir 7 7/8 in

Battcries (T ),pe E only) 2 1.5 V Transistor batteries (25-mm
50 mm long)

In accordance -with our The Konl;sberg Tellus, deve-
pol.icy of progressivc lopcd in conjunction with the
clevclopment wc reserve NOrwegian Rock Blasting Inste- r E
thc ri.ht to alter speci- tute, is inarketed throughout
fications without notice. the world by Craclius, a mcrn--

ber of the Atlas Copco Groc_p.
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Seif-contained Iightweight suitcase package 0 Fourth channel -dB air concussion and noise

Direct Particie Velocity recording
recording°

Peak meters for immediate resulfs°
El Calibration pulse every record to certify [U Tape data played back by Vibra-Tech for analysis

equipmentaccuracy and report

2,í Thre : channels for 3-component vibration. Size: 191/z" x 71/z'/. Overall weight : 24 lbs.
information El Recording time: up to 1 hr. Standard "C" ceils

0 Vibra-TapeT" advantages oven 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 practica! and effective for pile driving and industrial vibration record- ,
irig --Voice data and/or soúnd effects recording -- More sophisticated record
analysis --Tape eliminates 'exposure risk and, inconvenience of film and
camera.

z°Options -- 3-component BLAST PEAK METER provides immediate vibration
. ;, effects and comparison with occupational vibrations for more effective com-

plaint settlement. Air blasts effects recorded on 4th trace in decibels and lbs.
• per sq- inch thru hand held SOUND LEVEL METER.

V IBRA--TECH ENGIN EE S 1 N CDRP®RATED

lst & N . Church Sts. --- Hazleton , Pa. 18201 (717) 455-5861.

x - �+^^^4 - Pittsburgh , Pa. (412) 366-2773 • Charleston , W. Va. (304) 342-2894
ter detaf1s corltact ' 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. EÁST COAST VIBRA-TAPE PLUS OPTIONAL VIBRA-TAPES'
QUIPi1ENT , CENTRAL PLAYBACK EQUIPMENT, RECORD REPRODUCER , AND RELATED ACCESSORIES, ETC.

fibra-Tape

tandard " Vibra -Tape' 3 data chanñels and 1 voice channel . Calibration
,ulse every record. Includes carrying case and 5 cycle low limit 3
.omponent transducer -------------------------------- r------------------$3100.00

Same- -with 2 cycle low limit transducer ------------------------------- 3800.00)
Ve find 5 cycle transducer satisfactory«for 90%+ of situations)

WDITIONAL VIBRA-TAPE OPTIONS

3 component " instante reading Blast Peak P1eters - add --•--------------- 400.00

kir concussion microphone and input circuitry ( Peak reading DB
)ressure , subaudible and audible , 2 cycle low limit', fast rise
impact capability for'4th channel ) - add -------------------------------- 860.00

.ENTRAL PLAYBACK SYSTEM FOR VIBRA-TAPES-

Standard central playback system --------------------------------------- 4050.00
ro include playback air concussion 4th.channel *for 4 trace sound
record - add ----=------------------------------------------------------ 228.00
(Can service many Vibra-Tape Units)

************************************.****•*

RECORD REPRODUCER

3 Galvanometer recorder for 3 component standard . Vibra-Tape records --- 1530.00
To include 4th Galvanómeter for air concussion 4th trace add ----------- 60.00
(Can service many Vibra -Tapes Units)

"Direct write" record 3 5/8" paper - per 100' -------------------------- 10.50

ACCESSORIES

Sound Leve] Calibrator for peeriodic . check of air concussion units ------ 400.00
( Can service many Vibra-Tape Units with air concussion options)

"Super Dynamic " Cassettes.'( We use TDK C60 + C30 -- running - time for our purpose
30 and 15 minutes ). Head cleaner cassettes and cleaning fluids ,." soft-pak
plastic containers and padded mailing envelopes.
Demagnetizer to erase and reuse cassettes.

Note: We have annual renta] prices for Vibra-Tapé in U. S. A.

Note: Items below asterisks may be available commercially in the open market.



VIBRA-TECH ENGINEERS, INC.

VIBRA-TAPE
• Particle Velocity Analog Recorder

COMPREHENSIVE PROTECTIVE SERVICE

lst Month -------------------------------------$ 350.00 in advance plus record interpretation
2nd hMonth ------------------------------------- 250.00 " u u „ u
Each additional month ------------------------- 150.00 u

Annual Contract -------------------------------$1620.00 Plus.record interpretation•+'taxes.
where applicable (Payable at-$135.00 per month in advance).

Annual Payment in advance ---------------------$1506.60 (This is a 7% discount for advance
yearly payment). Plus record interpretation + taxes where applicable.

WITH.VIBRA-METER ONLY
Immediate Peak Particle Velocity Indicating Meter'

To be used only in conjunction with recordings being analyzed from Vibra-Tape

1st Month -------------------------------------$ 375.00 in.advance plus record interpretation
2nd Month ------------------------------------- 275.00 a u u u
Each additional month ------------------------- 175.00

Annual Contract -------------------------------$1920.00 Plus record interpretation + Laxes
where applicable (Payable at $160.00 per month in advance).

Annual Payment in advance --------------------- 1785.60 (This is a 7% discount for advance
yearly payment). Plus record interpretation + taxes where applicable.

'WITH AIR BLAST RECORDING UNIT ONLY

lst Month ---------- --------------------------- $ 385.00 in advance plus record interpretation
2nd Month ----------------- 285.00 n „ u n n
Each additional month ------------------ ----- 185.00

Annual Contract -------------------- ----------$2040.00.P1us record interpretation + taxes
where applicable (Payable at $170.00 per month in advance).

Annual Payment in advance --------------------- 1897.20 (This is a 7% discount for advánce
yearly payment). Plus record. interpretation + taxes where applicable.

WITH BOTH VIBRA-METER & AIR BLAST RECORDING UNIT

lst Mónth -------------------------------------$.400.00 in advance plus record interpretation
2nd Month ------------------------------------- 300.00 u u H „ u
Each additional month ------ 200.00 "

Annual Contract -------------------------------$2220.00 Plus record interpretation + 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).' Plus record interpretation + taxes where applicable..

VIBRA-TAPE RECORD INTERPRETATION

Analysis in With 4th Trace
Peak Particle Velocity Air Blast Analysis

lst 10 records each month --------------------$ 12.00 each Add two
2nd 10 records each.month --------------------- 10.00 each' dollars per
3rd 10 records each month --------------------- 7.00 each record
4th 10 records each month --------------------- 6.00 each
Records over 40 each month -------------------- 5.00 each

1/1/73
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If you plan a relatively large operation like ours with central
playback system ( s) you'probably should have at central location (s) some
standard test equipment --oscilloscope, wave generator ,. etc. Al] available
in Spain , no doubt.

GENERAL COMM:ENTS

The very minimum you could start with would be 1 standard Vibra-Tape $3200.00;
or same plus " instante 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 distance -- except for preliminary testing and familiarization--this might

.. not prove practica], even though we could turn out and mail you repo rts
airmail back within a few days of the receipt of your cassette;also you:
would have the "instante reading 3 - component blast peak meter option for
quick results.

Assuming 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 aboye; and any desired or needed
accessories also shotin above --probably available in Spain . Remember (a)
and (b ) aboye 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 appropriate.

ELECTRIC POWER REQUIREMENTS

Vibra -Tape` and its options operate from " standard" C sized alkaline batteries.
These batteries are good for many shot recordings and last for months
depending on type of use , are cheap and readily replaceable here, and probably
in Spain. Battery test meter on each Vibra-Tape

Both thé central playback systems and record reproducer require 60 cycles--
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 requirements redesigned to conform to power.supply in Spain. -

ALTERNATIVE

As our Vibra -Tapes® 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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Nave standard 50 magnification and read out three.traces--vertical, longitudinal,
and transverse--on timfng line paper film (also direct write) in amplitude
and frequency. From such records various criteria can be calculated--velocity,
acceleration (which we dislike for blast.criteria) Energy'Ratio, etc. These
currently cost new $2700.00 F. 0. B. St. Louis. As they are replaced by
Vibra-Tape we could make these available to you at approx. 1/2 neví-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 lbs. with
1nterchangeable cameras..

Frankly, with advent of Vibra-Tape we consider them "old fashioned -
but they wilh do an accurate, good al] 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.

These may be used by your own men orto rent to.clients and have them`
mail the small camera back with undeveloped film intáct and shot report for
developing analysis, asid report. WW1e also shortly may be able to offer you
some used but good operative condition Sprengnether Velocity Seismoaraphs.
These'retail new $3770.00. We could furnish you these at at least $1000.00
discount, depending on exact condition and age.

1-lewever, the convenience of mailing cassettes in vs mailing small cameras
is so attractive to our.customers, that they prefer the more costly Vibra-Tapes
almost universally.. We prefer the "old" displacement instruments over
Vibra-Tapes only occasionally for our own engineer personnel use where we
need .to examine some special low frequency biast vibration problems, and want
a direct amplitude-frequency read out.

As stated before--so far as U. S. A. is concerned we almost entirely
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.

So, use of these "old" displacement insruments.would have'convenience
disadvantages to you compared to Vibra-Tape 2. They have advantage to you of
low cost, and especially if your blast criteria requires direct amplitude
and frequency records.

Vibra-Tapes' 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 of any points needed,
questions, etc.
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Thanks to developments in rock blasting techniques, buifd-
ing contractors, quarry ovjners, and civil engineers are to-
day able to excavate rock material more efiiciently and
much closer to buildings than for a few years ago. The in-
creased use of explosivos in.built-up arcas calis for careful
planning of the blasting operations to avoid damage and
Irritation.

