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shear wave decreased. Both o f these re s u lts  in d ic a te , as p re v io u s ly  

demonstrated, th a t changes in  the acoustic  r i g id i t y  o f a sample can 

be r e la t iv e ly  p re d ic te d  by changes in  the leve l o f s igna l a tte n u a tio n .

As in  the two previous te s t  s e r ie s , the sa tu ra ted  compressional

wave v e lo c it ie s  o f the t r ia x ia l  samples o f th is  group were a lso  found

to  be re la te d  to  sample fa b r ic .  As can be seen in  Figure V II -7 ,

samples prepared by the  m oist tamped technique e x h ib ite d , on the 

average a 15 m/sec fa s te r  v e lo c ity  than the dry p lu v ia te d  fa b r ic ,  

when compared a t the same re la t iv e  d e ns ity . The minimum acceptable 

B-value fo r  th is  se ries  was 0.97. The sa tura ted  compressional wave 

v e lo c it ie s  can be seen to  increase w ith  increas ing  r e la t iv e  d e n s ity , 

as in  previous compressional wave re s u lts . A l l  v e lo c it ie s  o f th is  

te s t  se ries  were a lso co rrected  to  24°C by the Wilson (1960) form ula.

I t  is  im portan t to  note th a t the compressional wave v e lo c it ie s  

measured w ith  the KB-GR transducers show f a i r l y  good agreement w ith  

those determined w ith  the R-283E devices, p a r t ic u la r ly  w ith  respect 

to  the r e la t iv e  d iffe re n ce s  in  the v e lo c ity  o f two samples w ith  the 

same d e n s ity , but w ith  d if fe r e n t  fa b r ic s .

A c lo se r exam ination o f F igures V II -7 ,  V I-5 , and V-6 revea ls , 

th a t on the average, the KB-GR transducers re su lte d  in  sa tura ted  

compressional wave v e lo c it ie s  some 25 m/sec fa s te r  than those found 

w ith  the R-283E devices. This equates to  approxim ate ly a 2.3 m icro

second d iffe re n c e  in  the t im e - o f - f l ig h t ,  as measured w ith  the two 

d if fe re n t  transducers. Since th is  value was w ith in  0.2 microsecond 

o f o n e -h a lf o f the pe riod  o f the 236 KHZ d r iv in g  frequency used w ith  

the R-283E device , i t  was f e l t  th a t perhaps the f i r s t  h a lf  cyc le  o f 

R-283E s igna l was not being p ro p e rly  detected.
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By re-exam ining the compressional wave a r r iv a ls  recorded in  

the R-283E tim e c a lib ra t io n  study th is  hypothesis was confirmed. In 

the deaired water the s ta r t in g  d ire c t io n  was opposite from th a t 

observed in  the ana lys is  o f the te s t  samples. Since the c a lib ra t io n  

study had resu lted  in  e x c e lle n t agreement w ith  the p red ic te d  values 

fo r  the compressional wave v e lo c ity  o f the w ater, the observed negative 

s ta r t in g  d ire c t io n  had to  represent the c o rre c t acoustic  system 

response. As a re s u lt ,  the p o s it iv e  s ta r t in g  d ire c t io n  (which was 

re-observed in  a number o f te s t  records) used in  the ana lys is  o f 

R-283E s igna ls  produced a o n e -h a lf wavelength e rro r  th a t would cause 

the observed t im e -o f - f l ig h ts  to  be slower by o n e -h a lf the period  o f 

the pu lse , as was observed. The b e tte r  coupling o f the R-283E in  the 

deaired water versus the s o il-w a te r  m ixture  was probably most responsib le  

fo r  th is  observed behavior.

Thus, i t  was concluded th a t the fa s te r  v e lo c it ie s  found w ith  

the KB-GR transducers more a ccu ra te ly  represented the absolute compressional 

wave v e lo c it ie s  o f the Dover 40-50 sand. Of course, the re la t iv e  

d iffe re nce s  in  v e lo c ity  caused by the d iffe re n c e  in  sample fa b r ic  

were unchanged by th is  system atic e r ro r . I t  should a lso be noted 

th a t the same s ta r t in g  d ire c t io n  found in  the c a lib ra t io n  o f the 

KB-GR transducers was used in  the ana lys is  o f the te s t  sample re s u lts ,  

thereby e lim in a tin g  the p o te n tia l fo r  the discrepancy described 

above.

