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The Bar-linear Shrinkage Test and the Practical Importance of 

Bar-linear Shrinkage as an Identifier of Soils

L’Essai de Rétrait Linéaire et son Importance Pratique pour Identifier les Sols 

by P. B. H e i d e m a , Corps o f Engineers, U.S. Army, Fort Worth District, Texas, U.S.A.

Summary

The purpose of this paper is to focus the attention of agencies 
dealing with soils on an apparently insignifiant but actually highly 
practical soil test, the value of which appears to have been over- 
looked by many for too long a time, the bar-linear shrinkage test.

A search by the author through the proceedings of the three 
previous International Soil Mechanics Conférences has failed to turn 
up any référencé to the liquid limit-bar-linear shrinkage and the 
plasticity index-bar-linear shrinkage relationships of soils which the 
author believes do exist. Therefore, it is felt that some publicity should 
be given in these proceedings to studies, limited in scope as they are, 
on this subject.

It should be clearly understood that the views expressed in this 
paper are strictly those of the author and not necessarily those of the 
agency by which he is employed.

Sommaire

Le but de cette communication est d’appeler l’attention des 
organismes qui s’occupent de sols, sur un essai qui pourrait paraître 
insignifiant, mais qui est, en fait, d’un grand intérêt pratique: l’essai 
de retrait linéaire, dont la valeur a été trop longtemps négligée.

L’auteur a examiné en vain les comptes-rendus des trois précédents 
Congrès Internationaux de Mécanique des Sols, pour y trouver une 
référence aux relations qui doivent exister (l’auteur en est convaincu) 
entre la limite de liquidité et ce retrait linéaire d’une part, entre l’indice 
de plasticité et ce retrait linéaire d’autre part. C’est pour cette raison 
que l’auteur pense qu’il y aurait lieu de donner, dans les comptes- 
rendus du prochain Congrès, une certaine publicité à  des études sur 
cette question, même si ces études n ’ont été faites qu’à petite 
échelle.

Les opinions exprimées dans cette communication sont seulement 
celles de l’auteur, et ne sont pas nécessairement celles de l’organisme 
qui l’emploie.

Introduction

This pap er is subdivided in to  five parts. The first deals w ith 

th e  h isto ry  o f  the bar-linear shrinkage test and  o f  the studies 

m ade in  connection  w ith  it. T he second deals w ith the bar- 

linear shrinkage test. T he th ird  deals w ith studies m ade in  

connection  w ith the test results. The fourth  is devoted to  

discussions; and  in the fifth conclusions are  presented , sub­

divided in to  those pertinen t to  the test and  those derived from  

the studies.

I. History of the Bar-linear Shrinkage Test and of the Studies
Made in Connection with It

T he p ractical value o f the test results, as fa r as is know n, was 

first discovered by the Texas H ighw ay D epartm en t Soils 

L abo ra to ry  ab o u t 1932.

T he w riter becam e acquain ted  w ith this discovery in  1941. 

T he studies presented here are a con tinuation  and  extension of 

those m ade by the Texas H ighw ay D epartm en t.

II. The Bar-linear Shrinkage Test

T he appara tu s  used in  the test is show n in  Fig. 1. M ethods 

o f  p reparing  the soil fo r the test and  the actua l test p rocédure 

fo r volum etric shrinkage are  adequately  described u nder 

D -427 -39  in  Procédures fo r  Testing Soils  by the A m erican 

Society fo r T esting M aterials, in the Texas H ighw ay D epart­

m ent M a rn a i fo r testing procédures and  in  m any o th er m anuals 

a n d  publications. T he follow ing excerpts are  from  the Texas 

H ighw ay D epartm ent M anual; com m ents by the w riter have 

been added.

(1) ‘The linear shrinkage o f  a  soil b inder is the percentage o f 

shrinkage on  the basis o f  the orig inal wet length, acquired  by a 

soil b a r in  drying from  its liquid lim it dow n to  its shrinkage 

lim it, i.e. the m oisture con ten t a t w hich ail shrinkage ceases. 

T he prelim inary  shrinkage o f  soils con tain ing  w ater in  excess 

o f  the liquid lim it is vertically dow nw ards so th a t the linear 

shrinkage o f  the soil b a r as m easured in th is test will n o t be

m aterially changed if the specim en is m oulded w ith  an  am oun t 

o f  w ater slightly in  excess o f the  liquid  lim it. In  fact, m ore 

consistent results will be ob tained  w ith sam ples th a t a re  mixed
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too  wet th an  w ith those mixed to o  dry, provided th a t the 

m ixture is no t wet enough to  allow  ségrégation o f  the larger 

particles to  the bo tto m .’