Excessive ground vibrations will cause damage to property.
People living or workíng near the blasting site experience EFFECTS ÓF VIBRATIONS ON BUILDINGS 8 PEOPLE
discomfort ... oven when the vibrations are far below the
leve¡ that will cause damage. This leads to coniplaints.,
claims for damage compensation, official inquiries, risk of
work stoppage and loss of production. �� •` ,�\ w

Safe blasting in a damage ser,sitive envirónment calls not
only for careful planning and execution of the blasting-prog A
ram but also for accurate pnd continuous measurement and Banalysis of ground vibration leveis. This is the only way to
eliminate unnecessary claims for.damage„compensation C w
and lo ensure that the blasting program meets specified p
safety' requiremenis.

How is damage factor determined?
There- are four factors lo consider when assessing the
damage effect of ground vibrations caused by blasting: F

Amp!itude, Velocity, Frea ;oncy, Acceleration
A v f• g

For vibrations in the range 15-150 Hz (c/s) -• usual in rock
blasting - it has been shown that G
1) Damage factor is directly proportional to amplitude (A)

and freque,ncy (f), but inversely proportional to
compressiona1 wave velocity (c) . `z

=K• ACfD

it is only necessary to measúre the vertical cómponent É H '
of the ground vibration, since Chis as a rulo is the a , oaa,o To w �o w sa ro eo vo ,w i o ,w
significant factor. Frequency Hz (c/s)

t) Measurement of amp!itude alone does not give a sound
basis for correct assessment of damage risk. 38.7A V =230 mm/s Considerable cracking A = f mm

-h ls is clearly. seen from the results obtained at two 8 V = 160.mm/s Cracking A = 25,8 mm
1easuring points on buildings sorno 30-50 m (100-165 ft)
rom a tunnel construction. The charge was 45 kg (100 lb) 19
/ilh 1/2 second detonalors with maxirnum 6 seconds delay.

C V = 120 mm/s Danger for soma cracking A = mm

:harge vas divided into 12 parts, detonated at 1/2 second f Uncertain sector
�tervals. l

Paint 1 Polnt 2
D V = 85 mm/s - possibte fina tracks & plaster tal¡

in ¡r • 2O' 180
in Hz (C/s) 15 110 E V = 70 mm/s Usuaily no risk of cracking A = �- mm - 15 mm
Ing • 0.177 8.59
in mm/sea 18.84 124.34 F Povierfut effect on man A =

3
5S mm

ho vibration velocity at point : was 6.6 times as largo as G Uncomfortabie effect on man A= Dsó rnm
iat at point 1, although the measured amplitudes liad • f.
e same magnituda. The noed lo know both amplituce and H B iely .noticeabro by man A °G mm
equcncy is oven more clearly seen when tito aboye f.
bration data is entered in figure 1. Fig 1
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Registration with type M.
<, • ' Fig 2

' >< Tetlus [:! has clockwork drive and records unattended
5- ± for 7 days on a helical chart. It records only maximum amp-

litude variations. The chart is hour graduated and vibration
_t.,., • .. _.•�� times are readable lo within ± 5 mnutes. Tellus M is pri-

'"" yY maritY for use in arcas where vibration frequency! is known
and where low.cost, long period supervision is r.eeded.

-r V

r 0 u

iRegistration

Base Line

7. E.
L'ig 3

Tellus E has a battery driv.en efectric motor, and records1 Weight on a single wax covered paper disk that rotates at 6 re•://min.
2 Transport clamp" It register both amplituda and frequency oí ihe vertical
3 Chart guide vibrations that occur while the disk is rotating. Tetlus E may
4 Pen arm be switched on up lo 5 minutes before detonation tales

place, whereafter it is switched off. A new chart ts required5 Writing platen for each shot.
6 Sealing
7 Case locking screw
8 2 1.5 V Dry batteries (type E onty) Accurate reading of amplitude and frequency
9 Scribing point

Figures 2 & 3 show hour simple it is lo analyse a Tellus re-10 Wax covered circular chart cord, whether amplitude only from Tellus M, or amplitude
11 Start/Stop switch Tellus E only and frequency from Tellus E. The fine tinos etched in the

wax by the scribing point are easy lo read. Each Tellus is
factory tested on a Ling vibrator and an individual fi Pquency/,

A simple instrument for continuous vibration amplitude calibration curve is provided. This means that
measurements recorded amplitudes (U in fig 2 & 3) are quickly arad casily
The Kongsberg Télfus is a single channel, direct writing, converted lo actual peak-to-peak displacement values (2 A)
robust, and simple recorder that takes continuous mea- with respect lo the frequency oí the vibration. Detormination
surements of vertical vibrations caused by blasting. lt oí frequency from a Tetlus E record involves only the mea-
comptements the various types oí more complicated vibra- surement of the distance bet:veen 2 adjacent peales on the
tion recarders that are in use. in that it requires no same sido oí the base lino, and the conversivn oí this dist-,

ahce lo frequency by using the formula:specialist training lo set-up and operate.

The Tellus consists oí a suspended weight 1.2 kg (2.65 lb) _ n • baseline diameter D
with frictiort damping, whose movement is recorded on 10 peak distante. a
wax covered paper by a scribing point mechanically linked
lo the weight:The measuring system is fitted in a water-
proof, cast-silumin case that, with its holder, may be bolted
lo vertical or horizontal surfacz-�s. Total weight is only
4.5 kg' (10 Ib). Tuvo versions, both for continuous recording, Tochnical specifications, including operating rangos, of tho
are available: two versions are shown overloaf.
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A4ay be set-up and.use.d by non-skiilect pcrsons A Tellus chart take no more than tireb.minutes to r•�r:-oov e, •
rl1c�gnif}'iriq gi:l�S r' �:r�Thanls te i!s comructnn s, robcatness aru simplicity, the

read and c naiyse. Using the 8x. vy itii 0. 1
scale divisions gives annplitude p cic-off dowa to' 10Tellus recorder is qulckly moved betwcen and s.t-up at without difficulty.different rne suring points. lis holder bo!ts lo vertical • or

horizontdl surfaces; it naeds no special protection against The recorder is delivered in a wooden carrying box cornp-
weather or flying debris. it requires no :upervision during late with magnifying glass, a set of disks for ICO recoies
recording, and little or no trainir:g ;s reduired -In its, opera- or a set el helixes for 70 days measuring, ar.d a silum!n
tion. Tellus is the vibration recorder for the nri-on-the-job. holder for boiting lo vertical or ho; izontaf surfaces.

E- n-

Records cortinuousry andgi•res on-the-spot control !tt�`�"
el blastin si fety 7 - • •/Q 'r

Direct and continuous recording en wax covered - papar r'1 I �. ,a, ,•.,. r ' ,, x
cuas dowm data analysis time, and malees it possible te
adust a b' cstino pro,1e rem as work roceeds. Rat1 p e of f ,. .•
pror uction goes up since maximum effective charges rrtay :!' •.i �1,
be t.sed v:ithout risk for exceeding accepted thres►Yold
values of vibratíon leves. í i

¡ i 1Lori cosí insurance ag c.ilna, t damêge compansat I-on c.i4ims

There is verYlittle te. 9o wrong in a T„ilus recorder• thore
are few moving parís; rraintcnance is easy; service lile is ,ws
long and troublefree. Al¡ this means a low cost insurance
ttrat provides vwritten evidente te meet unwarranted claims
for damage com ensation. With the increasing em hasis
on pre:.:°rv tion and improvement of our natural environ- N . -, •�-- � �;
rnent, the Tellus vibration recorder is an insurance thal no
building contractor, quarry operator or civil engineei can r y '
do vs•ithout.: ti, �S i F 1 r

Use tIm Tellus for acctrralo vibration control

Tho Tellus E gives spot measurements of vibration empli-
tude arad frequency, while the Tellus M gives continuous
amplitude measuremenls over a 7-day pariod. Combined
use of the ��ro,ypes gives a complete picture of the vertical
vib:ations occurring during a blasting operation. Tellus -°`
recot'ders complernent the more advanced vibra ion '`
measurfrtg instrumenta that are in use, and malee it possible # ?'
lo wíden the net of measuring points ... with ono of'the
lowest capi,al investments lcr Chis type of equipment.
.The Tellus opcrating ranga covers most, if not all, of the f;. • .. �,r,.?
range of vibraticn frequencies and amplitudes met with in
rock blasting•

Tellus rango Crou'u vibration magnitudes . t 1 r
Freocency. • • 15-170 Hz 5-500 Hz (cls)

Loose sand, clay 5-20 Hz��._+ .Tl
Loose rock 30-40 Hz yF *-�� `�?r~
Hard rock 40-100 Hz

Amplitudo 10-500 u. 5-800 ir (1 tc = 0.001 mni)
Acccieration • Up to 7 g 0.01-10 g

Length Depth Height Weight Let a Tellus recorder cut the costs and timo of your ground
Tellus instrument 190 mm 130 mm 168 mm 4.5 kg vibration measurements

7112 in 5'/s In 6 s/e in 10 lb ,
Carryying ceso 245 rnm 160 mm 200 mm 1 .5 kg Get in touch with ABEM to-day, either direct or througha In
Sitlun: holder 246 mm 160, mm 240 mm 3.5

14111-D
-.9 your local ABEM representativa, and gel more in;ortnation

9 s4 in 6 -/,e in 9 5/3 in 7'/, lb about vibration measurements. Learn how you aso can
r3atteri .s (Type E only) 2 1.5 V Transistor ba!teries (25 mm 0; jet a low cost insurance against unwarranted damage
50 rara ton j) claims.

wrT•w.>.- . ., _ _-P--Ia--- r.r�.w,.�r. w..w...+rw...wra a•.uira�w�.�.•r.iw. •wiV�'tc_w..• T
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:MAN EL BUENO.121 VEGARADA, SA. áz n ��1¡tF. 253 42 00

OFERTA N.° 11/3

:SA NACICNAL ADARO Fecha Pag.