Once the shear wave v e lo c ity  and d e ns ity  o f a sample are 

known the Shear Modulus, G, can be ca lcu la te d  as in  Chapter V. From 

Figure V II -8 ,  as expected from the v e lo c ity  re s u lts ,  the Shear Modulus 

o f the satura ted samples can be seen to  be s tro n g ly  dependent on
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sample fa b r ic .  The moduli increase w ith  increas ing  r e la t iv e  d e n s ity , 

ranging from approxim ately 5600 to  10,600 psi fo r  the d ry  p lu v ia te d , 

and from 11,400 to  13,100 ps i fo r  the m oist tamped, determined a t an 

e f fe c t iv e  s tress  o f 10 p s i.

Hardin and R icha rt (1963) reported a Shear Modulus o f approx

im ate ly  13,000 psi (based on the re s u lts  o f resonant column te s ts )  

fo r  an angular g ra in  quartz  sand a t a s im ila r  co n fin in g  pressure. As 

noted in  Chapter I I ,  they a lso  reported  th a t the e f fe c t iv e  added mass 

o f water moving w ith  the frame in  a sa tura ted  g ranu la r m a te ria l was 

approxim ately on ly  40 percent o f the to ta l  mass o f water in  the 

vo ids. This behavio r, although not s in g u la r ly  s tud ied , could not be 

adequately ju s t i f ie d  on the basis o f the re s u lts  o f th is  te s t  se rie s . 

Thus, ra th e r than a r b i t r a r i ly  app ly ing  th is  c o rre c tio n , the f u l l  

w eight o f pore f lu id  was assumed in  the computation o f Shear Modulus. 

This to p ic  should be s tud ied  in  g re a te r d e ta il in  fu tu re  te s tin g .

Two o the r parameters, the r a t io  o f sa tura ted  compressional

wave v e lo c ity  to  shear wave v e lo c ity ,  o r V /V , and Poisson's r a t io ,
P ®

p were a lso  determined fo r  the samples o f th is  te s t  se rie s . As can 

be seen in  Table I I I ,  these computed re s u lts ,  which agree w e ll w ith  

those reported by Hamilton (1979) fo r  s im ila r  in  s i tu  c o n d itio n s , 

a lso  in d ic a te  the a b i l i t y  o f the acoustic  method to  r e l ia b ly  id e n t i fy  

the fa b r ic  o f a te s t  sample. In  fa c t ,  the d iffe re n ce s  in  Vp/Vg ar|d H 

are such th a t the r e la t iv e  dens ity  o f the sample does not even have 

to  be known in  o rder to  c o r re c t ly  id e n t i fy  the sample fa b r ic .  This 

observation is  a lso  tru e  fo r  the Shear Modulus re s u lts .

A number o f te s ts  were performed, ju s t  as in  the previous 

te s t  se r ie s , to  fu r th e r  document the e f fe c t  o f s tress  h is to ry  on the
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acoustic  s igna tu re  o f  the Dover 40-50 sand. The on ly  d iffe re n c e  in  

the two te s t  se ries  was th a t the R-283E transducers were replaced 

w ith  the KB-GR devices. This pe rm itted  both the sa tura ted  shear and 

compressional wave v e lo c it ie s  to  be recorded a t the end o f each 

p re -s tre ss  cyc le .

Only very minor changes were found in  the two acoustic  ve lo 

c i t ie s ,  in c lu d in g  both increases and unexpla inable decreases from the 

v ir g in  values fo r  the m oist tamped and dry p lu v ia te d  fa b r ic s . Since 

th is  re s u lt  does not c o rre la te  w ith  the known and observed e f fe c t  o f 

s tress  h is to ry  on the l iq u e fa c t io n  res is tance  o f sa tu ra ted  sands, 

which has been shown to  be d ir e c t ly  re la te d  to  acoustic  r i g id i t y ,  the 

most obvious exp lana tion  fo r  th is  anomaly would have to  be the KB-GR 

transducers.

