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T eleme tr ie  Me as ure me nt of Pore  Pressure  in  Soil Samples

Me s ur e  t é lé m é t r ique  de  la  p r e s s io n in te r s t it ie lle  dans  de s  é c h a n t illo ns  de  s ol
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s u m m a r y

A new me thod o f te lemetric measurement o f pore pressure in 
soil samples has  been developed. The piezomete r  consists of 
a pressure transducer and a  transis torized s ubminiature  short ­

wave transmitter  which may be switched on and off by a radio 
signal. T o  actuate  the  transducer, a volume  change o f about 
1 cu. mm. is necessary. T he  piezometers have  a diameter  of 

about 25 mm and a he ight o f 25 mm, a fur the r  reduction o f the 
size being possible unde r  certain conditions .

t o  d e t e r m i n e  t h e  s t r e n g t h  characte r is tics  o f s oil s ample s , 

the  tr ia x ia l test is fo und  to  be  ve ry  conve nie nt . T he  e va lua ­

t ion o f the  test is  bas ed on the  me as ur e me nt o f the  fo llow ing  

pa rame te rs  dur ing  the  tes t: ce ll pre ss ure  <r3 and de via tor  

stress o- j — tr3, vo lume  change  a nd  diame te r  change  o f the  

s a mple , por e  pressure . It  is c o m m o n to all me as ur ing  p r o ­

ce dure s  tha t  only  a  ve ry  s ma ll vo lume  change  ma y  be 

allow e d in  or de r  to avoid  a ny  flow o f the  por e  fluid  w hich 

m ig h t  affe ct the  pore  pressure.

T he r e  are  two pr inc iple s  fo r  me as ur ing  por e  pressures :

(1 )  By  me ans  o f a  nu ll indica to r , the  por e  pres sure  is 

compe ns ate d by  an e xte rna l pres sure , thus  caus ing  no  

vo lume  change . T he  e xte rnal pre ss ure  is the n me as ure d.

(2 )  T he  por e  pre ss ure  cause s  the  de fo r ma t ion o f a  pre ss ure  

tr ans duce r , thus  invo lv ing  a s mall volume  change . T he  de for ­

ma t io n  o f the  t r ans duce r  is me as ure d e ithe r  me chanica lly  

o r  e le ctr ically.

If  lar ge r  s oil s ample s  are  tes ted in the  t r ia x ia l appar atus , 

ins t a lla tions  have  to  be  pr ovide d to  me as ure  por e  pressures  

w ith in  the  s ample  in  a dd it io n  to the  ce r amic  s tones  at  top 

and  bottom. T his  is ne cessary whe n dur ing  the  te s ting pe r iod 

the  por e  pres sure  c a nno t  e qua lize  w ith in  the  s ample  due  to 

its  lo w  pe r me ability . Es pe c ia lly  in  the  fa ilu r e  pla ne , the  

pore  pre ss ure  w ill differ  fr om  tha t in the  adja ce nt s oil. 

Since  the  m a x im um  s he a r  res is tance  is ca lc ula te d fr o m  the  

par ame te rs  in  the  fa ilu r e  pla ne , the  knowle dge  o f pore  

pressures  in  the  fa ilu r e  pla ne  is ess ential. T he  lo c a t ion o f the  

fa ilu r e  p la ne  c a nno t  be  pr e dic te d, the r e for e  a re as onable  

num b e r  o f pie zome te r s  s hould  be  ins talle d. T he  conne c ting  

e le me nts  o f the  pie zome te rs  inte r fe r e  w ith  the  stress- strain 

s tale  o f the  s ample  a nd  t ighte ning  pr oble ms  are  rais ed.

In  or de r  to a vo id  the  above - me ntione d dis advantage s , 

a  s pe cial me as ur ing  pr oce dure  has  be e n de ve lope d. In  this  

case , the  por e  pres sure  is tr ans mit te d by  me ans  o f a  wire ­

less shor t- wave s ignal. T he  pie zome te r  cons is ts  o f a pre s ­

s ure  tr ans duce r  a nd  a  trans is tor ize d s ubminia tur e  trans mitte r . 

