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Testing of Gravelly Soils with Large-scale Apparatus

Les Essais sur les Sols de Gravier avec des Appareils de Grandes Dimensions

by M. F u k u o k a ,  Public Works Research Institute, Ministry o f Construction, Simomati 3, Kitaku, Tokyo, Japan

Summary

The relationships between grain-size distribution curves and physical 
properties were investigated.

Small-scale testing apparatus is commonly used to obtain test 
results for the calculations of earth dams and fills in Japan, but there 
are still few experiments reported which verify the test results. The 
author has constructed large-scale apparatus (28 x 65 cm) and 
compared the results with those obtained with smaller ones (7 x 14 
cm).

As for unconfined and triaxial compression tests, the différence 
of test results between large- and small-scale apparatus are due to 
such factors as the différence in geometrical sizes, the methods of 
moulding, the grain-size distributions, etc. For small-scale apparatus 
too coarse a gravel should be replaced by an equal amount of a finer 
texture.

Pore water pressure and volume change were measured in the 
large-scale triaxial samples during drained tests. The large-scale box 
shear test (100 x 60 cm) was also performed.

Sommaire

L’auteur a étudié la relation entre la courbe de granulométrie et 
celle de caractère physique. Dans notre pays les appareils d’essai à 
petite échelle sont employés généralement pour obtenir des résultats 
pour le calcul de barrages en terre et remblayages. Mais il n’existe 
qu’un petit nombre d’essais pour la vérification des résultats ainsi 
obtenus.

L’auteur a construit l’appareil triaxial grande modèle (28 x 65 cm) 
et a comparé les résultats obtenus du petit modèle (7 x 14 cm). La 
différence entre les résultats obtenus avec l’appareil de compression 
simple et triaxiale est causée par la différence entre les dimensions 
géométriques, les méthodes de fabrication, la granulométrie, etc. 
Quand on emploie des appareils de petites dimensions on doit 
remplacer les graviers trop gros par le même pourcentage de graviers 
plus petits. L’auteur a mesuré la pression de l’eau interstitielle et le 
changement de volume de l’échantillon grand modèle au cours de 
l’essai triaxial drainé.

La boîte de cisaillement à grande échelle (100 x 60 cm) a égale
ment été employée.

Relationship between Grain-size Distribution Curves of Materials 
and Physical Properties of Soils

Testing o f sériés No. 1—For expressing the idéal grading 
curve of a soil material, Talbot’s équation

p  =  (^)" x  100 . . . .  (1)

was adopted, where p  =  percentage passing a sieve; d  =  open- 
ing of the sieve; D  =  maximum size of the material; and 
n =  an index varying from 0-15 to 0-55.

A sériés of soil tests was carried out for the purpose of 
obtaining the best value of n for the soil that is used as the 
construction material of earth dams, levees and roads. Testing 
materials were prepared by mixing the following four elements :

Gravel—maximum size, 50 mm round shaped river gravel.
Sand—river sand.
Loam—Kanto loam from Tokyo: considered as a kind of 

volcanic ash.
Clay—alluvial clay from the vicinity of Tokyo.
Four kinds of soil materials having n values 0-25, 0-35, 0-45 

and 0-55 were prepared. Specimens for unconfined com
pression tests were formed by placing and compacting six layers 
of each material in a mould (inner diameter 38 cm, height 
70 cm). Each layer contained 23 kg of the wet material and 
was subjected to 25 blows of compaction by a rammer of 20 kg 
in weight and a drop height of 100 cm, through a round Steel 
plate which has a diameter just fitting the mould. After the 
compaction was completed the specimens were tested. Rate 
of compression was 12 mm per min. The materials were re- 
used a number of times.

Specimens for a permeability test were formed just in the 
same way as above, but the thickness was about 10 cm.

The test results are compiled in Fig. 1. The following pro- 
visional conclusions may be drawn from the diagrams.

(1) The value of maximum dry density increases as the value 
of n increases.

(2) The value of unconfined compression strength decreases 
as the value of n increases.

(3) Coefficient of permeability decreases as the value of n 
increases.

(4) The point of maximum strength does not coincide with 
the point of optimum moisture, but shifts a little to the drier 
side. The point of minimum permeability on the contrary 
cornes on the wet side of the optimum moisture content. The 
amount of shift varies with the value of w, and the maximum 
shift was obtained at a value of n close to n =  0-35.