División COMERCIO EXTERIOR Dept.°

idod C O N C E P T O Precio TOTALESunitario

REGISTRADORES DE VIBRACIONES KONGSBERG TELLUS.

MODELO SEn

1 Registrador TELLUS E. accionado por batería para re-
gistro de amplitud y frecuencia , completo con caja
de transporte de madera, 2 pilas de transistor de
1'5 V., 100 gráficos circulares, 1 curva de calibra-
ción, instrucciones de funcionamiento y

• 1 soporte de silumiriio fundido para acoplamiento ve
tical u horizontal, ref.: 3364546, y
1 lupa de 7 aumentos, con escada de 0'1 mm., re£.:
4361212. ........... ...........:......... PESETAS, 101.050'-

Repuestos

10 Gráficos de registro para TELLUS E. ref.: 4361180 PESETAS 1.284'-
1 Juego de'piezas de repuesto recomendadas para TELLU

E y TELLUS M, ref.: •3364, comprendiendo:
1 Brazo de escritura, ref.: 3364526.
1 muelle para peso; ref.:'3364538-

- 1 muelle.para articulación de pluma, ref.: 336453
- 2 aros de sujeción de papel, ref.: 3364521.

PESETAS 2.953'-
1 Soporte de s ilwninio'fundido para acoplamiento vert

L+cal u horizontal, ref.: 3364546 .......... .........T - PESETAS 4.623'
1 Lupa de 7 aumentos, con escala 011 mm., ref..: 43612

2 ................................................. PESETAS 2•.825'-
1 Motor eléctrico para TELLUS E. ref.: 3361155 ...... PESETAS 12.583'-
1 Soporte de batería para TELLUS E, el par, ref.: 4361

156 ................. ..............................i PESETAS. 1.027'-
Pilas de transistor 2 x 1'5 V para TELLUS E. ref.:
4361175 ........................:................... PESETAS 3081-

1 Interruptor arranque/parada para TELLUS E, ref.: 436
0474 .........:....................................f PESETAS 258'-

TOTAL PESETAS ......e .......ee...e... 126.9111-

•



- `oGUZMÁN EL BUENO. 121
MADRID 113 11 VEGARADA, SA.
TELF• 253 42 00

OFERTA N.*

Fecha Pag.

División Dept.°

PrecioCantidad C O N C E P.T O unita rio.. TOTALES

MODELO ,W' - Hoja nQ 2 -

1 Reloj TELLUS M, 7 días, para registro de amplitud ,
completo con caja de transporte de madera, 10 gráfi
cos helicoidales de 7 días, curva de calibración, -
instrucciones de funcionamiento,
1 soporte de siluminio fundido para acoplamiento ver
tical u horizontal, ref.: 3364546, y
1 lupa de 7 aumentos, con escala de O11 mm., ref.:

• 4361212. ............................. PESETAS 101.050'-

Repuestos

10 Gráficos de registro, 7 días cada uno para TELLUS M,
ref.: 4361180 ...................................... PESETAS 1.284'-
Juego.de piezas de repuesto recomendadas para TELLUS
E y TELLUS M, ref.: .3364, comprendiendo: .
- 1 brazo de escritura, ref.: 3364526.

1 muelle para peso, ref.: 3364538.
- 1 muelle para artictilación de pluma, ref.: 3364532
- 2 aros de.sujeción de papel, ref.: 3364521.

.................... PESETAS 2.953'-
Soporte de siluminio fundido para acoplamiento vertí
cal u horizontal, ref.': 3364546 .................... PESETAS 4.623'-
Lupa de 7 aumentos, con escala Otl mm., ref.: 436121
2' .............................................:.... .PESETAS 2.825'-
Máquina de reloj para TELLUS M, ref.: 3365016....... PESETAS 8.475'-

TOTAL PESETAS ........................... 121.210'-

- Precios: Almacén Madrid.
Plazo de. entrega: 60/90 días.

- Validez oferta: 90 días.

.
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G Direct. Print-Out for Immediate Data Analysis

o Self Contained Rechargeable Batteries

o Portable

e Rugged Construction

GENERAS. DESCRIPTION

SINCO manufactures the S-2, a two-station, three- • The measurement of vibrations is accomplished b
component, portable velocity meter desígned sensitive, portable, electronic meters, providing
expressly for vibration monitoring. The system will permanent, visual record that can be judged agains
record three components of vibration at two standard damage leveis. These levels have been deter
Iocations simultaneously on a single chart. The mined through extensive search by federal, state anc
'Iocations may be separated by as much as 2000 feet. prívate organizations and, are acceptable legal stan

dards.
The recórding oscillograph uses direct-writing, dry
photographic chart paper providing a permanent As a planning aid, vibration monitoring is effectively
record that is immediately legible. The chart speed •applied by determining the rafe limits of explosivei
may be variad to suit individual conditions. that can be used. During actual operations it is the

definitive tool for measuring vibratións and in inval-
The system is self-powered and may be usad in any uable as a legal safeguard against damage claims.
location. A rechargeable 12-volt.battery will operate
the system for several days under normal conditions. Measurements can be recorded quickly and accurately

in any location, under all conditions. The equipment
A remote control enables the instrument operator to. is portable, yet rugged, and can be transportad to any
have greater freedom of movement to coordinate location or instailed semi-permanently at a specific
operations, site.'

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

Vibration monitoring aid the control of damage
problems caused by such factors as blasting, pile 1. Energy Ratio (ER) - calculated from frequency
driving or the operation of heavy equipment. These and displacement or acceleration.
mining, construction and engineering methods can
create ground vibrations severa enough to damage 2. Particle Velocity - scaled directly from the.
structures, or to create the fear of damage. record of velocity meter.
y
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control UJlltfOr¿he S-2

..4...:.' �a �.ai�r•�.o �ti ¡vil `.. "ice r�ystem

abOve right:- optional 1000400t transducer cable
with breast real

i �,,� n ya'Ight: two transducer packagas

article Velocity and Energy Ratio are directly and one vertical directThe- system may thus. bea'roportionai; e.g., aparticleveloci ion-of 1.8 in/sec ==R 1.0. The direct measurement of particle v*elocity
treated mathmatically as the ' conventionai X-Y-Zmost convenient because it does not require
°rthogonát axes system.

requency anatysis of complex wáve forros and can be^aied directly from a velocit recordin by non- trace
individual detectors within each package record a:echnicai personnel.

Y race upon the oscillogr ph chart. Maximum particlevelocity is indicated by the maximum displacement'he S-2 VELOCITY METER visually and permanent-
<)f the trace from the static leve¡, that is, therecords the actual net changa in particle velocities
maximum peak rise of the trace from its normalf the vibration or shock waves at the location of the
position. This is illustrated in the fol¡owing diagramaatector package.

he three velocity detectors within each package are T M 1C_PKE
PEAK PAgTKX,£

E Vcatad along orthogonal áxes. This coordínate
CTIWI

[tOGTy
•stem designated as L-V-T orients the actual direc-?r: of particle displacement or ground motion- in naT1C=q �=�ace in terms of particle velocity. The longitudinalL axis is in the long direction of ¡he tránsdueer The maximum peak rise of the trace from the' staticckage. The transversa or T axis is normal to the L trace leve¡ is measured directly on the chart in inches.is and líes in the short direction of the package. This value is multiplied by the. sensitivity settingte vertical or V áxis is normal to both the L and T (clearly marked on the control knob) at which thees (i.e., at 90 degrees). This gives two horizontal recording was made. The result.is. V, particle velocity.



VISIRATION MONITOR

Pr ive List
al] erices f. o.b. seattte November 1, 1972

Complete Model S-2, two station Portable Vibration monitor including
two sets of triaxial transducers , two 100-foot lengths o£ transducer
extension cable, internal rechargeable battery power supply, and
operator ' s manual. $5 , 950.00/each

1000 -foot lengths of transducer extension cable mounted on portable
aluminum breast reels , $ 575.00/each

Recording Chart Paper 3-5/8' x 100' $ 9,00/roll

Model S-2 RENTAL SYSTEM

Complete t•Iodel S - 2, two staton 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 manual. . $ 600.00/month

Mininum charge: $100 . 00.per day or $200.00 per week plus $50.00 per
day•after first week up to a maximum of $ 600.00 per
month.

a 1003 -foot lengths of transducer extension cable mounted on portable
aluminum breast reels . $ 40.00/month

SERVICES OF STAFF

Engineer to operate instrument or train client's personnel in use
-of instrument.

Field time and travel time (Seattle to job site . $ 18.00 per hour
and return)

Expenses : Transportation, per diem and
miss . travel expenses , at cost.

Engineer to traín client ' s personnel at our Seattle Office, approxi-
mately • 4 hours. $ .75.00

3668 Aibion Place North, Seattle Washington, 93103
S

! S i:
(206) 633. 3073, able: SINCO, Seattle

Foundation and Structural Instrumentation Slope tndmator Con+pany



ECIFICATIONS

quency response: Transducer Package Size:
Fiat within ± 10% in terms of vibrational particle Height: 2.5" Width: 4.0" Length: 8.0"
ielocity from 6 Hz to 150 Hz Weight w/o cable: 1.0 lb.
�sitivity:
Isitiv.du�! controls for each set of transducers O.S.

Transducer cable: Each transducér is furnished with
a 100 ft. cable1.0, 2.0, 5.0 and 10.0 in/sec of particle velocity per

nch of trace deflection of (1/2 peak to peak) Power Requirement• 117 VAC for battery charger

corder: 6 channel recording oscillograph Instrument Case Size:
Height: 8.75" Width: 19.50" Length: 15.625"

art Paper: Direct-writing, dry photographic chart Weight: 45 lbs.

art Size: 3.62" x 100' Accessories:
1000 ft. transducer cable mountéd on portable

art Speed: Adjustable to 1, 5, 10 or 50 inlsec cable reel.
Remote control.