(2) ‘A pparatus for test: (1) 1 four-inch spatu la  (stainless 

Steel), (2) 1 four-inch evaporating  dish, (3) 1 m étal m ould, 

preferably stainless— see Fig. 1 (author), (4) 1 drying oven 

that can  be used to  dry o u t sam ples betw een 200 and  225° F .,

(5) 1 therm om eter g raduated  to  400° F . by 2 degrees intervais,

(6) 1 grooving tool, (7) Vaseline fo r greasing shrinkage m oulds, 

and (8) 1 stainless Steel shrinkage gauge.’

(3) ‘The im portance o f  a  tho rough  and  un iform  m ixing of 

the sample w ith distilled w ater in  th is and  ail o ther tests cannot 

be over-em phasized.’

(4) ‘A  test to  determ ine w hen the p roper consistency for 

moulding is reached is m ade by shaping the sam ple in to  a 

sm ooth layer ab o u t one-half inch th ick  on  the b o tto m  o r side 

o f the container. A  liquid  lim it grooving too l is then  placed 

against the bo ttom  o f  the dish and  draw n th rough  the layer o f

soil. I f  the m aterial ju s t flows in to  and  closes the groove a t the 

bo ttom  on  its ow n accord  the sam ple is a t the p roper consistency 

fo r m oulding.’

(5) ‘T he inside walls o f  the m ould  should be thinly greased 

w ith Vaseline before the specim en is form ed, as th is will p revent 

the sam ple from  sticking to  the walls o f the m ould . The 

m aterial should be w orked evenly in to  the m ould  an d  m ade to 

fill it com pletely w ith a  gentle ja rrin g  o f  the m ould  to  assist in 

the rem oval o f any en trapped  a ir bubbles.’

(6) ‘The stainless Steel shrinkage gauge m ay be used to 

m easure the shrinkage directly in  percentage.’

(7) ‘A n investigation by the H ighw ay L abo ra to ry  showed 

th a t accuracy d o se r  th an  ± 2  per cent canno t be assured by the 

b a r m ethod .’ In  o ther w ords, if  the bar-linear shrinkage is 

m easured to  be 20, it m ay be as low  as 19 -6 o r as high as 20-4.
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Fig. 2 Summary graph No. 1. Results of study of 14 projects

Graphique sommaire No. 1. Résultats d'une étude de quatorze projets
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‘F o r  m ore accurate results lise the m ethod  described in  the 

Standard M ethod , Texas H ighway D epartm ent 68.' T his is 

the volum etric shrinkage m ethod.

T o the rem arks taken  from  the Texas H ighway D epartm ent 

M anual should be added  the sta tem ent th a t the m oulded 

specimens are  to  be air-dried  overnight in an  air-d rier p rio r to 

placing them  in the drying oven. I f  th is is n o t done som e of 

the m ore cohesive specim ens have a  tendency to  ‘curl u p ’, 

m aking it im possible to  m easure the shrinkage accurately.

n i.  Studies Made in Connection with Bar-linear Shrinkage Test 
Results

In  1950 and  1951 the w riter carried  o u t a  study o n  the 

relationship  th a t appeared  to  exist betw een the linear shrinkage 

and  the plasticity  index o f soils on  15 projects in  Texas. The 

end results o f this study are  show n in  condensed form  in 

Figs. 2 and  3.

Inspired  by a stim ulating  question  by Professor A. Casa- 

g rande o f H arvard  U niversity in  1951, th e  w riter extended his 

studies to  include the liquid lim it, and  to  th a t end  a  p résenta­

tion  was devised th a t w ould show  the in ter-relationship  between 

liquid limit, p lasticity index and  bar-linear shrinkage o n  one 

sheet and  in  one p lo t, and  C asagrande’s ‘A ’-line was added  to 

it. A  typical exam ple o f the p résen tation  is show n in  Fig. 4. 

T o da te  the study includes only n ine projects.

IV. Discussions

T he average curves in  Fig. 4  were d raw n th rough  th e  plotted 

points only once. N o  adjustm ents were m ade to  these curves 

a fter the table  a t  the top  centre w as com piled.