Testing of sériés No. 2—Materials used are similar to those 
used in sériés No. 1. The sample used for large-scale triaxial 
compression test has a diameter of 28 cm and a height of 65 cm, 
which is a little smaller in size than the specimen for sériés No. 1. 
Specimens were formed by placing and compacting seven layers 
of each material in a mould. Each layer contained 12 kg of 
the wet material, and was subjected to static pressure of 
7 kg/cm2. This pressure gave the same compacting effect as 
the JIS standard compaction test, which is similar to the 
standard Proctor compaction test. After the compaction was 
completed the specimens were subjected to unconfined or tri
axial compression tests. The rate of compression was 10 to 
12 mm per min. The moisture content of the whole specimen 
of soil was determined by the following method. After drying 
about 1 kg of wet soil the weight of lost water W, and dry soil 
Wc were measured. The dry soil was separated by a No. 4 
sieve into fine and coarse grained soils. Denoting the dry 
weights and moisture_contents of fine and coarse grained 
fractions by Wf, Wf, Wc and wc, respectively, we get

Wf -  fVcwc 1
W' = - ^ W ~  . . . .  C2)

W, =  (1 — p )wc +  pwf  J

where ws is the moisture content of the whole specimen.
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Thus we can correct the moisture content and eliminate errors 

o f non-uniformity in the moisture content samples.

The conclusions are as follows (Fig. 2) :

(1) The conclusions (1) and (2) in the testing sériés No. 1 

were confirmed again in this sériés.
(2) The points o f maximum deviator stresses and unconfined 

compression strength lie on the drier side of optim um points.

(3) The deviator stresses at failure, measured a t values of 

g 3 =  0-5 and 1-0 kg/cm2 for the material having n =  0-35, 

show a sudden drop in magnitude when the moisture content 

exceeds the optimum moisture content; but no abrupt change 

can be recognized when <r3 =  0. The phenomenon may have

To investigate the différence between materials A, B and C, 

drained triaxial compression tests in large and small scale were 

performed.
Large-scale triaxial compression test—The testing method is 

the same as for sériés No. 2. The results obtained are shown 

in Fig. 3. The différence in moisture-density curves for 

n =  0-35-A and C is insignificant but is extremely great 

between n =  0-35-A and -B . There is only a very small 

différence in unconfined compression strength and deviator 

stresses o f n =  0-35-A and -C , but the behaviour of n =  0-35-B 

resembles /; =  0-15-A more than n =  0-35-A. Between a 

moisture content of 14 and 15 per cent the materials n =  0-35-A

Moisture content %

Fig. 1 Results from large-scale tests. Relationship between 
moisture content, dry density, unconfined compression 
strength and permeability of soils having grain-size distri
bution curves shown by Talbot’s équation p  =  (dlD)n x 
100

Résultats obtenus avec l’appareil grand modèle. Relation 
entre la teneur en eau, la densité sèche, la résistance à la 
compression sans contrainte latérale et la perméabilité de 
sols ayant des courbes de granulométorie correspondant 
à l’équation de Talbot p =  (d/D)n x 100

been due to the moisture content o f the fine fraction of the 

sample.
(4) It would be very difficult to say which is the idéal soil 

with maximum strength, because strength differs according to 

deviator stress. Therefore, we must specify the stress when 

we refer to strength.
Effect o f  correction o f  grading curve—Using material having 

n =  0-35, the effect o f the correction of the grading curve was 

investigated. Material n =  0-35-A has the grading curve 

équation p  =  (d/50)0'15 x  100, where d  is the grain size in mm, 

and p  is percentage. M aterial n =  0-35-B is obtained by re- 

jecting the coarser parts having grain sizes greater than 20 mm, 

from  material n =  0-35-A. M aterial n =  0-35-C is obtained 

by replacing the coarser parts having grain sizes greater than 

20 mm, of material n =  0-35-A by the equal am ount of gravels 

having a grain size 5 to  20 mm.

12 14 16

Moisture content

Fig. 2 Results from large-scale triaxial compression tests. Rela
tionship between moisture content, dry density, unconfined 
compression strength and deviator stress at failure of soils 
having n =  0-15, 0-35, 0-55 in Talbot’s équation 

Résultats obtenus avec l’appareil triaxial à grande échelle. 
Relations entre la teneur en eau, la densité sèche, la 
résistance à la compression sans contrainte latérale et le 
deviateur de sols ayant n =  0 15, 0-35, 0-55 dans 
l’équation de Talbot

and -B  show an abrupt drop in the value o f the deviator stress 

a t failure and below this moisture content their strength is 

almost constant.

On the other hand, moisture-content-deviator stress curves 
of the material n =  0-35-B are very flat. Friction angles of 

the material n =  0-35-A and -C  are larger than that of the 

material n =  0-35-B, but the cohésion values of the former are 

smaller than the latter. From  the above results it seems to be 

more commendable to  substitute a material like n =  0-35-C for 

n =  0-35-A.