• c

(f Siope Indicator Company
3668 Al ioñ Place North, Seattle, Washington 98103 ,yes
(206) 633-3073, cable: SINCO Seattle `res

rr,•.:T.-.q...;a.+w.�r.rr,•T•+,..;w•.,w�v� ;,n•:l-¡r».-r.:;r_n.-;!v:•--vwrtrr..c..-.n.•........•....:•+.^.-...i.'�t; -,^^..�r^•.W. ,•e•..
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The oasis for advanced blasting technique or cautious blastmg with coctroiled rounds whiehare fitted to surrounding grounds and buildings was made after the second world warby introducing the sho rt delay blasting technique and by the development of ground vibra-tion instrumenta.

The necessity of a technique for controlled blasting has been accentuated through thé in-tensive construction activities in la r'ge communities.



The demands for careful and quick measurings increase when
the knowledáe about the technique Is spread,
more and more "intricate" blasting sites will become actual (e.g. close to monumental-
buildings, churches, ruins and_ other cultural monuments),
the electronic equipment in buildings becomes more and more refined and sensitive for, .•
ground vibrations,
the demand rises to be able to make use of largest possible rounds up tea controlled
maximum charging level.

In order to.be able to meet the mentioned demands and at the same time develop the tech-
nique, a new ground vibration.instrument has been developed which In comparison with the
already existing equipments has the following advantages:

1. Measures ground vibrations on seQeral points at the. same time. (Eárlier one instru-
ment=one measuring poínt.)

2. Calculates itself the values to desired magnitudes. These are the vibration vetocity :
and the acceleration of ground vibrations (These must be calculated from theval-:
ues from other ínstruments.)

3. Watches the measuring place (=working place) continuousiy one month without
supervision.' With the other instruments a combination óf a weekly control. of the
ground vibrations and a special control measurement on each shooting occasion is
applied.

4. Easy to read . for the attendants at the premises so that they can check that the
blastings are made below tha admitted limit values.

5.. Possible to develop in the wáy that transm;ssion of data can be macla by phone to a
central for judgement of the results.

6. Possible to develop in the way that the measuring instruments can be exchanged
for measurement of other disturbances.

The neme Vibracorder is a combination of the words "vibration" and "recarder". In other
words an abbreviation of ground vibration measuring instrument.
With this complement to 'the earlier instruments, the Ampligraph and the Combigraph, we
should be able to meet the demands at the premises in a 'still better way. -

Stockholm 1970

Nitro Consult Ltd

Address Telephone . Cables
Box 238, S-127 25 Skárholmen 08-7100760 nitroconsult, Stockholm
Stockholm, Sweden Bank
Telex Stockholms- Enskilda. Bank
17519 consult
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How ¡t operates and how it should be used

The Ampligraph is a vibrograph designed for long periods of recording which
has been developed for continuous registration and mapping of gróund 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 only the amplitude of the vibrations and the times
at which they occur are noted.
When more detailed investigations are being made in..critical cases , supple-
mentary measurements must be made with instruments on which both the fre-
quency and velocity of vibration can be calculated .. These instruments are
known as "Combigraph", "UV Recorder " and "Vibracorder".



Technical data

Reference weight 4.3 kg
Natural period of vibration during vertical measurement 3.1 cycles/sec, during horizontal measurement 2.7 cycles/sec
Amplification factor 5.
Continuous recording time 8 days
Movement of recording paper 0.2. mm/min
Resolution time 10 seconds.
Externa ) dimensions width X height X depth = 285 X 175 X 70 mm
Total weight 7 kg

The instrument is firmiy screwed onto a wall, beam or other suppo rting structure
in the building where measurements are to be made.

ZPIM8- w - Nys. i: I;

ra
,
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instrument installed for vertical measurement.
In the case of ve rt ical vibration measurement the instrument is installed with the
carrying handie upwards. For vertical measurements the weight must hang in the
spring.

Instrument installed lar horizontal measurement.
In the case of horizontal vibration measurement the instrument Is msta11ed with the
end where the lock is fiitted facing upwards . When the instrument-with the weight - .� ...�•-
still secured-has been firmiy attached to the wall, the large spring at the arrow is
unhooked from the bright pin on the weight.

A template can be usad when the boles 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 firmiy , screwed 1n position if the correct readings C

'i W

are to be obtained . If plastic plugs and wood screws
are used , then the screws must have countersunk
heads.

The Ampligraph must be blocked when it is being
moved, while the clockwork mechanism Is being
wcund up and while the recording paper is being in-
serted . (The locking buttons can be sean at the ar-
roto on Fig. 1.)

White the instrument is being transported, it is ex- '• �� "-� ;,.,' ,� �,,.,,
tremety important to ensuré that the wooden support
block is in position . lf this block is not correctiy
located , the instrument can be damaged. °



momo~

The clockwork mechanism is wound up by turning
the serrated cover over the clockwork housing in a
clockwise direction until fully wound:

The recording paper helix is fitted as follows . >srceo-
Remove the lock ring from the square head on the
clóckwork mechanism . Lift up the black tapered "roller
from the recording plata. Fit the recording paper
which consists of eight waxed discs taped together
on the square head of the clockwork mechanism. �á t
See the illustration . NOTE. The recording papar is
iocated under the recording plata a) the guide plata

iY
\ L.

rb) and the guide arm c).

Press the tock ring "firmly i nto position and move up
the initial tab on the first recording paper dise be-.
tween the guide plata and the actual recording platea

. _�.T

Tum the outer- dise forward so that it completely
• covers the recording plata and then lower the thrust
roller at the arrow so that the dise is pressed against
the plato.

- -_ _ _.. _ _ . _..i�..,.-ter�' _ .. _ _ :. • _

Release the weight by .pressing in the Breen button
on the weight so that registration can occur. If
necessary. adjust needie pressure by using the ad
juster screw on the recording arm at the arrow so �.:
that the fine marked is only just visible to the naked
oye.



U- se the graduations on the recording disc to set the
recording needie at the correct time marking . This le
.:1.. cited by a fixed pointer. (See the point of the re-
cording r eedie in the i llustration ) ate,.

:pr• ��� r�it�� l" � -�.
� * � t c

—Qu

k ra �. F
_ SS{{ Y r

cake sure that the initial tab on the first recording • . ^> A
csc is bent forwards so that it is definitely taken in
':ont o # the guide arma The point on the.tab must be
éent so that i t cannot jam on the urtderside of the
coser while the instrument is operating.

f ♦'

77

The instrument in operation:
The position of the zero line during vertical measure-
menas can be adjusted by raising or " lowering the ri - Yes'.
main spring . suspension nut. (See arrow.) First loosen
,tse fo:k nut and then turn the screw.

C + z,

y 2

When changing recording discs and when ' taking
down the instrument-do not forget to block the
weight by pressing in the red button..

Y+-c

1 _

':'Ihen preparing for transportatiort , malee sure that the
iooden support block Is in position and that al¡ the
accessories have been replaced in the case.

14
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Carefufly note all information on the Ampligraph recording dise

Some practica] hints

When carrying out evaluación, it is convenient to cut thé recording disc helix at
the taped joints. Before cutting, note, the date and other info rmation on the
Ampligraph recording dise
When the Ampligraph is started, the time at which this is done should be
marked in some way on the recording disc, for-example by rocking the weight
so that there is a transverse line (see arrow) on.the zero Iine.

Evaluating the Ampligraph discs:

When the Ampligraph is operating and no vibrations óccur, there is only a light
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 liné. The length of this transverse line indicates double the amplitude (2A)
multiplied by the degree of instrument amplification (5 times).
The actual amplitude of the vibrations (A) is obtained by dividing by 10.'
Example: A registered value of 1 = 0.7 mm, then the actual amplitude is
_ 0.7

A 2x5-0.07mm

The amplitude is often expressed in w and since 1 i = 1/1000 mm, then A in this
example becomes 70 µ.
An amplification factor of fi ?e is usually sufficient in al¡ practica) measurements
of vibrations from blasting. If a magnifying glass is used, this amplification
factor enables vibration amplitudes of down to 5 i' to be read off with a satis-
factory degree ol' accuracy.



Some instructions concerning the use of the Ampügrapfi

In order to obtain long periods of registration, the recording speed is low and
this.means that onty the amplitude of the vibrations can be registered. Informa-
tion concerning distance and prevailing ground conditions can be used to
estímate the frequency of the vibrations and a maximum amplitude can be stated
as permissible. lf.vibrations attain or exceed the maximum permissible values,
supplementary measurements should be carried out by using instrumenta
capable of recording the frequeñcy of the vibrations so as to obtain. more exact
values in this connection. Several instruments are available for this purpose.
in the form of the "Combigraph", %V Recorder" and "Vibracorder".
We should be very pleased to provide you with more detailedinformation con-
cerning the use of the Ampligraph and the evaluation of Arnpligraph recordings.

Nitro Consult
rock blasting techniques • vibration measurements
Box 238, S-127 25 Skarholmen 1, Sweden. Tel: 710 07 60
Cables: nitroconsult Stockholm. Telex: 17519 consult s
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How it operates and how if should be used

The Combigraph is a vibrograph of the combination type. It consists
of a low-speed registration section for long periods'of. recording of the same
type as that in the Nitro Nobel Ampligraph and also has a high-speed-registra-
tion section.
The low-speed registrátion section is for continuous registration and mapping of
ground vibrations caused by blasting and pile-driving.
The high-speed registration section is for the measurement of vibratións during
critical blasting operations and registers the appearance of the complete
vibrations from which amplitude and frequency can be calcutated as well as the
rate and acceleration of oscillation.
The instructions for the Ampligraph apply lo the low-speed registration section
of the Combigraph.
The high-speed registration section. of the Combigraph has the drive motor
located in the cover of the instrument. The recording paper-known as a combi-
gram-is located on the inside of the cover.