In  p a r t ic u la r ,  i t  is  f e l t  th a t the f le x ib le  window o f the 

KB-GR transducers , u n lik e  the r ig id  design o f the R-283E devices, 

when combined w ith  the r e la t iv e ly  compressible a ir ,  back pressure 

system produced an end boundary co n d itio n  in  the sample u n like  th a t 

experienced in  previous c y c l ic  t r ia x ia l  te s ts . Whether th is  re su lte d  

in  coup ling  problems, m ig ra tio n  o f pore w ater, changes in  path len g th , 

o r some o the r unknown e f fe c t  cannot be c o n fid e n tly  s ta ted . Perhaps 

the use o f a less compressible f lu id ,  such as transducer o i l ,  in  the 

back pressure system would re s u lt  in  a b e tte r  system performance.

One f in a l  observa tion  w ith  respect to  s tress  h is to ry ,  in  

p a r t ic u la r  s ta t ic  s tress  h is to ry ,  o r o ve rco n so lid a tio n , can be made 

from the re s u lts  o f th is  te s t  se rie s . Increases in  the dry shear 

wave v e lo c ity ,  ranging from 5 to  10 m/sec, were observed in  both the 

dry p lu v ia te d  and m oist tamped samples when the co n fin in g  s tress  was
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increased from 4 in . Hg to  15 in . and then decreased to  4 in . again. 

This would in d ic a te , as expected, an increase in  acoustic  r i g id i t y ,  

due to  the e f fe c t  o f s tress  h is to ry .

D iscussion

With the development o f the KB-GR transducer the acoustic

te s t  method reached a new le ve l o f s o p h is tic a tio n . As expected, the

use o f both compressional and shear wave transm issions provided the

necessary data to  compute a number o f parameters th a t were s e n s it iv e

to  the fa b r ic  arrangement o f the Dover 40-50 sand. These included

Shear Modulus, the r a t io  o f V to  V and Poisson's R atio . Anyone o fp s

these parameters could be used to  r e l ia b ly  id e n t i fy  sample fa b r ic ,  

even w ith o u t knowing the sample d ens ity .

Regardless o f the acoustic  parameter chosen, the m oist tamped 

fa b r ic  was found to  be more a c o u s tic a lly  r ig id  than the dry p lu v ia te d , 

con firm ing  the re s u lts  found in  the previous te s t  se rie s . The e f fe c t  

o f p re -co n so lid a tio n  loads was a lso seen to  re s u lt  in  an increase in  

the acoustic  r i g id i t y  o f both sample fa b r ic s .



CHAPTER V I I I

SUMMARY AND CONCLUSIONS

Before d iscuss ing  the more q u a n t ita t iv e  re s u lts  o f th is  

in v e s t ig a tio n , i t  seems approp ria te  to  summarize a number o f less 

q u a n t if ia b le , but e q u a lly  s ig n if ic a n t  f in d in g s . Since the m a jo r ity  

o f these re s u lts  are re la te d  to  the development o f the te s t  method 

and re la te d  equipment, these w i l l  be presented under the to p ic  heading 

o f ins trum en ta tion . The experim ental re s u lts  w i l l  fo llo w . 

Ins trum en ta tion

1. The c y c l ic  t r ia x ia l  te s t  equipment, developed in  

stages du ring  th is  te s t  program, performed as expected, 

p ro v id in g  the necessary co n tro l o f te s t  con d itio n s  to  

insure  re p e a ta b il i ty  and s tan d a rd iza tion  o f the te s t  

procedure. This co n tro l re su lte d  in  the a b i l i t y  o f 

the te s t  program to  s im ula te  in - s i tu  s tre s s , s a tu ra tio n  

and load ing  co n d itio n s  he re to fo re  not reported  in  the 

l i t e r a tu r e  o f acoustic-based sediment s tud ies .