Small-scale triaxial compression test—The diameter o f a 

sample in the small-scale triaxial compression test is 7 cm and 

its height is 14 cm. The materials used are n =  0-35-B and -C ; 

the method of testing is drained shear and the rate o f compres

sion is about 2 mm/min. The same materials were used re- 

peatedly in the large-scale tests, but the materials were renewed 

in each small-scale test. Specimens were formed by placing
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and compacting 4 to  5 layers of each material in a mould. 

Each layer contained 250 g of the wet material. Appropriate 

statical loads were applied to the specimens to give them the 

same dry densities as in the case of the large-scale test. Loads 

varied in a very wide range of 14-2 kg/cm2, but their mean 

values were as follows: the bottom  layer, 10 kg/cm2, the 2nd 

layer 8 kg/cm2, the 3rd layer 7 kg/cm2 and the top layer 6 kg/cm2. 

Great difficultés were encountered in the effort to  form

Larpe

2 0 '— x -  n=0-35-A'
—  n =0-35- B > 0/.

n -0-35-C x "

N"

—  » —  n=0-35-B 

-0  — - — n-0-35-C  

P Z'r

-Small

Moisture content %

Fig. 3 Results from large- and small-scale triaxial tests. Relation- 
ship between moisture content, dry density, unconfined 
compression strength and deviator stress at failure of soils 
n =  0-35-A (large-scale test), n =  0-35-B and n = 0-35-C 
(large- and small-scale tests).

Résultats obtenus avec les appareils triaxiaux grand et petit 
modèle. La relation entre la teneur en eau, le densité 
sèche, la résistance à la compression sans contrainte 
latérale et le deviateur de sols, n = 0-35-A (essai grand 
modèle), n = 0-35-B et n = 0-35-C (essai petit modèle)

uniform samples, and the resuit was not wholly satisfactory, 

leading to scattered values.

The results are shown in Fig. 3 with curves in broken line. 

Generally the compression strength or deviator stresses of 

small-scale tests are smaller than those of large ones. It may 

be due to the magnitude of the maximum size of the soil grain 

as compared with the dimension of the sample. Probably it is

necessary to take the diameter o f the sample 6 times the grain 

size instead of 4. The shape of the moisture-content-uncon- 

fined compression strength or moisture-content-deviator stress 

curves is more or less similar to that obtained in a large-scale 

test. Deviator stresses o f very wet samples in the case of a 

small-scale test are larger than in the case of a  larger-scale test. 

This may be a resuit o f residual pore pressure in the samples.

Pore pressure and volume change measurement in samples—■ 

By inserting piezometer tips into the samples, the pore pressure 

was measured. F rom  the test results in the large-scale tests, 

appréciable pore pressures were found to be set up in very wet 

samples of materials n =  0-35-B and n =  0-15-A. Therefore, 

strictly speaking, the test cannot be said to have been a drained 
test in these cases.

As for the results o f volume change measurements, the 

following common behaviour was recognized. When an ail- 

round pressure was applied to the sample before starting axial 

compression its volume decreased. A t the first stage of axial 

compression the volume showed a decrease, and then it began 
to increase.

Large-scale box shear test—The sample used for the large- 

scale box shear test has a diameter o f 100 cm and a thickness 

of 60 cm. The test results with the material containing 7 mm 

gravel were compared with the large-scale triaxial compression 

test. The box shear test gave larger frictional angles than the 

triaxial compression test. This may be due to the effect of the 

testing method. In this case, too, the effect o f coarse grained 

material is remarkable, and test results with a  material con

taining 200 mm gravel gave frictional angles o f 60 to 70 degrees.

Conclusion

(1) Talbot’s équation, p  = (d/D)n x  100 is used as the 

équation of idéal soil. Provisional conclusions reached from 

unconfined compression tests give n =  0-25-0-35 as the idéal 

material for earthdams and fills, but the conclusions from tri

axial compression tests differ a little. Compression strength 

or deviator stress is affected by intermediate stress and pore 

water pressure, therefore these factors must be taken into 

account.

(2) Too small samples with coarse grained soil to be used in 

triaxial compression tests must be avoided, chiefly because of 

non-uniformity of such samples.

(3) Better results may be expected if material obtained by 

replacing the coarser part with an equal am ount of finer 

material is substituted.

(4) The usual drained triaxial compression test is not 

practical for very wet samples with a large am ount o f fine 

materials, such as n =  0-35-B and n =  0-15-A, because of 

resulting high pore pressures.

(5) The confining effect o f the large scale shear box is 

remarkable, especially when the sample contains very coarse 

gravels.

The work described in this paper was carried out as a part o f  

the research programme o f  the Soil Mechanics Laboratory, 

Public Works Research Institute, Ministry o f  Construction, with 

the collaboration o f  M r M . Inada, K. Kosaki, H . Kamouchi, 

S. Azuma, M . Mizushima and others.
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