T he  por e  pres sure  cause s  the  de fle ct ion o f a  me mbr a ne  in 

the  tr ans duce r  w hic h  res ults  in a  p r opor t iona l fre que ncy 

change  o f the  tr ans mit te r . T he  de fle ction o f the  me mbr a ne  is

s o m m a i r e

Un nouveau procédé a été développé pour  mesurer à distance 
la  pression de l’eau interstitielle  dans des échantillons de sol. La  

ce llule  piézométrique consiste en une partie  traduisant la pression 
et en un émetteur onde courte , sous volume  réduit. Cet émetteur 

à  transistors est télécommandé par  un s ignal de radio. Le 
changement de volume  nécessaire au fonctionnement de la 
ce llule  est environ d’un millimètre  cube. L’ins trument complet 
a  25 mm de  haut et 25 mm de diamètre ; dans certaines condi­

tions , il semble possible de le rapetisser d’avantage.

F ie . 1. Piezometer.

about  1 to  2 by  10-2  m m  at m a x im um  pressure , the  volume  

change  be ing  in the  r ange  o f 1 cu. mm.

Ce r a mic  filte r , pre ss ure  tr ans duce r , a nd  s ubminia tur e -  

tr ans mit te r  are  mounte d  toge the r . T a k in g  advantage  o f 

m ic r ominia tur e  e le c tronic compone nts , it  was  pos s ible  to 

re duce  the  s ize o f the  pie zome te r  to  about 25 m m  in  d ia ­

me te r  a nd  25  m m  in he ight. T he  s ubminia tur e  tr ans mit te r  

c onta ins  a pr in te d  circ uit a nd  is cas t into  a  b loc k  o f e poxy 

re s in in  or de r  to ga in high me chanic al s tability . By  me ans  

o f me chanica l provis ions , the  pie zome te r  ma y  withs tand 

high s oil pressures  w ithout  d is tur bing  the  me as ur e me nt 

o f por e  pressures . F ig . 1 s hows  a pie zome te r , 4 0  m m  in  

diame te r  a nd  25 m m  in he ight; F ig . 2 s hows  the  receiver.
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f i g . 2. Re ce ive r .

Each pie zome te r  trans mits  an ind iv id ua l short- wa\ e fre ­

que nc y. T he  fr e que ncy  dis tr ibution o n  the short- wave ba nd 

de pe nds  on the  fre que ncy  change  r e s ulting fr om  the  

me as ure d pres sure  change . F o r  ide nt ific at ion, the  s ubm inia ­

ture  tr ans mit te r  e mits  a low- fre que ncy s igna l w hic h  in 

add it ion  indic ate s  the  c ond it ion o f the  re charge able  batte ries .

By  me ans  o f a  r ad io  s ignal, the  tr ans mit te r  ma y  be  

s witche d o n  a nd  o ff pe r mit t ing  dis cha rge  o f the  batte r ie s  

on ly  dur ing  me as ur ing  pe r iods . P re vious  tests s howe d tha t 

the  s ta ndby  time  is about 3 to  6 months . Du r in g  th is  pe r iod, 

an ac tua l tr a ns mitt ing  time  o f 10 to  4 0  hour s  is available  

de pe nding  on the  type  o f batte r ie s  use d. T his  ope r at ing  

pe r iod ma y  be  as s ume d to be s ufficie nt whe n the  s hor t time  

o f ac tua l me as ur e me nts  is  cons ide re d. Whe n  the  tes t is 

finis he d, the  batte rie s  ma y  be  re charge d a nd the  pie zome te r  

will be  re ady fo r  ne w tests. A  shor t- wave re ce ive r  o f h igh 

se ns itivity rece ive s  the  s ignal o f the  pie zome te rs , w hic h  is 

the n tr ans fe r r e d e le ctr onica lly , indic ate d on  a high- speed 

dig ital counte r , a nd  pr inte d by  a pr in te r . Since  the  ave rage  

de via tion fr o m  line a r ity  a nd  the  e ffect o f hys teres is is fo und  

to be s malle r  tha n  ±2  pe r  ce nt, a c a libr a t ion fac to r  can 

be  give n to ca lcula te  por e  pres sure  fr om  the  re ce ive d s ignal 

fre que ncy.