2. The R-283E transducers were found to  be extrem ely 

dependable, rugged and accurate fo r  use in  determ in ing 

the compressional wave transm ission  c h a ra c te r is t ic s  

o f the te s t  sand and fa b r ic s . The fa c t  th a t these 

devices are r e la t iv e ly  inexpensive ( le ss  than $20) 

and re a d ily  a v a ila b le , on ly  adds to  the s trong recom

mendation fo r  th e ir  fu tu re  use in  s im ila r  o r re la te d  

s tud ies .
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3. A l l  o f the e le c tro n ic  components o f the acoustic  

p o rtio n  o f the te s t  equipment performed adequately 

th roughout the m a jo r ity  o f th is  in v e s t ig a tio n . Of 

course, the most im portan t element was the N ic o le t 

o sc illo sco p e . The a b i l i t y  o f th is  component to  

convert from analogue to  d ig i ta l  record a t a ra te  o f 

up to  20 MHZ perm itted  extrem ely accurate tim e mea

surements to  be made. I t  was th is  accuracy th a t 

allowed the sometimes small d iffe re n ce s  in  acoustic  

behavior o f the sand fa b r ic s  to  be detected and 

c o n fid e n tly  reported . The storage c a p a b ili ty  o f the 

scope has provided a permanent and re tr ie v a b le  data 

base, th a t can be fu r th e r  analyzed in  fu tu re  te s tin g  

programs.

4. The research and development o f the KB-GR transducers 

is  c e r ta in ly  the most s ig n if ic a n t  ins trum en ta tion  

accomplishment o f the te s tin g  program. The a b i l i t y  

o f these devices to  accu ra te ly  p rovide both the shear 

and compressional wave components o f the acoustic  

s igna tu re  o f a la b o ra to ry  te s t  sample from the same 

acoustic  device adds s ig n i f ic a n t ly  to  the v a l id i t y  o f 

the te s t  method. To th is  a u th o r's  knowledge on ly 

S h ir le y  (1978) has p re v io u s ly  used a design th a t 

inco rpo ra ted  both shear and compressional wave c ry s ta ls  

in to  the same acoustic  transducer.
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Experimental Results

1. The th ree  p repa ra tion  techniques and accompanying 

s a tu ra tio n  process re su lte d  in  la b o ra to ry  samples 

v /ith  c o n s is te n tly  d if fe re n t  fa b r ic s  in  which the 

len g th , d ens ity  and le ve l o f sa tu ra tio n  were a l l  

p re c is e ly  known. T h is , when combined w ith  the accurate 

co n tro l and s im u la tio n  o f in  s i tu  s tress  cond itions  

discussed above, re su lte d  in  a non-des truc tive  te s t  

method th a t could t r u ly  is o la te  and id e n t i fy  the 

e f fe c t  o f fa b r ic  on the acoustic  transm ission  char

a c te r is t ic s  o f a sa tura ted  sand. This p o in t cannot

be overemphasized, since a l l  p re v io u s ly  reported  

stud ies seem to  be lack ing  in  a t le a s t one o f these 

te s t  procedure areas.

2. Both the dry and sa tu ra ted  compressional wave v e lo c ity  

provided a re lia b le  acoustic  in d ic a to r  o f sample 

fa b r ic  as seen in  Figures V-5, V-6, V I-5 , and V II-7 .

In the dry m a te ria l the compression wave was tra n sm itte d  

through the frame. Once a s u f f ic ie n t ly  continuous 

pore f lu id  path was es tab lished  the v e lo c ity  increased 

by approxim ately a fa c to r  o f 4 .5 , to  a v e lo c ity  on ly 

s l ig h t ly  fa s te r  than water alone. This ind ica te d  a 

s h i f t  in  transm ission  path from the r e la t iv e ly  compres

s ib le  s o il frame to  the r e la t iv e ly  incom pressib le , 

and consequently h igher v e lo c ity  pore f lu id .  This 

behavior was a lso  confirmed by the fa c t  th a t the dry 

compressional wave v e lo c ity  va ried  w ith  approxim ately
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the 0.25 power o f e f fe c t iv e  s tre s s , as seen in  Table 

I I ,  w h ile  the sa tura ted  v e lo c ity  was e s s e n t ia lly  

unchanged by the changes in  e f fe c t iv e  s tress  u t i l iz e d  

in  the te s t  program.