Reference weight 4.3 kg
Natural period of vibration
during ve rt ical measurement 3.1 cycles/sec
during horizontal measurement 2.7 cycles/sec
Amplification factor .q '
Continuous recording time 8 days
Movement of recording paper 0.2 mm/mm
•Resolution time 10 seconds s ^, -

widthX heightXdepth..Externa¡ dimensions
= 285 X 175 X 70 mm • �'``

Total weight 7.5 kg .'. `��•
Rotation speed , type CV 5 = 5 revolutions/min kwy, �y
high-speed section ' type CV 10 10 revolutions/min 1 .

type CV 15 = 15 revolutions/min

Low-speed registration section at arrow a ."
High-speed registration section in the cover at ar-

1
t7

row C. Q M

The right-hand recording arm in the instrument hous-
=

b

•�
ing at arrow b registers on this paper disc, which
is fitted on the square head in the cover.,

�� 5w y y. C

The disc must be inserted i nto.the siot at the top of - ;
the recording table and i n the guide slot lo the right ,._.
on the recording table.

- +] , : �µ t:�MX'''. �j � ��C :r`_3.r ��..t-r��`z,r+z+ . �` ��_,r.� •3,,,:6-+: `-t,

Press the lock ring firmly finto position and write the
tocation and time'of the measurement on the.record �..-
ing disc:

•S.la r•

An example of a registered vibration (exaggerated In

the picture).

5 -



When taking down the instrument for movement or
transportation . the wooden transport block mustale
ways be correctty located . if this ts ' not done, the n �?
instrument can lié damaged.
/ake aura that al¡ ihe sccessories are packed in the y`) fue- -� p
transport case

o. * ..--yes r'

SED

Connection and adjustment The amplitude
The mains cable supplied is connected, lo the . plug in the The amplitude is registered with an amplification factor of S.
motor casing and lo an earthed power malos cutlet. The mo- on the combigram . The amplitude , is the distance between
tor is started by means of the switch on thé cable. an imagina ry zero lino and the maximum positiva or negativa
Needie pressure musa be adjusted so that even if the record- value of. the vbration. It Is often difficult to determine the
ing disc rotates several revolutions during one registration zero of vibration cu rves. In such cases ít is best to measure
period , oniy a thin circular fine Is obtained . The instrument Is ar ri plitude by noting the distance between positiva and nega-
designed for this . If the combigram rotates severa ¡ revolu- tive peak values and then dividing by two. This figure , is then
tions before vibrations are registered , then the vibrations can divided by the amplification factor 5 of the Combigraph.
be noted in the ' form of a cu rve on a zero lino.

The instrument cover must be properly closed. and.iocked be Cálcúlation of ampütude (A) In mm

fore 'the recording arm registers on the recording dise. 2 A,�
A` mm

Evaluation
2 •5

The rapidly rotating dise in the type CV 5 Combigraph turna 2 A ,.r, = Double the amplitude registered

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 Vibration velocity

seconds . Registration speed i s then dependent on the circum- The formulae below indicate the procedure when calculating

ference of the circie registered and the rotational -speed of the vibration velocity arid acceleration of the . vibrations.

the recording dise. Calcuiation of vibration velocity . (v) in mm/sec

The frequency
V= 2:r - f. A mm/sec
f in cyctes/sec

In order lo determine ' the frequency ._ of the vibrations, then A in mm
thé length of the cycie concerned , where the maximum values
for frequency and amplitude are located , must be measured .

AccelerailonIn cases of doubt, measurement is carried out at several
points co the combigram. The frequency Is -determined by Calculation of acceleration (a) in m/sec2

divíding the distance for one second by the length of one a = 4 a°- - f= - A m/sec°•'
cycle. •The answer is in cycles per second . Remember when in cyctes/sec,
calcutatirig frequency at high frequencies or larga amplitudes A in metres
that respect must be taken to the cu rvature occurring during (1 0 m/sec= = 1 g)
registration . This curvatura occurs since the -registering arm
is the radius of a circie with: ttie registering arm bearing as
centre.

Calculatlon of frequency (f) in cyctes/sec

60.2b

d = diameter of zero tina circie in mm
n speed of recording paper in revolutions/min '
2t_- the registering speed for a cycle in mm
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Compare the examples aboye showing vibrations with different
appearances. (2 A,, _ Double the amplitude registered)

Ni±ro Consult
rock blasting techniques a vibration measurements
Box 238, S-12725 Skárholmen 1, Sweden. Tel: 710 07 60
Cables: nitroconsult Stockholm. Telex: 17519 consult s
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Vibracorder
The Vibracorder is a universal vibration recording instru
ment forcivil engineering, construction, mining.
B1asting, demolition , pile driving, highway and rail-traffic,'
alt cause vibration. Engineers, builders, architects and
authorities rcquire complete data on ihis vibration for a
wide variety of reasons; safety, work planning, design, en- -�'
vironment protection; research, legal requirements and
damage elaims. „,�•�^ ^

`e
�,� "-�;.. c- - w u

New problems continually arise. The widespread and in-
creasing installation of computers--extremely sensitive to �? w.' •--� = á >
shockis .an extra factor to be considered, especially in
municipal or industrial areas. New construction máterials,
often. lighter than conventional materials, need revised -- - `� ,,
vibration considerations. Q, f HÍ rá `-- �'Modera blasting techniques enable engrneers and builders
_tó keep vibration to a minirnum . Nevertheless, eonstant -s 6
measurement and recording of velocity and acceleration of
vibration are very essential. t -`
Vibration vélocity measurements are used mainly for studies ''.
of dámage to buildings and structures. Vibration accele-
ration measurements are used in connection with blasting
and construction that can affect delicate electric or alee
tronic installations,' such as computers, telephone exclianges,
switchingapparatus,etc.;_< :.

antpttfude lifajor cracks
lag Cracking Photograph shows ' an actual installation , with contacx

below, attached to a wall. The Vibracorder itself, picturc500 + Insignificant cracking
400 ® No noticeable cracks above, presents resuits on graph paper. Results can 1
��} . �® .. quickly and easily interpreted. Vibration results are show

Q ++ in photo at right. Using this information, engineers cá
200 + determine vibrations resulting from various blasting charl
150 ++ ++ quantities in relation to distánce from the blast. Such jj

® � .f .i ++++ formation can be charted in graphs as that on the left.
100 .® {.�O

l'70o

O
0- _'js+..�>Gr-+,. ami` .l-.+•, .ai �`.f-r�F�F+*

.
1( Ty y t f� 4Y ��'� -+tx^- r wr sr�kn:� ti'20 1

40 50 70 100 150 200 300 400 fr uen

75Diagram above is an example of damage occuring to stan
dard dwellings.with foundations on gravite rock, when vi
bratión velocity reaches v=110 mm!sec. Other diagrams are �v.
obtained when measuring other structures and foundations. -`f - -..��� .• _, r n:.:�

NitroConsult AB, international -consultants in blasting ;...,
haré completed some 250,000 vibration measurements over 7 - •� ' }
the years. while working on some o€ the world's most sen- t r�° °%>T tf
sitive construction jilbs. This experience líes behind Nitro sr `° �,': " ' ~r
Consult's development of a series of vibration measurement
and recording instrumenta. !-,-�-'_ ' `{*

r, d�r►,y, ' , :' ;,
The \Vibracorder is a four channel recording unit, allowing s 1 t , ;.� i ,; `~�•' $,• t
constant measurement and recording of vibration velocity
or acceleration from one to four separate points. The unit
trorks automatically. It cán be set up quickly and easily,
and is built for robust handling. Results are displayed in f'" X t wr . „,f�`t
tercos of time and magnitude,. with both horisontal and
vertical vibration recordad. The Vibracorder operates. cán- - ' , ,.� - • £ ,.. •. n w -- k- H� .. �r.
tinually for up to four weeks without attention.
Technicianscan be trained quickly to set up and oarate the
Vibracorder. It is suPPlicd fully e9uiPPed, including a test-D �.Y.,.%` » - / �„s •rrr�`-•�-pr'Y`•'",- s..f •1.. �^'irl�..-Si.� ,yR-

ing system insuring correct operation for each installation. ?�-- r�--+'p-- - `



Delivery specifc'ations
The Vibracordcr is supplied fully equipped and is deliverca

{ �, ready fot immediate operation. The complete Vibracorde
system includes the following.
ibracorder

rIMISr { 1 = i , ' j } + 1, Power cable
K r Í, - á a t i, ,; r Earth cable

4 geoPNones vertical type and/or horizontal typey
f a ,. h�� 1 4 geophone attachment blocks

4 cable reels, each, with 65 meters of screened cable
.� # l

4,11

3 balancingplug4
rolls of diagram papen

.j t'ltT r Expander bolts (for geophone attachment blocks)
Set of tools for operation and adjustment

s ` J rtt Testing unit and test data sheets

if
Locking and sealing equipment-

` r { Instructiort manuals
, ' _ „ . s ? a t� r ► - ; Extra accessories: Additional cable, conztectors, geophone,

{ # b + # service kits, testing equipment and fre-
+. :•: " r , quency absorbers.

Technxca data
Leasing

Vibration velocity measurement 0--=100 mm/second
(For special purposes, The Vibracorder can also be leased or rented when this
0-200 mmisecond suits a customer's requirements. This can be particularly
also available) advantageous when measurements are to be carried out ón a

Acccleration 0-10 g's short-term basis.
(For special purposes,
0-20 g's also available)

Frequency range 5-500 Hz
.Power 220 V/50 Hz, or battery

operation for approx.
8 hours during main
power interruption
(110, lis vóo Hz Subsidiary :compahies
system can be supplied)

Oy Finnrock Ab
Rechargeable batteries built into gas-tight container. Alexandersgatan 21 A. Helsir'ki 10, Finland
Also wired for long distance transmission of vibration in- Nitró Consult S.R.L.
formation by cable or telemetry. Via G. Fara 39, 20124 Milano, Italy
lnstrument is dust-proof.
Sine of recording instrumenta 440X265X300 mm
Net wei-,ht: 22 kilogram AgentSCross weight 35 kilogram
(including all accessories)

Vibration Measurement Engineers
Itecording ínstrument designed for easy earrying. 1732 Central Street, Evanston, Illinois 60204, USA
+Shipped in special carton for air-freight handling).

