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ABSTRACT 

Data  are  used f rom three different institutes to  indicate the  influence o f  building 

vibrat ions on  weighing. 

INTRODUCTION 

One  o f  the mos t  impor tan t  effects on  weighing is tha t  due  to  vibrat ions in the 
bu i ld ing  F o r  the present  discussion o f  building vibrat ions,  we shall make  use  o f  

es t imated da t a  concerning these vibrat ions which were  kindly pu t  a t  ou r  disposal  by  
three different institutes. 

(A)  A T .N.O.  repor t  by H. van Koten  states that,  in a building a t  a height o f  
5 m, the vibrat ions can be  characterized by  a f requency o f  1 Hz,  by  an  ampl i tude  o f  the 
linear v ibra t ions  o f  I /zm, and  by  an ampl i tude  o f t h e  angular  vibrat ions  o f  3 x 10 - 7  

radians. 

(B) Dr. R i t sma  o f  the Roya l  Du tch  M e t e o r o l o ~ c a l  Inst i tute a t  D e  Bilt 
provided the following informat ion  regarding microseismic vibrations,  namely  that  

due  to  wind the soil can be  expected to  part icipate in vibrat ions  which a t  frequencies 

o f  I/6 H z  have an ampl i tude  o f  6 p m  whereas  a t  frequencies o f  1 H z  the ampl i tude  
becomes  0.4 pm.  - - 

((2) Accord ing  to  measurements  o f  it-. H.  L. K o n i n g  o f  the Soil Mechanics  
Labora to ry  a t  Delft .  one  can  expect  tha t  a t  the facade o f  a bu i ld in~  facing average 

traffic a t  a distance o f  8 m, the vibra t ions  at  I m above  street level have a frequency o f  
approximate ly  20 H z  and  an  ampl i tude  o f  15 lam. 

THEORY 
• ÷ 

F o r  the calculation,  we concent ra te  on  a beam- type  balance with an ideal 

feedback.  As  such feedback  system uses a reference which is connec ted  with the 

building, i t  will force the ba lance  to  part icipate in the  bui lding vibrations.  Th rough  
e lementary  mechanics,  one  finds fo r  the  mechanical  m o m e n t - A M  control led b y  the 
feedback-  . . . . . . . . . . .  . -_- _ : - 
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T A B L E  I 

~ ' I L T $  OF C,~.CULA'rlo.-"~ OF THE r_ri-r.L--l" OF BU'ILD~,~fii ~¢,A'IIO."~ o.~ ~ ~  

X ,4 f Ab ides  Annt~s 
(~m)  (l~rad) ( l t z )  (N'm) (rig) 

C~..~ A l 0.3 1 4 - lO-n  40 
~Cas¢ B 6 !16 0.6 " 10 -m 6 

0.4 1 
C a ~  C 15 9..0 3 0 0 -  10 - n  3.000 

F o r  ¢xplaxmtion o f  ~-~.-rnboL~ ~ the: t~xt_ 

A M  = J ~  - -  m ~ h  cos~  - -  m ( ~  - -  g ) h  s in~ ( I )  

w h e r e  
- J  i s  t h e  m o m e n t u m  o f  i n e r t i a  o f  t h e  b a l a n , = e ,  

m is the  m a s s  o f  the  ba lance ,  
h is t he  d i s t ance  b e t w e e n  r o t a t i o n  axis  a n d  cen t re  o f  mass ,  
g is t he  acce le ra t ion  d u e  to  _~ravity, 
x L~ t h e  h o r i z o n t a l  ~ p  - l ~ 2 e m e n t  o f  t h e  a x ; s  o f  r o t a t i o n  i n  ~x ¢ K r e c t l o n  p e r p e n d i c u l a r  

t o  tha t  axis, 

y is the  vert ical  d i sp l acemen t  o f  the  ro t a t i on  axis  a n d  ~ is t he  angle  b e t w e e n  the  
m a t h e m a t i c a l  v e r t i c a l  a n d  t h e  r e f e r e n c e  d i r e c t i o n  o f  t h e  f e e d b a c k  s y s t e m .  

F o r  h a r m o n i c  v ib ra t i ons  o f  the  b u i l d i n ~  this in f i r s t -order  a p p r o x i m a t i o n  leads  to :  

/I-&fRs~s = J A co= 3 / 2 7  i -  ~ ~" nth.~( m z 3 / 2 T i - ~  ( 9 )  

",','here 

A M x ~ t s  = { ( A M ' - ) } * -  is the  R M S  va lue  o f  A M  

¢9x : 2r~f~,f~ being  the  f r e q u e n c y  o f  the  ho r i zon t a l  v ib ra t ions .  
X is t he  a m p l i t u d e  o f  the  ho r i zon ta l  v ibra t ions ,  

oJz = 2 ~ f ~ , f z  being  the  f r e q u e n c y  o f  the  a n g u l a r  v ib ra t ions ,  
A is the  a m p l i t u d e  o f  the  angulax  v ibra t ions ,  a n d  
Ti is the  in tem'a t ion t ime  o f  the  f e e d b a c k  sys tem.  

In  a d d i t i o n  t o  the  d a t a  m e n t i o n e d  in the  i n t roduc t i on ,  we  shall  use:  m = 0.03 kg,  
J = 3.10 - s  kg  m'--, h = 10 -'~ m and  Ti = 10 sec. T h e  resul ts  o f t h e  ca lcu la t ions  a r e  
given in T a b l e  I. I f  we  a s s u m e  the  a rmleng th  o f  the  ba l ance  b e a m  to  b e  10 cm,  t h e  
R M S  va lue  ztmRMs o f  t he  e r r o n e o u s  m a s s  Am is aLso ca lcu la ted  a n d  s h o w n  in T a b l e  I. 

DISCUSSION 

T h e  a b o v e  resul ts  s h o w  that ,  w h e n  t he  inf luence  o f  t he  t r a f f ~  (case  C )  is negli-  

gible  a n d  w h e n  n o  special  p r ecau t i ons  a r e  t aken  to  r e d u c e  the  effect  o f  bu i ld ing  
v ibra t ions ,  t he  e r ro r s  d u e  to  these  bu i ld ing  v ib ra t i ons  a r e  o f  the  o r d e r  o f  I0  ng. In  
ca se  o n e  a ims  fo r  m a s s  d e t e r m i n a t i o n s  in t he  n a n o g r a m  region,  o n e  has  t o  n o t e  t h a t  

specia l  m e a s u r e s  f o r  the  r e d u c t i o n  o f  the  inf luence  o f  bu i ld ing  v ib ra t i ons  a r e  necessary .  