3. The sa tura ted  compressional wave acoustic  s igna tu re  

was found to  be very s e n s it iv e  to  the B-value o f the 

te s t  sample. This was p a r t ic u la r ly  tru e  fo r  s igna l 

a tte n u a tio n . Once a minimum B-value had been achieved, 

however, th is  p o rtio n  o f the acoustic  s igna tu re  a lso 

provided a re lia b le  in d ic a to r  o f sample fa b r ic  as

seen in  Figures IV-6 and V I-6 . Further study is  

needed in  th is  area, p a r t ic u la r ly  w ith  regard to  the 

e f fe c t  the f le x ib le  window o f the KB-GR transducers 

has on the coup ling  o f both the shear and compressional 

wave transm issions.

4. Both the d ry  and sa tura ted  shear wave v e lo c ity  provided

e x c e lle n t in d ic a to rs  o f sample fa b r ic  as seen in

Figure V II-5  and V II -6 ,  re sp e c tive ly . For most

c o n d itio n s , they were found to  be even more s e n s it iv e ,

on a percentage bas is , than th e ir  compressional wave

coun te rpa rts . The re s u lt in g  dynamic s treng th  parameters

o f Shear Modulus, V /V and Poisson's R a tio , which 5 p s *

in h e re n tly  con ta in  in fo rm a tion  on both wave v e lo c it ie s  

and the sample d e n s ity , proved to  a lso be s e n s it iv e  

in d ic a to rs  o f fa b r ic  as seen in  Table I I I  and Figure 

V I1-8. The values obtained throughout the te s t  

program were in  general agreement w ith  those reported
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in  a number o f re la te d  s tud ies . (H ardin and R icha rt 

(1963), Hamilton (1979), S h ir le y  (1978)).

5. The shear wave v e lo c ity  and s igna l am plitude were 

found to  decrease w ith  increas ing  m oisture con ten t, 

w ith  as l i t t l e  as 8 percent m oisture producing a 

decrease in  v e lo c ity  in  excess o f 25 percent. The 

opposite trend  was seen w ith  respect to  e f fe c t iv e  

s tre ss . That is ,  the shear wave v e lo c ity  and s igna l 

am plitude increased w ith  increases in  e f fe c t iv e  

s tre ss .

6 . In  consequence, the fa b r ic  o f those samples o f Dover 

40-50 prepared by the m oist tamped techn ique, was 

found by a l l  o f the above parameters to  be more 

a c o u s tic a lly  r ig id  than the dry p lu v ia te d . The dry 

compressional wave re s u lts  o f F igure V-5 showed 

d iffe re n ce s  ranging from 10 to  40 m/sec, bu t the use 

o f th is  parameter cannot be recommended unless an 

acoustic  sensor could be developed th a t would not 

have to  be placed in  the in te r io r  o f the sample. The 

sa tura ted  compressional wave v e lo c ity  component o f 

the acoustic  s ign a tu re , determined p a r t ic u la r ly  w ith  

the KB-GR transducer, has proven to  be a very re lia b le  

in d ic a to r  o f sample fa b r ic .  As long as a minimum 

B-value o f 0.97 is  m ainta ined, even the r e la t iv e ly  

small d iffe re n ce s  o f 15 m/sec observed in  the Dover 

40-50 sand can be c o n fid e n tly  reported . As seen in  

V II-5  and V I I -6 ,  the dry and sa tu ra ted  shear wave



126

v e lo c ity  appear to  be even more s e n s it iv e  to  d i f f e r 

ences in  sample fa b r ic ,  on a percentage bas is . On 

the average, the m oist tamped fa b r ic  was found to  

possess a sa tu ra ted  shear wave v e lo c ity  approxim ate ly 

15 percent fa s te r  than a s im ila r  d ens ity  d ry  p lu v ia te d  

sample a t an e f fe c t iv e  s tress  o f 10 p s i. The computation 

o f the re la te d  dynamic s treng th  parameters seen in  

Table I I I  and Figure V II -8  rep resen t, in  th is  a u th o r's  

o p in ion , the most prom ising parameters fo r  r e la t in g  

acoustic  s igna tu re  to  l iq u e fa c t io n  res is tance . I f  a 

s u f f ic ie n t  data base could be c o lle c te d  from fu tu re  

lab o ra to ry  te s ts  so th a t an em p irica l re la t io n s h ip  

between these parameters, and res is tance  to  liq u e 

fa c tio n  could be developed then the extension o f the 

te s t  method to  the in  s i tu  case would be g re a t ly  

s im p lif ie d .