F ro m  com parison  o f  the th ird  and  fo u rth  colum ns o f  the 

table  it follows th a t the relationship  curves can  be draw n with- 

o u t fu rther ad justm ent w ith such a degree o f  accuracy that

10 20 30 40 50 60 70 30 90 100
Bar-linear shrinkage (per cent original lenglh) and liquid limit

“I Ts I
f ro m  LS  Avg. 

P I P I  d ire c tly  LS
fro m  fro m  fro m  from  

LL LL LL LL LL

14-7 0 0 0 0
20 7-6 4-5 4-1 4-3
30 175 3-9 9-7 98
40 25-2 14-2 14-0 14-1
50 31-9 17-7 17-7 17-7
60 38-2 21-0 20-8 20-9
70 44-0 23-9 23-7 238
80 49-6 26-5 26-3 26-4

Noies:
The plot shows the identification data on 88 samples of 
soil o f the Fort Worth Floodway in North Central Texas. 
Ail lests were performed by laboratory 'B'

Figures in parentheses indicate number of test 
results which plot in the same location.

Fig. 4 Typical liquid limit, plasticity index and bar-linear shrinkage relationships (Fort W orth Floodway)

Relations typiques entre la limite de liquidité, l’indice de plasticité et le retrait linéaire (digues de Fort 
Worth)



V o lu m e tric - lin e a r shrinkage (from  per cent orig ina l volume) and liq u id  lim it

! L S 1 • T

f ro m LS Avg
« PI d ire c lly  LS

from f ro m fro m from
LL LL LL LL LL

18 0 0 0 0
20 2-7 1-5 1-3 1-4
30 13-5 7-1 6-7 6-9
40 22-7 11-7 11-3 11-5
50 31-1 15-6 15-4 15-6
60  39-0 19-5 19-3 19-4
70 46-6 22'Q 23-0 22-9
80 54-0 26-1 26-3 26-2
90  5/7 29-0 29-7 29‘4

Notes
The p lo t shows the id e n tif ic a tio n  da ta  on 37  

samples o f so il o f  Dam 'B ' in S.E. Texas.

A il sam ples were tested by laboratory 'A\

F igures in  parentheses ind ica te  n um ber o f  
test results tha t plot in the same lo c a tio n .

Fig. 5 Liquid limit, plasticity index and volumetric-linear shrinkage relationships, Dam ‘B ’

Relations entre la limite de liquidité, l’indice de plasticité et le retrait volumètrique-linéaire, Barrage en terre ‘B ’

déviations o f the curves in  w hich the bar-linear shrinkage is 

involved are, on  the average, n o t in  excess o f  0-8 o f  1 per cent 

for soils. F o r  som e o f  the projects the average déviation is as 

small as 0-3 o f  1 per cent. T he m axim um  déviation  for soils 

is 1 -4 per cent and  fo r 1 caliche, 3 -9 per cent.

This m anner o f  presenting the relationships betw een liquid 

limit, plasticity index and  linear shrinkage has the advantage 

of possessing a t least one definite p o in t fo r the plasticity index- 

linear shrinkage relationsh ip , i.e. the orig in  and  a t least one 

quite definite po in t fo r the linear shrinkage-liquid lim it relation­

ship, namely the p o in t on  the axis o f  abscissaes. A  further 

advantage is th a t ail o f  the relationships can  be show n on  one 

sheet w ithout too  m uch interference. Theoretically, the 

plasticity index-bar-linear shrinkage curve will pass through 

the origin only if it is assum ed th a t a  strictly  cohesionless soil 

will no t shrink  on  drying. T he g raph  presented in  Fig. 4 

proves this po in t. T he only exception is the g raph  fo r D am  

‘B ’, show n in Fig. 5 and  discussed below.

Fig. 5 has been included prim arily  to  add  to  the present know ­

ledge regarding the con ten tion  o f  som e investigators th a t the 

linear shrinkage as derived from  the volum etric-linear shrinkage 

curve, based on  shrinkage expressed in per cent o f  original 

volume, w ould be a m ore reliable ind ica to r th an  the bar-linear 

shrinkage. Judging from  the com parison  o f  the th ird  and  

fourth colum ns o f  the tab le  in  the top  centre o f  Fig. 5, it w ould 

appear th a t these investigators m ight be correct. However, 

the evidence produced by the seven o ther soil projects proves 

that there is n o t sufficient différence in  the end  results o f  bar- 

linear shrinkage relationships curves and  one volum etric-linear

shrinkage relationship  curve to  require th a t the volum etric- 

linear shrinkage procédure be used in  lieu o f  the bar-linear 

shrinkage test.