P e r fo r ming  the  tr iax ia l tes t, it  is s ufficie nt to place  

an a nte nna  be twe e n the  oute r  ce ll a nd  the  s oil s ample  

w hich couple s  a ll the  pie zome te rs  ins ta lle d to  the  receive r. 

T o  s witch the  s ubminia tu r e  trans mitte r s  o f the  pie zome te rs

f i g . 3. Calibration curve o f piezometer.

o n  a nd off, e ithe r  the  s ame  a nte nna  or  a  s e parate  one  mus t 

be e ne rgize d by  a  high- fre que ncy powe r  ge ne rator . T his  

s igna l actuate s  a n  e le c tronic s witch ins ide  the  s ubminia tu r e  

tr ans mitte rs  a nd  e nable s  the trans mis s ion o f pore- pressure 

s ignals . Pie zome te rs  o f the  k in d  jus t me ntione d  ope rate  

w ithout  a dd it iona l pr e c autions  in  s oil s ample s  o f 30 c m to  

100 c m in diame te r  be ing  tes ted in large  t r ia x ia l ce lls . In  

s malle r  tr iax ia l ce lls , the  dis tances  be twe e n the  pie zo ­

me te rs  a nd  the  a nte nna  are  m uc h  s malle r . T he re fore , 

res earch is be ing done  to  re duce  the  s ize  o f the  pie zo ­

me te rs  e ven mor e , r e s ulting in dime ns ions  o f 15- 20 m m  in 

dia me te r  a nd  10- 15 m m  in he ight; s uch re duc tions  are  

cons ide rable  s ince  the  tr ans mit te d e ne rgy can be  very 

s mall in  this  case . Re s e ar ch w or k  o f this  k ind  de pe nds  on 

re s tr ic tions  r e s ulting  fr om  the  m ic r om in ia tur e  compone nts  

ava ilable .

P ie zome te rs  o f diffe re nt s e ns itivity fu lfil the  de mands  o f 

diffe re nt k inds  o f tr iaxia l tes ts . Since  the  pie zome te r s  are  

ve ry  s m a ll, a gr e a t numbe r  m a y  be  ins talle d in  the  s ample . 

Due  to the  abs e nce  o f  c onne c ting  e le me nts  the  pie zome te rs  

are  able  to  fo llo w  the  loca l dis place me nts  w ithout  dis tur bing  

the  stress- strain s tate  in  the  s ample . Du r in g  the  tes t o f 

rock- clay s ke le ton s ample s  s ome  o f  the  pie zome te r s  ma y  

fa il due  t o  loc a l ove r load . Since  the  num be r  o f ins talle d 

pie zome te rs  is gre at, a c a lc ula tion o f pore- pressure dis t r i­

but ion can ye t  be  done  fr om  the  re sults  o f the  r e ma ining  

ones .

All the pr inciple s  o f the  s pe cial be haviour  o f ce ramic- filte r  

ma te r ia ls  mus t be  cons ide re d whe n us ing  this  type  o f  pore-  

pres sure  trans duce r . T he s e  pr inciple s  have  be e n inve s tigate d 

m a in ly  by  Dr . Bis hop in  c onne c tion with the  use  o f diffe r ­

e nt types  o f ce r amics  to  me as ure  water - press ure  a nd  air-  

pres sure  s e parate ly. Du r in g  re ce nt s tudies , gauge s  to  me as ure  

s oil pre ss ure  ha d  be en de ve lope d ope r a ting  on the  s ame  

pr inc ipa l. T he y  have  been use d w ith  good res ults  in  quite  

a  num be r  o f tests. It  m a y  be  pr e dicte d tha t the  ne w me as ur ­

ing  pr oc e dure  m a y  s im plify  the  me as ur e me nt o f por e  

pressures  a nd  w ill, unde r  ce r tain condit ions , e nable  tests 

which pr e vious ly  have  no t  been pos s ible  due  to the  a pplic a ­

t ion o f conve ntiona l me thods .
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