Imperial Chemical Industries
Nobel House, Stevenston, Ayshire, Scotland

Terrexpert AG "
Schlachthofweg 130, 3014 Bern, Switzerland.

Schaffler
15 Sturzgasse 34, 1150 Vienna. Austria

Ciner: Plioto shows demolition, supervised by Nitro Con- Reine Brothers
lt. of a building in the centre of Gothenburg, Swedcn. 14 Berry Street, North Sidney, Australia
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1.I.phon . e 311- 333 . 1682 Cabo .: SPKEN CO
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$e•.1 �111uk•, a' aJ� 3253
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1U13 L•,1. úLSC1c11''TluN

V5-4UU 0 lslast . Scisnwdral;la witia Lirect-►'iritr: S2, 9 7u • UU

Ut�t• iuns
V-5-40ú0-1J.Fuurt1'a 't'race Event Markel° -275 • GU

iMudi£ic.atiuli (lristr:rinerlt hcturrlecí tu1?uetury)Fuurt-11Trace Lvent larker 3,190.00
llirect-Write 305.00

.isrceásu.••ics
V.-4000-A jipare Camera 00.00
VS-40u0-B Standard Yilutugral,ieic 1Paper

(150' 1:011 khudal, 1Sb4)t 1-10 1:ulis 7 •70
VS--4000-C _llirect U rite Palier

(15u' i.ull Kudal, 2022), 1-lu tcull's 9.35
Vs-4000-L 12 Vult cc;aargablc 1Sattery 32.00

Vs-1100 En.,i-nc;c:rinfScismu z•a1,1: . 150.0U

Opticins tu Vb-1100
- Fuul•tai bignal Cü, A ruicl :..,� 00.O0

Icce ssories tu Vb-llUU

• VS-2100-�>b bpare Palier' bupply Magazine 40.00
VS-1100-i►T. filiare Yai.er Take-Ul, I•;a+�azirle; bU .00
Vb-1100-13 btandard Yirotu ral:iaic Nal3cr `

(150' ¿wll Kodak 1684) ' 1-lu xulls 7.'7u
VS-1luo-C llirect•-lvritc i'airer

(130' i.ul1 Kuuak 2022) -1-lo 'a:ui ls: 9.35
V5-1100-U X100 L- ternal bibnal �ul;l�lil ier� 275 .00
Vs-2200-L t:erractiun Cable 15$.00

' Vs-1100-F Uribin £¡¡¡l(-- Geopiaune 125 . UU
V5-11UU-G 100 1't. buielded beis. Lxtensiun Cables 130.00
Vs-1100-11 200 1•'t• . :,iiielded be•ia. L:ctension Cable 195.00
VS-11UU-J 500 Ft. biliclded beis. r:xtc:alsiull Cable 300.00
VS-1100-i: 10 Ft. ¡.camote Cuntrul Cura

wit11 bWiL cta and Plu; ly . 5 0
VS-110u -L = lb Ht . ' i:euwtc Cuntrul Curd Unly 3.00 -
VS-1100 1 10 Ft. i;earute Control Switcia • Unly 8.35
VS- 11.00 -N Leveling bcrew �►5senaisly 17 .50
VS-1100-u 't'inte 1ar1: Oeneratur :•iudule 20 0. 0 0•
VIS-11UU -Z Uual peco Uution 325.00

liave. i)etectur r 4 •
3�0 . UU



_ ..,.._. ___ : -- __ - - ._...._. �, ....... _. ._.� _ • _.. .. _ _ _- -...-...- -- _ .: bes.

F. SPRENGELTHER MANUFACTURERS OF SEISMOLOGICAL.'GEOPHYSICAL ANO ENGINEERING INSTRUMENTS

11 {lVii1C ({ 1•�0• INC. 4567 SWAN AVENUE SAINT lOU1S , M ISSOURI 63110 U.S.A.
T.1.phon.: 314.535 . 16*2 • . .Cable: SPRENCO

PRICL•' L1S'1' NUVEMIs!•.i, 1972 - L

-2-

UN 1T
MOOEL llESCi:1i''11ON YlUCE

V5-1200 Ene ineerino and kesearcii 5c:i �medral�l> . r S$, 27$ .0U ,

Option
Fuurtrt Signal C,iannel �Uu.00

Ac cics'or].e5

VS-1200-A t 10 ,tttenuaLur• 1,10.00
Vb-1200-is Tape 4 ILLpul- lU$ . ��0
VS-12u0-C bitear Wave i)iscr :irt inaLui• 275.00
Va-1200- i) EEnc rry RaLlo Module 50$.00
V5-1200-L' Dual bpeec! 3U$ . C0
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0 High Gain TRI-MODE Seismograph

C
• Displacement to 20,000 in ./m. `..,

Velocify lo 2000 in./in./sec.
Acceleration lo 200 in./g.

11 Shaliow Refraction System
Hammer or Chorees ,�,�.ti ,,,-.r^•�;• E'�i

- _ -

Si Fourth Channel Options
Sound Pressure Level ` R ü �:f h• rte. ,
Direct Energy Ratio
Shear Wave Discriminator •
Low Gain Trace
Auxiliary Sensor `;;
Time Break '

la Direct-Write Photographic Recording s�.

El Optional 1v Outputs for Tape Recording

S P R E G E T H E R

RESPONSE CHARACTERISTICS H ��K���
tcoooo

10000
The new VS-1200 ENGINEERING AND RESEARCH SEISMOGRAPH is the

10000 sooo most versatile portable seismograph system available. The proven field-
DISPLACEMENT worthiness and precisión of the VS-1100 unit is expanded to provide a

1000 1000 system capable of answering virtually every demand for seismograpllic
200 instrumentation arising in vibration analysis or geophysical engineering.

..� 100 so Advancements incorporated in the VS-1200 are basically three:

fo 1Ó An increase in' sensitivitv of 100X óver the VS-1100 with
attendant wider application capabi2ity such as shallow re-.

1.° fraction surveys.0.1 1. fo 100 1000
10J00 The TRI-MODE feature of 2-200 hz. flat response to Dis-

YELOCITY aooo placement, Velocity, or Acceleration, select.able by switch.
1000 gco -

A wide range of optional data presentations for the fourth

c loe 100 I • channel Including a neo, Sound Levél Sensor. Énér.gy Ratio
so and Shear Wave Diser•iminator modules are being developed

M lo as additional options.
s

HIGH SENSTTNITY VS-1200 • -

Increased sensitivity in the VS-1200 results In a 3-component seismo-
o•f graph which can be operated at its highest sensitivity only in very quiet
0 .1. 1. 10 lto 1000 arcas. Thisresults inthecapabilitytousethehighest possible sensitivity

- 200 level at any given site. Magnification at a velocity. sensitivity of 2000

p 1 ;° will be sonie 20;003 at 2 hz. which is equivalent to the operating character-'100
ACCELERATION •

1
I istic of many observatory grade instruments. Thus,. vibration studies .

. 10 - 10 can be conducted far below the perceptibility threshold level.

2.0 An immediate application of such increased sensitivity lies in the additlon
1• 0.s of shallow refraction capabilities te ¡he system. In addit ion to the capa-

_ bility of conducting point by 1)oint surveys with the standard 3-component
:•< <

0
'1 sensor, at:other system is offcrcd. To cffect a convcnient refracti i

o., 1. lo y03 foco . system, an accessory refraction cable is offered which connects to the

FREQt7ENCY (Hz)



recorder unit 1 n place oí the standard seismometer where , for example, a 2 Hz component ofmotion will
cable . Outputs from threeverticalgeopllonesare thus be 100 times as largo as ihe 200IIz componcnt. An
•+.isplayed on the records in place oí the usual L,V,T » Accelerometer woulci write the motion as:
traces. The fourth trace presents the source time from
a single geophoneat the impact or shot position . This _
source geophone and cable is also avallable as a VS-
1200 accessory . The dírect-write modo oí recording
# s particularly advantageous in field monitoring oí re-
sults and modification of survey procedures . where for this record modo a 200 Hz motion will be

• 100 times as large as the 2 Hz motion.
TRI-MODE VS-1200

11 With the TRI-MODE one has the capacity to sel.ect at
Perhaps the greatest advancement presented by the will any oí these th:ree moles oí measurement súnply
VS-1200 líes la ¡he TRI-MODE (catare oí selectable by turning a switch . The acceleration modo is niost
response characteristics , flat to Displaeement , Velo- often used in building design and machinery vibration
city , or Acceleration at high gain levels . Máximum types oí problems where specification oí the value of.