Incidentally, it is noted  th a t in  Fig. 5 the low er end o f  the 

P I-L S  curve w ould n o t pass th rough  the origin if  it were draw n 

as an  average curve th rough  the p lo tted  points. T his is 

p robably  due to  the fact th a t considérable la téral con trac tion  

can  take place in the soil in  a  shrinkage cup and  th a t tru ly  linear 

shrinkage takes place only vertically. This is in  the direction 

o f a  dim ension w hich is only 30 per cent o f  the diam eter. By 

involving the com paratively large d iam eter o f the cup in  the 

com puted volum etric-linear shrinkage, the value found  fo r this 

quan tity  is bound  to  be lower th an  it should be.

Va. Conclusions about the Bar-linear Shrinkage Test

A dvantages o f  the bar-linear shrinkage test and  the bar- 

linear shrinkage value over o ther identification tests and their 

results are sum m ed up  as follows:

(1) The appara tus has no  m oving parts.

(2) O f m ost soil tests developed to  date  it is p robably  one tha t 

is least affected by the hum an  équation .

(3) W ear o f  the appara tus has to  be very considérable before 

it will affect the test results, and  w ear in the direction o f the bar 

is extremely slow.

(4) Six sam ples can  be tested in  the appara tu s alm ost simul- 

taneously. This is im portan t, particularly  on  large construc­

tion  projects.

(5) The appara tus is easily cleansed.

47



Table

Showing summary on liquid limit, plasticity index and linear shrinkage relationships as derived from tests on 1664 samples of soil and 
41 samples of caliche taken for Seven Dam and two Floodway Corps of Engineers Projects in Texas 

Tableau indiquant sommairement les relations entre limite de liquidité, indice de plasticité et retrait linéaire, trouvées lors des essais de 
1-664 échantillons de sols et 41 échantillons de caliche, prélevés sur sept barrages et deux digues, étudiés par le Corps des

Ingénieurs du Texas

1 2 3 4 5 6 7 8 9

Name o f  project
San

Angelo
Dam

Hords
Creek
Dam

j Canyon 
Dam

Belton
Dam

Fort
Worth

Floodway

Dallas
Floodway

Garza- 
Little 

Elm Dam

McGee
Bend
Dam

Dam 'B '

Location in Texas:

Geological system: 
Geological sériés:

Geological formation:

Testing Laboratory:

West
Texas

Permian

Clear
Fork

Laboratory
' A'

West
Central
Texas

Permian

Witchita

Laboratory
‘A ’

South
Texas

Cretaceous
Coman-
chean

Fredericks-
burg

Laboratory

Central
Texas

Cretaceous
Coman-
chean

Fredericks-
burg

Laboratory

North
Central
Texas

Cretaceous
Coman-
chean

Wasliita

Laboratory
B'

North
Central
Texas

Cretaceous
Gulf

Eagle
Ford

Laboratory
• B’

North
Texas

Cretaceous
Gulf

Eagle
Ford

Laboratorv
•B'

South
East
Texas

Tertiary
Pliocene

Citronelle

Laboratory
• B’

South
East
Texas

Tertiary
Pliocene

Citronelle

Laboratory
‘A ’

Averages

Number o f samples: 41 48 1087 32 88 58 246 68 37 189

LL for PI =  LS =  0: 150 160 180 140 14-7 14-5 17-0 18-0 18-0 16-1

PI for LL =  20: 6-2 5-8 4-5 6-4 7-6 7-9 5-5 4-3 2-7 5-7
LS for LL =  20: 3-4 3-3 2-7 4-3 4-3 4-2 3-5 2-4 1-4 3-3

PI for LL =  30: 16-3 16-6 16-4 15-0 17-5 17-7 15-3 15-8 13 5 16-0
LS for LL =  30: 8-4 9-5 9-6 9-5 9-8 9-6 9-7 8-4 6-9 9-0

PI for LL =  40: 24-9 25-2 24-4 22-4 25-2 25-7 22-5 23-5 22-7 24-1
LS for LL =  40: 12-4 14 2 13-9 13-7 14-1 13-8 13 5 12-2 11-5 13-3