7. The same re la t iv e  behavior observed w ith  the acoustic

s igna tu re  can a lso  be seen in  the liq u e fa c t io n  res is tance  

re s u lts  o f F igure V I-7 . That is ,  the m oist tamped 

fa b r ic  was found to  be s ig n i f ic a n t ly  more r ig id  than 

the dry p lu v ia te d  when compared a t the same number o f 

load cyc les . Thus, an acoustic  method has been 

developed th a t a ccu ra te ly  re la te s  the fa b r ic  o f a 

sa tu ra ted  t r ia x ia l  sand sample to  i t s  lab o ra to ry  

res is tance  to  liq u e fa c t io n . The e f fe c t  o f s tress  

h is to ry ,  determined w ith  the R-283E transducers , was 

a lso  observed to  produce s im ila r  increases in  both 

the acoustic  and dynamic r i g id i t y  o f the te s t  samples.
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In  summary, an acoustic  technique has been developed which is  

capable o f accu ra te ly  and r e l ia b ly  d is t in g u is h in g  between la b o ra to ry  

samples o f the same sand and de n s ity  but w ith  d if fe re n t  fa b r ic s .

This in fo rm a tion  can in  tu rn  be re la te d  to  the re la t iv e  d iffe re n ce s  

in  l iq u e fa c tio n  res is ta nce  o f  the same te s t  specimens. Based on 

these re s u lts , fu tu re  te s t in g  can now proceed to  extend th is  method 

to  the equa lly  cha lleng ing  in  s i tu  case.
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GLOSSARY OF GEOTECHNICAL TERMS

L iq ue fac tio n  -  a fa i lu r e  mechanism in  sands denoted by a co n d itio n  

where a s o il w i l l  undergo continued deform ation a t a constant 

low res idua l s tre s s , o r w ith  no res idua l re s is ta nce , due to  the 

b u ild -u p  and maintenance o f high pore water pressures which 

reduce the e f fe c t iv e  co n fin in g  pressure to  a very low value.

Standard P enetra tion  Resistance -  The number o f blows o f a drop 

weight requ ired  to  d rive  a 2" diameter ho llow  s tee l sampling 

spoon 12" in to  the s o il la ye r. A w eight o f 140 lb . and a drop 

he igh t o f 30 in . are considered standard.

C o m p re ss ib ility , 0 -  as used by Hamilton (1971), is  defined by the 

fo llo w in g  equation:

where is  the compressional wave v e lo c ity

p is  the shear ( r i g id i t y )  modulus

p is  de ns ity

D50 Size -  That screen opening a t which 50 percent o f the sample w i l l  

pass through.

Minimum and Maximum Dry Density -  Represents the most loose and most

dense s ta te  o f packing re s p e c tiv e ly , fo r  a p a r t ic u la r  s o il type.

These values were determined in  accordance w ith  ASTM D2049-69. 

R e la tive  Density - Defined by the fo llo w in g  equation:
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Y . = Minimum Dry U n it Weight

v = Maximum Dry U n it Weight’ max J a

Y = U n it Weight o f Sample Being Tested

Porewater Pressure -  The le ve l o f s tress  a c tin g  in  the s o lid  and in  

the water in  every d ire c t io n  w ith  equal in te n s ity .

B-Value -  The r a t io  o f the increase in  porewater pressure to  an 

increase in  c e ll  p ressure , in  an undrained sample.

Back pressure -  A term re fe r r in g  to  the le ve l o f s tress  app lied  to

the porewater o f a s o il specimen to  promote more complete s a tu ra tio n .

Pore Pressure R atio -  The r a t io  o f b u il t -u p  pore water pressure in  a 

s o il sample to  the i n i t i a l  e f fe c t iv e  s tress  present a t the s ta r t  

o f the te s t.