• sensitivities oí 20,000 in./in ., 2000 in./in ./sec., and the acceleration is required . The velocity modo has
200 in ./g, are avallable, with an attendant range of been associated with structural v i.b r a ti o n damage
5 additional lower gains in each modo. criteria' while displacement measurement enters finto

structural normal mode analysis , blasting monitoring,
For the wide varlation oí energy levels and frequency and investigations that requires particle motion dia-
content encountered in the signals considered by the grams.
general field oí structural and gróund vibration. mea-

FOURTH CHANNEL VS-1200surement , a need has long existed for a wide-band,
multiple sens ltivity, multiple response detector. In
some states building vibration safety codos are written Several options are available for utilizing the fourth
intermsofmaximumpermissibleground displacement trace intheVS- 1200. The conventional inputs as offer-
invarious frequeneyrangos , while in others the specifi- ed en the VS- 1100, where either an e}.ternal signal or
cation is in termsof ground veloeity as reconimended an external contact closure w i Il actívate the fourth
by the U.S.Bureau oí Mines (R.I. 5968). The building galvanometer, are available at the input terminals on
codas for theee . sarna states may; however, require the VS=1200 control panel.
design for a specified value oí ground acceleration.
The study oí normal moches .!'. structural vibration,# A low frequency sound level transducer is offered as
on the other hand, generally involves the measurement a new accessory input device for tris auxiliary channel.
oí building displacenient atvarious levels . Identifica- This sensor provides 2 . 0 mm. oí trace displacement at
tion and study oí wave types (compressional, shear, th1e 100 db. acoustie level and 20.0 mm. oí deflection
surface , air) rely heavíly en particle motion diagrams at the 120 db. level.
constructed from displacement seismograms. The
frequency band oí Interest in these applications ranges Two new special function modules , infernal to ihe re-.
froin less than 1 cycle per second to hundreds oí cycles corder unit , are being developed for the VS- 1200 fourth
per second.. Consequently , tlüs wide variety oí re- channel. Energy Ratio (Crardell, F .J., Journ. Boston
quirements in vibration studies may necessitate that Soc . Civil Eng. , 1949 , pp. 222-245) will be presented
any one or combination oí displacement velocity , or directly as a continuous function oí time throughout the
acceleration b e determined ove r a wide frequency record intervál by this module . Perhaps oven more
spectrum. valuable, especially in the case where in situ estimates

oí the elastie modulí are being based on shear veloc-
The sama motion recorded ínthe three different modes ities , is the option oí presenting the product L x V.
will produce strikingly different records . Small dis- • This product is an excellent discriminate between com-
placements at high frequency willyleld the same accel- . • pressional and s h e a r motion (G.H. Sutton and P.W.
erationasalargerdisplacement-lowerfrequencycom- Pomeroy, Journ . oí Geoph . Res., Vol. 68, D. 9, 1963,
bination . Or, in other words, a constant displacement pp. 2791-2815) and can be oí great value in studies
willpro duce avelocityproportionalto frequency and an relying on positivo identification oí S wave motions.
acceleration proportlonal to frequency squared. Con- • • •
sider the case of a constant maximum particle velocity GENERAL FEATURES •
ground motion spanning some range oí frequencies. "
The selsmogram from a Velocity Seismograph wóuld The VS-1200, h ice the VS-1100, i s a completely self-

resemble • pontained and portable' system . Operation is frori an
internal, rechargeable battery with 3 hours capacity at
continuous run. The three- componentseismometer is

_ in a separate 7 inch cubo for remote emplacement. For
refraction work, two light weight cables are furnished
and they connect to the existin panel connections.

ADispL3cementSeismographwouldyieldaseismogram
Saveral accessories casing the fourth trace option are

A ihe same 4rotLZd motion as:
available . Algo available optionally are 1 volt outputs
for driving auxiliary tape recorders , alarms, etc.

Start time in recording . is virtually instantaneous, and
a remoto starting connection is províded. The camera
accepts standard (for archival quality records) or direct



write (for immediate inspection) 70 nora. photographic The versatility of the VS-1200 EÑGINEERIN'G AND
paper. The supply magazine is capable of holding 200 RESEAI1CI1 SETSMOGRAPIi is uitsurpassed. Pram pre-
feet of paperwhile the take-up magazine i s light -tight cisión research projects relyutg ora accurate particle
for ficid removal of records if des ¡red. The automatlc trajectory definition to destructivo g value mcasure-
calibration feature at tnstrument turra-on of the VS- ments • lies ancarlyunlimited rangeofapplications for
1100 has been retrained and cal - pulse shape defines thfs instrument . In this small ,portable, self -contained
the modo of operation or well as sensitivity settfng. instrument líes the . capability to deal with virtually
Timin;linos are standard at .02 sec. with a paper speed every seismographic problem in Eiigineerino .Seismol-
of 100 mm/sec. For refraction applications , the camera ogy. ¡
speed is readily changed to 400 mm./sec. with .005 sec.
timing line separation.

SPECfFECATEONS

SYSTEM SEISMOMETER

Frequency Response : Flat (3db) 1.8 Hz to 250 Hz Three Orthogonal Components with identica l Choracteristies

Sensitivit ¡es: Natural Frequency 2 Hz
Disptocement:... 10,50,200 , 1000,5000, 20000inch/inch t Inertial Moss: ..... 0.5 kg
Volocity . ..... 1,5,20,100 , 500,2000 inch/inch/sec Rango of Motion:... 6 mm peak - to-peak
Acceleration :... 0.1,0.5,2,10, 50,200 inch/g Signa ¡ Coils: ..... 300 ohms - 45 volts/m/sec
Fourth CRannel :.. Voltage Sersitivity of•3Omv/inch Dumping: ....... 0.6 critica¡

Calibration Coil: 0.44 newtons/ampere
Colibretion :...... Stepinocceleration(33 ma incalibrate Temp. Range

colis) automaticolly applied 1 second Between Stops : .. -20°F. to 140° F
ofterstartof recording or can be applied
manually at any time CAMERA

Paper : 70mm (2.75") standard photogrophic or
direct write in up to 200 ft ro ils

PHYSICAL Peper Speed:..... 100 mm/sec (Approx 10 minutes record-
¡ng)

Seismometer Camera Case - Timing Lines :..... Standard - Eoch 0.02 sec
Golvonometér : ... 200 Hz

Size: •7x7x7 inches 9xllxl3 inches • Power: .......... 12V DC Interna¡ 8attery (Appróx3 hours
Weight: 19 . 5 lbs 33 lbs or 15 rolls (200') continuous recording)
Density 1 .6 gm/cc Buiít -in 110V, 60 Hz charging unit
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'` r t Cable:,SPRENCO

a Records Partidle Velocify
Direcfly

v Uses Fífher Standard or Direct-
wrife PhofographicPaper�:•-_

a f4igh Sensifivify wifh -%2y : . �»--" .. ''.
4 Garn Ranges `?

1 UMi E- P\Ni (0, 7p u p�
The rapidly expanding application of geophysical techniques to subsurface
exploration and surface vibration monitoring In engincering, quarrying

VS-1100 RESPONSE CHARACTERÍSTICS and construction projects has lcd Sprengnether Instrument Company to
• develop a completely new ENGINEERING SEISMOGRAPIH, the VS 1100.

2100. This new instrument has been developed by Sprengnether specifically for
these modernapplications. The major design features of the system are

Z0 the detector module and high s p e e d camera.. The detector consists of
z 1o. three orthogonal ELECTROMAGNETIC TRANSDUCERS contained in a

b
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-

z cording in a portable unit operating from a self-contained rechargeable
battery with panel m o u n t e d footage counter and system voltage level
meter.

0.1 l.° lo. loo. loco.
FaetZUENCY(Hz) An outstanding characteristic of the VS-1.100 Is the flat (3 db) response

to ground p a r t ¡el e velócity in the 1.8 to 250 Nz vibration vanges (see.Figure 1 Figure 1). By virtue of this FLAT VELOCITY SENSITIVITY, the seis-
mograph fulfills a n e e d for a .monitoring system in blast and vibration
work that directly records particle velocity, the recommended criteri-
on f o r vibration damage to structures. (U.S. Bureau of Mines, Report
o f Investigations 5968: Review o f Criteria for Estimating Damages to
Residentes from Blast'ing Vibrations). Uncertainties in numerical differ-
entiation to obtain ground partidle velocity are thus completely elimi-
nated. Partidle displacement or acceleration, however, are obtainable
from the re c o r d by a single numerical integration o r differentiation,
respectively.

J
The complete VS-1100 systein consists of the Sprengnether three-eom-

• ponentshortperiodseismometer as the sensing unit and a compact con-
trol unit (33 pounds) containing ¡he new 4 channel constant speed camera
using h i g h frequency galvanometers. The seismómeter unit, approxi-
m a t e 1 y a seven inch cubé, is separated from the control unit case for
co:nenience in remete emplacement and to avoid noise geiii•ratca by 4w
operator. In addition, use of•a connector provided on the panel alloss



remote starting from any distance. Thc seismometer unit m►ay be buried
if desired and has he en dcsigncd with the density of an average soil to
reduce resonantes freqúently troublesome in soil emplacements. Be-
cause 'o f the w i d e excursion rango of the scnsors, only roug'h leveling
by means of a coarse level bubble on the case top is required. Thc en-
tiresystem is very ruggcd -- NO CLAMPJNG MECI3ANISM1S are ncces-
sary in either seismometer or camera. The camera acceptsllight-tibht
supply and take-up magazines holding up to 200 fcet of 70 umm (2.75")
photographíc pape r (approximately 10 minutes continuous recording).
The camera can be loaded in the fíeld using tliese magazines.: DIRECT-
WRITING PAPER may also b e employed thereby permltting immcdiate
evaluation oí results. Paper s p e e d is 100 )r_m/sec with timing limes

Y5-1100 RESPONSE CHARACTERISTICS impressed at 0.02 second intervals. A h i g-h sensitivity fourth trace is
available optionally fór external event or tino marking oí another trans-

10 00o ducer signal such- as an a i r wave device. The system is entirely self-
DISPLACEMENT SENSIlIV11Y contained, operating from a rechargeable internal battery and built-in

(MAGN IF ICATION) charging unit.
• - TRACE AMFUTUDE ( IN,

GF,OUND DISPLACEMEVT (IN.)
loo FOUR SENSITIVITY RANGES, s e 1 e c t ab 1 e by a" switch on the control

VELOCITY SENSIiIVITY panel, provide from 0.2 to 20 inches record motion per inch/sec ground '
z 10

GRCNINO
TRACE AM. PLIT

VELOCIT ( I
Y (I

N
( IN
./S

.1
E velocity. W i t h this fíat velocity sensitivity t h e magnificatíon (recordecordC .)

motion per inch ground displacement) increases linerarly with frequency.
AccriERATIO Ata velocity sensitivity of 20 in/in/sec, magnification rangos from 250
SENSJTIVITY to 25,000 in the 2 to 200 Hz interval and is 2500 at 20 Iiz (see Figure 2).