PI for LL =  50: 32-8 33 0 310 29-1 31 9 32-7 29-6 298 31-1 31-2
LS for LL =  50: 15-6 18-4 17-2 17-4 17-7 17-2 16-6 15-2 15-6 16-8

PI for LL =  60: 40-3 40-2 36-8 35-3 38-2 38-9 36-8 35-3 39-0 37-9
LS for LL =  60: 18 6 21 9 19-8 20-6 20-9 19-9 18-9 17-7 19-4 19-7

PI for LL =  70: 47-5 47-1 42-3 41-3 44-0 44-6 43-9 40-3 46-6 44-2
LS for LL =  70: 21-1 25-2 22-0 23-6 23-8 220 20-6 19-8 22-9 22-3

PI for LL =  80: 54-6 53-8 47-4 47-2 49-6 49-7 51-0 45-2 54-0 50-3
LS for LL =  80: 23-4 28-1 24 0 26-5 26-4 23-6 21 -7 21 -8 26-2 24-6

(6) T he num erical value o f  the bar-linear shrinkage has the 

advantage o f  n o t having been ob tained  by sub trac tion  o f  two 

values w hich m ay differ in  m agnitude by as m uch as 400 per 

cen t on  a  percentage basis. B oth  o f these values could  be in 

e rro r due to  m any causes w hich canno t possibly be con- 

tinuously  avoided and  each one o f  a  p a ir o f  these values could 

be  in  e rro r in  the opposite direction.

(7) By using a  spécial ru le fo r m easuring the length o f the 

sh runk  test specim en, n o  com putations are needed to  arrive a t 

the bar-linear shrinkage value. C onsequently  n o  e rro r can  be 

m ade in  the com putations and  no  checking o f  com putations is 

required . T he ope ra to r has only to  read  the ru le twice, once 

before and  once after recording.

(8) T he cost o f  th e  bar-linear shrinkage test is less th an  20 

per cent o f  the cost o f the p lasticity  index test.

Vb. Conclusions from Bar-linear Shrinkage Studies

(1) T he use o f the bar-linear shrinkage as an  identifier o f soils 

is fully justified and  m ay even be less approxim ate th an  the use 

o f  the plasticity index fo r identification purposes o f  ail 

m oderately  cohesive soils (liquid lim it 1 4 ±  to  6 0 ± ,  plasticity 

index 0 ±  to  40 ± ) .

(2) I t  canno t be denied th a t quite definite relationships exist 

betw een the bar-linear shrinkage and  the A tterberg  lim it values 

o f  soils (Table and  Fig. 6). A  less definite relationsh ip  exists 

betw een the bar-linear shrinkage and  the A tterberg  lim it values 

o f  caliches b u t sim ultaneously the relationship  betw een the

Fig. 6 Summary graph No. 2. Results of study of nine projects 
and comparison of Corps of Engineers and Texas Highway 
Department test results 

Graphique No. 2, résumant les résultats d’essais, d’une étude 
de neuf projets, et comparaison des résultats obtenus par le 
Corps des Ingénieurs à ceux obtenus par le Service des 
Routes du Texas

ISummary graph showing average 
relationships between liquid limit. 
plasticity index and linear shrinkage 
as derived from tests on 1664 samples 

■ of soil and 41 samples of caliche 
taken for Seven dam and two 
Floodway Corps o f Engineers 
projects in Texas.

Note:
x :  Points on Texas Highway Department Curve: 

L S :0-654 PI2-0  00333PI2

10 20 30 40 50 60 70 60 90
B ar-linear shrinkage (per cent o rig ina l lenglh) and liqu id  lim il
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liquid limits and the plasticity indices o f  caliches is also less 

definite (see T able and  Fig. 6).

(3) F rom  the investigation carried  o u t to  date  the writer 

concludes : th a t the relationsh ip  betw een the bar-linear shrink­

age and the liquid lim it is only slightly less definite th an  the 

relationship betw een the bar-linear shrinkage and  the plasticity 

index values, a t least fo r the soils found  in Texas ; is inclined to

believe tha t, for soils w ith a plasticity index o f less th an  ab o u t 6, 

the bar-linear shrinkage test may be a better indicator o f  the 

plasticity th an  the plasticity index test; and  is also o f the opinion 

th a t irregularities in  the L S -P I relationship in this range m ay 

be due m ore to  uncertainties in  the plasticity index déterm ina­

tions th an  to  uncertainties in  the bar-linear shrinkage 

déterm inations.
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