Wilson Equation -  The fo llo w in g  em p irica l equation fo r  the compressional 

wave v e lo c ity  o f w ater, w ith  temperature c o rre c tio n , was reported  

by Wilson (1960):

V = 1449.2 + AVt ,

where

AVt = 4.6233T -  5.485 x 10"2 T2 +

2.822 x 10"4 T3 -  5.07 x 10“ 7 T4 

T = Water Temperature in  °C
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T W X .  7 1 0 > 3 4 8 - 6 9 3 2  
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Massa Products Corporation
2SO Lincoln Street;, Hingham, Mass. 0 2 0 4 3

R-283E 
Data Sheet

IN  R E P L Y  R E F E R  T O :

PRODUCT BULLETIN NO. 15 ‘

SPECIFICATIONS 

Housing Material.............................ABS Plastic

Sensitivity
Receiving (dB v?> 1V/mierobar)  — 76.5
Transmitting (dB vs 1 microbar/yd/watt). -i 91.5

Totel Beam Width (conical)
at —3 dB points ........................ . 13°
at — 6 dB points............................ 18°
at —10 dB points ..................22°

Resonant Frequency (series)................  200 kHx

Resistance at Resonance 
(tuned with 0.8 mh choke) .............. 2000 ohms

Power Handling Capacity 
(Maximum peak watts).................... 100

Dimensions ................................. I^'dlaa3" long

Weight ...................................... 7 ox.

Cable..........................................Coax. 10 ft.

Over a Generation ot Outstanding Leadership in Electroacoustics
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Spring

Piezoelectric
Discs

•Output
Terminal

740CC3

Calibration Chart for 
Accelerometer Type 4367

Serial no. ............

Briiel & Kiasr

Naerum Denmark

Reference Sensitivity at .J 5 .Q  Hz at  °C

C able Capacitance o f  ) . . \ .Q ............ pF

C harge S ensitiv ity**

 ...... pC /m s—2, or .........! 2 r .Q * r \   p C /g *

Voltage Sensitiv ity**

 m V /m s —J,o r .. ......................   m V /g

C apacitance (including c a b le ) 1.7S *2 .̂..........  pF

M axim um  Transverse Sensitivity at 3 0 Hz %

W eight ............................ 13 . . .  grams

Undam ped natural frequency .................   39 . kHz
For mounted Resonant Frequency and for Frequency 
Response relative to Reference Sensitivity, see at
tached individual Frequency Response Curve

Polarity is positive on the center of the connector for 
an acceleration directed from the mounting surface 
into the body of the accelerometer.

Resistance minimum 2 0 0 0 0  M O  at room temperature.

Date  Signature ^ ( 2 - . .

* 1 g = 9 .8 0 7  ms— 2

**  This calibration is traceable to the National Bureau 
of Standards Washington D C.

Typical Tem perature Sensitiv ity  Error
in dB rel. the Reference Values  
Individual deviation max. ± 1 dB

+ dB 
8 
7

1Capacitance •
Charge sensitivty----

•>__•
L — — ~

•4 >_ _
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. i . 1O
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21 2
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302 200

392
250 300°C
482 S72°F

751073
Physical:

B  16mm-Q,63" 

_  . „U m m -q 5 5 '

M ateria l: Titanium

M ounting  Thread: 1 0 — 3 2U N F -2B

0 E lectrical.Connector: Coaxial
1 0 — 3 2  U NF-2A  thread

Environmental:
Hum idity: Sealed
M ax. Tem perature: 1 77°C  or 3 5 0 °F  
M ax. Continuous Sinusoidal Acc. (peak):

3 0 0 0 0 m s — 2 or 3 0 0 0 g  
M ax. Shock Acceleration: 1 0 0 0 0 0 ms- 1 or|1 OOOOg 
Typical M agnetic  Sensitiv ity  (5 0  Hz): 6  ms— J/T  or 

0 ,0 6 g /k g a u s s  
Typical Tem perature Transient Sensitivity:

(Low. Lim. Freq.: 3 Hz) 0 ,4 m s - V ° C  or 0 .0 4 g /° C  
Typical Base Strain Sensitivity:

0 ,0 0 8  ms— ! /pstrain or 0 ,0 0 0 8 g/pstrain

+ 4C

dB

3 0
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INVERSE SLOPE YIELDS 
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