TRACE AMPUTUDE (IN Z CALIBRATION PULSES are automaticallY mpi•essed on the record eachGR�UND ACCEIERAT10P1(IN./SEC . ) i
01 1° ,� io time 'the i n.s t ru m e n t is turned on, thereby identifying the sensitivity

FREQUENCY (H:) setting In use and insuring normal operation (Figure S). Manual actu-
Figure 2 ation of the calibrate circuitry, as a check, can be accomplished at any

time by means of a switch. '

VS-1100 CALIBRATIOÑ PULSE RECORD. No electronic amplification is used in the standard VS-11C0, the battery
j I I powering only lights and camera motor drive. Avallable gain ranges are

a result of seismometer and galvanometer basic sensitivities, thus elimi-
natingany concernover variations in gain due to electrical malfunetions
or deterioration of amplifier performance.. -.

Po r applications requiring greater sensitivity, an accessory amplifier •
module (VS-1100-D) is available which connects in the seisometer cable

I lila, at the camera. W i t h the amplifier module in use the f ou r sensitivity
Figure 3 -raanges are increased by exactly a factor of 100.

The VS-1100 can be used in SHALLOW REFRACTION surveying in two
wáys, depending upon i n f o r in a t i o n required. In both.techiúques, the
fourth trace is T.+ s e d for origin time from either hammer or sm'all 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
tiiree vertical g e o p h o n e s (VS=1100-E) replaces t h e three-component -
sensor and the three traces present signas arrivals at the three geophone
locations in the standard m a n n e r. The alternate refraction technique
uses the standard VS-1100 sensor and a three component record is pro-
duced at each distante. This p e r mi t s the determmation óf additional
engineeringinforination over that ordinarily obtained from single-com-
-ponent (vertical) refraction method. Information that can be derived
from three component recording, in addition to conventional layen depth
data, includes SHEAR VELOCITIES of the underlying layers, which to-
gether with COMPRESSIONAL VELOCITIES, lead te in-situ estimates
of ELASTIC MODULI, POISSON'S RATIO, ROCK RIPPABILITY, SOIL.. f. FIRIvMNESS, etc.

The new VS-1100 is the most versatile engineering seismograph available.
New d e s i g n features yield a light-weight, portable, ruggcd, self-con-
tained, accurate, three component system which i s extremely rellable
and simple to operate. The latest concepts in vibration measurement
and blasting dama g e investibation have been incorporated into a wide
range of sensitivity and frequency response presented in a di r e c t re-
cording of particle velocity.



SPECLFICATIONS

SYSTEM

Frequency Response: Fiot (3 db) 1,8 Hz to 250 Hz
Sensitívities : • .... 0.2,1,5,20 inch/inch sea
Calibrotion : .... • Step in occelerotion (33 main col ¡brote coil ) automatícally

applied approximately 1 sec alter start of recording or can
be opplied manually

Options:.. ......... Fourth channel forevent marking or auxiliary input signa¡
Accessoríes:...... X100 amplifier module

Refrection cables
Air wave detector

SEISMOMETER

Natural Frequency : 2 Hz
Inertial Mass:..... 0.5 kg
Ronde of Motion :. 6 mm peak-to-peak
Signal Coils 300 ohms-45 volts/m/sec
Domping :' ... 0.6 criticál
Celibration Coil:.... 0.44 newtons/ampe re
Temp. Range

Between Stops:... -20° F to 140° F

CAMERA

Poper: .. ....... 70 mm (2.75") standardphotographicordirectwriting inup
lo 200 ft. rolis (Approx . 10 minutes continuous recording)

Timing Lines: ..... Each 0.02 sec
Galvanometers:.... 200 Hz
Power: : ........ 12'VDC-interna) 8attery aliowing approx. 3 hours or 15

rol ] s(200'each) continuousrecording . Built-in110V60Hz
charging unit.

PHYSICAL

Seismome ter Camera Cose

Size:.......... 7x7x7 inches 9xl lxl3 inches
Weight: ......... 19.5 lbs 33 lbs
Density : ........ 1.6 gm/cc
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0.1Displacement Recording
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Direct- write Photographic
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V-.©O®
The Sprengnether Portable Blast and Vibration Seismograph Is a com-

.---•-• ~�- plete, self- contained , three-component seismograph system . It has been
specifically designed for recording ground m.otion causedby blasting and
industrial operations , in the frequeney rango from 1 to 100 •cycles per

�.,. t scond. Hundreds of theee units are in service In various applications
requiring precise measurements of ground displacemente.

PORTABILITY AND EASE OF OPERATION

The entire seismograph is self-contained in a rigid aluminum case.
I ` 111((11 111 il {I Iil! !�!! {1111 I�I� {lt,1 �;Illjll� measuring 25 x 10 x 8 anches. The unlt weighs only 38 pounds, and re-

I 1 ��� + !�>> 1'1I' i'I 1i ':II`+ �; ��, a1; :"�{!�•' u .qares no external connections of any kind.

The instrument can be set up leveled, and made ready to operate in a

mtc,

few minutes at,a0y reasonably level location , indoors or out. The nec-
essar contróls for ad•usting operatingtin the unitare al! easily avail-10.2 1
able and plainly marked on the top panel. Onl brief instruction is re-
q• ,.I,., uired to teach the oper_ator the use of the eqq uiapment.
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►,,i�,ll' Tests intentlonally sub ectin the seismo ra h to jarring shocks bar be-
r.

TYPICAL RECORD' yond any that would be encountered in ordinary use havc proven the
(wlth optkonal Event Marker) ruggedness and field-worthiness of the design and cons truction.



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

,ale basic seismometer system consists of two Inverted
penduluins which respond to perpe,:dicular components Also available, at extra cosí, Is a dual magnification
of the horizontal ground motion, and a spring-supported system; in which two magnifications, olio exactly twice
vertical motion pendulum for recording tse vertical the othcr, are included. This feature aeids furtherver-
inotion of the ground. Alt three components are adjusted satility to the instrumentby broadenin; the sensitivity
to a natural period of 0.75 second. range.

Eddy current damping is provided by a damping vane, Another option is a fourth trace event marker (seo
fixed to the pendulum, moving in the fieed of an Alnico- figure on frontpage of this shect)•for recordingexternal
V magnet. Damping on ail components is 0.55 critical. timing or other signals.

The clamping mechanism, which securely locks the THE TIMING SYSTEM
entire assembly when it is not in use, also provides a
lfmiting device during operation, so that excessively Timing lines are impressed on the recordat ilitervals
largo excursions of the pendulum cannot occur. of 0.02 second, each 0.2 second being accented by a

slightly heavier lino. The timing precision essential
The motion of the pendulum mass relative to the frame for accurate determinations of ground frequencies is
istransmittedtoaprecisionmirrorsystemforrecord- assuredby the use of aspecialchronograph-controlled
Ing. motor.

THE RECORDING SYSTEM POWER REQUIREMENTS-

Motion of the ground, as detected by the seismometer, As stated aboye the freedom from any external power

isrecordedphotógraphically,withallthreecomponents source makes this seismograph especially attractivo

appearing on a single strip of photographie paper 2.75
for portable field use. The simple power requirements

inclres (70 mm) wide.. Either standard or direct-write
are met with a single rechargeable battery enclosed

photograph c paper can be rused.
withinthe instrument. The battery is chargedby simply
connecting the instrument to the 110v line overnight.

The camera magazine and take-up spool are enclosed ACCURÁCYIn a light-tighit'container, which, alter loading in a• 1
darkroom, is simply inserted into the instrument. A The seismographmagnification is derived froma pre-
numberof thesecameras can be pre-loaded and carried cision mechanical-optical system. It is thus not pos-
as spares inthe event that it is desired to run a series sible for the static magnification to gradually change
of records without returning to the darkroom. The due to aging or use. Magnification changes due to
camera ts driven by a precision electric motor, with a damage of the system would be readily noticeable. The
recording speed of about 70 millinieters per second. instruments are accurately calibrated at the factory

and the calibration data are furnished to the user.
The ground motion is magnified by a mechanical-op-
tical lever system by a factor of between 50 and 500.

INTERPRETATIONTbis magnification factor may be specified by the pur-
chaser to suft bis particular needs. * The most widely Since the response of the system is fiat aboye 1.5 cycles
used magnification is 50 . The recording light spots per second, simple division of the trace amplitude by
are visible to the operator just as they appear on the the magnification yields ground displacement. See the
record, through a frosted viewing screen. This fea- magnification curveon this sheet. Velocity andaccel-
ture not only simplifies the procedure for setting up eration may be obtained by differentiation of the dis-
the instrument, but also enables the operator to ob- placement trace.

£PEC1F CATIONS
STATIC MAGNIFICATION

50 Standard..- up to. 500 available

NATURAL PERIOD •......... 0.75 second -
Z 40

DAMPING ... , ...... ...... 0.55 critical ó

BATTERIES
so

Zu
12 volt rechargeable unit and charger contained 1.2e
within instrument • - -

WEIGHT ...........:........... 35 pounds 10

DIMENSIONS .............. 25 x 10 x 8 anches o . 1 i o < s 1 0 ao 70 40 50 loo
FREQUE NCY (CPS1

OP�.� . RESPONSE CHARACTERISTICS OF STANDARD 50 MAGNIFICATIÓN SEISMOGRAPN

Dual Magnification (VS-4002)
Event W~ker Trace
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